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SEX HORMONES.”
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Prof. L. Frasnakel,
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The glands of humans and mammalians may have an external
sceretion ar they may be ductless, having naly an tnternal secretion inm
the circuliting blood, or they may be a combination of the twa varietics,
one portion s_f:crt‘ting cxternally and the other internally. This is the
case with the panereas and the germinal glande. The external secretion
of the gonads has heen well known for o long time.  The internal
secretion of the testicles was first infezred by Brown-Sequard; in the
case of the ovary it was proved by Knauer wnd Halban (Vienna), who
mude the first rransplantation of the nvaries, with the effect that in
the guinea pig, the usnal atrophy of the oterus following castration
did not take place and in apes menstrarion continued normally.  This
cHect could onlv be produced by the secretion of some substances into
the bland,  The purt of the ovary for external secretion undoubtedly
was the Greffian follicle. Prenani (Nancy® and Born (Breslau) presumned
the corpus lutezni 10 be a ductdess land.  You see here its structure
and may judge for vourself, that there i« no other gland in the body
more obviously constructed for internal secretion than the carpus lutewm.

A few hours after the ovum leaves the ovary, the ruptured follicie
changes into the corpus Juteum. You se¢ here the big succulent, ved
arpait, In the cow it occupies almost the whole ovary, In cases of
pathological pregnancy. e.g., very often in CCtopic pregnancy. you sce a
cvstic degeneration of the corpus luteum: in hvdatiditorm mole and
also in chorjonepithclioma o much larecr, polv-cystic corpus luteum is
nearly - always scen,  Chorionepitheliomu. which I was the first to
describe, arises from the epithelium of the chorionic vill and is preceded
in 50y, of cases by hvdatdiform moie. This was the reason why
Marchand and I independently investigited the hyvdatidiform mole,
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formtrlv mistaken for a mysuma by Virchow, We found extensive
prn]lf&mtmm of the ffﬂl[hflull layers of the villi.  The grape-shaped
distension of the connective tissue wus mucous, nol myxomatous, 1t is
of a sccondary. degenerative nuture. In cases of hvdatidiform mole and
t.hurlfmcplthr:lmm! vou always huve o oystic dwtmmtmn of the corpus
huteum, Turther vou find s exvansion of luteurn cells and CYsts aver
the whole ovarv. When the mole of the tomour is eliminated, these
cysts and luteurn cells d]a:tppc‘n sportancouriv. Even if the corpus
luteum does net undergo cvstic degenerauan. but is only Lﬂmpl’t“abfd
by an ordinary ovarian cvst pregnancy is arrested.  Farthermore i
vou pertorm o unilateral Uh[’li)lﬂl‘l’!‘» in precnaney for an ovarlan cyse,
no harm comes to the ovum M the corpus lutcum 1s present 1n the other
ovarv. But almost rvvariably the evam is dost il the corpus tuteum
18 rénlt'Jx'Cd Afrer hilateral En'f;i['ﬁ;[{ﬂﬂ}' Polino and T saw “drv retro-
gression” of pregnuncy withow abortion. The ovum wrinkles, shrinks
and dissolves without huemorrhage and withour discharge.  Moreover,
in cases of sterility, E'ip(‘l.hi“ e the cow. vou very often find cvsts of
the corpus luteur,  Aftor che veterinery surgeon has ruptured  these
cvsts through the rectum, the cow comes on heat and the sterility is
overcome.  From all thes: examples vou see that there must be a con-
nection between the COTPELS Lictewnn aud the ovum, Ttois however not
only a question obf the relazion between the corpos luteam and  the
ovurm, bhut also between the corpus luteom and the uaterine mucous
membrane. The mucous membirane of the uterus in the abscnce of
the corpus luteum persisiens or o corpus Juteum cvst, presents this
curious appearance of the mucous membrane.  In pregnancy when the
corpus luteum is fully mawred, the uvierine mucous membrane in the
neighbourhood of the ovum has this structure, When the corpus luteum
has been formed and cohabitazion has taken plice with a vasectomised
buck. or when instead of the ovum vou intreduce 2 foreigne body into
the uterus, which has previously heen well prepared by a lrcsh corpus
luteum, then you have the apnearance found by Bouin and Loeh shown
in this ﬁgurc. As cvcnrhmc* sectied to suygest an internal secretion
of the corpus tuteum, I assumed that its effect would consist in a remote
influence on the mucous membrane of the uterus and the impregnated
ovumn. Following this line of thought I began myv experiments.

Knowing some facts of animal sexual phulfﬂnﬂ\. it was easy to
vcrlfy this connection.  The rabbit ovulates only atter copulation and
receives the male only when ready tor ovulation. Consequently the
date of ovulation can be asceriained.  Afier capulation one knows that
the impregnated ova take 5 days 16 reach the uterus.  Mandl and
Schmid had made use of this knowledge when trving to produce extra-
uterine pregnancy. They iaterrupred the path of the ova by ligature of
the tubcs. 1 also experlmcnttd during the.s5-dav period, and althoubh
not interferring with the migration of the ovum. I destroyed or extir-
pated the corpus luteum during that period  And behold! the ova
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could not implant themseives into the uterus, whereas in control
operations the implantation always took place, if the corpora lutea were
Clefr inea, The same desting awuited the ova already mmplanted when
the corpora lutea were removed up to the 14th day of pregnancy, that
is mid-term in the rabbit,  The removal of half of the corpora lutea had
no inHuence on the impl:mtutit)n or yrowth of any of the ova. The
death of the ovurn 1s followed by dry retrogression without abortion.
The same intra-uterine disappearance even o human pregnancy was
observed by Polano and myself after bilateral ovuniciumy.  Consequenty
the implantation and early development, so fur s rabbits are concerned,
depends on the corpus luteum. This wus proved by more than 4o0
cxperiments with exactly similar results, and it has been confirmed by
all later investigators. Comparative phvsiology through all the mum-
malian classes 15 stll lacking but 2 collective investigation is being
arranged by me through all cultivated countries. T was further able
to show that the protection of the ovum s only one of the functons
which ure of the rreatest importance o Sex Biology.

The muin tunction is the cyclic transformation of the mucous mem-
brane of the uterus, the attainment of the so-called stage of secretion,
the cvclic increase and decrease of the orean and rthe secrction of sub-
stances which cause heat pregoancy as well as the inhibinon of the
ovulanon: all chis leads in the end w the menstruarion of humans and
anes. Even if there s no fertilized ovum, the process takes place in
the same wav; from the histological point of view the final result is
the development of the decidua. This membrane is not only formed
in pregrancy and patholoaical conditions (endomerritis exfoliaziva) hut
it can be found in all menserual blood, even in the virgin, as was proved
hy my pupil, Linder. Thur the transformation of the mucons membrane
and the development of decidua depends on the corpus luteum, has
been proved by two more classical experiments. Now one can under-
stand why Ancel-Bouin pro-luced pseudo-pregnancy after copulation with
it sterihized buck and Loeh was able to ohtain decidua by introducing
foreign substances into uterus of guinea pigs during the functional
period of the corpus luteum.,

[ will now show you the development of the human uterine mucous
membrane in a series of microscopic slides under the influence of the
ripening fallicle and especially the corpus lureum.  You will agree, that
nowhere else in the body, cxcept in the urerus, can such important and
extensive changes take place in so short a time. The work of ohserving
and recording this periodical (or rythmical) change is to the great credir
of twoe Viennese investigators, Hitschmann and Adler. [ am afraid |
have to canfess that, knowing whar only T knew at this time, about the
hormonal functions of the corpus luteum. 1 should have heen able to
have anticipated this ovulation of the phvsiclogy of the uterine mucous
membrane and to have undertaken systematic investigations in this
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direction. Now you understand the nature of the menstruation; it does
not consist in merelv a cyelic loss of blood, but in a cyelic dlsthdrgt‘,
which exists in all the mammalia and contains the substances NECessiary
tor the hulldmg up of the foetus © glveogen, trvpsin, caloium, phmphurm
mqgnc';mm, ATSCNIC, e1C., auhammca which are useful for the growing
organisms bl are polsonous if accumulated in the mother. Thert 15
a kind of “unwell period”™ For the woman so long as the posonoos
substances remain in the bodv. and a sort of * m{:mhh cleaning”™ when
they are discharged. The huomorrhage in menstruation s thcrcfnre
nnl*,r of auun(hn nature and LillL'hU'lHil being caused merely by the
rearing off of the spongiosa-sepra. In animals with the exception of
the apes, there is no menstrual bleeding, but 4 menstrual discharge or
“menstrual equivalent”™, and the same 15 the cose with women who
suffer from underfunction of the ovaries.

Let us consider now, whether the corpus foteum s the only gland
in the ovary with an nternal secrction. We have shown prcvmmh*
that its function is to pmdmt the evelic changes in the uterine mucous
membrune, necessary for the embedding of the ovum.  Before the first
corpus luteum appears however. the voung giel achieves a certon degree
of maturity. The first ovulaiion tafes place betore the appearance of
a corpus loteumn. A young waman can become pregnant, without ever
hiving menstruated. (umcquu_ntl - the internal secredon of the corpus
lureum can neither inHuence the brst ovolation which invalves the
growing, ripemng and tuptuum of the follle, nor the frst heat of
the animal. nor the sexual desire of woman.  We have to secarch there-
fore {or a second internal gland.  This was teund by Bouwin and Limon
and called the interstitial gland of the ovary. My own investigations
and those of my pupil. Anne Schaeffer, w hich extended over all casses
mammalia, showed that this glund originates from atretic follicles.  Not
more than 1 in every 100, or 300 follicles out of approximately 36,000,
ovulate and form copora luten.  Others remain in the prlmmrdml state,
others grow up te half ripe follicles, others become atretic and still
others lose the theca externa. and. uniting closely. from the lobes and
acini of the interstitial gland nartdy with the necrotic ovum in the center.
I did not find vau.ll examples of the cland in more thun half of 93
species of animals; in many there were only traces. or none ar all. We
would not find this so-called interstitial L{Lmd in typical form in man.
Therefore, either its function is not constant cr the follicle itself with
its theca interna has the same potentialittes as the well developed inter-
stiial gland, or to define it more correctly, the totality of the growing
follicles and the atretic and disuppearing ones together form the inter-
stitial gland.

Now let ws look at such a gland, perfectly dr:vclopcd. Let us
compare its structure with the corpus luteum next to 1t. You see the
endocrine character of both. Both are withou' any efferent channel,
both have cells flled with liquid granules. and are surrounded by
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.1p1fLLru.a. all this signifving the character of o glind of internal seere
don,  And vet thcn: IS 31 xtnkmb ditfference: in the corpus luteum there
are llr“{ cells, full of protoplasm, a captliary nLLmarL arjmplctch sul-
mundlnL every cells the most perfect example of @ gland of internal
secretion to be found in the body., Whereas in the interstitial gland
the cells are small, the drops of sceretion smaller and less numerous,
and the capillaries surround columny and masses of cells. nov each
individual cell. The intersutiol gland 1 Jess perlects 1t is o more exten-
sive endocrine gland. The corpus luteum s the glund o generation,
appering and disappL aring onc a1 montin gu u{l:n” prociedtion, giving
a rythmic impulse 1o the whole of the genitl organs and even develop-
ing Irom the actual follide, which  has supplied the ovam,

The other tollicles, having fatled o achieve this lmrm.ulllr culmina-
tion, Unite 'umt{;mually and functionally with  certain  undeveloped
structures of munor value, which wre less topically pland-like, and under-
ke o ltunction less extensive aind not so »LruLI\ determinute but it
tunctions over a longer pcriud They mainwun the sexual function
Letweon two Lu]mln.:rllmr |"1(;r11115, Llleg Hmlmmiv until the nest COTpLTs
Jutenn 18 ready, rhus .nmdm;, any possiole iorerval. They are also of
imporlinge dmmt‘-' the second halt of pregianey. when they beconme very
hvpertrophied; .1]5(1 betare me rry aned aber the IMCROPALNC, 10 nurhcr
ot which, as we mennioned before, daes corpus lurcum exist.

There is now ample chemical evidence tor the truth of (his primary
thu:;J‘\,! of mine. Doisy and Buoienande discovered the active prlnupiL
of the follicle and ihe interstitial wland, The latter establishecd this
Formular, By exhibition of this hormone, heat can be procduced L\['If_"l"l-
mentally Lo the ripening of the follicle and the assoctuted 1ndination
to muate. The chemical structure of oestrin docs not difer very much
from that of the testicular hormone, as vou see here @ oestrin has only
one benzene ring and hetween this and the next ring there is na methyl-
wroup; but both the nestrus-producing hormones Imu, the swme elemen-
tary structure and cach of them hm a avdroxvl and & l\cm-:rrou[m i
the same part ol the molecule.

Very different trom these two, not only biologically but alse in
chemical structure, is the active principle of the corpus futeum, the
hormone of pregnancy, tormerly called progesun. That is without
homologue in the male. Slotra and Fels succeeded in isolating the
hormones of the corpus lutcum in Bresluu and discovered the fo Ermmu
l[ormula.  These hormones are two very similar substanccs, called
tuteosterones. They are hoth di-ketones with a double bond in the Arst
ring. The ditference berween them s in their melung- pmnrs and per-
h: ApS 4 very -;hbht difference 1n the 'ip"lH ate arrangements ot the atoms
in the molecule.  These chemical tacts were in the past year frse
established by Slotta and Ruschig in Breslin, A tew months later Alien
and Wintersteiner confirmed the statements of Slotta by investigations,
which they had carried out simultaneously with and mdept_ndenth of
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Slotta.  Morcover Butenundt in Danzig and Fernholz in Céuingen
proved the formula established by Slotta by svnthesizing the hormones.

Now concerning the histological effect. Gorner was able to main-
taln pregnancy after extirpation of the corputa lutea only by meuns of
concentrated extracts. Here we have then our really crncial expert-
ment.  The chemical relationship of oestrin (Theelin) to Juteosteron
15 quite the same as the histological and histogenetical one of the
mterstitial gland to the corpus luteum.  The chain of proof is complere
and the part which the ovary plays in its entirery (imterstivial glund
and corpus luteum) is clearly defined. You will thus understand 1y
satisfaction  that it was in Breslaw and in my own clinic  that the
hormones of the corpus luteum were discovered.

Evans, Allan and Smith, wgether with Zondek, acquainted us
with the piturtary as the third endocrine sexual gland. Just as prolan
from pregnancy urine stimulates the sexual function, implantation ot
the anicrior Jobe of the pituitary has a similar action. both produce
their effects only if the ovaries arc prescot. The {ollicular hormong
causes similar but less marked svmptons of heat. but it can also act
in castrated ammals. In this we have a subsututon therapy, which
acts directly upot 1he 5(‘:(:0|1d.‘11'}' orpans. the oteros, ahe vagime, ot
Prolan and the mplanted anterior lobe, however, mercly through their
stimulating influence on the ovaries, act indirectly on the secondary
organs. Thus the pituitary 1s ihe superior gland governing the ovary,
and extirpation of the pituitary stops ovulation and prevents pregnancy
even when the ovanes are lett intact, Lawer on we will show, that
in some way the ovary 1s influenced by the other glands of internal
secretion, but not in the same clesr and dominating way as 1t 1s by
the pituitary.

Ler us look at the structure of the pituitary.  Here we see the
three well known lobes. The posterior lobe alone has no endocrine
structure, although it supplies pituitrin, our best sumulant of muscular
contraction, The middle lobe furnishes “intermedin™ which was also
analysed by Zondck and the anterior lobe furnishes several hormeones,
the most important of which are the growth hormone of Evans, the
metabolism, the thyrml;rupic, the lactogenic and the  gonadotropic
hormone {prolan). The anterior and the middle lobes have the struc-
ture characteristic of glands of ternal secretion and these two glands
lie close to each other, Similarly in the suprarenal gland the medulla
which produces adrenalin lies close to the cortex, which produces
eucortone (interenalin}—a hormone absolutely necessary o maintain
life, and besides, it helps to determine sex. Here again two important
glands lie side by side in an apparently homogeneous organ.  Another
example 1s the panecreas.  Stll another example of this peculiar dis-
tribution of glands in couples is seen in the relationship ot the thyroid

and the parathyroid glands, both glands belonging to the branchiogenic
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system. For thyroxin we are indebted 1o Hurrington; parathyreoidio
18 not vet properly solated- when i is absent, tetany and disturbance
of culcium metabolism follows., {6 the ovary also the corpus lutcum
and the interstital gland Lie quite close o each other thus producing
the bi-glandular arrangerents already deseribed.  This strongly sug-
gests that the local connection of two glands of similar origin reappearing
in 3 endocrine organs in the body s of the greatest significance.

The existence of 2 foucth gental glond is inlerred; the placenta.
I we demand a certain histological type tor an endocrine gland, and
apply this to the placentt we find the secrction transporting capillaries
arc very numerous, but secreting cells are missing. In the  fully
developed placenta, which contains lurge amounts of the hormone of
the follicle and the corpus lutcum, rthe toetal cells are very small andd
the ouly ells, which can be taken into consideration as possible Lor
seeretion are the decidua cells which ore comparable with the lutein
cells in their size and the qualiy of <heir protoplasm.  Considering
that the decidux is but o p(‘l'ir‘.hing‘ orgian, one could castly regard the
placenta as merely o storing pluce {or sexual hormones. Further the
continuous supply ot hormone after casloation in preginaney indicates
the existence ot still wnothier glind producing the hormone besides the
ovary,  I'rom the placenta Ehliarde obrained corpus Totcum—Tlorimone
i smatl quantities by aoradher ditheole method. By the wav s Why
15 the appearance of the muternul side of the placenta smooth and
shining aithough it represents an extended wound?  The reason s,
that the columos of spongioss are merelv alandular sepra and are
covered with epithelium. These  lacerated wopa leun against  one
another and so form an uniaterrupeed laiver of epithelium, bur when
floated out in water, their structure can be well scen. Some authors
speak of a fifth sex glund, the so-called myometrial sland of the uterus.
Here vou sec it in the rabbic drawn on the 23rd dav of PHCLIINCY
Koifter at Brussels {irst described ir: [ searched ior ir. agai, Ihrnugh
the whole mammalia, It is indeed a strange formation, but inconstant.
even rare, and cannot be regarded as a g[.lhd of interral secrerion, and
the cells are not surrounded in . tepical way by capillaries. 1 helieve
those large cells o be syneytial cells. which have jhigmtr:d trom the
mucous membrane 10t the muscular liver. Froboese considers they
are Misnoblasts.  This point {s of interest, as some authors belicve, that
the uterus itself produces an internal secretion, becaunse postmenopausal
symptoms may follow its extrpation.  Bur those symptoms can be
produced just as well by secondary disease, atrophy of the ovaries. or
figature of the ovarian blood vessels, ar they are merely menstrual
symiptoms (malmina  menstrualia), mistaken  for post-menopausal
symptoms.  Later, when speaking of vicarious haemorrhage, 1 will
discuss the difference berween these two.

[

The corrciation, svaergism and antigonism. of the ductless glands
is not yet completely understood.  All the other glands of interna
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secretion with the excepuon of the ovary influence the constitution,
metabolism, the drculadon and the nervous systemy like the heart,
they are of general importunce to the whole body.  The ovary 1s
different from all the others. The ovary has a pardeutar function,
which s prtcisel}' and casily definable : T will now explan to vou
this correlation and will begin with hyper—and hypo-functon.

Where therc is hyper-funciion of the ovarv. all the other ductlesy
glands are restrained.  In all cases of diminuton or absence of ovarian
tunction, all the other glands livperteaphy. This is shown by the
post-menopiusal symptoms, which are mercly svmptoms of overaction
of the thyroid. trembling. palvitation of the heart, the  pitditary,
adiposity, the seprarenal gland (Hushes). cre. Consequently the ovary
has an inhibttory influence on all the wther gl;mds,_ This infucnce
however is not very sirong, bocause 1n time after castration and the
climacteric these symptoms are compensated. On the other hand in
cases of dvslunction of the other ductless vlands we abwavs find the
function of the ovary restrained, ey o myxoedema, exophthalmic
goiter, acromegaly, dvstrophyv, diabetes wd Addison’s discase, stertlity
atrophy and  amenorrhoer are she results. Consequently the other
ductless glands stimulate the ovaryv: when they fail. the Tunction of
the ovary stops. The avary on the contrary gives no support ol
other glands when they fml—un unegual dstribution o giving and
taking.  The ovary is inhibitory, swhereas all the other glands of internal
secretion h}-‘pf;r[ruiﬂ‘l}' and according to the degree of this hyperfunction
we may have cases of special progoancvacromegaly.-hyperthyvroidism.—
Addisen’s discase or—tetany.  This somewhat aloot postion of the
ovary can be dllustrated by this diagram, Each of the other glands
of internal secretion ds o servant of the woman's own orgunism, main-
taining  her metabolism and her ite. The ovary on the other hand
controls the metabolism of (ke growing toctus. With us help the
germ extracts tuthlessly from  the mother alt the 5u[15[;111c:§s it needs
for its growth, and rhe hyperirophy and hyperfuncion ot the other
ductless glands has to compensate this loss as tar as possible by in-
creasing metabolism.  Thus the ovary in this sense 1s not for the
purposes of the mother, but it s tor the time being a foetal gland,
convenicntly housed in its mother's body. The ovary is, so to speak.
the exterritorialised cmbassy or commercial representative of o foreign
country, working not for the good of the hast-country, bu_t for the
good of its bome-country.  None of the other glands of internal
secretion governs a single organ or system of organs, but they mutually
comtrol constitution, prowth, metabolism, respiration and circulation.
The ovary, on the contrary, has a small and only inhibiting infucnce
on these functions, but it governs one system only, and that alone.
Without the ovary there s no sexual function. It is thf: gland of
generation; it does not serve ic 111(.]1\:1(]1‘1:11; its qunctmn is the pro-
pagation of the specics. lels is the peculianr position of the ovary and
explains its antagonistic attitude towards all the other glands.
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VISITS TO THRLEL EUROPEAN SURGICAL SCHOOLS.-
Far
F. . 5. Court.

Mecheal (e, Guverniment Abeal Seeviee, TR Kooy,

It has recently been my good tortune w visit three European
Surgical Schools ot note, namelyv, that of the University of Deidelburg
in Germany, the Roval Intrmary of LEdinburgh, and Guy’s THospital,
London. 1 think the chich value of visits of the necessarily short type
which one must of needs pay while on leave is not soe much what one
sces, 1nas 1v were glimpses, but the refreshinent of sensing vividly
the enthusiasm of the people who e making surgical history; and
also the fuact thar when one subscquertdv reads any of their works,
one has the tremendous stimulos ot the personal contact and know-
ledge of their temperaments and an estimate founded on one's im-
pressien of their soundness.

Generally speakiog, as o post-gradiate, oae only sees the technical
abiliey of various surgeons. Thelr vitimate resules i terms of the
hard fucts of mortality and improversent rates wre closed books but
honest folks do create a certain impression and atmospheee which ong
can only sense by mecting them: and one feels that what so and so
says 15 probably true, and sadly somesnmes one records i one’s mind
the probability that some one else is the tvpe who will defude himself.

My frst visic was to Teidelburg o March of last vear, at the
ime when the swidents were all awiy on vacation. In Heidelburg
the clinies are all run without the active participation of students whao
are entircly onlookers until after quaiificadon when thee have o do
a recognised pertod of pracucal work before they are permitted o
practisc on theirr own. | was surprisedd to find that there were no
orgamised  schemes for post graduate work; bur Professor Kirschner
and his first and sccond assistants Drs. Zochenswerd and Peisler very
kindly invited me to visit their operating theatres and ward rounds
whenever 1 liked. 1 found my scuniv knowledge of German a very
great handicap especially on ward rounds. so I contined myself almost
entirely to looking on in the operating theatres and was compelled o
gather what information [ could obtain almaost solely through hi}f eves,

The first thing that impressed one, us is 1o be cxpected 11 Germmany,
wis the orderly method and organisation. There never appeared (o
be a hitch. This was of course lurgely due to the facts that evervone
taking part in the theatre work wus well bevond the novice stage
and the large number of people cach with his or her definitely marked
out sphere of activity. Nevertheless the smoothness of working and
the consequent speed s striking,

* Read before the University Medical Socet. o 3th Mav, 1ysh,
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Practically everything abdominal and befow was done under spinal
anacsthesia by the special technigue devised by Professor  Kirschner,
who claims for it an unparalleled relaxation of the abdominal muscles
and an almost complete absence of post operative lung complications,
For an unusual degree of muscular relaxation I can personally vouch
I saw a pertorated gastric ulcer done, and the manner in which the
antertor abdominal wall was lifred away from the viscera to make the
roof of a cave into which one could look, and by suction clean, wus
VCry 1mpressing.

Full details of the technique are given in the Journal of Surgery.
Gynaceology and  Obstetrics, September, 1932, and briefy it 1 done
thus :—The patient 1s not given morphia betore hund but just before
the induction of anacsthesia, ephedrine is injected. the BMood pressure
having previously been taken, and is tiken wgether with the pulse
rate subsequently ar 3 minute intervals thronghoue the operation and
charted on o special chart,

Through o spinal punclure. about 1520 cos. of cerebro-spinad
Huid arc let out and repluced with 12-15 ceso of air which makes a
bubble In the theca, hike that in a spirit level. Into the apex of the
Liabble s mjected o nuxtore of pereane dextrine and aleohol wineh
will not diifuse throogh corchrospnad Tuid and so makes a locadized
sumyg in the lowered end of the bubble, which can be pushed up as
high as nceessary with more . This angesthetizes  the nerves
emerging from and entering the cord, so that a band of anacsthesia
round the middic can be obrined.

On opening the abdomen the retro-peritoneal  regions oo the
mid-dine of the upper  abdomen are infiltrated with novocaine
vbliterate sensations via the autonomic nervous svstem,

It the patient during the operation shows sipns of distress,
scopolamine 1s injected, and any blood pressure collupse is combated
with ephedrine and intravenous injections of glucose (59 in 1 pint
of saline).

Professor Kirschner rmakes o point that this method of anaesthesia
is one that requires much skill and experience and that m hends of
the unskillful 1s dangerous. It is apparently not difficult to blow the
churge up into the higher centres with drastic results.  Grear cure
must be taken to keep the head down below an angle of 25 degrees
during and after the operation until effects have worn ofl.

I think the Germans are probably more suited to spinal anacsthesia
than the less placid races. Cerwinly, I cannot picture English folk
allowing themsclves to be blind-folded for a spell before anacsthesia is
commenced and during its administration as is done at Heidelburg.
The German patients submitted to this, while in the aItC-TOOM for
periods up to 20 minutes—and not under the influence of morphial
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[n spite of the njection ot novocaine Jas desenibed, there was o
considerable amount of discomiort and sometimes vomitng when the
viscera were handled.  However, there was remarkably litle shock as
indicated by the blood pressure during the operation. Subsequent
happenings in the wards [ did nat witness,

[Fatients betore (JE‘JCI'H[ifJn are remioved e oo spi;::_'i.'ll ward near the
theatre and are returned 1o it atrerwards. S0 the sisters and stafl
are highly experienced in the pre-and post-operative treament,

The arranpements  and  dispositions n the  theatre were as
lollows :——Opposite  the surgeon, steod  wwo qualified assistants,  the
senior of the two directly opposite und doing  the more important
work while the junior atended to the cutting of ligatures, the holding
of retractors and keeping the table clear ot instruments which are
taken, as soon as out of action, and dropped into 2 bowl at his side
where they are gathered by a male attendant whe sterilizes them and
returns them to the larger of two insirumenr tables under the charpe
of a junior theatre nurse, who teeds a smaller table presided over by
the theatre sister who stands on a stool. and who is head and shoulders
above everyone lacing the field of operation, and anticipares every
instrument and ligiture need of the sorgeon, as well as directing the
mate attendant and junor wurse. “Chis SAVES i crean deal of tme.

Usually, For dean abdominal waorke rubber gloves are not worn.
but when the peritoncal cnvity is opencd, thin white cotton ploves
are used.  This scemed rather like heresy in the Lind of origin of
aseptic surgery.

Linen threads are extensively used for anastomosis of the inestinal
tract and the instrument invented b Petz (hy which double rows
of aluminmium chips are inscried) wus used for closing off bowel in
gastrectomics, ete.

Practically all catting 18 dane wigh duthermy knife and smaller
arteries are coxgulated by rtouching the Ucciuding forceps with the
electrode.

An anteresting instrument was a reseevolr of local anaesthetic with
a long needle attached. The anacsthetic in the reservoir was under
pressure and flowed under the foree of about 2-3 wrmospheres on the
releasc of 2 finger press button. One was reminded of a petrol
“bowser™ but its convenience was obvious.

With regard to individual operations, partial gastrecromies  are
remarkably frequently done for ulcers of the type and size which
would in Britain most certainly be given the benefir of medical trear-
ment. I was unfortunately not able to discuss their attdtude to this
question with them.

I saw one perforated gustric ulcer which had occurred in a young
man about 1¥ hours previously. Hc was given a spinal anaesthetic
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as described above,  The abdomen was opened by o mid-line mcision,
the uleer dosed. and the cavity of the peritoneum cleancd by means
of a suctien be as thormmhh 05 v }mwh]c in the condition of pl;hm
}'}Lrltumm A quantity of pc-l'-. valent serum ;‘.ITC[‘I'dI'C('] trom organisms
tound 10 simular cases, was squirted round the cavity and the ;111dnmc1
closed withewt drainage—which astonished me!

[ saw Dr. Zuchiswerd vnnsplunt the ureters of o child of about
5 years for the condition of cctopia vesicae,  He used the wehnigue
advecated by Coffey to the extent of having his text hook  handy.
[ncidenrly in the theatre there is 2 book stand: Jnd hooks wre consulied
while m acuion. {How muany times huve 1 longed 1o have a comfort-
able Jmtom} book open wear by when trving w sort our tendons and
nerves of a lacerated wrist or something of the sort. T shall in future
bring Gray inte the theatre withour qudlﬂlf\}.

A dislocaied semilunir hone inthe wrist was treated by passing
Kirschner wire through distal ends of the metacarpals and applying
traction for a weck.  Thiy war not however, successtul, and open
operation was required.  An old ununited scaphoid fracture was treat-
ed by open operation in which holes were dnlled into the fragments,
the tracture ends treshened and the wrist plastered.

Kirshner’s SYSTCI ol extension withe whach VOu are b Gamiliar.
was of course largely used for fractures.

1 saw one Dlood tansfusion done. The Blood was recoved 1mto
amber  cups from g ocanula in the veine transferred  witheur  any
additions to an amber receiver from which the blood was forced by
air pressure through a needle tnto the recipient vein,

AN INtercsting ¢asc Wi A sub-scute obstruction due to a growth
in the region of the spienic Bexure. On cxploration through a supra
umbilical mid-line incision, it was decided that immediate extirpation
was impossible so o small puncture was made in the transverse colon
to relieve distension.  The purcture was then oversewn and the trans
verse colon was sewn to the peritonewm to alfow o smadl aren o fill
up a gap m the peritoneal ¢ cavity inciston when it was cJosed.  The
remaining lavers were then .1ppmx1mntcd leaving a channel down to
the exposed arca on the wall of the transverse colon far opentng later.

Professor Kirschner  is working out @ mechanical  system for
reaching the Gasseriin ganglion with a small connula into which a
Lli;lth(.rm» clectrode is introduced to coagulate the ganglion. [t consists
of a stirrup which is fixed to the temporal lcgmn on cach side by a
screw with a rubber point. A sccond stivrup from the point of attach-
ment of the first passes under the chin and an arm passes forward to
the forchcad from t]w sccond, A careful scheme of the various relations
in distance on these three ares has been worked owt on thousands of
aul)]u_u, and o |1and that sdjusements in werms of these lC]dtll‘.lI’thlph
will give the cxuct points along which the cannula can be pushed in
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1 special channel. The system s not vet worked out completely as [
saw two unsuccessful attemprs,

Cystic goitres are very common 1 Heidelburg, and when neces-
sary, aperations on the thyroid gland are done under local anaesthesia,

[ spent a very interesting morning at the University (}rl}mplcdu
Ilu‘ipl[dl which 1s under Protessor L)|t mar,  This Hmmul is about
six miles out of Heidelbury, and is heanntully situated oo the bank
of the River Nekar, It is deligtutully .l}mmnttd with up o date
cquipment.  An interesting roont s the phvsio-therapy dcp Irtrment.
Afwer the war, the hmpltttl wals lled awith war disabilities of  an
nrthop'itdic nature, and in order ta ecconomise In masscuse, G great

variety of most ingemous apparatus wis devised and made very largely
fromy parts of guns,

[ saw Professor [hremar c\pl(m_ the knee Joint for o suspected
cartilage displacement.  This ancision was o fong one medial w the
1.&[&“&. which wus turned outwiards o give o wide exposure of the
wtertor of the joint.  Fle used no tour I1iqnfr but was espeaiatly careful
in his haemostasis passing a1 needle TALUre around c:u,h Lll[."l}"tf'd
artery.  The carulages dpllt:ll’t‘d nfsrmll sut o cleified nodule inoa farry
TJ’II:‘J}_,{. wars founed .mtl remroved.  Professor I)nmar was not an .1L]1.'m':lrt_“
of :-;|:iﬂ;‘|| anaecsthest. Frher wis wsed.

The second operation was for o persisting congenital dislocation
of the hip tn 1 child of about six vears old.

The upper margin of the acetabulum ndd the head of the femur
were exposed thrnuoh a vertical inaision just dehind and ihove the grear
trochanter.  There was no hour glass contraction of the joint ¢ .1psulc
so the head was easily mnupul.uc‘d into the acctabulum.  An osteotome
was then driven tnto the ilium just abnve the accabular marging, and

 portion of the tibin then driven inta rhe hole mude by the nsteotume,
Fh-:, end of the tibial piece projected wver the replaced hend of the
femuar by abour half an inch or mare. The wound was closed and
previous to plastering was inspected by X ray and a special viewing
box {a great convenicnce).  After plastering, it was again viewed, )

Congenital dislocation ol the hip i« an extremely common condition
in the neighbourhood of Hedellurg, There were Ave or six in the
hmpltaf when 1 was there. M.unpul irves treatment and- plaster accord-
m; to orthodox scheme is favoured in the carlv vears, but the feeling
is that the majority come fAnally 16 open aperation.

An interesting point about this haspial s that a departure is made
from the tmdltlonai uniform LOI{JIJI"II'ILT of all the wards and corridars.
Fach {loor lLas its attractively ditferent colour schemes.

At Edinhurgh. [ spent three months.  In contradistinetion  to
Heidelburg and the London Medical Schoals (harnng the new Dost
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Graduate School at Hammersmith), the post graduate arrangements
arc cxeellent and awract peomie from every part of the world.  Access
Is given, (albeit only as spectaiors) to every depariment of surgery and
medicine und the care and enthusiasm with shich lectures and de-
monstrations are presented deserves the highest praise.

There, one wis able 10 get the wends of thought which was im-
possible in Germany owing to the lanpuage difficulty.

Firstly, with regard to fructures. In the realms of theoretical and
speculative there rages the barae of the osteo blasts in which there are
two camps; those who hold that there i1s a specific cell endowed with
ability to form bone, and those who {ollowing the French SUTYEONS
Le Riche and Policard, hold +hat bone formuation is a tissue response
to certain conditions of chemical environment and ischaemia. From
which  emerges an  Edinburgh  shibboleth.  “Hyperaemia  means
osteasclerosis.” (;rr:u: the curitor of the museum of the Royal College
of Surgeons has written o very interesting book on the subject,

Some very inten utlng work on the healing of fractures is heing
done by Stnhng He is invesugating the LhJIlLC‘: in the callus durmg
the carly davs after the fractare. and has found that durmg the first
fouricen davs, the reaction of the haemuatomas (which is virtually en-
cansuated) 1s acid—this s the periogd of the mobilization of calcium
from the fracture ends ot the bone and elsewhere. It then swings
over to the alkaline side of ovutrality with the beginning of the dC—
position of calcium,  New lwenmrrh.uﬂea (1(‘].1\, this Lh!n;_r: He s
now cxperimenting with the injection of calcium  solution of the
cortect p.H.. and earlv results ore encnumgmg. though with a laudable
Seottish caution. he will nor as ver pronounce any verdict.

Plates of metal are lhable ro mterfere with rhe correct reactions.
and are. apart from this consideration, regarded with distaste. It s
held that crouble very frequenidy results snoner or larer.

The principles of Bohler of Vienna are accepted as a sound working
basis and Kirschrer’s system of extension is used—the working rule
being that the ifractured ends of the bone should be moved as litde
as possible (ideally not ar all) and the muscles as much as possible.

The autonomic nervous svstem is very much in the lime light
Various parts of it are being removed tor such widely remote conditions
as angina pectoris and Hunner's ulcer of the bladder. This branch
of SUrgery scems o be sill in the experimental stage, and it seems
likely that the most importine results will be an elucidation of the
very largely unknown influences played by the balance of two
:lntagomatlr: nervous controls on the wiscera.  One rather interesting
fact has rcccntly been discovered: the removal of the pre-sacral nerves
in the male is followed by the inability to consumate the sexual act
by an orgasm—a very important defect, especially psychologically.
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The immediately pood results in Riavnaud’s disease are not held
to be entirely permanent.

Professor John Fraser s a strang advocate of the removal of t_ht‘
stellate ganglion for anginy pectoris,  BHe removes it through an anrerior
ircision which makes the operation. as he remarks, i excellent excercise
i the anatomy of the roor of the neck,

With repard 1o rudium, T was unfortunately not able to visit
Beechmont where most of the radio tnerapy 1 carried out. But [
think this is a fairly aceurace summary ot the current ideas,

Extirpation surgery 15 the rule as the fiest Line of attack if the
growth is accessible, and radium is held to be a valuable adjuvant;
except 1n cases of carcinomu of the anterior third and middle thivd
of t[|1e tongue, nirinsic carcinoma ot the larvnx, and carcinoma of
the corvix, For rodent ulcers, some excise aned others use radium
primarily, depending to some extent on the degree of advance of the
arowth,

Radium s used in pluques, in needles, and recently, one gramme
lis been put wside Tor o radinom homb, This i« used for, among other
things, gfcm'chq of the posterior third of the tongue the Fuces and
tonsils, the pharvax and larynx, and supplemented by dental and other
sl | osartace applicatars For wimaurs of the upper and lower jaws angd
the H'l:.l:-ii“;lt':-.‘ AT SINLSCS.

The system of dosuge 1s very carefulls worked out bv ot specialist
in close meastrement (o get a uniformizy of jrradiation.  The rechnique
of this 15 beyond me, except that Seiverts condenser chambers are
used and the calculation done from Stahels fso-dose curves, The
feeling is very strong that radium is 2 torm of therapy that should be
conhmed to a specialist; and the dosage should be estimated by some
one trained in the physics of radium. '

In view of the ditficulty of diagnosis of carcinoma of the tongue
trom the accastonal wberculous ulecration and svphilis, diagnostic section
is never made untl radium s available for immediate insertion after
the section. A period withour radium after the section s strongly
contra-indicated.  [f section shows a growth and the condition of the
patient and glands warrant it, a black dissection of the lymph nodes
of the neck 1s performed. Should the section prove the ulcer not o
be malignant, the radium is immediatelv removed. and it is held. thar
for leukoplakia. the efect is at least henchcial.,

Carcinoma of the breast is treated by radial removal followed by
prophylactic deep Xeray irradiution, provided it is still in the operable
stages. By this means they claim the tollowing results, grouping breust
cancer in three groups :—

[. Cases in swhich growth 15 confined to the breast rissue, with
no lymph nede involvement. (ie., no fixture),
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II. Cases in which growth is not fixed with lymph noede in-
volvement.

[II. Cuases where the gsrowth is not confined to the breast and
there is wide lvmph node invelvement.

Group [ cancer s considered one of the most curable forms ofF
cancer it a radial operation iy performed. Their Foltesy up ﬁgurcs
show o 100, 2 year cure rate and an B0, 5 yeur cure rate.

Group 1I shows a o0 2 vear cure rate and 2n%, 5 veur cure rate.
Group III. - All were dead in three vears and 0% 10 one vear.

Radivm  was used Tor the noperable group IT cases. but it 1s
admitted that inadcqu;ltc dosage has been uvsed: nor has anv standard
scheme of treatment been instizured.

A combination of radium tollowed by surgery is sometimes used,

There is much argument about the relanve merits of medical
treatment, excision and short circuiting for ulcers of the pyloric and
dundenal regions: but 1 think it is agreed among all, that o thorough
medical course should be tried first except in old stenosiny ulcers, and
I may say that I saw no partial gastrectomies done in the course of my
stay 1n Ldinburgh in contra-distinction to Germany.

The dicta of Sir David Wilkic on this subject are very interesting.
According to his experience. the results of gastroqejunostomy in cases
with a high hvdrochloric actd curve are bad.  In facr, he says, i is
asking for trouble in the form ol an uleer near the stoma. For gastro-
duodenostomy he claims moderate results. Should a stoma vleer follow,
he suggests subsequently doing a gastro jejunostomy,

For old cicarrized ulvers, he advecaies a gastro-jejunostomy, and
apparently in these cases the HCLL curve is vsually narmal or law.

For old ulcers on the lesser curvature, he advocates ablation or
partial gastrectomy. and finally, for old paticnts with a penetrating
uleer high up on the lesser curvature, he advocstes a pastro jejunostomy.

To consider some small points of technique, anastomosis clamps are
not used. Wilkie has a very neat and simple litde instrument in the
form of an oblong of thin metal rod, with a knob at each end. He
approximates the two bowels with stitches at each end of the proposed

region to be incised. ties the stitches und ther puts the region on the
stretch hy winding the suture ends round the knobs.

Fraser makes a grear poinr about lizaturing the individual blood
vessels before starting any sewing and puts a double sero-serous layer
anteriorly. Before starting to sew, he swibs the whole region with
tincture of todine,

Mr. Harry Wade is particularly interested in kidney conditions.
In the course of kidney investigations he does both excretion urography
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and pyelograms by injecting opaque material into the pelvis.  The
former gives physiological indications und the latter anatomical,

Ile has done lately with  great sucecss, transplantations of the
rtm.lmmg urcter in cases of excessive bludder irritability and contrac-
fion followine tuberculosis of the kidaey and bladder, ne which the
disease is unilateral and one kidnev has been removed.

He docs nat introdoce ureteric carhieters av the nme of operaton.
as does Cofley, but passes a strand of catgul up the ureter, onc end
of which is passed through with o neecle the cut end of thE ureter
and uwsed for drawing the ureter into the lumen of the bowe! and
passed through the bowel wall to anchor it. One end acts as a wick
in the wreter. The other end inchors the ureter. The wick 1s suffi-
cient to overcome swelling and occlusion by the end of the ureter.
The rectum i1s dratned with o catheter o show if the kidnev is ex-
creting.  Should there be any signs of sappression, he gives 2 4%
sodium sulphate selutton mtr.uenou.al_ ind continuously by the drip
feed method,

If the operaton is successful. these people from being wretched,
ascless individuals. can ao for periods of tour hours and maore without
[passing warer,

-

Interesting work has been done nn the so called B.C.C, pyelitis
which is held on the strength of very oxcellent whole organ sections,
{bcmtlfu]h exceurcd by Mr. David Band). to be reall v o pyelonephrits,

A paper on the subject by him is printed in the leﬂhurﬁh Medical
Journal No. 5. 1933,

He holds that part of the wouble is atony of the pelvis and ureter
with stagnation, [ollowing an original mild infection.  From the
stagnation, there s o back spread into kidney substance. In the event
of failure of diuretic tremment or I-\r:tn;:_ﬁnu treatment, he clatms good
results from ureteric cathcterization, w asling out the Pt‘l\.l‘? with weak
silver nitrate solution, and dronage tor 2 days with the indwelling
catheter.  Very pood results are claimed for the ketogenic diet treat
ment provided there is o pure B.C.C. infecoon.

I puid a verv ioteresting visit w the orthopaedic hospital at Fair-
mile-head where we were shown round by Mr. Cochrane.  The
hpri[‘ll is beaunfully situated well tn -he country outside Fdinburgh.,
[t 15 built on the pJV]lI(II‘I systemn with wide unroofed verandahs. Herc
it is attempred 1o collect all orthopaedic cuses from the Eastern counties
of Scotland.

Excellent orthopaedic work on polic-myelits is being done here:
and it would seem that much lﬂng,er permda of rest to the paralysed
muscles should be given than is wsuaily advocated.  In the earlier
stages until the u)mpletc absence of tenderness, treatment should con-
sist of rest, absence of irradiation and avoidance of meddlesome
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therapﬂmics. Later r;lncci;lli:r_td muscle wLAnIng  rreatment 1s given o
re-educate the muscles, to thair diminisshed nerve supply,

To quote Cochrane:  “Muscle training s fundamentally an
attempt to restore 4 cerebral motor impulse to a muscle. It aims at
torcing the cfferent impulse 1o develop o new path and o secure
contraction of the desiced  muscle however feeble. A permanent
improvement in conductivity is thus obunned and the muscle is given
a small duse of ¢xcercise appropriate to s cntechled capabiliries.

The patient’s whole attennon must be concentrated on the attempt,
which is carried through the whole are of the juint movements by the
assistance of a trained muasseuse, who supports the limb and climinates
the effects of gravitv; the resistance b every point should be a little
less than would stop the movement. S

The exercises should not be done alone but require the assistance
and outside somutus of a4 rroined masseose”

Muscle truining is conadered 1o bhe the hest single adjunct in the
hanes of an expert.

The chned points seem o be —long penods of relaxanon of altfeoed
muscle belore starptng treatment—long periads of rest hefore anything
like hard work for the muscles. For instance. a year s sug'gcsttd
hefare walking is artempted s paralvsed leg muscles, and expeit muscle
traiming with psvehological cacouragement oy apposed 1o massage anel
electrical sumulation.  Osteomvelins s treated  on the Winnett-Orr
principles with alleged sucvess.

[ cannot leave the subiect of Ldinburgh without comment on the
excellence of the Museum of the Royal College of Surgeons which 1s
under the Curatorship of Mr. Greig. Specmens are heauufully pre-
served and presented and curctully described. 1F there is one criticism,
it is that there is not a singie normal specimen i1 the whole museum.
A normal at the end of each series for comparison would be ot great
-alue.

I was only able 10 spend a fortnight in London as an onlooker at
Guy’s Hospital. Here, as in Germany, very little provision is made
for the posl‘-graduatc. As the wim is to provide the actual students with
an abundance of practical opportunity without much lecturing, the
majority of the teaching is carried out at the hedside and in the operating
theatres, and in each case, the students are an intergral part of the
working system of the hospitul.  While this system may not turn out
the learned physician or surgeon. it 1s calculated to preduce a man
of practical ability.

A feature at Guy’s Hospital 15 the “Combined round”. On two
afternoons a week, rounds are made in the medical wards, {why not



Tis Cantcgus. - B

in the surgical wards, [ do not know), which are attended by three
nr four visiting physictans and not infrequently surgeons. Cases are
seen and {Jcmmmr.utd by the ward clerks or ]'I(HHL physicians and
physicians i charge of the cases, and are discussed by cveryone in-
cerested. Not mircquf_mlv there will be present & physician, a surgeon,
A plthn]npx[ and a psyc hoiogﬁt This 1s of great ‘ulIUC to those heyﬂntl
the stape when the fundamentals are «ill heing painfuliy sarted  out
and dogmaric pronouncements necessary for o iuuudaur;n T thesc,
it is probably contusing to hear conflicting views. but 1t must neverthe-
less, stimulate development of an early discrimin iting ability.  Also,
une sees in it the beginnings of the nme when diagnoss and treatment
will be much more the outcome of a closer co-operation of a group of
specialists than it iy now, when the pathologist’s opinion is often a few
words on u plece of paper, the nldmlngntﬁ ancther w“dhle or W
an  another [m,u of paper, and the oto-rhino- l.1rmgmlw‘=1st has  not
stened through o stcthmmpe for an age.

A new anaesthetic, evclo-propane iy being tried out in Londen,
This is a heavy gas which is extremely economical to use, as a small
JUAATITY introduced 1o o closed circulation is exhaled aud rebreathed
over and over asgatn, adjusunents of oxygen heing made as necessary
el carbon diosacde 1|w:1l1um| arranged for tu the syatenn A wsthiesia
tikes pli e quickby and comtor e and rensonable relaxation resulrs.
The gas is, however, extremely explosive and will sink 0 the lowest
part of tht hlll]l_]lT]L. possibly the kitchen with disinte rarating results,

Ogilvie has w verv interesting arrangement for keeping fus table
ndy in the course of an operaton.  Fle has a rack which is placed on
a slant towards the middle of the operating table, and within re: ich
of the surgical dresser and instrument sister. Each tvpe of instrument
has irs appointed place and is replaced when out of action, so that there
should never be any fumbling about in scarch of tllusive scissors or
disseeting forceps.

[ suw Peterson’s pin used on two occasions tor fractured neck ot
the femur, bur it is still considered to be “subjudice’; Kirschner's
method of extension s much in use and considered a4 valuable measure.

Hpcakmq generally, there seems to be very little difference in the
views held in London and Edwhurbh EXCet that in Edinburgh when
in doubt, they murmur “Tuberculosis™, in  London, they  mutter

“Syphilis™

A course in Dental Surgery is now essential for the London degree
53 there are courses in the dental school for medical students.

[ spent a very interesting afternoon it the children’s denral [.lt?plr‘tr
ment and was much impressed with the care which is taken in pre-
serving as long as possible by hilings, ete., the first denttion.  ‘The
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correct occlusion and disposition of the second dentition, it is said, is
very largely dependent on preserving as long as possible the milk teeth
and septic carivus dental conditions must have au effect on the 1y1nF‘1
ring round the pharynx, The child should have as frequent if not
more frequent dental inspection as the adult.

In conclusion [ feel that this paper must appear to be like an
amateur's album of holiday snanshots, some badlv developed others
badly focussed, but T hope that here and there one will stand out
interestingly,
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TOXALMIA OF PREGNANCY®
E18
W, U0 W, Nixon.

Professor of Obstetries aned G neecolepy, Universin ol Ty Keng,
and Government Conscione,

One has been impressed by the high incdence of toxiemia ol
pregnancy amaongst the women attending the obstetric clinics which
one supervises.  Whether rhis condition is met with 5o frcqucnth
amongst the private patients whom vou = sttend it is impossible For me
to say. At all events those of us whe practise obstetrics will at some
time or other be face o fice with thus complication of pregnancy.
Another rexson for my choice of this subject as a post-graduate lecture
is that this condition i sccond W puerneral sepsis as the cause of the
greatest nurober of maternal deaths.

You will require some contirnuation of my previous stitement s
to the h]bh incidence of pregnancy toxacmila in this parr of the world,
angd 1t is thererare NEeCessiry to review  sntistics on this pmnt. In
England the incidence is approxmately 37.. in New Zealand 5%
(1) and in Hong Keng 7. Last yeir in the University Obstetric
Clinies of the Government Civil and Tsan Yok I—Tmpmis ‘there were
2.351 deliveries and of these 159 had roxaemia of varying degrees of
severity. There were ¢ cases of eclumpsin with 2 deaths.  Buird (2) of
the (Jlasgow Maternity Hospital has recendy revealed a most dis-
appointing tact, namely, thar therc are just as many cases of toxzemiu
now as there were twenty years ago,  On the other hand, the inadence
and umscqucnth the death rate trom cc.ampsia is definitely lower in
those patients who have had antc-natal care than in those who have
had no supervision during pregnancy.

I regrer [ cannot avoid piving you some stattstics.  Doubtless vou
will know thar there are three kinds of les—white, black and stansues!
I put these figures before you since they serve to emphasise the gravity
of the disease. hu.lamp;m has a maternal mortality of 25'%, and
foctal death ratec of go%. It 1s not only the immediate risk but the
remote complications and  chrenic 1l- health which follow toxtemia
which must be realised. Gibberd. (3) or London, has published some
most illuminatng fgures. He followed up afrer delivery a series of
toxaemic cases and divided rhem mto rwo groups.  Group A were
paticnts whe had had their toxaemia tor three weeks or less before they
were delivered whereas Group B had been toxaemic for three weeks
or more. In Group A 5% developed chronic nephritis and recurrent
toxaemia was found in 30" who became pregnant again. In (aroup
B, 28% showed definite nephritis and the recurrent toxacmia rate was

764%.

* Post-graduate lecture given at Hong Keong University on Agpnl zoth, 19300
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The significance of these hgures is obvious. The longer a patient
remains toxaemic the more risk is there of chronic nephritis.  The
seriousncss of this needs to be emphasised since g0}, of chronic
ncphritic women are dead within o years.  Again, it is no help tw
the baby for it to be allowed 10 continue in utero under the continucus
effect of the roxuemia.  These Dubies are usaally premature and af
they survive their birth they remain below normal for many years.
They are much more prone to infections in childhood than those babics
born of non-toxaemic maothers. We hoave all made mistakes in (he
past of allowing a patient to go on week atter week with her wxacmia,
coaxing her on to the thirty-sixth week, 1t possible, in the hope ot
petting a larger and stronger baby. One should not consider the baby
m these cuses, 10 1s the motner’s lite, present and tuture, which we
must sateguard.  Again there was o false dictum that " once an
eclamptic never again an cclampie an a subsequent pregnancy.” Let
us correct that and say: once an ccdampue 137 chrome aephritis,
=5, recurrent eclampsia, 207, recurrent loxaemia, a greader risk ot
pulmonary tuberculosis.”

The death rate from oxaenua is less now thun It was en years
Ao and this is due to better ante-natal care and earlier rermination oi
pregoancy.  One point to be stressed inoante-natal work s the rootine
which should always be adopred ot taking 1he blood pressure. The
diastolic reading is just as ymportant, even more so. as the systohc.
Therc may be « rise of blood pressure in pregnancy toxaemia a tortnight
before olbumen appears in the urine or any other symptom or sign
develops.  The importance of this hnding s that treatment can be
started when the toxacmia is w its early stages. In passing I should
like to mention some observarions that Professor Ride of the Physiologi-
cal Department has just made. He has tound that there 15 a group
of normal adult Chinese in whom blood-pressure readings are con-
sistently low. A noomal average reading i these individuals 15 gb/70.
As the result of these observations we shall have o readjust our views
as to what is hugh blood-pressure In toxaemia. We might be dealing
with « patent belonging w this group. Sceing her for the first time
i a pregnancy toxacmul, blood pressure reading in her case would
have to be considered high which in another woman would pass as
normal.

The cause of toxaemia is unknown. LEvery conceivable suggestion
has been put forward—constipaton, increased intra-abdominal pressure,
deficiency of calcium, vitamin lack, ubsorption of abnormal protein
products from the placenta, and so on. We are living in an endncrir.le
era and endocrinologists have not been slow in considering toxaemia
as duc w hormone imbalance.  From the posterior pituitary a vaso-
pressor substance is excreted in excessive amounts. It has an anti-
diuretic action causing water retention and also it effects by spasm the
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rerminal vessels. [nothis way the pathological changes assoctated with
cdnmpsi:l are uxpl:iiﬂtd.

Prognosis mm Lolampsia,

One knows wo well that the Hrst question the anxious rlatives
will ask the doctor after he has seen the patient will be, ™is her condition
serious”? It s possible to divide coses into two groups, the mild and
the severe. A serious case and therelore one of bad prognasis 1s that
in which (1) the temperature 15 over 103" (2) the pulse is more than
120 (3) the blood pressure is higher than 1707100 (3) the number of
hrs are over six (53 the fits occur o rapid succession (6} there 18 conma
(7} there is anuna (%) there is licle albumen in the urine {g) cedema
is slight (10} pulmonary cedemu is present (11) the heart is tailing.
These observations merely serve as a guide 1n prognosts and it must
not be inferred that because a patient exhibits these signs that she must
surely die,

Treatment.

Treaument s what st abvicusy imerest vou rather than
hypotheses which change from day te duy. Ou making the diagnosis
of toxaerma treatment must beostarted  soithout -:h'l:!_\'. In the mild
cases one puts the patient to bed. directs attention to her bowels
(magnesium sulphate s the best purgiiive in these cases). restricts the
diet. gives diureties, glucose and tron. The value of glucose s
indisputable. Tt 1s an excellent diuretic. it reduces oedemn {especially
cerebral} by its esmotic action, it protecs in particular the hiver.  For
it 1o be efective the concentrativn must be high—3vi of glucose o 1
pint of orange or lemenade.  If under strict medical treatment the
paticnt’s condition becomes worse, or new sigus and symptoms develop.
pregnancy must be terminated at once by rupture of the membranes.

Technique of wrtificial ruptore of the membranes.

No anaesthetic is required and onlv ane instrument, namelv. a pair
of Kocher’s forceps.  With proper asepsis and antisepsis the index Anger
of the left hand 15 passed into the vagina up t the cervix, the forceps in
the right hand are puided along this Anger into the cervical os. An
assistant exerts supra-pubic pressure on the presenting part in order
to tense the fore-waters. The membranes are nipped with the forceps
and the liquor gushes cut.  The whole of the utervs is firmly palpated
in order to express all the liquor, This s the surest, safest and easiest
method of induction of labour.

The treatment of eclampsia is complex and diverse. There are
different schaols of treatment—Stroganoil, Duablin, Londen, surgical—
and each has a lew or many points in its favour. [’crhaps the best
is the “compasite™ school in which some item of treatment is stolen
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trom cach of the others.  There 15 not time o discuss fully the treat-
ment of ecampsia but 1 would like 1o stress the importance of intra-
venous glucose 1n high concentrations—so ¢.c, of 0% solution repeated
within tour hours. Coramine, 1 c.c., should be given four hourly and
if the patient is not in labour the membranes should be ruprured.
These ure only a few ol the points in treatment,

Ceonclusions,

(1) Toxaemia of Pregnency is more comimon in Hong Kong than
in Europe or New Zealand.

(2) The public must be educated (o the realizattop of the im-
portance of ante-natal care.

(3) Ante-natal examination must be thorough. nether hurried nor
careless. It is an idle boast of a doctor i charge of an ante-natal
clinic to say that he or she sees sixty ante-patal cases 1n @ morning
session.  Such practice is 10 be deprecated.

(9) A raised blood-pressure (particularly diastolic) s one of the
most 1mportunt of pre-eclariptic signs.  Therefore taking the bloud-
pressure must abways form part of enc’s routine in the examinaton ol
4 pregnant wonian.

{5y There must be no hesitation in inducing premature labour
if there 1s no improvement n the patient’s condinon whilse under
strict. medical treatment.  Arnficial roprure of the membranes by the
method already described 1s (0 be strongly recommended.

(6) Finally, death from cdampsia can be avoided i most cases
by intensive ante-natal care.

‘The following 15 a briet summary of the discussion which tollowed
the above paper :—

Dr. Samy stated that i his experience the hospital incidence of
cclampsia was about 7% and in general practice about 2%, There
was i decided seasunal variation, the condition appearing to he more
common 1n the spring than at any other time, Hc asked it Protessor
Nixon's figure of 25% mortality came trom hospital records or from
the generai population. He was convineed that the treatment of the
Dubimn school was the best especially if tollowed right through.

Dr. Hilda Yuen observed how ditheult it would be to tell the
actual duration of the toxaemia of the "B group of three wecks’
standing or more.  She enquired as to how one could be certain when
the toxaemiz had started.

Dr. Teh asked how long after delivery was it usuaily considered
that fits were post-partum eclampsia in origin. He discussed a case
in which the typical fits occurred 28 days after delivery.
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Di. Laing constdered  thar indocrion ol labour by rUpLUrIng L|u'
membranes might rail sometimes. He wished to know the length ol
tume after rupture of the membranes betore labour started and alsor hos
long one should st before trying othier methaods,

Dr. Ozoto was of the opion thae Professor Nixon's L:-Lpltumtmn
of the method of rupturing the membrances sounded casy but that in
actual practice it could be ditheulr, parsicularlv, in o primipara in swhom
the cervical os was closed.

Dr. Karanja asked at what rate eas plucese admimstered intr-
venously.

Professor Ride suggested rhac there might be ditheuliies in apply-
g the glucose treatment in a cise of celampsia complicated by diabetes.
It tha glucese in these cases acted merely as o detoxicating agent in the
liver, would the giving of nsulin help:

In rcpl_i,: Protcsmr Nixon sad that the fgure of 257 wuas taken
from the report of the London Commities :ippﬂi[l[ul 533 the RU}':II Soclery
of Medicine and the cases investigated were those of all clinics who
published their resalts. Gibberd's anslisis was of patients attending
his ante-natal clinic and the toxuemin wis noted from irs onset whilst
the cases were under obscrvation. It was dufenlt 1o say how long
alter delivery that firs mu]d be called eol: mpm but the *-.[1:2“{1\:‘2!' mu;ht
that 2% davs seemed to be rather a long tme. After rupture of the
membranes labour U"\Uri”‘v’ started within mf]m hours. Even in cascs
where the cevical os was closed 11 wis possihle to introduce a small
pair of Kocher's torceps. Regarding inra-venaus glucose, for o small
amount such as 50 c.c. one should tuke Ave minutes for the injection
but tor larger amounts where several litres are given ir was best to use
the contunuous drip method and o take several hours over the adminis-
tration,  Professor Ride had supplied the conundrum of the cvening.
Fortunately to meet diabetes and eclampsia in ane and the same patent
was rire. Provided one gave mnsubin there was probably no harm 1n
giving the glucose treatment even though the ecdamptic might be a
diabetic.
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THE CYTOLOGICAL HKASIS OF THE CHROMOSOMAL

THEORY OF HEREDITY
[

Lindsay Ride.

Profossor ol Phystalogy, Uhe Universten . Blong ko,

Science has not ver been able to penetrate the abvsmal deep that
scparates things animate from  things inanimate bur it has already
carried light far into that gap of dgnorance which separates living
bodies ol succeeding  gencrations; the method of venesis of  that
mysterious hlament we call Life snll lies bevond the barders ol our
understanding, but the means by swhich this Tine of life s handed on
tor temperary keeping from individuals o individuals, already  falls
within the limits of our meagre scicntifc knowledge.  Lite 15 one of
the most remarkable of the muany characteristics ot that special sub-
stance which we call protoglasm und in the higher ammals and plants
this protoplasm s conttined in more or less defined wnits known s
cedls, while in the lowest forms ot life one such cell may compose one
cntive individual,  Muolo-celludzr anmmals we know are derived  fram
one single tertilized epg by o process of repeated cell division and sub-
division, and hence it is not surprising o foad thar biolowists look
on the cell as the unit ot things livig. and that 1 we wish to under-
stind the way in which characters, and cven Iife tselfl mav be handed
from cell to cells or [ront individoals w individual, we must st
understand the structare of the cell and sts method of sub-division.

The Cell

Cells vary greatly inosizer snape and funcuons but they all more
or less contorm to a certain tundamental stroctoral plan. In general
i cell 1s composed of 1 mass of protoplasm, hmited and enveloped by
the cell membrane whose semi-permeable character allows wons, atoms,
and molccules—hoth  guscous and liquid—io pass, according to the
dictates of physical laws, between the imprisoned protoplasm and the
environment of the cell, retaining within the cell the protoplasm itseif
and the other important cellulir structures such as nucleus. centrosome,
plastids, mitochondria and Golgi apparatus.  OF these the most con-
stant and most important from our peint of view are the centrosame
and the nucleus and to these we shall confine our attention.  The
protoplasm of the nucleus is sepurated from that of the rest of the cell
by the nuclear membrane and as the nuclenr protoplasm s disnnct
from that of the rest of the ceil, the former is termed aucleoplasm or
karyoplasm 1o distinguish it from the latter which is known as
eytoplasm. The nucleoplasm is not homogeneous bur conrains a net-
work of denser staining materiil known as chromattrr, and one or more
still denser muansses, the aewcleoli.  The chromatin material is consider-
¢d o be composed of small granular masses mounted on threads of
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frmin, o tact of some importance o tie modemn theury of genctics s
we shall explain Lier. The cenrosome, although not alsways present
i plants, s tound fairly comstunty inoaniorl cells and 35 a0 small
bi-lobed body trequently surroundaed by orays of ovtoplism referred to
as the aszer. Thiy l}nu.'l}' atong warh e aucleus. plel}*s a defintte and
mmportant part o ocell doeasion, The other cg,-'tupl:ssn‘nin.: CRttcs me-
tioned. plux{ids. vicuoles, mutechondrein, e, are not constant m occur-
rence nor do they seem to wake anv active purt i ocedl division, so they
need no turther elaboration here, our aim heing o discuss only those
parts of the ccdl which pl;l}-‘ Gopait i modern theories of hcrcdi[}'.

(Figure 1),

Cytoplagm Chromatin Material
T — (Linind
Granules uclear Membraney Nucleus
. S el Nucleoplasm
Mitochondriy” " TS Nucleolus

Plastid

(Cell Membrane

Figwre 1 Diagraan sheving cwenoed con Btucnts 0w tvpical b

This brief discrniption of the codl s true in peneral, but hady eells
may be distinguished from one another by variations in details of size
and shape, proportion of nucleoplasm o cvtoplasm. presence ot granules
and plastids, etc., and thereby s the histologist enabled o diflerentiate
muscle, bone, gland, epthelial. blood ind many other types of bodv
cells.  In one conditinn however this whole phin becomes tundamenta!ly
changed and tha is when the cell iv undergoing the changes that
accompany cell division, rthe process wherehy bodﬂy gronwth iy made
possible in multicellular animals, and whereby new  individuals are
termed in unicellular organisms. [n this change the nucleus first
divides into two, followed by cuoplusmic division, so thar the paren
cell gives rise to two similar daughter cells. The change which the
nucleus undergoes during this type of division is known as mizoss or
karyokinests, a term which is often applicd as well o the division of
the cell as 2 whole.

Mitosi:.
Resides its well knewn physiological functions, the nucleus plays
a leading part in cell division; just as the nucleas can, hy centrifupalisa-
tion, be shown w be denser than the surrounding cyteplasm, s one
or two portions of the nucleus, the nucleoli, can be shown to be denser
than the rest of the nucleoplasm.  Howcever, as the cell prepares to
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divide, the nudeolt break up and are not again separately distinguish-
able untl the resting stuge following completion of cell divisien, It
15 owing to this temporary disappearance of the nucleoli that they are
not  considered 1o play any important part in the mechanism ot
inheritance.  With the other distinguishable part of the nucleus, the
chromatip, it 15 different. In the first phase of mitosis, the prophase
(Figure 2a), the chromaun may be seen in cciled double threads which
later will be recopnised as chromosomes. It should be noticed that
even at this stuge each chromasome is composed of two exactly similar
double threuds lying parallel to one annther, ach constituting a
chromatid.  Gradually the chromosomes assume shapes and sizes swhich
arce constant and characterisric of cach, and when they are thus formed,
it is seen that they exist in pairs, cuch pair being composed of two
apparently identical chromosomes.  But whereas the chromatid pairs
remain closely  assocuted  in the  chromosome, each  homologous
chromasome seems to exist 10 the nuclens independently of the other.
A this stage of the cell cveie the noclear threads are seen to present
a1 beaded appearance due to unequal stain athnities of different parts
of the chromatin matenal; the sppearance of the chromosomes at this
stage is that of drkly stning beads, chromomeres. moeunted on hghter
b‘[ai[ling chromaun threads.  The hinear order of the chromemeres in
HERRYRE SIS {'hr”nﬂl{']ﬁ(]n]{_‘. .Iﬂ constant i]l-ld SECFVCH Wb C}'[('l‘l[)giflil L"'rri[I[.'nL'f_‘ ff}T'
the assuption of the constant lincar order of genes already diseussed (3),

As the prophuse progresses the chromosomes become shorter and
thicker owing most probably w some water exchange between the
chromutin and the nuclear sap. and the end of the prophase s marked
by the wttwinment ot the maximum  decrease 0 dength ot the
chromosomes, and thus whereas during the resunyg stage the chromaan
is so dispersed in its fine nc: work throughout rhe nudeoplasm  that
it is hardly detectable, at the end of the prophase it 15 mobilised
into the discrere pairs of chrometids which are stainable and recagnis-
ahle with relative case.  All trace of a real nucicar membrane has by
this time definitely disappeared and the changes above described in
the nucleus seem ta take plice freely in the cytoplasm of the cell.
This makes passible the important association of the centrosome and
the nuclear matertal, The controsorne is usually a double body and
during the prophase it devclops striations in the surrounding cytoplastn
forming the centrosphere; the two parts of the centrosome then
scparate, and pass to opposite sides of the nucleus.  The striations
connecting the two centrosomes give the appearance of hbres stretching
through spidle shaped protoplasm and these fRbres are therefore knﬂwn_
as spindle fibres.  The characters of the dividing cell at the end of
the prophase arc thus the mobilization of nucl_cur chrematin into
chromosomes or paired chromatids and the separation of the two parts
of the centrosomc, onc to cither side of the nucleus, each being con-

nected to the other by spindle fibres. (Figure 2b).
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have now completely separated thewr nuclei farmed from the
Qiving rise to daughter chromosomes  chromatin material attracted
cengregated around the ta eoch chromosome.

centrosomes,
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The next stage is known as the memphase, and is characterised
by the fact that now the chromatid pairs assemble o the equatorial
planc midway between the centrosomes and appear to be artached to
the spindle fibres ae a definite point of attachment which varies in
its position in each chromosome.  All sign of 1the chromomeres has
by now disappeared owing o the contraction ot the thromosomes, but
cach chromosome may exhibit one or more lghtly staining gaps which
are constant in position und which are wermed conserictions, the spindle
attachment always coincides with one of these, and at this point of
attachment the chromatids lie in the axis of the spindle, the rest of
the threads Iving indiscriminately in the protoplasm. At this point
also the chromatds of cach pair are most closelv united. and as the
metaphuse progresses, this rigid attachment scems 10 spread along the
chremosome length. and when metaphase is at its height the chromatids
are as frmly applied to each other throupghout their entire length as
they were cuarlier at rtheir poins of attachment. During late metaphase
the chromatids begin te move apart, the separamon hegimming ar the point
of attwchment, the distal ends being the last 1o ceparate qust as they
were the last parts 1o become frmly apphed 10 one another. Tt should
be noted that at this stage of mitosis there 35 cvidence Arst of all of
actraction forces between -he two chromatids of cach chromasome,
which forces are later overcome as shown by the chromatids separating

cach ta a different pole of the ccll.

The next stage is termed the amuphuse (Figure 2¢), and here the
separation of the chromatids becomes complete, for they move apart
towards the opposite centrasomes as though heing pulled there by the
contracting spindle hbres 1o which they arc attached.  “This is a phase
which is frequently reterred to as that of chromosomme division but as
Darlington (1) points out, this stage is not characterised by chromoseme
division at all, but merely by the overcoming ot the forces which had
held the chromatids together ever since they were formed by chromosome
divisiory at 2 much carlier stage in the cell cycle. (c.f., meiosis, p. 100).

The cell now arrives at the telophase (Fizure 28} where the scparation
of the chromatids is compiete: they congregate at each pole and there
form a compact mass of chromatin material which then undergoes
changes which are the reverse of those cxplained above. By this means
each half of the original chromatin material congregated alongside a
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centrosome, reforms itselt into ats original state of chromatin network,
develops a nuclear membrane around itsclf, and thus forms another
nucleus which is indistinguishable from its partner or its predecessor.
An ndentation in the peripheral evteplism appears between these two
newly formed nucler in the old cquawrial plane of the spindle, the
indentation deepening untit two separate daughter cells each with iden-
tical nuclear material are formed. “These cells then enter the resting
stage which lasts till the next eycle of cell division begins (Figure 2¢).  The
resting stage is characterised bv the reappearance of nucleoli ctc.. and
one other very important change in the chromatn material, It is
during this period thar the chromatin material demonstrates one of
its two fundamental characteristics, the power it has to reduplicate its
own substance quantitatively  and  gualitatively.,  c¢hromesome  for
chromosome, chromomere for chromomere and, by inference, molecule
for molecule.  Each parricle of chromatin reprodoces 1esell identically
qualitatively and then each new particie later grows o its characteristic
size. By this means each chromosome comes to be composed of two
chromatids, whose separate identity is made apparent by a lengitudinal
split 10 the chromosome, hut thev remuin hound together in the one
chromosome by some force of attraction which operates as we have seen

il the Iﬂﬂt:lph:!ﬁ[‘,

fe might be argued that the chromatin is not alone in possessing
this power to divide; the cytoplasm exhihits it also; but what is signi-
ficant here is that when the chiromarin divides it must produce new
material exactly equal quantitatively and qualitatively to its parent
substance, whercas the cytoplasm mav—ind often does—divide unequally
in both these respects (oGgenesis q.v.) [t is this activity of the chromatin
during the resting stage which ensurcs that the stages of cell division
are responsible for the division of the nudear material inw two equal
and exactly similar portions. and this cqual division of the chromatin
material is the essential character of the phenomenon of mitesis.

Meipste

We now know thar the mitotic plan is not the only one followed
by dividing cells. Occasionally certain cells divide so rapidly that the
resting stage practically  disappears with dhe consequence  that the
chromatin material does not get time to double itself as we have seen
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it does during the resting stage of mitosis. This second method has
now been carefully studied microscopically in plants and animals almost

innumerable and 1y known oy meiosis,

In this type of ccll division the beaded chromatin material appears
as before 1n the fornt of chromosome threads, but the attraction forces
are revealed not by cohesion between chromatids—for these are not vet
formed,—but by the atraction of each chromosome for another exactly
similar to it in  size, shape and appearance.  This results in the
chromosomes being arranged 1in homelogous pairs, and cach pair becames
attached to a spindle thread. as cach pair of chromartids does in mitosis.
[t is this intimate association between homologous pairs which gives
the opportunity for exchange of blocks of chromatin matenal between
the paired chromosomes, and this is the cvwological basis for the
phenomenon of crossing over already described, (3) and for the variation

in chromosome structure to oe described later (po 104),

The chromosomes now begin to shorten and thicken and then the
force of attraction between like chromosomes gives way to a force of
repulsion wherebvy each member of each pair begins to move away
(rom its partner towards the poles of the cells along the lines of the
spindle.  Thus cventually around each chromosome of the cell is
collected ane member of each chromosome pair. i.e.. half of the original
chromatin material. As in mitosis each mass of chromatin material
then forms the nucleus of a new cell, Tr will be seen therefore that
each of these cells has only half the chromatin of the parent cell, and
a new cell thus formed will be similar to its sister cell on three conditions;
{a) that the chromosomes present in the parent nucleus are even in
number, () that the division in meiosis is equal. one member of each
chromosome pair going to a different centrosome, and (¢) that each
chromosome 15 exactly similar in chromatin material to its paired
homologue. Should any or ajl of these < nditions not hold the daughter
cells will differ, and we shall sce later how this process of meiosis gives
opportunity for the origin of different characters in individuals formed

by sexual reproduction (Figure 3).
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There are twoe ideas emeodied 10 the use of the werm inheritance.
one sociological and the other biological.  The former is exemplified
the inheritance by a son of the estares of bis father,  He inherits such
estates ready made from his parent and the condition in which he in
turn hands them on o his son depends on how he uses them in his
lifetime.  The idea of ready muade inheritance has had to give place in
bivlogy to the idea that a cell does not inherit ity characters ready made
{rom its predecessor, but what 1t does inherie is the ability o develop
such characters, and this it inherits in the form of factors supposed 10
be present an the chromosomes: and as long as cells reproduce by mitosi
we can understand how the tactors inherited by one generation b cells
must be exactly the same as those of the last, and provided the environ.
ment he similar the characters dgeveloped by these cells in virtue of these
factors must also be the same.  [E this be rue, or rather, it this be true
ok cell division, then Al individuals 1o colony of unicellular organisms
derived from onc cell must be identical. and simulardy every cell n a
multi-cellular animal must be identical with all the ochers.

L arnition .

It 15 1 matter of common observaton however thi the characters
exhibited by cells do vary stighdy from those ot their parent cell, aud
that in mult-ccllular animals this varaton s great enough to enable
us to disunguish not only diferent cells in ditterent organs, but even
different types of cells 1o one and the same organ. Hence any theory
of heredity must not onfy expluin how like begets like, but it must also
explain the phenomenon ot variation as well. We shall atternpr o
explain the occurrence of <uch  varations under  three  headings,
(a) environment {$) bebaviour of chromatin material. and () the method
of sexual reproduction.

(¢} Environment. Individuals in a colony (or klon as it is called) of
unicellular animals such as paramoecia, although all derived from the
same individual—and thus having the same genctical equipment—may
yet exhibit definite differences yn size. This 15 due to variations in cn-
vironment caused by diflerences in food or sunlight distnbution,
but that the inherited facuities are not altered may be shown
by choosing two widely ditfcrent individuals from the saITie klon or
family and placing them in simnilar environments,  They u'lll_hc four}d
to praduce klons identical with one another, but euch showing again

similar variations amonyg 1ts individual members.

We find the same thing in multi-cellular wumals,  Every }mmnn
being is developed by the repeuted mitotic di\'isiun.nf cells all ultimately
dertved from a single celly thus muscle, bone, brain and gland cells ;}ll
have the same genetical equipment, but the _c:.‘mdcrmu\ cell develops 1
a totally different environment from that of the endoderm, and these

cells, reacting differenty to these different environments, reproduce the
diffcrentiation in structure and functivn which characterises them
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histologically  and  physiotogically,  They stilll  revn however  theic
urigiu;lf genclic eguipment and provided ther specialization hus not
progressed too far they may under cerrain circumsianees revert o thetr
carlicr undiiferentiated characters. This duTerentiarion of cells is shown
i the characters of the ovoplaosm. while the characters of the nucleo-
plasm remain unaltered. W may thus ook on the eyroplasm as the
canvas whereon Nature awith bul oune tvpe of chromosomal brush and
many covironmental pigments s able (o prodoce those piclure variations
we describe as cellubar or body churacters,

1’crh: aps the Lest way of ]”LI:-['I';IT.III},. the puser that chanee in environ-
ment has of causing ditteremi characters to lpI}L ar i cells qung the
sume genetical equipment is by considering the phenomena of bodily
Asymmetry and of differences 1n hmlm]ugnm twins.  Apart from the
obvious Asyramelry of abdominal and thorace organs, the left side of
rthe body exhibits certain nuinute ditferences trom the rlght sa that the
ong is never an exact Jmmage of the other. The writer has recently
been able to express these differences quantittivly and qualimm ely h‘.
IVESHTations into eptdermal characters such as fingers prints, ;mlm
prints. oceipital hair whorls, car formanon and abnormalitics. (2, 35, 6).
Finger and palm prints are never exactly alike on the two hunds of
one individual. though they are nearly alwavs similury the hair over the
acciput i penerally assy mmetrically Ltnpmcd due to a whorl formation
of the emergent h.:ura- the umount of attachment or freedom of the car
e 1s often difterent on che two sides and the abnormalities ot develup-
ment such as ear pits are more commeonr on one side than the other.
[n all these cases the cells of cach side have the same genetcal factors;
they only differ in coviromment, for the right of the body 15 in the
environinent of the left side, and the rght '-.1(]1., includes the left in its
environment. With these exceptions thr:s-., (WO ENvironments are very
similar, ver the disssmilarity s cnough to cause differences in the
characters developed,

In the case of homologous twins, aguin the genctic Fictors are
exactly similar 1o each II".ldl\‘ldu&i but the environments are o livtle more
dissimilar than the examples we have just quoted and hence we would
expect such twins to be very similar but not exactly identical in any of
their characters.  And this 1s actually what we find, homologous twins
are more similar to one another than ordinary siblings but less similar
than the two bhalves of the same individual,

We must remember also that the cywoplasm forms part of the
cnvironment of the nucleus, and a chs ange i cvtoplusmic characters
meins o corresponding change in nuclear reacvon; we have seen thae
in cell division there mav result incquality of U.*mplmm distribution and
now we see this itsclf may result in @ change of the characiers developed,
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and thus may be set up a vicious arcle which may w8l account for
differentiation of body cells into the different tissues and organs.

(6) Behaviour of chromatin  matertal. (1} Vanation of gene
structure.  The chromosomal theory of heredity assumes that the
factors responsible  for  the development  of inherited  characters
are carried on the chromosomes and since these latter are paired,
the factors are paired also.  These factors are most probably of
molecular size and structure and it has now becn proved beyond reason-
able doubt that a slight varfadon in the molecular structure of a factor
may alter 1ts form of expression without altering the character it con-
trols.  For exarnple, a pair of factors may control eve colour, causing
the appearance of brown pigment: these factors by a slight molecular
change may, while still affecting eyve colour. be now found to cause the
appearance of blue pigment tnstead ot brown. Such a change s culled
gene mutation and we know that in some animals such mutacions occur
with a definite constant frequency.  Should this mutation take place in
germ cells 1t offers an explanation of sudden vartations or sports found
in families of otherwisc genctically similar individuals. It should be
noticed that the changed genctic equipment caused by such mutation 1s
then passed on to the next generation in the ordinary way, ie., once a
gene mutation which is not lethal occurs, it gives rise to a line ot
individuals possessing the new factor. and. if this latter be dominant, a
new character,

Should this change occur in body cells it is known as a soymatic
mietation and may then be responsible for a morphological or a physiolo-
gical vartation in the body of that individual, [t is worthy of note here
that somatic mutation is one of the explanations put forward for the
origin of cancer cells, and ulso that mutation can he caused artificially
by bombuarding chromosomes with emanations from radium or with
X-rays. At present this is very much a hit or miss method, but it has
already enabled experimentors to produce and establish many differem
characters in strains of plant and laboratery animals.

(i7) Variation of chromosome structure.  In gencral the lincar order of
chromomeres forming the chromosomes is constant, and from this we
infer the constancy of the lincar order of genes. It is evident also that
the function of a gene depends not only on jts structure but also on its
proximity to other genes. Hence a variaton in chromosome structure
even without gene mutation may result in function variation.
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whose genes a b cd e, and p
.Il { m n o p dagramatcally represented in (1)
(I[) Represents the change brought ubour by

inversion, (11D b'}-‘ reciprocul  fransfocation o

o ,
interchange between the twa chromasuines. (1V)
by sranslocation (V) by fasion and (V1Y by
Y fragmentation.

It we denote the hnear order of genes by letters we mav represent
twa hypathetical chromosomes as Tollows, wbcde and Immop. By the
process known s inversion we may get interchange of chromomeres
gwing  abcde lmnpo: by reciprocal  translocation  or mterchange
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between the (wo  chromosomes. abeop, imnde: by translocation,
abedeop, Imn. by fusion one chromosome only, abedelmnop, or
by f:agmc’nrarwn three chromosomes, b cde, !mnﬂp and so on.
(hgurr: 4} We have already seen how  the phenomenon  of
meiosis gives the nppurtun*tr for the chromasomes to behave thus,
in fact thn we think how e chromosomes have 1o be called up out
of retirement as 1t were from the resting cell each time it begins to
divide, it 1s a wonder that all these phenomena here described are not
found to ovcur much more trequently than they de. [t is this fact
that leads us to assume the constancy of the chromosomes in gener,
subject to the variations here being discussed.

(727 Variation in chromosome number. I all genes be subject to
mutations it is onlv a matter of tme when we shall have humolot_,uus
pars of  chromosomes possessing genes which produce  contrasting
characters. These genes or tuctors we have alruldv seen are itermed
allelomerphs (4} When such o state s established the different com-
nations ot these tactors will result in different character combinations
by means of some turther normal and sbnormal chromosome reactions:
one ot the most important of these is the phenomenon of crossing over,
and how it can be broughe abour we vy atready seen,

[n our deqf_riptmn of the dividing cell we huve stressed the constancy
in succeeding bt‘l’lt‘ldtl!)ﬂb of certain aspects of the chromaun materil.
its wmount, and the size. shave and functions of the chromosomes them-
selves,  There is vet une more 11‘1‘1purt ant chromosame constant and that
15 their number per cell. Nou only in the individual but throughout the
species 19 this number very comstant, and as all chromosomes are p'urcd
we can let 2z represent the number per cell: such a cell is termed :
diploid and the duughter cells formed by meiosis having a Lhrummumt
nurmber of # are described as bung faploid. Sometimes due to errors
M milosis or metosis or even n fertiization o be described later, the
chromatin material muy be unequally divided so that more than half of
the chromosumes are mnbrebdrcd around one of the poles of the daughter
cells.  The resulting condition is known as pofysomy and may be re-
prescnied by the formuly 27 +x, and it is interesting to note that the
gene balance is so delicate that it frequently happens that the polvsumozd
condition 15 lethal: if however such a cell be viable it results in the
establishment of a definite and distinet phwnlnglul or morpholagical
vitrlation.  When rhu accurs during meiosis, paired chromosomes passing
1o the same pole, the pht‘m:metmn 15 termed non-dispienction,

[t occasionally happens that the separation of chromatids in mitosis.
or of chromosomes of homologaus pairs in meloss, [ails ta take place*
the new cell produced thus hus o chromosome number of 47 in the
former casc and 2# in the larter, [t is readily understoed that if these

erm cclls arc fertilized we may get a zygote exhibiting the conditions
of polyploidy, those having 3» chromosomcs being, sriploids, those with
gn tetraploids and so on, Polyploids are much more viable than poly-
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wames and this furmer phenomenon 18 one nt the r:h‘pl;m:{tifmﬁ put for-
ward for the origin of different species, and we can understand how
numerous must be the possible variations when we congider the possi-
bility of polysomy superimposed on palyploidy.

OFf all the causes of variation enumerated under this heading of
LIII’EJ]"]'II'HJ]T!C hn::h‘nmur pene mutiation stands out i rhat it rfsult'; in
the formuton of new and hitherro cotried characters which are then
submitied 10 the 1est of the environment i which the cells may find
thermselves placed. I these new characters fail to wwit the cnvironment
the cells will not be able to survive : if they fit, they not only survive
but, reproducing their kind, make pmsaihl& the various combinations
and permutations of characters by the other methods deseribed, and thus
we ste ovolution in the new hght of modern genetivs.  Lvolution is due
iy the L‘:;L:lhliﬁhmcm of vartations which fit the environment best: the
term survival of the httest is true enly us long as we remember that
fitness is net an absolute quantity but 'b relarive 1o the environment, and
the phrase reallv mieans the survival of those that fr the environment
best, and as the environment leng‘cs su does the type of individuals
which are the “feest” chunge also. Evaolution aceording to this concep-
ton s thus due © the selection by environmental forces, of those ypes
ob orguanisis that s the envitonment the besr from amongst the many

Vaddlle l“f”]"& Tl] 1t “L]I'L 1riett. lllf}ll‘\ U[(\Lﬂ[ [e1 I[ T\] P11 H }ﬂ‘]n LA ]‘I(’IC]]\, ]Ii’t’
may be continuous whatever be the environment, is prolifc productmﬂ
with cnough mutants ro cnsure that some at Jeast may be tound suitable,
The other causes of sariation such s polvsomy. non-disjunction etc.,
Ure Ne-yw flrth\, uwmw to the Fact thae I:htv Jdo not introduce any mt.illy
new characters into the cell, but merelv ‘mod; fv or re-arrange already
existing groups of characters by qmnumtw gene alterations. The}
bring about variations in qutmtm ot those thmmf changes already
rested and tried and found useful. und hence these changes arc Uenu:llh'
celatively  advowtageous.  The establishment of these new  varants
dcpcnd~. grcat y on hybridisation which brings us to the third great factor
in variations. the methad of sexual repruduc{mn which e ﬁhall NOW

ciscuss,

(¢c) Sexual reproduction.  Very carly in the embryonic dJevelop-
ment of the human, unditferentiated celis are set aside for the formation
of the sexual Ellnds and these remain \1|ldi.‘~’l;ll:‘lpfd until puberty when,
under the action of internil secretions, rhey wke on their adult structure

and functions, one of the latrer Ireing the pmdmnon of germ cells.  In
the male this production is known as spermutogencsic (Figure §) and the
male gametes are found ta be derived from cells known as spermatogonia

which are present in the layer next o the thin basement membrane of
Lhe testicular tubules. These cells undergo mitotic division—the number
of successive divisions in man is not Lnoun——umtua]l} torming
primary spfrr?mmrym- which are pushed further towards the centre of
the rubules.  Fach primary spermatocyte then forms two cecondary
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spermatocytes by meiosis. cach of these therefore having only half the
chromatin materiual of s parent primary spermatocvie.  Each of these
new cells then divides by mitosis into vwa cpermorids which become
attached to the nurse cetls or cells of Sertoh in the tubule walls.  The
chromatin material collects 1 the spermatid near the pont of attachment
to the nurse cell. while the cvtophinm congrepaes towards the free pole
and thus gradually by o structural or morphologicsl change does the
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spermatid develop inte the yaung spermutozodn. or tuncioning male
gamete, which consists of a head containing all the chromaun matenal,
a nuiddle piece containing the double centrosome, and a fong filamentous
tail representing all thar is lefv of the cellalar evioplasm, and providing
the maobile mechanism of the cell,

Uégenests (Figure shor the production of ava, is a very similar process.
An vooHI N divides tn mitosis torming promary {JU(}!:’ and cach ot
these by meiosis gives rise 1w two cells of unequal size, one a secondary
aéeyee and the other the first polur dody. The inequality of size is duc
to the fact that pmuxmll) all the L‘nlljl:}ltlbﬂ'l pusses 1o the otcyte. The
polar body may further divide but it svon disintegrates, shile the
odcyte divides, this time by rmlmm bhut again unegua lly inte an owwm
and a second polar body which ultimately suiters the same fate as 1rs
hirst namesske.  The wlb[‘llﬁLdﬂLL of this polar body formation nay well
be that all the evtoplasm ot tour cells 38 reserved for one- -the ovum,
whose main charecters are a4 nucleus with halt the chromann material
characteristic of its species and a very large amount of cvoplasm.

The process of gamete tormution wn the two sexes dillers theretore
in these two ouiln respects (¢} four functionsl male gametes are {ormed
from cacly prmary SPErEIALCY T wliercas l:"iL_'}l pl'im'n'v UOCYILEC Vit:l{‘l‘:
only onc mature vvun, and () the cstopl:
and s HPC’le lised for locomotion and in l]n_ epe i s mtmmdl and
specialised for attraction of spermatozos and for the manufacture of
tood yolk.

With the process of fertilisation we get tusion of the nuclel ot the
male and female gametes which, except in parthenogenesis, provides the
necessary stimulus for the egy to develop into unother ndividual.  I'he
fertilized egp 15 known as a zygese and there e tvo 1mportant things
to notice about zygote lormanon (¢) that by the tusion of two haploid
cells, the diploid number of chromosomes characteristic of the species s
restored and () that every zvgote has received half its chromosomes
from its maternal, and balf trom its paernal gamete,

The former is only possible it meiosis had tuken place somewhere
during the germ cell formation and in face it was due to Welsmann
reasoning that this must happen, that meiosis or “reducing division”
as he called it, was first discovered.  Meiosis as we have seen gives che
opportunity for the reshuffling of the genes and their redistribution
berween the members of chromosome pairs, but only 1 one individual;
tor it the two cells formed by meiasis could reunite mn zvgote formation,
no new gene combinations and hence no new genetic characters would
appear in the new cell,

In zygote formation by the sexual method (or URphimixis as 1t s
called) however, opportunity is given for totally new pairings of factors
from different individuals and hence for the appearance of new characters
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in the next generation,  Should the characters thus developed be advan-
tageous, they can be kepr more or less intact by inbreeding—as shown
in the breeding of pedigree animals—or if not, new combmatons can
be tested by further cross-breeding.

[t is thus scen that although chromosome behaviour i mitosis and
meciosis provides opportunities for rearrangement of ditlering  tactors
brought 1bto exsstence by mutations, 1t s sexual reproduction that is the
important mechanism whereby the characters due to varying combin-
tions of these factors are given an opportunity to show thewr worth in
the environment in which we live.

It 15 perhaps hrting to coneclude this aspect of geneties by driawing
attention to the facr thur the body does not manutacture germ cells.
The old time-honoured problem concerning the hen and the egy is based
on the tallacy that either the hen must produce the egy or the cgg must
produce the hen.  The former 1s certainly nat true. and the latter 15 oniy
4 halt truth. The egg produces the hen plus other egys, or the couk
plus its sperm. It is the property ob the germplasm o be able to produce
not only more germplasm but also somatoplasm; o germ cell gives rise
to other germ cells plus body cells, and the latter torm the temporary
housing and provide the protection and nourishment necessary tor the
germ cells till they, meeting another germcell line, form angther zygote
which develops its own body. The body thus hands on to the next
generation, not a germ cell of its own making but a germ cell of the
parent line which has been entruseed w it and which 1t has nourished
and protected for a brict space ot tme, and having nourished and pro-
tected it, and having passed 1t on, its duty 1s done and it perishes.  As
Conklin has so aptty put it, the bedy s bur the mortal trustee of an
immeortal substance.

Life 1s thus the exemplification n discontinuous somata of germinal
continuity, a wonderful example of union of two parties for therr mutual
beneht, the germ line receiving the protection and nourishment necessary
for its continuity, and the body receiving the factors from the germ line
in such a way that it may develop ¢haraceers best suited for its function
as a trustec.

In reviewing the evidence brought torward in this article two things
stand out in relief; they are (a) that the more histological technique helps
us to probe chromosome behaviour during cell division, the more satis-
factorily is this theory. found ta explain yeneric data and (4) that when
one contemplates the ingenious and multiple mechuanism for the pro-
duction of variations the amazing riddle of heredity seems to be, ‘how
can we explain the fact that children are so like their parents?’ rather
than ‘how can we explain their vartations?’
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