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their advice 00 they cannot be bluaad for any short­ 
comings la their respective fields. J. u. r rien» 
Ksq. , ost kindly loaned me a tfoyoe-Loebi '  Jhroxaosean 1 , 
which made possible the quantitative electrophoresia,

I owe a very ^reat det»t to 
and Mr. T. A. Maryland who, with 120 /ears 
of histolOj.-/ and hiatolot^ists between th0mt patiently 
stood back v/uile 1 improved on all their methoda aad 
then gently salvaged the wreck. It can be tiie 
privilege of fe«? to be able to draw so freely upon 
the experience of saen who have worked with the giants 
of histsolo^ aince 1881.

In connection vdth the pawisantation of this 
theais I woiild like to thank tiiao A, a. uaith for 
aoae of the line dra\viasa and Mr. A. Austin for 
escpertiy photOt^r&phiag alx of thoia*



This thesis is an account of studies made 

on the distribution and nature of acid zauoop-

'aaccharides in the aaMaalloa renal .papilla*
papilla was found to toe the onl^ region of the kidney'
which has an appreciable extracellular ©pace with acid

aaocharida enmeshed in connective tissue fibres.

are unable to secrete urine which is either 
more concentrated or more dllufce than plasma unless 
the tonic! tj of thla region is greater than that of 
piastaa. In the first part of thla work ( Chapter 2 / 
the extent of extracoliular acid aucopolysaccharide 
was corratoted with the ability of the s|>^ei@s to 
conserve water.

  It was found that 'the papilla could be 
aharplj dexlaoatod lay staining the acid mueopolysaccharide 
within it* this had the advantage over the less 
diatlnct cut aorface appearances in that It was possible 
accurately to uaeasure the length of the papilla in 
relation to that of the oorta^ and medulla in stained 
sections* An empirical relationship between the 
development of the papilla ami the ability to secrete 
h/pertonic urine was obtained for a number of species:

where tl is the maximum concentration in Osmols/litre

- 1



that can be achieved in the urine; M ? is tne length 
of the papilla, measured ae th@ distance of the region 
containing aactracellular acid mucopolysaccharide from 
the papillary tip toward© the renal corteaci and C 1 10 
the continuation of this lin© throu^i the medulla and 
cortex. i'he correlation coefficient for the six 
species for which figures for maxiiuUia urinary 
concentration were Jtootsn was 0.9. u?h@ significance 
of this expression is discussed in Chapter 2 la 
relation to a similar equation put forward by Black 
in

the morphology of th@ connective tissue in 
the papilla of t.&$ guinea pig 'was eaca&insd by light 
and electron microscopy ( Chapter 3 / and by his to-* 
ch^aistry C Ghapt/or 4 j, *^he histolo-sical results 

con-elated with the 2@ctrophoretic and
characteristics of acid mucopolysaceharides extracted 
from this region.

was visry little collagen of the adult 
type to b© found in the papilla. the main fibrin ar 
cofi^OAont was retlculln which was well demonstrated by 
silver impregnation and the periodic acid - Schiff 
oeclmiqu© . Within the retlculin sesh another class 
of PAS positive fibril was found which, la addition, 
stained positively for anionlc groups. fhase fibrils 
could not b© iispregnated with silver- In the electron 
microscope the second claso of fibril was seen not to fo 
banded and to be smaller than the retieulin fibrils.



nistocaemical results ( 
showed that the largest part of tea amorphous extra­ 
cellular acid isucopolysaccharide la tixe papilla was 
hyaluronic acid, In addition, two quantitatively 
email fractions were observed la the biocheiaical 
extracts twiilch were associated vdth the extracellular 
acid ^ttcopoiy&accnarld© . Both these fractions stained 
met&ctooia&tically with thiasine dyes and were shorn to 
incorporate radioactive milpaato* In sections 
metachroiaaiiic extracellular material was confined to 
tn« tip of th« papilla: In this r^i^ioii of high in 
vivo osmotic pressures the inters tiiai cells also 
contained mol&cla?oiiiauic gi^anules* flie exact nature 
of these two fractions was not eluoidaued, nor was an 
attempt made to Identify the Intr a cellular granules 
with its synthesis or

results frois th© jaoxphometrj of tli@ 
kidneys of fourteen species C fel>xe 2/i ) allowed that 
desert species have long papiiiae which contain a 
li^iited amount of connective tissue. 'J?he metachromatic 
staining of extracellular acid ^ueopoiysaocnarides 
extends further towards the cortex in those speele* 
which can secrete hi^xly concentrated urijae* On the 
other hand, the papillae of animals which habitually 
produce dilute urine were squat in outline aad contained 
abundant connective tissue* -Th@ tip of the papilla in 
these species was not found ta stain set aonrozaati call y. 
$fee extent of metachroaasia was thus found to b$ related 
to the development of high tonicit^r in vivo, and thus 
to be most prominent in that part of the papilla where 
the sodium concentration is greatest in life.



It was observed histoXogieally that acid 
mioopoiyaaocharid© was associated with the lateral 
space e between collecting fcubule oolla l*x the 
pig. It had bean .suggested by ainetsinsky 1&
that the material found between these cells in the 
r$t eoxxscltut^d the barrier between fluid in the 
collecting tubule lumen ajad th© interstitlum. He 
postulated that a&tidluretic hormone releaeod
h^aluronldase from th& apeac of the colieeti 
cell asd that the ei^jise then digested the inter - 
cell\nlar eeaent p^rmittiiig tubular fluid to

with the interetitlusu

ieaterial b6'tween coHectiiig 'tubule cells 
the guinea pig was extracted aril information about 

its nature was obtained from its behaviour ia 
phoresis and from its staining characteristics 
was found to be a ver^r soluble aoid

siilphat© aud PM positive groups t 
of vhieh featux*es distinguiah It froia h^raluro»ie acid. 
fhe hi©tolagioal teclmique had taua to be Modified to 
preeerv® aa s£u.ch as possible of the mterial in th© tiiin 
C 5 jii } wax section® required for the optimal
of this region ia the light siierosoope, a© fiacative 
developed to giye the £M>st satisfactory retention odt 
aoid mieoi^olysaocharide at the ©am© time as preserving 
oytological structure reasonably well was as follow®;

( 4^ OHO > 100
Oeiiosolve 225
AlstlZXed water 45

h^drochlorid© l,G

w 4 -



After fixation the tissue blocks were passed 
luto pure e&Uosolvej Rinsing in aqueous solutions 
was avoided. toiiioacridine hydroehloride is soluble 
in CGtllosolvet hence excess precipitant wa© remvod 
during OAhydratlaa. without leaning the risk that acid 
muaopolysaeoharlde might b® leached out. The feioe&s 
wex<e cleared iu the usual wagr and then embedded in 
eater wax ishieh was found to be superior* to par&ff in 

& i&tmber of reaaoris dl souse 0d in Chapter ^*

sulphate was used to traco the
of acid laueopolj-saeckaricie b^ the collecting 

tubule eeile. After injection of the label., radioactivity 
was first aeen ia eeotioiia to bo associated with PAS 
positive, a^las^ resistent ^annlea in the Gol^i

of the collect log tubulo -ceils; &££$? longer
radio acliivity becaao asaooiatud with granules 

near tha apical and lateral borders of the ceils. 
1'he Ck>lgi r^gioB. as demonstrated morpboXogicall^T 
( -Jbapi;er 3 / wita alw^a seen to b@ between tho nucluuo 
and apical or lateral borders of the cell and never between 
the nuel@u@ and the base* similar l? f aaterial vhicU had 
incorporated radioactive aulpliaue was aaever seen to pass 
aero00 the ba®e of a oollectiBg tubule cell,. 'Bie reasons 
for aasoclatlng the tovelopjaent of an extensive Oolgi 
s*®t$.Qn with the ^'iith^als of acid iuuaopoijaaocharide l>j 
tboae ccxu.^ i& oi@ou08ed i^ comiection vvlch the results 
published by others workijo^; isith embr^onicall^ similar 
pit cells-

It proved passible ^* a&toradl^gfcei&gr to 
identify poaitiVBly the iw&terlal in the biochemical



extract tiaaj ..x--j. come f oa& the coll ec wing tubule cei,is. 
Autoradiogra^ ,hy of tissue sections one hour after 
injection of the label showed tnat radioactivity waa 
limited to the collecting tubule cells; Sim

one band in tlie eleetropnoretlc separation of 
acid mucopolysaccnarides extracted from the papJU^u 
after tixis interval contained radioactivity* By noting 
how this band stained before and after the action of 
ensyiaeo upon the material within it* it was concluded 
that the material associated idth collecting tubule 
cells had the following features t

1} It contained protein whicli could not
b© digested by papain* 

2) It contained a lliaited amount of 'neutral 1
polysacenarid© is&icli could be stained by the 
FAB routine. It could not be digested bj 

5) It stained ae atrongl^ at pH 1 with Mcian
Blue aa it did at pii 5*>s 2nie IxiOicated taat 
its an tonic groups were sulphate and t&et
groups placed little part in tfe$ staining,

It incorporated radioactive
fh© acid mucopolj.®acofe^rlde 

was partlallj degraded l& cos^iercial bovine
testlculer njaluroxddase,

In Chapter i? the cnang^s in the 
acid zuucopoi^ssaccharidea in the interstltluia and

coliectijig tubule ceils that arise when guinea 
plga are dehydrated, injected with ABU or hyaluronidase, 
or given a water load are recorded. In a&iaals 
a water load the structural fibrils of tne papillary 
intergtitium become widely separated and. at the same



ulme* the apparent space between tubules is increased.
However f za0*phoaetry showed fc&at the aotual wlu&e of
the interstitiuBi did aot alter significantly whether
the aulatal t?as water laden, deprived of water or Injected
with ADii. r?ho sigiiiflaauce of this ob8Arv*&i#ii
discussed la view of the contrary reports
ehaa$&8 in interstitial volumes la the preaent;
it was ooncluded that lijdratiom of the aeid
aaccliarlde g@l trapped within the fibrils
fos? their e^ott&ad aear auae in diuresis*

la aatidiureals papillary uubulea wea?© 
packed aM a mzaber of thin walled vessel©, "rttioh were 
not nornally observed 'ib^ light? oie^oseopyt appeared to
be p^ulled open* This obaervatioa could be explained 
l)j contraction of interstitial cells uador the influence 
of APH t or by an Increased force exertod on certain 
fibrils i& t,h^ intex^atitimn as a result ±& of local 

in the physical propertied of acid isucopolj-
Ho evidence could be found in this study 

to support active contraction, of the interstitial cells. 
A SsOdei ( Fig-. 6/3 ) is prea-g&ted to explain how a 
system of fibrils ajad hjaluroiaic acid could eiiable

to be rear^ved from th& papilla in antidluresls
a reduction la the tonleity of th© papilla 

as a whole.

tte difference in voJUia^ of coliectii^ tubule 
cells la ;^rdration and dehydration waa measured. In 
both cases the btiaal width of th© cells averaged ^*4 JLJI 
U£3d@r the conditions of uea®ur^»«jat, s£b® average length 
of the cells in l^rdratlon w«a 13 ^ jfaiiing to 1C ja, on

- 7 -



ABB infection or water deprivation* the change from 
to cuboiual shape decreased the ceJU volume

evidence was obfe&iaed which
that the acid £OM»opoly;^<;~.uaride associated

the apex of the collecting tuteule cell was
In aiitidiuresis . 'JChe raaoval -oi1 a 

t* ox auiu jaiicapo^z^ccharide from this site could
for jypat ol tha voiuae change noted 1& aeetiojpts 

not stained for acid mucopoijrsacc her ides. It was 
possible tliai there was alao soae •toinka^e of th© 
oytopiasaie volume Isy osmoaia in anl-idiuresis taut 
the evidence fo. &his was equivocia. Thsre weus &othiJ3g 
In the result© fj?oiE this &t~u^ to support the hypothesis 
that Ii^ra.iupaiiida0.e was released h^ apoeriiie aeoretioa 
from the collecting; t^ttnile cells.

of a sise which eould Just oe 
( ie* of K to ;i /^ in din. j eould 

be se@n between aoliectii^ tubule cells ( fig. 4/6 ). 
'£heee f graBule£3 f oonuidxied imioriic groups vtiich stai»ed 
in the same wa^* as the isatex*iai at; the apex of the ceils. 
i'ha resolution that is possible usdth light microscopical 
autOi'adlosx*ap]^r was i/isufT icieat to prove that theae 
particles inoocporated sulphate in parallel n&th th® 
apical j^siatierial* rl*he arrangement of t&e 0olgi region 
in these celia ( fig;* 3/12 } suggested that aeeretion 
took place iato the lateral intexxsellular spaces as 
well as acroa^^ the ap@x.. liowev^r , granules were never 
seen between the cells IB the electron fl&cro&cope* and 
it Is suggested that the granular appearaace of thia



region in th& light ^icvoaoope arisea from the
of section of the cellular iafcsrdigitations.

The amount of acid jBuoopolysaccharide 
between collecting t;uLuiu ceixs wan reduced, when guinea 
pigs were deprived of water or ^ivea A&H* Removal of 
apical laaterlal with preservation or siiat between cells 
or vice versa* was never observed. i!nis result is 
dlsciisaed iu Gha^t^i* 6» a»d a saedel is put forward to 
explain how such a system could regulate the flow of 
water acroea the coli©ctii*g tubule waJU*

evidcii«re arising from studies by 
workers whieh suggests a role for «a hyaiurooie acid /

system ia the playsiology oi% the hidxxey
is reviewed in Chapter 6s $hl&« aad the oritlciam of 
the hypothesis of ^iaetalnsky C 191>B ) is discussed 
in the light of findi-iigs i^ the preoeiit, souciy. It 
is concluded that ^eaal acid auoopolysaccharldes are 
involved in malntaloinkg the eox^Swancy of the 'uiiieu 
inter i,ur : of the papili^wliioh determines uiia-w of the 
blood ©oad ultimately of the itiole body. It is thought
that an miderstai&Si&g of thw actual lae-clianiasia by which• *

does tills has probably been delayed b^r the saodern 
on cellular activity with the result that

the functional significance of coimectiva tissue has 
tended to be overlooked*
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would be expected profoundly to influence the flow 
of water in the papilla* out which is not visualised 
in routine fflieroaeopy. '£he changes in i&arphology and 
hiatocheiaistry that accoiupany th& flow of water between
tubules in the papilla in different physiological states 
are then recorded. fhe filial chapter bxttngs together 
seme of the results and advance® surest-ions as to how 
they may interact to determine whether a aolecule of
water is iaor0 likely to b^ lost down th© luiien of a 
eolleeting duet t or «hetn®r it will be x^ttinied to
the *®iiieu

,agyviTi^^gpy,©nt.. ,gbyGJoloar • later together
with solutes but not

plasma protein is forced bj ijydrostatic pressure from 
the blood through ulvrafilt^r© In ^he gloaeruli. 
30.me of aids water will be returned by a^^aia as the 
fluid flows down th© proximax tubule ium^n ainee blood 
that h&Q flowed through the gloxoeruli jaow surx-oiads 
th© tubule and is at» sose 40 naa Mg lower IIA hydrostatic 
pressure th*u arterial blood. Salts returiiin^ ^ ^® 
blood along their concentration gradients* or actively 
pumped l^y the tubule eella t must- be accompanied by iaore 
water since the tubular fluid is Jmowa to be isotonie 
tsdth blood plasma ( Harsh & Soiojaon* 1%3 ), together 
these ffieoti&nisms probably account for th© i*0©orption of 

the filtered water { iy. sumo AWV su/aln In man

Fluid leaving the proximal convoluted tubule 
then flow© down the thin limb of Kenle's loop wnere it



is ^subjected to the increasing os&otic pressure of 
the papillary Inters titium, a© can be Judged by the 
creaation of red blood calls in fige. 3/^ & 3/>* 
f&ere is no hinderance to the passive flow of water 
out of the tubule* fhia permits the luaenal fluid 
to reach a tonicity approaching that of the laterstitium, 
Uhe celie of the ascending portion of the loop of Henle 
are BO re substantial s They contain ^mitochondria placed 
along basal infolding® which suggests that they actively 
extrude sodium from the lumenal fluid. However , in 
this part of the loop the accoiapanjins outward 
of water is restricted* 1^h© relative loss of 
from the aaeonding limb etu&bles fltiid ^feieh aay be an 
^«ob as 20Q mCtei/1 lower In oesiotic pressure than plasms 
to b^ delivered to tfeo start of the distal convoluted 
tubules .

If the distal convoluted ttttm!*8 and the 
oollectin^ duett? are inpearmeable to the outward 
of water tiien urixte of a lower tonicitsf than plasiaa

la this respect the development of an activa 
^ llab of Henle f a loop in the msdttlla is 

eesential for tfe^ produetion ->f hypotonic urine.

Hov./ever, if the distal convoluted tubules 
and collecting ducts are rendered permeable to tha 
outward flow of water aa ia antidiuresia thea water 
will 4.eave %ue distal tutmles by ecfullibrntioK id»fch 
plaaj-aa in the cortex- It will f5ln?:llar,ly Iccive tiie 
collect lug tubules ia the tteduU.® and. papilla as tlie

o-^ntenta equilibrate with the iroreaoln^ osmotic 
s outalHe the tubule* *Phi6 proce.isa is further 

bjj active sodiism ©xt.rusloa in the distal



convoluted tubule 0 and probably alao in the
tubules. £hua the develw^tmt of a long hair

of the loopa of Henie IB the papilla 
eguall^ to conserve water tgr delivering 

b^rpo tonic fluid to the cortex at the &mm time a® 
permitting a build up of osmotic pressure la the 
papilla so that h^rpertoixic urine laay be secreted.

1'hat there is an osmotic gradient from 
cortex to papillary tip was deiao-ustratecl for the rat 
by Wlrss, Hargitay &**& Kuhn in 1951$ aM subsequent 
workers have found this to be substantially time for 
all the animals so far investigated. "She hair pin

ement of the loops of Heale iBtplies that no cell 
has to -withstand ©n aacsotie difference of » 0aj» 

600 mOais/1 across its border© lehieh would represent 
the aaxlaiiim concontration that can b^ achieved in the

of aaa on one aide with plasma on 'the other t 
fluid within moat of* the length of the ascending 

limb fjcosi which sodluis ia pujspe^l has an osxootie pressure 
In excess of that la the carter sisee water wae wltli- 
<Smm from it as it £*«&&! down, the dftscan^lngr limb. 
It tbus follows that the greater -she length, over which 
th!0 pumplrig takes pl&e© tfe.s hl^Uer can the toaiclfy of 
the fluid at the ®g®yi b@* although at each stag* the 
pump wor&is a^ai^i^t a constant small osmotio gradient.

•

Bocaiiso water In dram ont of the descandlng 
limb of Genie's loop, and enters neither the asoondlng 
limb iior the ooliectiix^ dnct. it Is ^hquf^ht to leave 
the papilla in tb»i vana recta »sioce the .interstitial 
osmotic presatire t^aaln«i at a eon.wtBn.tly hir-h level.



papillary taniclt^ is not reduced evan in 
when the volume of water passing throush the interstitium 
aust be at its greatest ( Saia-ul-Abadiii» 1^6? )* '.Thus, 
utien the kidney is producing concentrated urine* the blood 
leaving it ahould be diluted. however, since the total 
renal blood flow is in excess of 1 litre per Minute and 
tli© vofcume of urine produced is u*^32al/min under these 
conditions, it «ould be difficult to detect a drop in 
tonieity between the renal artery and

It is possible on snatomloa!
that ©oiae of the water lost frois tslie dasGenddnr? limbs 
si^bit find its. w^y to efferent; lyaspliatioe. IB oupport 
of auch a view w^*e the desonstjration bj Icla^/ersoa ( 1%^ 
that abatruation of the reiaai efferent XyEi^h flo^ in the 
dog resulted in * threefold increase in flow af dilute 
urine* j^rerson believed that water, mth solute laoaootie 
for the partieular leve* of the meduJla^ could more into 
the va#a root a o.aly if there w&s an o&contiie treasure 
gradient; 'between the iateratitluffl and the placed sisce 
the n^'drostatlc preeauree in the capillaries aM the 
Irifc0rsi;itlum were probably 0<|aai. He held that the 
function of the medullary ljmj>hatics was the maintenance 
of a relatively low oneontlc pressure in the iBterstltium, 

pers&ltted the eetabllalx-sent of a gradient with the 
oacontic pressure within the va^a reeta«

obtained his result,* by eanmxlatlng 
the lympha'tio channels in the capsule of rlc*?; kidno^s, 
and tims h© was unable to prove that the l^nwph 51d in
faetj originate in the medulla* However • ( l'^f-9 ) 
h&d demonstrated the exist ei^.ce of ivinnh^tic'^ in the- human



kidney by foll^wiiig the rout© of a canceroua permeation; 
Judged bgr the diameter of the vessels in the papilla the 
flow of l^iaph appeared to be from the apex to the its base. 
If this were so» l#mg>h flow could act in th@ way 
by Mayereon*

^ of tho Gol-lectiiiE ffubulea; A crucial
observation arising

from micropuiicttire of the aamtaalian kidney was that 
the fluid in the distal convoluted tubule was either 
liypotonic or, in a&1;idiure0is f iaotonlo to plasma* 
It war jaever hypertociot elthoa^ ttiriLn© produeed in

coxild Jiav^ oeBOtic nrees^areo IB. excess
of 1,000 »gaB/l ( Walk@i»i Bott» Oliver ®rd, MacBoweli 
1^41 ;. 'JtoiH either vmter ismst be abst.rao^^d from 
the itrine a® it flows down the collecting tubule or

Oathetex-i nation of tiia actttal
ducts by Hllger ( <2ttot?*d by Pltts;, 1%3 ) enabled Mm 
to compare ijmlin eoxt&uut ratio zm near th$ co^ex with 
those iri aaatpiea collected aoar tbe duct opeatn-^0* 
 Chc higher values i'ound in the X-titte^ 1,^^.1 f*f»^^ that 
water wao abetx*acte4 rather than that sslt was added 
as the urine flowed down the collecting; tubule* 
kor$ recently evidence he«5 "beeti obtained ^hich 
that sodium Mght even be punned out of the od

. fhe steasu2?eat?le transtulfciJLe^ potenttalg are 
iy rnt^>>iiah«Hl In tfeis wa;^' T^ h^^ also been 
suat co±iectii;3 mbule isodium oliloride concentration 

always lower ti^an that in tJio intoratitiu^ ( ^.arsh and 
ion, 1965;



Unfortunately it b&a not been established 
that t&e aisount of water abstracted from the collecting 
tubules is greater i& aatidiureais tuaa it is in water 
diuresis* !l3?potonic urin@ is nonaally produced in diuresis, 
but if the noxskal maehania&a are interf erred ^ith to 
restrict tlae amoimt of fluid roacning the start of the 
collecting tubules ( eg. bj reitMSing t&e g3»omru.*<i*.- 
filtration rate ; t&ea tte uriae produced becomes 
h^pertonio* Sisatlarij, in atop flow eaq^ 
on wat0x* diuretic animals, daBErdng up the 
ooil^eting tubule fluid for 25 sdB3 is sufficient to 
make it*

aju-tidiurcais , where it raJ.rfhl; be ejected 
wf wa^er f^or- thft eoXX$et?i!^ tJt^t 

would ww «*£ its ii^ixlsum* i, iitiij be**n fbti.r>rd the^ 
-water, about 3 ml /sin, la reabsor^ed in 
^ 1'262 )• -In msadauja di;:re,9i3 In r*ia 

.&1/&U.& of urine ar0 produced* ai3d this is
to fce oi^lj slii^htly less th«r) 1*he volume of fluid 
t^rd by tt*s 41- 1 al ooiriroitated tiibrl^R *o th© 

tu'bulas. Hea'beorpticm of tw:; or three 
& of t?at«r froat twenty if»il.''.ill^ref> of h^poton 

fluid woxud lisve a nc^li^iMe effect In iraj.sing its
-^j^pared with the 3?e«bsorj>tion of the 

water frosi* ssj'i five !\ili.ilitres of 
isotocic fluid wfcicfe the distal eozzvoluted ti*>».iias

-n each ii^i*ut;e to the collecting t^twios in aati- 
ZUo-ro aro no figures sral-laMe ^bi^li would 

a 40cisloii 4vO be aade ^^ ^o Aiyth^* the oeaiotie 
ant across tiis coXlectin^; ,ubule celt is greater 

le^r* iu «rat-sr diurcaio alt^ou^h it is Irricflm that

-



pressures in both lumen and iaterstitium 
are reduced* .us the explanation of a high tonicity 
ia the urine produced la antidiureaia need not involve 
on alteration to the collecting tubule permeability 
to wafc«*r provided the osmotic gradient continues to 
exist between lumen and laterstitlum .

Gtaootie, Grantii«if Moses* Burg 
and Qrloff ( 1966 } have elegantly dejsmist rated that 
vasopreaaln applied to the exterior surface of cortical 
collecting tubules isolated from the rabbit does cause
a net i^'icrease in water reab^orption along iua osmotic

In the absence of an oamotie 
ctili cavse« an increased

permeability ^lich oan be £K>am&£*ed %* batiiiug 
of the tubule su'efacaa vdth lao topically labelled

If those •..••bee.^mtiona obtained on cortical 
tubules apply also to those in the m dull a then in 
«23t.idiur08ls i'i; could be expected that more water 
would leave thu co,U©ctixi^ ^ubole luzaon alozig a 
con* tin nt o,ou,otie j^acUeat. It is possible that the 
l^cruaa-^a wetei? permeability in outldi'tiresis mi^at 
outwel^Ii o^y chi . •? in osmotic j^radleiat as regards 
the production of a final hypertonic urine-.

ingeniotis suggest ioa ®s to how the 
permeability to water could be varied in the collecting 
tubulos waa put for^raM by Oinet^inslqy la l^f>3« Be 
observed that> in hiatologlcal sections t there was less 
'hyaluronie add* betwo^s collecting tuTswle celis in 
aattdturssisz He su^: rested that ADH ected through the 
release of hyaluroiddase which then rer^ved the water*



proof intercellular c fit, water 100 re
to flow down tiie osmotic gradient JUifco tfce i
In support of this hypothesis was hi a observation that
the measured hyaluronidase activity waa high in urine
produced during snticiiuresis* 01* following ADH injection
and undetectable in the urine produced during a water
diuresis.

Dicker aM Bggleton ( 1960 ) als 
the viscosity ceducin& effect of urina on saisples of
hyaluronle acid. f&ey found that the

of husean urine fell in water diureels and rose
on re?Ttoration of normal flow- -two subjects witha,* iBho.rited ) dJL'eetes insipidua of renal origin

exc -rated iiO ivfal.uroMdase activity following injection
4-of A8K* while aormal subjects o:e those vilth a JJ^betes 

of pitnivasy origin ©xcroted tiia ea^;,@ following th@
horsaono injection.

the otihar hand Berl^ne ( I960 > -*?aa xmable 
to find proof in human subjects that AM ac^oa tlirough the 

of b;/alu2?onidase« Berl^/ne noted that the
reducing activity of hyaluronidase wa-^ iiicr®as©d 

solutions containing high concentrations of salt* fo 
this problem Borlyiie measured tSxe viacosi^T 
activity ia liunaa urine to w&ieJa aalt /tad been 

added to glve * final constant oanoentratioju. ( O.-i M 
HaOi ). Hheri this was done he could find no relation­ 
ship between the inintite voluae production of -uriiie and 
its h^yaluroxdcla««2 ijjte actlvit,-/* Heturjaing tv the 
results of Ginetzlfis^f ( 19>3 } Berlyne calculated the 
quantity of ea&ysae released la. unit time ami came to the 
conclusion that it was independent of Uio ^.evel of diuresis,



eriticlsm* were later countered by 
fiaet^ins^y himself ( CfinefcsEinsky, 1961 } f who clediaed 
that the difficulty of vtryi&g electrolyte concentration 
could equally be overcome by dialysis of the urine t 
would remove th0 low moleciiiar weight solutes, lie

that if this \*ii& done tho Asasored activity
of &yalur..,nida&© in antidiuresis was still above ooiitrul 
values* Neither worker jnade a direct oomiarison witfe 
tlie method of the other and It ie open to sp^eulation 
how Be^Iyne oould attain a final concentration as low 
a® 0-1 II Bad in urine produced in aatldiure©i^» when 
it would bo expected to have a ton!city approaching 
l t ocx? Os?m/l»$ aiw! similarly it ia possible that the 
iarger surface area of the dialysia membrane tused by

lii. diureslo oould fc.ave sctsorbed ( or lost: )

of
obaerviug; the rmte of fall in viscosity of pure hyel~ 
uronate solutior^ is a difficult proceodure v;ith error 

bj
i) Ssaeli c. . ;or> in tczsperature; 

ii) Uh« effect of the concentration of 
•lectrclytcs presaiit ^s \veJU. as t}*e 
st;r .,-a aad t^rp© of 'buffer ©ployed $ & 

ill) *£he possible presence of h/eltiroijidase 
iiihihitora in the preparation being 
tested*.

Coroa^cio and Boii^ ( 1^66 } avoided some of thtaa 
difficulties "by ae saying undepolyserisod hyaluroi^ic acid 
by the turt>idity produced vdtien it is added to standard



(to o&*yadard/ solutions or uor^- aerna. In the present 
eontieact these workers incubated the samples of uri:io 
under Investigation with n -nowa cojoeexrtratfiQii of
boffin© vitreous humour liyaluronate sad them assayed 
the amount dopoljmex-ised in a give& tiine. At the 
same time ©a- aliquot of the ©-©10© sample W&G boiled 
to destroy aay ei^yme that it &igjht have cont;ai-Hed 
&jid, when cool, a known ai; ; ot3.r*t of teaticular enajrae 
added aM the apparent activity aeaeoc'ed) ;Xihis provided 
a control to take into account t&o effect of 
aad inhibitors*

The result s obtained bj Oorbascio arid ixmg 
( 1966 ) 0u-oport the hypothesis of GtnetsixiQ&y { 

rats injected with vasopreasln tibtowecl
>iyel^.:;-oni<lese activity in their urine in spite 

of an antidluresls , la rats not ^TOJa a water load 
a rise i.a eazyiae activi.t/ could be Juuduced \sy -vmaopreeain 
but this was was not always directly* related, to the final 
volume of urine

further support; for* the general scheme was 
put forward by 'Unoab, Kraidser, and Koeford ( 1'961 } who 
euve rats lntraT»nous iBjectlaixs of teaticular 
It? was noted that* after a cl»lay f tais resulted in a 
reduction, in urine flow accompanied ty a rise in the 

in the urino produced* 'iliese »jrters» 
nsldjared that uhe -lexay of at le&sf, treaty 

ralamtes between ix^jectioii and observation of its affect 
was overlong in -view of the fiore rapid action of injected 
vasopressln*



Three r.Qi^ts can be fsised iii : ; - -ion

between coliectiu •:

nc . ........ ,,
-.v onlikol to hav© bo-'-n h-rslti^nlc acid.

^ OAA it;s o^ 
::-j Injected en^yiae would have to l

of the i^eplu^oii " , lv r 
site of actioii iii the col..., . . -,e 
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material waa ohoiidroitin aulp&ato and t-at. 
acid laucopol^sacwJUarlde was hyaiuroiilc a

In tto pro sent study this question ii&s been 
examined with some care. T-he obaervat4an that t&a

is tha o&iy region of the kid&ey that contains 
amount of conuoctivt* tissue la taktrfa up

chapter 2* ^e developiseat of- this ra^o^ in a
of species is exaiaiaed in raiatiou to the ability 

of tba& ep^oies to eoiia^^'v© ^at^x*. 'ihe zao^halo^y of 
tbie regioii la tlxe ^da©«i pig is ^scsmlaecl tgr light arid

3- Itxe acid ^ucopoiy^aoc^ia^ldes fcere extracted 
frors the papilla «aui their a^aliiiiig asid electropliovo 
behaviour JbavestigatoGi wad repoi*ted in Oii..ai>ta-i' 4*

Ir. tho final tro chapters an attiecipt is
m&a© to relate V.T-.-O is knam of the j>i»oper«tieo of these 
molecules to tl:« piysloiogy of t?b0 pallia bj observation
of the ancrphologleal 'c-ffc^cte at a*^iul*ta?iog a watar
load. .ttdiuretic iior^.one or ^aiuronidau^ to guluoa

... .-*h$ sotlcn is .aia^4 that tixt- c 
en apparent de^-^icijior? af the intercellular 
in enticU.'ure^ld Eiigiu b^ ijuspiaeed* It cou!4 
be a priori tiiat ^ticoid iiatarl^l la ^ec^otad Into 
lateral Intercellular spaces 1- water diuresis la order 
to provont the flow of aodium froa the luterstitiaia into 
the coileetii^ tubxiia luiiien; It ia . . ,-.« 
acid r©3l(?t*s tb.o flcn? of fr^^." throu^iv. * ^

tin suipUawv . ' • ,i: o£ cations 
..I and Catc~j
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( ?ig0* 2/2 to 2/4 J ahows how this

• 
4 further complexity is introduced

kidneys have more than one papilla C e§» $o« or the 

primates j. Sections taken through the median plane 

of one papilla tend to over-emphasise the extent of 

the cortex, part of which is related to papillae not 

shown.

However f it la the product of factors 
the diffusion of water from th© collecting trabule lumen to 

that of tae vessel that removes it from the papilla and 

the total -somber of such paths which detemines the 
ability of the kioaey so px^oduce iiighly coacantrated 

urine* It is thought that the sections selected 

probably give a fair Indication of both t^iese factors.

Befin^tipn of :iep|Qn8 ̂ iu. the JCid§^;: . Previous
attests have been

made to relate quantitatively the ratio of renal medulla 
to cortex with the maximum concentration that can be 
achieved in the urine of a S^VGH species* For 
Blaofe ( 1%5 ) collected these p&arameters for sixteen 
species and plotted them againat each other ( redrawn 
as Fig, 2/18 a ju asai obtained the

1 " 06

where i was the maximum concentration that could be
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Fig* 2/9 Ankole Oow
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Species Variation.

Fig. 2/1? Jird



achieved in the urlne f measured in Osoo Is/litre; and 
( IVJG ; was the ratio of medullary to cortical thick** 

ness*

Black chose total isedullar^ tfeickatM, as 
opposed to tha inner zone thickness considered tgr
Schmidt-liielsen and u'Dell ( 1961 ) to indicate 
concent ra ting ability, because *t&@ distinction between 
outer end inner zones of mo dull a is acre arbitary than 
that between medulla and cortex' . iMs is certainly 
tha case for cut surface appearances, or for routinely 
stained sections of kidney * but it was found iu this 
study not to be tra© for eactiojcua stained specifically 
for acid

Figure 2/13 (b) has been coast rueted
the data provided bj Black ( I^6> ; for maxiiau^. urinary 
concentration, but, with th© substitution of the ratio
of tha thieknesa' af ta*> papilla to that of th© rest of

in the ratio of 'medulla to cortex*. The
best line drawn b/ @je gives

inhere ^max ^a» the saiae connotation Aa in equation

Jl 1 is the length of the papilla ( region 4 in fig, 
and G 1 ie the length of the line aontlnsa&d along the 
direction of M* to the renal capsule ( i© is the sum 
of the lengths of regions i» 2 ai3d 3 in fig. 2/1 ).



treatment ox' these 
( Appendix 2/3 ) gives tli©

with a correlatlQii coefficient of 0*9-

(ii) and (iit) differ from that 
proposed b^ BlacSc (i) particularly in t&e si$n of the
cons taut* Equation (i) states that as the ratio of 
&/C tends to zero, eg* as is the case of animals sucii 
as the co^/pu, then the Eiaxtmua urlrtor/ concentratl -n

to a negative figure » wiiich la clearly impossible 
(ii) and (iil; implj that kldnejs

of aenllgable ieAgth ane unable to <joiio©atx^ate urine to
an osiaolari^ xaucJi greater t^au tiiat of blood. 
sEiall decree of concentration that these kid; .eye 
acliiove iga^ represent tiie ma;<i^xua oomotic gradient
against ighioh a giijgl© iajer of ceils ean pump.

of .

transverse sections of papillary tips were 
used to estimate the relative area occupied by the
interstitial cwimectiv© tissue % the point counting 
netliod illustrated in Appendix ^/3* In general a 
large value for the relative interatitial area indicated 
that the tufrules were liciel/ separated: It does not

wl»
follow that there need/act re acid 
present in this space,
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Several broad patterns could be seen in the 
results ( Table 2/i ). Carnivores had relatively 
large papillae, much of which was given over to the 
interstitial components ^. about 60$& ). Herbivores 
tended to have papillae in the middle range as regards 
volume of the papilla, about half of which was composed 
of interstitium. Desert species fed on grain had long 
thin papillae in which the interstitium accounted for 
only 2\J to $0 per cent of the volume.

It was noticed that the higher the concentration 
of urine that could be produced the more prominent became 
the interstitial cells. In the desert rodents, for 
example, these cells gave tlie papillary intersaitmuia 
a characteristic ladder - like appearance ( fig. 2/24 ;. 
fhe arrangement of interstitial cells in such animals 
prompted Vimtrup and Schiuidfc-Meilsen ( 19^2 } to suggest 
that they could be contractile and thus possibly play 
some part in regulating papillary extracellular volume. 
However, it seems equally possible on morphological 
grounds to associate these cells with the synthesis of 
the interstitial acid mucopolysaccharlde. Reasons are 
advanced later in this chapter for taking the view that 
the acid mucopolysaccha..ides probably provide a barrier 
to the free flow of water within the papilla: In this 
case the sandwiching of layers of cells with the acid 
mucopolysaccharide in the long papillae of aesert species, 
which develop very high osmotic pressures at the tip, might 
act to prevent the flow of water from the base of the 
papilla to dilute the apex.



Interstitial Reticulin

Coypu

Fig. 2/20 Rabbit

fig* 2/21 Rat
Ttomn.3 verse sections > all magnified 800.



It was pax*ticuia3$y noticeable in th« 
that the animals with a low concent rat ing ability- 

had papillae with a diffuse interssitium with fine 
Interlacing reticuliii fibrils between «ell separate* 
tubule© ( eg* fig. Z/W )* As the co&centratiag ability 
increased among species so did the tightness of this net 
( eg. fig* 2/20 j, with a cojapaetly wov«m 'stocking* 
around the collecting tubules becozsdng especially 
prominent. 1'lie space between tubules also became less 
( fig. 2/21 }.

the density of staining for acid mucopoly- 
sacchax'ldes followed a simllai' tread. Staining was 
relatively pale in the more aquatic animal a arid vei*y 
dense in the desert species, ( figs. 2/22 to 2/24 ;. 
That uhe same coiiiponent; in the iuterstitium was not 
being desoiistrated fty the reticulin and acid saicopoly- 
saccharlde staining was indicated by the different 
morphologyt which' is more fully discussed in the fourth 
chapter* Further, the acid sucopolysaccharide staining 
could very considerably be reduced by washing the sections 
la water before staining* while reticuiin is iiat extracted 
by such a proceedure-

.. cations ; A similar
arrangement of acid KIUCQ -

polyaaccharide em^eshed in a fibrillar frame work exists 
in almost all of the less specialized connective tissues. 

upon the sitej four main filiations have been
attributed to such a system, and these have been re - 
interpreted in terms of r&n&L function as follows;
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flie amaopo lysaceharlde might block possible 
channels for the flow of water within the reticulusi. 
For example, Day ( I^?2 ) found that the hjajiurojaic 
acid / collagen system of fascia impeded the flow of 
water through it. Myaiuroiiidaae acted greatly to 
inc ease tiio flow of water. Bay suggested that this 
was the result of depolyraerlaation of the acla BIUCO - 
poiysaecharide component sine© the flow of water could 
similarly be reduced if the 'pores* were subsequently 
blocked by starch * and increased oiies* more if the starch 
was digested away by astylase. Seifter* Baoder and 
Barvl&is ( 194^ } studied a similar arra^geme&t in 
the bladder wali of the rabbit. fhey fouM that 
hyaluroiiidase Increased the permeability to wat@rf while 
aqueous extracts of th© adrenal cortex caused the uriixar

i

bladder to becojae waterproof ev©a in the presence of the
enzyme.

work of Self tier et ai. ( 19^-9 ) ia of 
interest on three counts. First t the ^librolog,/ of 
the bladder wall a&d the colleatia^ tubule wall in the 
same* so they might be expected to share similar prw^e 
Secon4 v Gl&et&lft&&y ( 1^>B ^ observed that there was a 
high layaluronldase activity in the lulne in an^toiuresia» 
and that this was associated i&th the removal of acid 
mucopoiysaccharide ( between coliectla^ tubule cells ) t 
wiUcii led him to suggest that removal of byaluroiaic acid 
enabled water ia the collecting tubule listen to equilibrate 
with the papillary inter at Itiipa," rhii*d* cortisoiie is held 
oy acme workers to have a direct action in tiie idLOney in 
opposition to aatidluretic hormone and thus to i acreage 
tte waterproof ing of the di0tal convoluted arid collecting

20



tubules* &»,Mi8ui&at>ly the adrenal cortical extract of 
Belfter et al. ( l^b* ; contained this hoxiaone. 
fhe mchanism hereby this eactract abolished the effect 
of h^aluronidase was unknown* It ia thus interesting 
to note that in a review of hyaluronidase inhibitors 
Mathews and Sorfusan ( 19^4 ) mention that cortisone 
Inhibits hyaiuronldase in vitro* ( It is even possible 
that cortisone has a further action in ¥ivo in coamectioa 
with the stabilization of lysosonal uxe^branoa f which 
might iniiib&t the release of acid fe^raiuronitlasea in 
addition. }

effect of acid xaucopolysaeoharldes in the
Interotitluat Fd^&t b© to imped© the aoTe&ent 

of certain ^solutes within iti $his waa ahowa ^7 o^ston 
aad Bhermaa ( 1961 } to arise when l^alurozii.c acid was 
confined between two membraae^ through vhich solutes 
could readily pass. If the interstitial aucopo^ysaoch- 
aride acted in a similar way to that found in t&a 

ajmph^sis pubis tlien it would .also tend to Mad
while letting eodiua pass? through it relatively

way of looking at this property
to think of the excluded volume that the acid 
saceh&ride gives ri®@ to IJQ the papilla. i*h&s water 
molecules entering the papillary inter sbltium would twnd 
uo become hyftrogen bonded to the acid ameopolysaccharide^ 
which would cause t&© polymer to occupy a larger volume 
and at the samo time to leave a scalier total volufae of 
solvent. In this way t the acid mi?.copoiysaccharide might 
be able to i^aintain the osmotic preeoure of the inter stltiua



in the face of an apperaut dilution*

ill) f&e arrangement of reticulin and acid muco - 
poly sac eharide might be able to resist ia®chanleal 
pleasure and ao keep open certain tubules in the papilla. 
A similar arrangement of connective tissue haa been 
said to have this property in the umbilical COIN! 
( Fessler, 1^60 ) :£he situation la also analagous 
to the mechanism invoked l>y Fiorey and £i]JJL3ja$er ( i'j^ ) 
to explain how lymphatic channels could regain open 
in the ear of a mouse when the tissue was distended 
by inflaamatory oedema,

In the last chapter the special arrai.igem.ent 
of fibrils around certain tubules is discussed a&d the 
possibility 10 raised that chains in the physical 

of the muoopolys^cchax'ide 3ta iai the
vicinity of two tuUiies idl^xt r^iaks the flow 

of water b*two#n the® either isore or- lesa f and this 
BJDR aspect ml gilt be influenced by laecIiaiUcal forces 
developed in the fibrils azu&ored around the tubules.

iv) Finally, it has been 0us^©^t0d that a nuiaber 
of possible blodiemlcal situations- exist where it appears 
that the action of an enzyme can be regulated by the 
degx*ee of polymerisation of a component in a polyaaion - 
poljcation system. fhe inhibition of the depolymsrisatlon 
of hyaluronic acid b, hyaluroaidase in the presence of 
heparin is an sxas^ie ( Speitsiey and iiogers, 1^5^- >- 
However, until the functions of the extracellular 
colloids Izi the renal paplJUa <ax»e established, it would 
be premature to speculate upon the possible effect of

upoi^ these coliolds in terms of renal physiology.
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$here are three ways in «&ieii the morphological 
investigation of these aspects of acid laftoopoiysaccharide 
function in th© renal papilla ha® been delayed* 
Cytoche;;JLcal methods which will allow of demonstration of 
acid wueopol.ysaeeharlde8 as a class in the electron 
isjloroscope are only now being developed and it will 
be at this level of resolution at ioast that answer® 
will be obtained. S0a& of the molecules involved are 
large enough to entar the province of light microscopy;
4 &Dleeule of hyaluronie acid nith a molecular weight

& of about 4 x 10 could have a x length of as much as
5 u A in theory ( &ardnert 1%^ j. However f even in 
li^ht histocheiaiatrj relatively little information about 
the &&fcure of the molecules that would be intelligible 
to the biochemiat has been forthcoming.

Meotron idlcroscop^ emplojli^ present day 
techniques is also logistical!,/ unattractive aa a tool 
for the Investigation of the problecu l*lie questions posed 
require that changes should be pbeaerved to 'the papilla of 
experimental aniiaals in which the level of feydrstiun has 
been altex^ed* !Shus a statistically reliable number of 
eag^rii^ental blocltia of tissue would have to be |>roe eased 
with the miiiJUium of variation ia oeelmique, quality of

ei.ibedding medium ete, t ^hieh is el early

It will b© appreciated from .fig. 4/14 and 
the cojapariaoa between figures 4/6 and 4/7 that the 
cellular elements do not exhibit uniform activity 
throughout ~&he papilla* ;Phus aay conx>arl3ons between 
th© tissues taken under different pi^' Biologies! conditions 
wauld involve the aJUK)9t serial processing of ^iole papillae
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collecting fubxilo at ThwMi Levels.

Papilla

Fig. 3/5

Uooifled Hasao^ .rici^oaift Stain, Mag* Appr. 30O

F » Proximal Jonvoluted Tubuies. 
i) « Metal vG.uvoa.ukea -Jubules 
0 * Collecting tot>ul0 f aeai* origin In Fig. V3* 
iV« ihlclc ( Aaceasing ) iAnb of rcnio'a Loop* 

Li«b of Heni® 1 e Loop.

bxood ec>ll&3 become crenatod as tiio tip 
of the papill' -3 ^ approached: At the aao^a tiue 
the col_octi_ ̂  ^utml© colls bocomo coluffin. r.
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so, tliere are three discordant features.
•

First, their embxyologlcal origin does not preclude an 
actives function-, it is the earn as the cells which are 
k&x>wii to pump salts arid water actively ^roa the gut
lumen. Second* their nuclei are always large and 
have the proffiinent nueleoii characteristic of 'active 
cells * » they are therefore unlike the nuclei of cells
iiapermeabl© to water In the upper layers of transitional 
epithelium w&ich have py&uotie nuclei. Finally, the 
cells increase la helgl.it from cortex $0 papilla* where 
they are stirrouii&ed \& the highest os&otie pressures 
and jfcigpt be couui3idei*ed to De the leaat active* i&us 
ia the px^seiit stu<ly aa attsampt ha*? beeja sad© to reappraise 
the supposedly Ijuaotlve pax*t played, by the^^ cells In the 
physiology •>>£ the kidney • It was possible to observe 
these cells in ¥lvo an<i to correlate some of their 
app^araaces with triosc seozi in the static 
poses adil^mKi l>y electron aicroso-'py and

f he ... ^^eax

Tips wf guijaea p% raiaal papiJUae..,were gently 
hoaogonised in warm 2r l. saline to aiaiimisa oa^o-^ic

m of the cells, A drop of the te^i was then
placed oa a slide held la a simple warming device 
like that e . .-sted t>y Saiiafer C 1377 /> a covej?sllj> 
was added, aad the tissue fragiaents observe A under 
dark^rotmd illuoinatiOA. Groups of 'cell a ^auld readily 
t>e Identified as having coma from collecting tubuxes t?y 
virtue of their size arid shaps. It was thus possible 
to observe tliese colls with their full aoiapleiieat of

COMporv ftwrf
Intraceliuiar for g&nel A e@ ^ co mpou nda ot ̂  j in a oondition 
&ore aJd.n -co t^i^ir natural scat^- than that represented 
by frosen, sectioning, freeae-drying o^ the paraffin
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routines of conventional histology. A ffectner
advantage of the method w$s that perti^-**? too small 
to be resolved l^y transmit *e^ -light 
shown up .

fhe collecting; tubules were seen to 
SB. did &aterial that had c0.m& from the tubule 

lumen ( Fig* 3/& ;• As was pointed out bj 
iyasllag ( 1943 ) th© cytoplasm itself was 
clear in the ultrandsroacopo - WMle it ia imposaible 
to deduce the &hape of a atructur© from its aatipoint* 
the larger juxta-suelear particles were str

in their distribution to tft&sa- seoxt in 
for &oid smdopolyssocharided ( 'Figs. 5/10 

-Sv V6 ) t or those in tissue impregnated with 
silver bj the da ?IUA,= techftlQa-p {, .0avcnb^. aod

41} yb& ___ xat. of. tja^T ,Golgi ... ____j£j. ' Despite the
earl^r fe&lin-g® of

Haker ( j»A> ) that inveotig&wiojaB iauo the mature of 
the Gol^L elcnents were not of f tlie calibre that rt 

reco^oisod in aA^ other „ branch of science'' , 
^55 C&j Wid' (t-; )«a0 able to ob-E^rv^ tho existence 

of a opeclaliged juxtanuolcar r^gioi* iii. ulvrao^iitrifugod 
living. 0011s. 1?hifi was found to co^raspo^d with a 
fraction lehieh eould be i solatia ^IKI examined biocheardcixy 

- ysaisatioii and oentrifugatioxi, oi' cei^s. Further, 
regions ^licn ^>uld.b« jUipr®$£iat$d b^r silver in sections 

corresponded xtsughi^ witit the distribution of vacuoXes 
in livijQc cells ana were found 0^ ^acy and Chaiiiee 
( 1950 ) to Jaave a aoi*pliolQgical connterpart la the 
electron microscope; "i.'o prove vtt$ point ciAt*^c? workers





pr«pared electron isisrosseo^ic sections of silver 
impregnatv-u w issue &ad. sixowod a perfect coincidence
of tli® two.

eactent of te SoXgi r&tgioai in the collecting
tufcuX® ceils Jbas an importance to the present study 
because of th© association between this r^._ioii aad 
tee synthesis of seld meopeiysacoharides. For
electron iaicroseoplcal metliods using colloidal iron 
( Wet&el, Wotaei aad %lcer f 1966 )§ ox* colloidal 
'i,. ,, Berlin v *^7 )» to show up acid

demons tivatdd tiie pr-eseuc^ ol"
Golgi regiaii af aiMlar ( gut 

cells, leutra a&& Letloiid ( 1/^0 
} liava tracked the s^iitli^sis of acidic 

thi a ' or ganell e t»y el ee 1; ran au t o x-adi a ̂ retp M c st ucl

3/0 to 3/l£ and 5/1^ illustrase the 
var-ioua iip^eax4«iaioes ol ^h© Qolgi orgaaelle in

tutules. It oen l>e ®eea in
viewed "c^" piiase contrast ( Figs* 5/7 and 3/9 } 

It mppears to b© eoctensive in px^©pax%ati^jaa 'successfully
^

with silver v X-A^,* ^/8 j* It ia associated
positlvo stainijag for sulphate groups C 3'lgs* 3/10,

; aad with the inoorpora.tioii of iu^ acted 
sulphate i Fig. 3/11 ;. In the electron

isleroscope th0 uolgi rogion is seen to occupy a 
portion of the cytoplasm! c wium© oeweeu the 
tubule juuoj.^ui3 and th<i>- lu=ii€ui. t aad oetw@e>u «»*.«

the lateral inter cellular apace ( Fig 3/12 and 3/1? >* 
no circumstances couxd it be found 9 ox* induced to 
^ tt ^uaitiMAi, between th« i-ucleus aad the base 

Of th© oeli«
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the proven association betree&i. £h© Golgl 
region and, acid mueopolyaaecharide qynthesis Bug,.. 
that it may be important la the synthesis of the
lutereellular eement, stitch is central to the scheme 
of Glaet&ins&y ( l^i?S ). Xn this respect* fcse
electron *sicro0eapi$ appearances are compatible with 
th® secret ion of pxoduota iato til© tut>ule 
well as into the, lateral intercellular

pres«&oe of functional complexea at th@ apical
of tlie lateral intercellular aj>aoes ( Figs* 

3/13 and 3/16 ) makes it unlikely that tne oateriai 
found, between tb» e©ll« <" Fig, 3/1? ) could, come ftoa 
the lut:^ii of the tubule ai^l is much a»r© likely ta 
have be^n prodtioed % the sao.re lateral aspects of 
the 0olgi complex ( 'fig. ;3/lb }.

^..m ^^^ ^^ electron
in -ero scope do ra^- list raises

the exist eiiee of miorovilli sdoj\,; the I^aenal 'border of 
the ooll-ectiiig tubule eell«« fb©se are about $ j& long 
and about belf this in diameter ; Xn size to^y 
correspond roughly to the lateral oytopl&g&ie interdig -» 
itatlone bet^©cn tfce eelle ( Fl^. 5/12 )• Wblla these 
iiiorovllli im<l0'ubt»©dlj laerease the surface area of the 
eelle tfciey caimot do so to the extent tha-u the.y do in,

the small intestine where they are much aore tightly

alc'rovilli were fou.ad to possess a surface 
( Fig 5/15 ) similar to, but more d^rise thimf that 

on absorptive sell bladder epitneltu..a - % ta« ' antQimulae 
aicroviXlarea* of famada ( 195!? ) ) or on the intestinal



lvh© Glycocal^x.

Oolloldal Iron Stain far Acid
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of 'Hssue treated 
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epithelial cell brush o»rder s ( Ito, 1^65 },. T 
©trojug biiidi^ of colloidal iron at this aite in 
material processed both for ilgjht micro scop/ ( 
3/14 j and ©lection microscopy ( Fig. 5/K ) 
compatible with an outer coating of an aaoioriic 
l>olyaaccharlde at this Bite, thus this material 
laiglit represent vhe so-called 'glycocalyac' described 
by Bazii^ett ( 1 ?^63 ; v^ilela is believed to be iaax*e or 
less well developed around, all cell©*

vhe ^ay^ycAl _ _ .gJLP"..,, * furtliex-
cclldct/inr; tubule cells

oi ^vii^i' e^i'tiio-ia kiiowii wu uru-^^ux-t water
tH0 gut ai&I giill Dladdor ; lay in tiio 

of Juactioiiai co*^:lw3ces at the apica*. $M of 
%*l 'box^dara of adj scent cells ( Figs* 3/15 

). At t£e point of contact xiaarcst to the 
outer leaflets of adjacent plesma

<iuintlpl© Is^eroa ^w^uco-u^-i, similar to 
ciudena 1 deaoa^Loed k/ FarquJmr aud i' 

;. .J©l«w tola thi»r« aro usually two or hio^^e 
followed Uy a to^tuoui? ***taroelli*4.*ju.- g&^; 

tma ha@ a wlat^ of about j~ ®$i bur, it 
to as much as ten tiiLgs thia to««u.*da ti*« baaa 

of tHie O€ll. ^ecaua© of its tortuosity t.he length of 
t&e iutoreellulax ^ap is usually iaoi-@ -yaan double tia© 
cell iitfi&Jtit ( ie* a cell 13 ]n loz^-; ::>i/5lit h^ve an later- 
cellular settee «t»/ xw^ lateral u>vuvi wliicli appi^o aches 

JUL in

If 
sew--*© between azuiotm^liai, cel^s do, the

30



*
'

X
 

A
W

N 
-I

68 
60

X
 

Q

» 
*



o
below 20 to 70 A in diameter might be expected to
pass between the cells at this point, but not raolecules 
larger than about 105 A ( gennings and Florey, 1967 )• 
The permeability of the tight junction is of some 
interest since it was suggested by Ginetzinsky ( 195& 
that hyaluronidase was released into the urine from 
the collecting tubule cells "by apocrine secretion; It 
was then believed to depolymerize the intercellular 
cement. i'hus it is possible that hyaluronidase jui&h 
be able to pass the tight junction and gain access to 
the lateral border. However, there is no reason to 
think that it could do so with great rapidity in vivo 
since there caimot be an#- sort of pressure within the 
luiaen of the collecting tubule "uo force it in an 
outward direction,

occupying the uox^uous iirGer- 
cellular spave external to the junctional complexes 
has an amorphous appearance with an electron density 
similar to that of tne 'fuzz 1 fo-oad on the surface of 
che udcroTiiii. At both these sices the material is 
separated from the outer, eiecDrori dense leaflet of the 
plasma i&ernbrane bj an electron clear jap of aprjroximately 
20 mu, aero s s wiiich run fine threads seeiaingiy to attach 
the material to the cell surface.

Hydrolysis of the anchoring threads c*-ould be 
envisaged as a mechanism for increasing the effective 
lateral separation of colxectliig tubule ceils. 
Alternatively, h^/dro lysis of the amorphous laaterial £i 
bring tliera together. Whichever is uhe case, attention 
is drawn to the fact that this intercellular distance 
exceeds the usual gap of 1:? - 2u my, between adjacent 
epithelial cells ( Hoberi:scn t 19>9 ).

51



•._„.-arnent of *&tochondrla

-;iWP

Fig. 5/18. Collecting iixbule Cells
Gut. 1'he MitocJiOBdrla are to b@ found near toe
cell laembrane at tfce lateral lnterc@liu.lar spaces.
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the Cw4~Lt<atii^ tsufcuXe c^lxs a&u\vcu a 
arra^-geaeat* of the mitochondria adjacent to 
plasma oe&bre&e { Fiu * ,5/18 ;,

is also seen-lu a trie; ted ducw cells* ojgratic
and roiiajL eoiivoiuted 

active ©odiusi trenapori.. 
aificaat in this ease tii^tti

to shore *A r^i^^io^alii^ ^iUi a fragateat; of

Vehicle « v V*^ ^*u x*i OL&* > were
in coj^^uJEiiCfeitiwii «ath.

tubular iiUEaea { Figs. 3/1^ t >/20 aud >/21 )* At other 
sit os suoli stx*uctur@a have ^eoi* aa^aciat©^ 
absorption ol larg$ molecules \ 0^* OUA the

ec; J&iscctt, 1^65 > although i^ the 
electro ja luicrosccpe there CMJU ^ jua 4ii*eat 

to wh&ther they

Collections of 0aclos«4 ve^iclea waro also 
noised ( iri^a, jJ/2^ aj&i 5/23 )*' l̂^^ or ttoee such 
structures eould usual!/ bo foujuu, usually between
the Gkxi^i complex aad tha tubiila lumen v in a section 
oiuy ^C m^ thick. l*iic individual vesicles have a 
diameter of about b^ ^jyi; ilia cclleotioa of vesicles 

j. V-^3 &08 21 total dlaa^ter ot Ip, and It aaa 
IK-> caiculst:e<i to contain as many aa 1()0 of the 

vesicles within its volume
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Bicker and Franklin ( i> 
demonstrated the existence of an acid hyaiuronldase 
in Kidney tissue and, in the present ©tud^r* it was 
fomid that the collecting tubule eeiUfi showed weak 
acid phosphatese and ar^l sulptoatase activity ( Fig. 
3/24 ). It is thus tempting to aug£*&t that the 
multi vesicular bo-die r, could fre lysoaoiaea. However, 
the activity of the usual J^rsoaaissi ens^ia©, aeid 
phosjjjtiatase* wata »ot iKpraesl^tftl^ demonstrated tgr 
the conventional histoohesdcdl iat^thoda applied to 
collecting tubule cells* Unless these * lysoaomea f 
have a high ratio of iiyaiiiroMdaL:,. ^r- ^shich there 
is as yet no Mstocii0?',deal method •- to . .. -irolaeos 
it ir> cUf "ictilt to conceive of a ve.ry active role f 

in tfio ptsjrsiology of ttxe

In conclusion s then, it will fee appx^e elated 
that the relatively new technirtuea 01 i^ii 
QaAeleGtroii microaccvy fesive done much U> d 
the iiaprescim of 'IziortnoBo' associfited tilth these 
calls. Tiie United methods available to 
sdcrosca^.. iats at a tiioe rhea pb^siolo^i&t 
tiluclde.tlnG fche functionc of ".-^oii portioju, of th 
nephron prob&bi^- £;ave rise tu ^ v/ide&pread JU 
that t:;c col lecti^ 'tubules liavt relatively 
.function*

1) yhe 0el^ular,,, Coia^nen.^__ The fiae c r̂ 'toplassie
prooess^a of she cells in the 

iixteratitium of the ranai papilla prevents an adequate
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sttidy V light miO3?o0ccrpj of the whole
of the cells even in t&in sections ( Fig. V2^ )«
It is wen mo*?© difficult to appreciate the t&ree

i

dimensional ratifications of these eelis froa the 
electj&fi micrographs ( Figs* 5/26, 3/5^ to 3/33 >» 
It ia thus not eaaj to understand how the structural 
elements 000x1 within an interstitial oell. faigjtit function 
in relation to that celi« the extracellular colloid 
around it, or fcQ the whole complex of tRiteles within 
which it ilea. Without doubt these cells r^ 
the aepax^afcion between oertaijti tubuies in the

histology is unlikely to r^Yeal whether this is
me-aus i e^. by the release of enssyaos to 

the extracellular colloid '«ith ©iibseQueitt
etc )% wiaJLoh vnould determine the r&si stance 

to -the flow of water and ions, or by physical 
e*ff. fiy contraction in response to vesopressin, 
certain tuples mo;re cloaely together }* 

the following description is a deliberate
with the interstitial cells in m far as

any evidence of a regulatory function owe
^upopolysaccharides*

It ^as found bj jii^ht siis^oocopxcal mothoda
* esservl'iiil.

thore w0s only ono pmo pa.^u.:atio;a o:?| cell type 
within the i^uirrt® nl^ -napil

Qwt?v^r» u i;,>vsccA*um in 
acid ioucopolysac-jharide within the cells suoh that

in tlia -ndulia mi^ht be compared to fibroblasts 
while those a« vi*e papillary tip had icore in coa»ion 
with ^.ft&t cells C ^igs. 4/12 & 4/15 ;- ...10 gradation 
was contiguous an'l at neither end were the 
oi" the intersfcitiiut cell iacoxapatible with its .ha 
either of the JLvi



Nearly always these ceils were seen in the 
electron aloroscope to be surrounded Incompletely b^

membrane* material Miich was characteristic­
ally umltilayered at several point u ( Fig. 5/31 )
1'his appesranoe beam© more striking v&en tha
was given a water load before it was Jellied: It was

seen IB aoiiaai® deprived of wattr ( ©g» tig 
). fhe Solgl regions always sensed to fc© extensive 

in water loading experl^sents^ but bj 110 means absent 
if tiio aoi&aJL was deprived of water; A difficult j arises 

the interpretation of this aspect % virtue of th&
of a whole cell visualised in an electron 

and :?V«MB the ftonaidarabin variation between 
oelie. However, j^UwU ap^oaronooa ua^est t&at tne 
Ijateretitial celts are active in mucopciysaccliaride 
arjrnthesis. aiid feh*G tiiey thus cortt-r-ol ior;o of tii@

r
propertied of the

It was not possible by tae use of light 
c taitoradic^raphy to observe the synthesis 

of acid F.uco?x>ly3accharides tsgr these cells since 
«3rtoplaea?- is too attenuated to allow a distinction to
be sad* ae tc whether radioactivity ^.ctivitsf is iatra -
or extraceliula.!?, Wldle t;ic i^rarjulcc within 
cells &t the .papilla T *i^ ^o st&in wc^achrv- 
radioactivltj t^A^^^aii^ iju*^hate i*^ cctioi* iku 
appeared in the inters tit iuia before -it aid in the 
aolleatir^s tubules: T?hu-s, if these cello do Incorporate 
sulphata thc^r Buet do co xaore slowly. Alternatively,

^- 'is r.ot excluded ttiat. t.. Intracollular 
derived fro IT. the e;-rtrs cellular
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It was impossible in this atuo^ to detect 
any *p?o0s alteration in th© cozifl^oration of the 
Interstitial cells theaselves sfcen the level of hydration 
of She animal was altered, Tnis was lai*g^l^ due to 

difficulty esepexdenced in trying to define i&at 
b© the ssaxphGlogy arid siee of an interstitial 

coll under nonaa! conditions.

ii) f&0 l?lllli.ar OoB^oncm;, Ihen a va
ttx©

oi* a eo«U$i?£^iiig ui;>uJLe it lias a 
long way to i»r»»oii b«fo.s?e ic ^aijo^ access to 'Uio lumen 
of a vdcsel which will eau^y it a?/a;y £xo2& tho papilla 

O J. uiiis IB <4ult€« a dlfl'^reut 
«iii€fli obtains in tiie eort^at v&iero the i 

vuaseis Ii© in CJLUSG relation to tlio

aofoisa nslaioa-tlie
tc travel «^/ ' *H# i*e iaioli aa 6 to 10 ^L taiek* It 

id coi^OEe^ of l^aluroiilc &.cid v er* Chapter 4 ) confined 
in a felt -like «•&&& ol tvso t&$&® of fibril. \^ne class 
of fikeil oa^'i IK> lap A ^^us* ted vdti^ alivtir v. i-i,:,s« 3/19 
w 2/-'21 >, is i'Aii positive i Fi^ VB» V^B aad 3/29 )* 
can be made v ortlioohroaatically ) ta&iphiiic %

of secticms la oiu.,.-roaulphoxiic SJiM aoid 
1^6^ / ( fis« :>/^7 >» «Jid has a character­ 

istic banded s'Uxruot»ure set.-ii i** fcii<? cxxicu^-uji ^u.tu^s«yii©
» ^i i^s© propej?tie» identify it as 
It wa0 aea& to h&v* a 

ttliin called tubu.l©a 
ig papilla i ^igs* >/2? tx> ^/2i) j$ in a trana verse
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0. $he i*>Qa of

It was not found possible to determine in 
electron microscopic sections of piiaea pig papilla 
which tubulas represented deaee&fttag, aad tshich 
asco&ding, limbs of tfct loop of Hmie* 'ifebulee 
that were not vm&a reetae* in that thej were never

to contain r©d blood eell@ t were eboraeterl&dd 
a low epitbeliim ^ieh projected into th® lu&ea 

at tlie auolear r^loaa* Si® a^lis w©ra elongated
t&@ tod.® of the tubule mad latetfUgltfttfcd with 
lielslibourss iliia gair© a se^lleped appearance 

to the edge of tubules tronevwaely

loopa of He&Le possessed a continuoue 
basement 220mbrai^@ whlcli took on a fibriliar, multlla^ored 
aspect when the animal was ;.siven a water load before 
beln$ IdLlled* i'liia was* thu oalj ehaos^ ***** could be
induced on hjtoatioa and del^'dratloaai d?he cells were 
sot seen to alter their volume aoa? to iBoruas® their

#

actinrit^ as .Judged fe^ the consiatentity oisall si«^ of 
the

B* 3?he Ta&a

The endjothelial cell® lining the vaaa 
were feuiid to have numerotia fenestra© of a maxiaahm 
diameter of 0«1 ^ similar fco those observed ia vascular 
endothelium in v for example, ondocrijae glaj^ds. It is of



interest that filters vd.th a pore diameter of this 
order ar© used biochemleally to retain i^alur-onic 
acid ( Ssndson and Baiaertoan, 1962 >* dioapwiraitin 
sulphate chain© occupy much ©mailer domains and are 
easily filtered throu^ aUllpore niters of G.l u 
siae ( Schubert, 1^ }* %aluronie acid is 
in tli© section of this ttosls d^filiBS ^Ith

to ext«t iia the int^^stitiu^* to acid 
© l>OvJad to protein is produced !># the 

tulmle cells. When t&e protein is resovod 
this ooaploac, tskie polysaociiaride jmlety lias 
in common «dth ch^adroitin aaipliata. While there is 
alao MiBe oulphated acid muoopoljroacolub&i.de pr^ise&t la 
tli© ijiterstitiumf it does not apt?ear to accusmlate 
t&era ac^l maj well coatifiuala./ b® iaavlaig ti^rou^h 
tli©0.0 'poyes 1 into th© vessel. 'Tiiis mi^tit account 
for tKe smcinou© siaterial ee&a within certain thin 
walied -futtulea as described ( Figa* 3/2? to 3/2^

> 0b8©rvatiQii3 b Other Workers

the 
of tills atud^r ther@ hove

appeared report® by oth^r workers dealing with isolated 
aspects of the route that water ha a to follow in leaving 
the ooliecting tubule for the vaaa recta. It is thought 
wisest to keep these obsenmtlo&a separate from those 
described abov© since th^y deal with different species 
uu&ar different coaobditlonn, ami the work in aetxriy all 
the cases has t>een uiid@x*ta3fcen vdth a different objective



Ganote, (Jrantham, Moses, Burg and Grloff 
( 1963 ) uaed phase contrast mcroscopy to examine 
-Living cortical collecting tubule a isolated from the 
rabbit kidney. ihe connective tissue ®hich suiround« 
the collecting tubules in the medulla and papilla* the 
possible functions of which are considered in this thesis, 
have so far prevented tliem from being isolated in a 
satisfactory state- fhis is unfox^tunate eince the 
osmotic gradient froa tubule lumen to intercellular 
space ia low in the cortex while it jaay b© wry high 
indeed In the papilla hone© the cells in the two sit oa 
have to cope with rather different osmotic problems. 
In adJ.ij.ton the supply of oa^ganated blood to the cortical 
tubules is abundant , but the cola. a in the papilla working 
againat the higheat osmotic presaure are deprived of 
oxygen through short circuiting in the hair pin arrange­ 
ment of the vasa recta*

iiow©v0r t for cortical tubules, 0anote et al 
de oust rated that vasopressin produced no clianges in 
cell structure unless there was an ossaotic gradient 
acinose th© cell which led to a traasepitfeelial l>ul& 
foi: flow of ws'cer during the aa^ari^ent $ ia v&ieh caae 
there was a- increase in the thicknees of the ceil lajer, 
the latex*al cell membrtuaes bacasie prominent and, if tlaoue 
wad taken for electron sdLeroscopy at this time* manj 
vacuoles could be seen in the apical cytoplasm* The 
results from thia work suggest that, however vaaoprossin 

an increased permeability to water, the flow of
water out of the tubule is along part of the lateral 
intercellular spaces*



In the fifth chapter of this thesi© it la 
recorded that the light microscopical evidence obtained 
from the study of guinea pig fcldoaya in. anti-diuresis^ 
when vusoproaoiii was acting, indicate 3 that thare is 
some lateral separation of the collecting tubul© cells 
at tliis time when the flow of water across the tubule 
wall Is at its height* An increased lateral separation 
of the cells lining a cavity when fluid is moving ao»O3a 
its wall has also been described in comiection wish 
the rabbit gall bladder ( Uoj&sey and Bissaond, 196? )» 
Diamond and Boseert hav© uaed the morphology of this 
situation to construct a mathematical model for the 
transport of wuter across epithelia bj the foiroatioja 
of a 'stasdiBg gradient* of oamotic preaaure id thin the 
lateral intercellular spuce. i'hese wox^ers 
how such a «ystem could, jield ^rpertonle f ixdde 
oasaoiarities were virtually ijodependent of tra^aport 
rate over a wide range. It la perhaps xx'l^veiit o 
point out that* at the ultraatructural l©vel f th® 
of tho gall bladdar wall has much in cosi^ioxi with that to 
th© coliectiB tubul©.

Joimson and Darnton ( 1967 ) saade an 
©truotural stud^r of the rabbit papilla in 
«ith uhe aatabolism of gXyeogexu Slsace they studied

in hjrdratioja and vieprivad of wmtor some of their
results have a releveace in the present 

eoatoacfc* It was th!}er conclusion that ' in spite of 
the fact tJ^tat there waa evidence of marked diureaia 
and antidiuresls 9 no ultrasfcructural alteration in acgr 
Of the component® of the renal papilla could be detected 1 
However* it aeema unlikely on developmental grounds that 

cortical tubules studied bj aanote et al (



should respond to waopressln in a wa^ different 
to taos© 1& the Achilla of the scute specie© studied 

Ootmso**. ®&& Dmr^ton ( 196? }. Johnson md 
took »a care to cut the papillae at auqy 
&or indeed do their sections appear? always 

liave been out in coffi^arabie places; It? is WIUB possible 
tliet th«y mlgHt hsv& overlooked f^ite groaa cliaja@«» 
whicJi w^re obscured by the gradual increase in heigfct 
of the coHectiiig tubule calls as tiie tip of tli© papilla 
is approached ( eg* cf * Fig. J5/5 )*

basic morp&olo^ of the celis in tlxe 
collecting tubulee$t ijaciudii^g jn&etionai complexes 
vesicles and tl^0 basement neatenaaess loops of 
vasa 3?octa^. and tto ijiterstitlum as reported 
Joh&aon aiad Baratojti ( 1^67 ) f^r tfce rabbit is 
to that; recorded in the forogoJUig paragraphs for the

artl Bouin ( 1911 >
first drew attention In their famous &03£t-~fcook feo 
two components iaa the renal papillary ifi,teratltltt&i 
fhere was a delicate .network of fibres 'fch© spaces 
within which w$r$ filled with a optically dear 
material lit their stained

.1^ fibrilla? arterial was later fouod 
to take up acid ayes, bat to be f siBgulax*ly covetous 
of ce>lu>la«a, silver * ( cajai* 1935 >s It thus 
satisfies tfce histological definition of



It is possible that hyaiuranic acid detmisdnea the 
nomal argyrophllia of reticulin ( flo&en* i960 ) 
aad it is thus important to determine in what wa^ 
the flbriliar material differs from the clear oubstatice 
in thi? interstices. Ginoe the clear material observed 
fcy JRrenaat and Bouin ( 1911 ) did not take up any of the 
protein stains then available there urust have been strong 
presu ptive 0vldence to assume that it was lipoid or

nature.

introduction bj &iO&«ycius ( l^u j ox' th© 
aeid - Schiff teolHii(|Lie for t&e deaoixstration 

of earbolijdrates with i?ieiaal gljcol groupiiifss led to 
the ooiifiraatioa of the presence of carbohydrate ia the 
papilla*^ interstltiusi , However f the method did aot 
entirely clarify the B&UT® of the ground 8ubstauo«t 
since it was fouM also to stain retiemlu ( ULliie, 
1^? 9 Eobb~8*ait& f 1952 ). turth©rso^e f while 
reticulin compQtt«nt ( Figs, 5/1A to 5A^» silver 
ijsproi^aated ) was found in the present atudy to 
positivoly ty tho FAS techai^ae ( Fig* 4/^ )? fayaluronic 
acid itself w&a found not to be positively stained 
( Fig. 4/5 )• Indeed t the aituation is further 
oosi^lieaued by the observation stade ia this study that 
there i© also a fibrillar coo^oasnt in the papilla of 
uh» tsuiiaea pig which contains milphata .groups ( Eig, 4/7 
whioii ar© not normally found ©it her on hyaiuronic acid 
or BAS poaitive

Oa th© basis of tolui dim blue metachroisasia
( 19!?8 ) claimed that ishat he called 

hyaluronio acid was to be found in tho ^ucopolyaaccharide 
cement between collecting tubule celle^ At the aame tijao



he described a non-m*tae!u?oiaLitic Intex* -ubular
haride net. Xvaaova and 

used the more specific Aldan Blue 
to dei- rate tiiat there was a hyalftronidase 
acid -ucopo^ysacviiax'id^ in the iiitaratitiui:: in addition 
to &B0th0x% acid siucopoiyaaecharldfc stpuetural component 
It is of interest to note that, while Ginetssinafc^ ( 
dldiaod that vasopretala acted tJUrough tlie release of 
a urixxaj^y l^ralui'onidaaa which then digested th© 
collecting tubule Inter cellular cernant, Xvaiiova 
Viaogmdoir ( l'^63 ) reported * swelling and 
of the nucopoiya&ccharide fx^om the i&t<jrstitiuro. in antl

Figus-e 3/«i>(a&b)isa light
of an Aralditc f tiiioli. oectian* to ^iow the 
bctv.-QOtt a ccliocuii^ tubule and a vasa recta in the 
guinea pig* Water leaving tlie tubule to carter the 
vasa recta has to traverse either the collecting tubule 
cell qyt;Gplt*s& or the lateral inter cellular space and 
then the space between the base of the tubule and the 
vessel. -^ aoid ftuoopoi^sacoharitiea that the Russian 
workoa:-^ between the& have claimed to be dopol/u«crized 
in antidiur^sia occup/ the lateral iatercollular spacee 

t£e space between t;h^ tubuie aua th© vaea recta.

An Interosti^jg siK)x»tJ report on t;Jae result of 
hia Mstoch^aiaal £5tudie3 of pepilicuv acid noicopol^-

was given ti»y Sorard. ( 1967 >» w^° also 
the *&ysit>lo&y o£ tlic? rat with the xmbbit, 

lie found that there was a great er number of aiaioidlc 
charges in the extracellular material of th© interstitixm 

iititidiuresia } and that these could bo stained



Aldan Blue in tha presence of sodium chloride 
concent rations that would greatly reduce the staining 
in water diuresis. 'Further* he noted t&at the animals 
which could secrete the most concentrated urine had 
the highest sodium ciiloride concent rat ions in their 
papillae in vivo, and that the staining of the acid 
ameopolyeaccharides in sections of these papillae was 
not swamped by similar concentrations of sodium citloride 
In vitro. The interesting impli eat ions of this are 
JBore fully discussed in tha histoche&ioal section of 
this thesis.

Abrahams and i -Irani ( 
histoche&Ical and electron microscopical atudies to 
find out if there was an^ variation in the interstitial 
tissue at different levels in the papilla of the rat. 
Unfortunately they failed to look for any differences 
t&at iais&t aeco&pany altered function. '£aey gave a 
description of an Interstitial ceil identical to that 
found in the guinea pig, and compared it to a fibroblaet 
and mast oell* neither of which it greatly resembles, 
However thej did obsei^ve that the formation of ground 
substance and basement jsemoj^iaiie - llfce material ia the 
renal papilla was dependent upon the r^turatlon of uht 
interstitial cellsi In new txsrn rats the interatitial 
cell® were rich in ©ndoplasjnlc retlcului^ ?&ich 
attenuated

A review of the work done b^ his group on the 
isorphology of papillary basement men^ranes 
- ared in 1%2* It was noted that in



which. were unable to respond to 
1 -.use the aniiaal had be©a given a water load or 
potassium deficient, the basemant laombraiies, particularly 
around the thl& limbs of the loop of Heaie, were fibrlllar 
and bad become thie&ened so&e five times. It was 
suggested that such an appearance could DO associated 
with impairment of the diffusion of water out of t&e 
deseciuiliig limb and / or the diffusion of salt into it 
and that either would te»d to reduce Ui© efficiency 
of the counter current system* 2?h0 changes noted* 
however, seem to have been clue to of foci- rat her than 
cause since th® open fibril!*? appearance of the 
basement zsenabranes seen in water diuresis could uot 
fee reversed b/ vasopresaia ft until the excess water 
had first bee& excreted.

In low power electron lolerographs KODSO& 
( 1963 ) observed some lateral separation of the 
collecting tubule cells la hydra'uioa i&tile 120 inter- 
eeliular ctoimels were seen ix* a rat deprived of 
for 48 hou2*8. He considered that this was 
contrary *c the light i&icroaaopical JCjiatings of 
aiiiGtsinaky ( l^^B ). However » the electron 
scot^loal techaioues used did xiot sliov acid 
sacenarid83, and Hobaon does not seem to have considered 

effect this ^ight hav®. If acid mucopol^rsaccharide 
present in vivo» but ^as invisible b/ electron 

it iai^ht to® expected that the cell© 
ics give an appearance of 'sojae lateral 

If, on the other hand, this material
had been digested, away ija vivx>, than there would be
to prevent adjacent cells from cossisg together during the



process:Lug for electron xiicrosc^py so that; colls 
would appear adherent with BO lateral channels.
fl?hus it can still be held that Bobscn 1 © results 
ar« oonatsteut witix the hypothesis of Oiae
\ «*-,.-v~* / *

a preliminary report lias appeared
fclch suggests that the vasa reatae ar@ ^euaiaable to

at least a© lar^e as albumin, ( ^>£f*t« 
)» Moffat conjugated serum protein to 4-isuasaiae~ 

1 200 ©M i»j©<Jted it intravejaouslj into rats.
After three ^ijsutes circulation tine the aninals w
sacrificed, the reiial vascular system \. ->4 out, 
or^cstat sections made of the papilla. When examined 
by f i cures ci*ce micro scop/ the dye in the sections was 
seea to b© distributed tlurau^hout the inner medulla 
also to be pro-seat astound the vac-cwlar bundles of 

aadulla. iforritin lias also been injaetod
aucl its distribution observed fcfy ©i©ctron 

microaeopy ( Moffat» l'^6S» personal s co^smnication ^*
are

Tlioso report s/thsref ore all compatlbl© with 
the view that; the peculiar natur® of the papillary 
inte3?3titiu3L oould bo coBcomed in the control of the 
flow of water froia the eollectJUug tubule lumen to that 
of the vasa recta. Before a decision cau be reaohed 
c-n this aspect ncro bas to be Jcaowa atxnit the acid 
!R»co*>oJLy0ac .. idea wLlcli occupy the'clt?ar apacee 1 
in tlie H^x- and ej.ect.ron zoicrograplis. To this 
end i the M.$tochatnistry of tho aatorial in a-eotiona 
and aattracta of p&piXia is examined in the nest chapter
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Florey» 19^ ;» or for mosodurmal connective 
tissues ( Curraa, 1%^ ; » were found uuujui table 
either because th© penetration of th© precipitant 
into the interstitlum was too slow or because the 
hls& cation concentration at this site interf erred 
with the mechanism of acid mucopolysaeeharlde 
precipitation .

2) Most of the basic dyes in routine
eg* Aldan Blue* or the tiiiaali.es 4 stain acidic 
3sucini> blue* fhis gives rise to sections of 
inherently low visual contrast and this colour 
tesda to fall into the low sensitivity ran§e of 
the photographic e^ulsiaas aost suitable for

i'hus ways were sought of 
the sensitivity of staining while 

retaining a reasonable specificity*

Assessment of bistochemlcal specificity 
had to rely on the following three criteria:

(a> A «*om$aris4*n between the staining behaviour of
•tha material in sections and that of aaodel systems 
using samples of purified he^arin, ehondroitin 
sulphate « iiyaluroiiic acid and s^^E^t

(i>; A compariaon i^ade between the staining behaviour 
of fractions separated by eleotropboresls of 
sjaterial extracted from papillae and that of 
chemically pure samples; and

(c; Observation of the effects of ©nssyme preparations 
on sections and the extracted material.

experiment al methods uaed are discusuod under the 
separate headings of histology and biochemistry ., althou^u 
there was some overlap in the design or the experisaenta*



FIXATION EXPERIMENTS.

Demonstration of 'Neutral Polysaccharides ' by PAS:

! ! 
Sections Structure
floated 
out on:

Dist.
*

water.

70^ 
EtOH

CPC1

————
Acridine
Orange.

•Vmino- 
acridine.

CTg

CTb

I

: recipitant idded to Formol-

Aminoacridine Acridine Oran
HC1, Q.4% l.Off

Two populations 
evident: One 
glycogen, other 
larger granules

Occasional 
large grans, 
seen

Reticulin 
strongly 
stained.

No improve­ 
ment noticed.

No discernable effect on

Glycogen posi 
Nuclei also 
PAS positive.

Ulycocalyx 
positive, no 
additional 
intercell . 
grans. 
Good staining 
of reticulin.

Nuclei now 
PAS negative.

PAS staining.

Leaves nuclei stained orange & often PAS 
between section and slidjj.

Staining more 'blue' in appearance but

,_ ., i -

Cellosolve

ge CPC1 Pb. Acetate 
0.5$ sat. soln.

tve. Gly. 
swoll­ 
en.

Glyco- 
calyx 
po. no 
grans .

Fair

Colour 
general - 
ly more 
intense.

r

pos. crystals

generally more

Basement 
membrs. 
v. strong. 
Some mast 
cell grans 
positive. 
No grans.

Pair

Great 
improvemt. 
Incr. CTg.

intense.

Abbreviations in Tables 4/1 and 4/2:

CPC1 Cetylpyridiniura chloride.
CTg Collecting tubule granules.
I Interstitium

Table 4/1

EtOH
CTb
CT1

Ethanol
Collecting tubule cell borders
Coll. tubule lumenal material.



FIXATION KXJ'KKIMKN I'3.

Demonstrution of Acid Mucopo lysaccharides by Colloidal Iron Stninii

Sections Structure Precipitant Added to Formol-Cell
f 1 o H t ed ;
out on: Aininoacr idi ne Acridine Orange

, | 11C 1 , 0.4 l.Oiv

1 ' •
Dist. Gen.fixn. Good, but Pair, softer
water. tisane tissues; but

brittle. crystals of
Ao deposi ted .

CT Well presd. Poor presvn.

CT Intense, Ac Present but
fine granular homog.

i appearance en
! face.

CT Pine granular Grans, not
evident but
material

i present bet­
ween cells.

Mast Granules Good for
Cells demonstrated. discrete

granules;
' but makes

Jnterstm. Very dense. nuclei pos.

1 
7'^ . No great Nuclei no
EtOH iraprovemt. longer

[ stain pos.
:

ICI Staining Interstm.
general ly more
mote int- intense.
ense, but
nuclei now
positive. !

Ami no— •
acndin*' Nritlier better nor worse than retyl pyridir
r.Cl

osolve

CPC1
0 . 5?t

Good

Present

As AO

Very
Poor.

Good

Pair

Same

•

A ast
cell
grans.
v .
coarse .

i i urn rhl or

Pb Acetate
sat. soln .

Shrunken,
uneven.

Coarse

Pair

Fair

Good

'Stringy'

Less strong
staining.

] nterra.
much
more
int ens e .

idp.

Table 4/2
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SHRINKAGE OF TISSUE FIXED IN FORMOL-CELLOSOLVE 

CONTAINING O-4J/ AMINOACRIDINE.

lOOu
FIXATION

90

§ 80

7O
O

60
O

CELLOSOLVE
DEHYDRATION

24 48 72
HOURS

WAX INFILTRATION

', ALCOHOLATION OF 

• UNSUPPORTED TISSUE

96 2O

Fiq.4/l



tig. VI*
22$ by volume/ Sfcie cojapares favourably «it& results 

using other recognised flscatlves, eg* saturated a<|ue0ua 
mercuric chloride* 50$i 4& fo^sald^fciyde, >£^ ;>6£ 
ethancl, 45$. ( Baker, X9J8 }* 1*B. Baker's fibres refer 
to tissue embf&led in paraffin wax which itself produces 
more shrinkage than ester

Shrinkage would mtter little w«3?e it usually 
not uneven with consequent distortion of tlie tissue. 
ihea papillae are fixed in u*4^ amiaoacrldiae liydro«lilor 
dissolved ia formol-eellosolve the oollectlas tubules 
were f ourul to uave appearances easily related to those 
of unfixed ceils in the tissue homogenatee ( figs. J5/6 
and 5/7 )• 2bis fiacatlve was therefore adopted for tlie 
present study aM used as outlined In

Jarleton suad I.each ( 193 > ) used di ace tin to 
flatten paraffin wax sections onto slides thereby 
contact between tli, cut surface of the tissue and water. 
This was found to lead to improved preservation and stain­ 
ing of mucin and mast cell granules. Howsver, t&ia protein 
precipitant was found not to ©nh&nae the retention of mucina 
in ester wax sections produced by ths teohnique in
2/1* ^onetnelesa it gave rise to the notion that acid 
jmioop^^ysaccliaride preoipitants M^ht usefully be added 
to t&e warm floating out fluid-* $he results from tiiis 
proceedure axe included in fables 4/1 aiad

considerable improvement observed ?&en a 
oationic detergent ( eg» oetyl pyridinium c&Loride, or 
aainoacridliie fcydroehloride ) was used in a very dilute
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concentrated urine freezes at a lower 
temperature than does the bas^. ( Xiadeed it wan this 
fast which led to t&e disK&oversr of the osmotic gradient 
within the papilla. ) fhus the apex would be soft and 

molten, whil© the base would be hard and. brittle, 
it impossible to obtain the longitudinal sections 

wiiich were required if comparisons at the appropriate 
levels were to be mads. Further , while e^ter wax 
offered the chance of cutting aerial aectioiiB at 3 M-* 
the ctryoatat employed oould only be made to yield 
irregular sections at upwards of double tliis thlo&ne&a* 
Such sectij£ia were useless for the demonstration of iiiter 
cellular boundariea, Golgi regions or interstitial cells. 
It was also found that fixation was oubsequeutiy required 
to prc-vent leaching of acid mucopolyaaccharides from 
freeli frozen sections in the staiiiixig bath* fiasua 
presei*vation was considerably improved if this was
t>efore freesiag the block, but in this case it became
illogical act to proceed with wax embedding.

Dried unfixed tissues have lOAv: been uaed in 
** 'Leeuwenhoek In 1720 describes how he gave 

to the oaptaia of a whaler to procure a piece of 
whale muscle* . * Ee carried such a piece of dried 
muscle about with him, and whenever he wanted a little 
pleasant relaxation, slices cut off with a loiife were 

under the s^lcroseope f * ilia aaethod is still
practised at th© present da^** ( Mana, 1^02 ).



Ic, til* present stuu#, Alt&ans's suggestion . 
of freeslng the tissue before dryisg Y/as foil owed/too^gr 
the now standard proceeaure of quenching sjaaU pieces of 
tissue in iao-pentane cooled fcy liquid nitrogen*

was dehydrated b^r subliaaetioa of water under 
pressure after i&ieh the feloek w®& directly 

itifilt rated ^-dth &st;©r wax.

In such preparations a hollow sphere 
eelis thick was excellently prsssnred* but th0 crust 

was dastaged by handling and the core by tho slow growth 
of ice crystals* £n addition, the smallnesa o^ the 
pieces of tissue made it difficult to^record teliicln leiml 
in' the papilla (the block had
ie ^noiiymous with the blooh«i^ist*s term 
andd it was ^leicly appreciated t&at* whatever the 
of the xaethod is preeerving acid smieo^el^aao&haridea ia 
the block, ITXOC t of the water soluble cjaterial was 
dissolved o\it of the sections with estr^&e rapidity 

the stainin. The method was thus abandoned.

Free^e-substitutioa on the other hand was 
found to give esccelleat pr&eerwfc&m of the collect ing 
tubule %1&Q®%G& in a non polarissed form, % this 
iset&od however the precipitant a used for acid mucopol/r- 
aaeeharidea were insoluble at the lowest • temperatures* 
Tht& aiesjot that th«^r dlffuaed into tho tissue to precip­ 
itate the outward diffusing acid aaicopolysaocharides 
only as the <sgrst«is was warned up , a© more rapid 
penetration and precipitation offered t^ fixation at 
rooa temperature waa considorod to "be



fhe

Fig- V3. tangential Section of Cortical 
Collecting l*ubule. Stained with Colloidal 
Iron; Nuclei counterstained by Mayor's 
Carmaium, Mag. 1,500. In the centre of 
the field the cells have b®«m cut near their 
bases, and the interdigitationa are well 
demonstrated bgr staining the material
between tiio ceils. Basal infoldins are
apparant in the distal convoluted tubule 
at top.
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STAINING OF POLYSACCHARIDE - GELATIN MODELS

HEPARIN

CHONDROITIN SULPHATE 

HYALURONIC AC'D 

GLYCOCEN

HOC GA.STPIC MUC1N 

ATP

ALCIAN B.UE 

pH 3-5 pH I

FERROCYANIDE, AZUR A. 

C. IRON. NO iRON.

PAS. SALIVA-PAS

Fig 4/3.
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Procec-dure Demonstrating Collecting Tubules Interstitiura Other,

•HO diss. Vaximal V. small, grans. Pine fibrils
in demonstration uniformly & basement
methanol: of I'AS pos. distributed. membranes.
Oxidation material in
for 1 hr. sections.
Schiff's ( McManus &
etc.

i

Acetylation,
then PAS
Staining.

i

Mowry,1964 )

Blocks

I. cells
Even borders. negative.

Larger grans, in
Golgi region &
apex of cell.

No granules.
positivity of ( Borders ,v
1:2 glycols.

Acetylation, Unblocks
De-acetylation, 1:2 glycols
then PAS & then
Routine.

Saliva,
( Amyla.se ) ,
PAS.

amino alcohols.

Glycogeno lysis

1

HIO., "then Blocks 4Diraedone, connective
then tissue
Schiff 's. polysacchs.

cuticle faint.

-

Basement
membrs .
still pos.

Granules pos, Basement
borders strong. membrs.

V. small grans.
removed. Large
grans, unaffected.

more
dense.

No change

•

V. small grans.
unaffected.
Large grans, not —
stained. Lumenal
border faint.. i • i- ————————————————— , ________ ______ . ______ ____

1.of H. 
show basal 
infoldings 
near cortex

Conclusions V. small grans. 
are glycogen. 
Larger grans, 
associated with 
Golgi synthesis 
of acid muconoly- 
saccharide.

Fine fibrils 
assoc iated 
with carbo­ 
hydrate. 
Mo 'free 
polysacch— 
aride' PAS 
posit ive.

Tai'le 4/3.



In an attempt to demonstrate sulphate groups 
alone the Mtfcgriation of earboayl groups was carried out
tsr placing sections in 0.1 H hyoroealorle a$&d to methanolHP •<•« **"* * ^^ . . .

at 57°^ f©# ̂  hour©* i%© Moekiiig wa$ then revised
placing the se&ti&ns in 0*1;% ,pota@01ui§ hydroxide in
eth&mol at 2,^°C for 30 saiiiutes. fhea^
based on those found most suitable by !@na&a (
in his investigation into the be&aviour of acid mucopoiy-
saooharlde - casein films* The etepa employ©d in
present study were thus!

a; A section was stained edfc.a Aician Blue, 1'S aqueous,
.j-IWl

for GJB& tour at 2^ 0. xliis ataiaed all the acidic
.muciaoua material idth little at&iaiag of auolear

All tlie stain was washed from the section in several
M/tvervaf acetate buffer at pi! ^*5t ^ wlilcjaj the

acid mo0p0lMaev5&arld© sulphate ai^d esrboxyl
*•* ^^ HI* v ^P

ooizld fee ^s^eeted to be nearly £ully ioaulsed*
cj xhe section wets mttJ^ylated as outlined and 

reetaiae4 as in (a} ^:cept tJae lj# Aloian 
solution was feu£fer©4 t© pM x* Siace it 1© only 

sulphate group that should j?emoin ionised at 
low pH t and most of tiie carbosgri' groups should 

have keen blocked o4j^d.oally s it oouid be expected 
that only sulphate groups would now fee 
fhe dliTfarenea Ca> - (c^ should provide a 
of the earboxyl group contribution to the fe^siphilia 
Of the r«»nal papilla.

It was found that staining was reduced in every 
site la the papilla after methylation. fhe structures



positively stained ait or thia proceedure, and ifeieh 
thus be presumed to contain sulphate groups were the
collecting tubule i&traeellular granules* the eollevtlog 
tubul® outer a&sabraae ( glyco calyx ), and a fibrili&r 

in. the Int erst It lira* $bt sft&LidLng of the 
extracellular matrix of the iatarstitium was 

abolished by aotlkylatlo&t vfciek indicated that tois 
mataria^ «,-aa anionio by vij?tM© of tfee oarbosyl groups 
it contained*

there are two lines of «videno® that 
that such a eoselualon ie em ovei-siispiiflcatioa* 

the control step cf demetli^latiou aiiu. z^estaiislQ^; wa* 
it was observed* ttot tb® leiml of

could n&ver be made to appreiach th^ti initiaXXy
o^8 $&at; some acid uucopC'I^aiiCciiaridt? was 

altogether fisom the seetloa© dairia^ these 
manipulations * Fearse ( I960 > also raised theoretical 
e't$ectioBs to tJae method , He investigated the meta- 
chror^atic stcxiaing; of tissues known to contain hi^i 
co z,c out rat lens of sulphate esters, and fouad that there 
was a reduction iia the metactooaatie gtainln^ in i^idition 
to abolition of the orthochromatic staining following 
meth^latioa* He used this ob&eravtlon to argua that 
sulphate groups were also methylated. ^o-^ever in- the 
present atnidy it was verified that isaterlal containing 
only earboagrl gr°uPS ( eg. pure aarboK^naa&iiylcelluio-se ) 
could be made to stain metachjpoaatloally viitli t&iasine 
dyes. Thus there is an. alterantiv© to the JUsterpretation 
put upon the situation by jPearee ( i960 )» namely that 
aoiae of the contrlbutioa to the wtachromasy oaiae from 
a favourable arraiigemaat of carboa^rl groups vdthln the 

tissue*
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c), ... ...... Alci an .. Blue at . ^BtagollM, J>H*. More reliable
eatimatos of relative sulpha ee and carboxyl group 
content wer@ obtained by varying t&e pH of the d^e bath* 
Ssimais { 1%3 } showed that at pH 1 oo&droltiri sulphate 
bound OB© moleou^® of a basic ci^e ( Asus A ; per di&aceh-

«

unit t&ile hyaluronic acid bou&d liaate. If the 
was r«ia«d to 3*5* thea ohondroitia aulplxst® waa 

to bind two &ol63ul*a of 43r^ p^r disacclidride wfeli® 
JbgraLtirojaic acid now bound on-®* Ssimais argued that

the first case o-u^jr saipiiate grcaps w02?e ioiii^edj
groups in addition were iodised in the second

xi was substantiated 1& the 
studjr by separasixig a sdxture of heparix^* 
tiA gulphftfee aaad h^alurorJLc aeivl b^- elect rophoi^esis 

a cellulose acte^te aemfersne ̂  wnieli was out
down tli@ Bilddl@ after the separation. -oxie half was etaiaed 
ia Alciaa Blue buffered to pH 1 and th© other is. Alciaa 
Klue *t pS 3*5« 'Bie strip from, th^ bath at pH i

d hepas-in to be stroia.glj at mined , d^oiitooitia sulphate
sa t veil la th§ position 0ocnpi®4 b/ h^aluronic 

aeid was not; stained* $hat frois the bath at pH 3*^ had 
all thr^e fractioiui strongly stained.

C ^he faint staining of t^ie 2^raluronie atld at 
1 on the .selatiA/pol^aaeoMrid© iftodel. Fig. 4/3, was 

explained when this sample of l^raliaroxiie acid waa subjected 
to eieatrophoresis. It was found to be oonta&iiiated bj 
a ssiali anount of choridiroitia. eulphato, XMs fact served 
to illustrate iiow dependent tiie interpretation of 
from such uodel systeae ia upon tbo integrity of the 
pure saiaplea. )

59



Alelaa Blue at

fig */*• *•*•
of MOlloc
IB Cortm &ot

all cells stain pos­ 
itively, O ,., .03 
of tutmle uo^artiir®.

r

at
junctn,

Ail oeJUs alike;

oul
of,

and
of Eiost 
lac,- _ . 

Mg, 4/14. )



P*

r ̂  ••
> 

•* 
.»• 

<u.*5
8 

a» 
«H 
H

£V
 

€>

»
»
r

4

*id
o 

^-

8 T

A

•H
 3J•4

4.a•3 3
 

H
 

4>
*f*f 

vi
£) 

S-t 
Q

-4 
P

 
O

« 
p-f 

«rl 
3t

-P

i> 
.^ 

^»,
iH

l 
O

 
L^

A
3 

>
 

O
C3 

^
 

O



&a of aulphato
at pf£ l qppeov la ffiga. 4/4 to 4/7. She collecting 
tubules ®#® re&dilj picked out la the cortax % this 
aethod on account o£ the positive staining of granule*
wifc&iii aosie of febs cells that iia© them. la t&ejteegi 
of the medulla all the dollectiiig tubule 3&110 have an

0ompl«u&ent of positively stained granules* 
are aeefi iai tiie Golgi region { Fig 4/5 )$ along 

the lateral apect of the cells ( Fig 4/6 } asd at 
apioai bor<ler where, in .low powor m 
give taic* itoprostdoa of a cuticle. 2here is tio staioiag 
of the extvaoallulftr auiterl&l in th© sort ex- la the 
meduJUa the JUzcerstitiuia bocoma-O iaoj?e stroi^igr ataiiiad 
aa the papiXlax^ tip is approached. Fig 4/7 ahows well 
tiAe fiteillar mature of tlie material ti©twe©ii Interstitial 
cells- && the pupillary tip is epproachsd the collecting 
tubule c^lls oontaia fewer and f over graaulea aM tlie 
v «ttticle f b^eos^a attenuated ( Fig 4/7 )« ^'he region 
of s&a:d.**al staining for aulpha&ed aold roucopolysaceharidaa 
oorx^espanda to the xreglon of earliest aM i*o8t active 
eulphat© uptake ( ?ig» 4/14 ),

the staining in the papilla of both sulphate 
aad carbosgrl groups l2rjr AXciao, Blue at pH ^*^ is illustrated 

Fig* 4/B, 3&e 0taini33^ of the colleotlog tubule
is not eahan&o4« but an

to the interstitliui is now apparent. 
this contaijas carboaQrl groups alone it is likely to be 
fe^aluronic aoid* IB order to check &hia point; a section 

intensely stained by th© Mowr^r Colloidal Iron method



of th© Xateretitiuoi.

fig. 4/8 Mag. 1,000 
/dcian Blue at pH 
0Aoe region as in 
4/7- Horfce amorphous* 
material

jroupo in

component

A fig * 1,000

positive
ar region to figs* 

V? a 4/3 
acid not



i. Of the Izxtorstltium.

fig.
Mowry colloidal Iron
I, ,d to

V? to

Fig* 4/11 Mas* 700. 
Adjacent a@cttoa uo 
that in &.$. V10 
treated vdth' 
l>ei'ore Mowsy colloidal 
Iron Staining. ityal 
uroniw acid digest ©d»

coarse because of 
the fcrriferroo
precipitate. > .
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CHARACTERIZATION of GROUPS in TISSUE SECTIONS OP RENAL PAPILLA.

Stain

Alcian 
Blue at 
pH 3.5.

Alcian 
Blue at 
pH 1.

Radio- 
sulphate 
at 1 hr.

Azur A 
in 7(tf 
EtOH

Methyl- 
ation & 
then 
Alcian
Blue at
pH 3.5.

Deroethyl- 
ation & 
Alcian 
Blue at 
pH 3.5.

liyalase 
DigeBtioi 
Colloidal 
Iron
Stain.

Inter­ 
pretat­ 
ion.

u_

Coll. T. Cells.

jUicenal cuticle. 
Golgi region grans. 
Intercell. grans, 
lost active in 
outer medulla.

As at pH 3.5: 
¥ot visibly 
less dense.

In Golgi regn. 
& at lumenal 
surface.

keta. grans. 
Cuticle & 
borders not 
visible.

No granules 
stained, but 
thin positive 
cell boundaries.

Boundaries ft 
lumenal 
cuticle strong. 
Mo granules 
positive.

Grans, intra- 
i cell & lumenal 
cuticle positive 
No intercell.
grans .

Carbohydrate 
with sulphate 
grps. made by 
cells.

Intersti tium.

Dense homog. 
staining.

Pine fibrillar 
component 
stained.

-

!.<etacbromatic 
near papillary 
tip. Ortho- 
chromatic for 
main part of 
medulla.

Much reeuced: 
Like Alcian 
Blue at pH 1.

Fibril lar 
component plus 
faint homog. 
material.

Fibrillar 
component 
only 
stained.

Hyaluronic 
acid plus
fibrils with 
sulphate tfrps.

Interstitial Cells.

Sharply outl ined 
but no intracell. 
staining.

-

-

Cells at tip 
have v. fine 
metachromatic 
granules by 
this method.

-

-

-

L. of H.

Thin lumenal 
lining at 
tip of 
papilla.

Thin lumenal 
lining at 
tip pos.

-

Some meta­ 
chromatic 
grans, in 
cytoplasm.

-

•

-

Table 4/4.
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exclusively to the ccllee'siiv? tubule cells, especially 
thoQe in the coart£e0~&«dul.uiu-3 region ( Fig. 4/14- )» 
The iabe-1 first appears oyar the cytoplasm of the cells 
and then becomes ooiiye&Jitrat^d at the

4/15 to V-S^ )•

hiat^eheialeal staiai^ of tha 
ideatleal with that at the cell apex s a&d* from 

position of the Qoig^l ^»gioa in the electron 
( Fig* Vi2 «3&i 5/1^ )» it 1« probable tlxat the material 
in tlie lateral intercellular apaoo 'feecomes slzailarty 
labelled* ?k>w«v4W?t the reaoluision of 'the stripy >ing

tedtmigpe ( 4&P*&&fjc 4/S } is sucli that 
tliis region could l>a repi^eaaiited b^ dovelop

within -2 to 4 /& of the source, azvl ^ius tli© 
c-ellular regiona wotild .not saiioi? up as aucli in the auto* 
paAiotsra^h*. fha evld^zuse fo^* attributiixg Uie radio­ 
activity to flQr&thaaleed acid jmieoj>0Iysae<?hari<le and 
not to, .for example, exci-^tion of the im-incorix> lotted 
ion i^ brought forward in th® 'biocb^iioal section.

B.

,-*u oXeetro 
horetie

the acid Eiucopulysacobaridea eKtraeted -from the papilla 
was used to ^substantiate the hlfffcochamical fiadlnea f and
to detiaruiine the r« native j^ro^ortioiis or the 
group o .



published report a watch appeared 
the «~iy stages of t&ia investigation (. castor, 
Greene aad Prince, 1965s Bloker sad X^ranklin, 
it appeared that the two £tajor eompes&rits of the acid 
Bcaoopol^rdaoeharidta within the s&edulla were ohondroitin 
sulphate sad h$pal"ur0i3dc acid, l&eae two compounds 
had been sliown to be rapidly aiid a!ia^pi,T separated 
low voltage $leoti?opfeor0sis o» cellulose acetate ja 
( .is^iaalegr, 1%3 )» ^int0 th0 j^tiiod of kasley

adopted with few momflcatloiis ( Appesolx 4/5 >.

Aqueoua fixation of tissue for- hi0tolog$r was 
found to be acoompai*i«Kl "b^ tbe .fox*metioii of a viscous 
gel at the bottesrof tfce container, with little aoid 
stucopolyaec chart de "beiag pres3«s*ved in situ^ *i*hls 
indicated, that an e^ueou.0 «Ktr«u>tlon would prc^bablj

most of the papilla^ acid
list £cu* Itvof; ^ wU'cCv/ith |tfeo aPiiiluHia ofl aeusage t-t&afc) would aoeomp^i^r alkali

or proteolytie esdjjr^otioru -I'liia simple extxvtction 
had the- ad^-^atage that wall volumes could be used and 
tfcet few steps b«id to be taken to prepare the final 
sample foi eleotjpop&oresis* XG ^10 w»y it waa possible 
co c-tmpare the bio^h^mioal l^ehOTiouz* of tine material 
extracted fro& the papilla of oae kidney with the hieto- 
cheaaical fiadin^s in the pallia of the other kidney 
froza the

Distilled wster nAth a quarter of its volume 
of n-butan^ eKldect, as su^^eated 'fcy Morton ( l^f>u j for

ae extract ion aiid by &addy ( V$£fr ) for th© isolation 
of the erythrocyta slyco calyx, was found, to be most satis- 
factory as tha sedium ia idiioh hoaDgejaizatiun was performed 
C Appendix 4/4 ),



liaaagenizatlon was aehie-tfeol ly the use of a teflon
rotating in & tube eowl$a ,,y an lea-salt

the lower aqueous layer o&t*lxied by centriffc^ation 
of the fcrei was drawn off end freeso-dried /ae addition 
at salts* eg* calcium* was found neitiier to iocr&ase 
nor t# «lt«r tli© rg&*tiv« proportions ot uhe acid 
mucopQi^eaooliaridats in tiie yieltls ^id© was possibly 
aue tQ the 2ilgh coaoeat:t^cian of safiaa* cpcistiAg initially 
within tii© papilla. Ho»0ver» a® a cheek on the results 
obtained by tUs sis^pl^ aqpi««ms «ietrftction4 prot-eol^tio 
extractions w«r« performed on papillae' from four 
fhe combined eai^)l« tod a w*t weight of afeoijt !$> 

was used dissolved in (a) & phosphate 
) and (^>; in an buffer^H

Eartiala, and -fcrhai 1965>t as in Appendix 4/>» Tte 
i^anioy ia@tho<l was used without modification* -Si© 
of iiakkiiieB ei; al requirac. a ahort dialysis ©top to 
inserted after the tmssymatic dig@?3tioa since the catyl 
pyridi&ium ehiorid« was found not to precipitate :fuiiy 
i»h*3 acia mcopoiysacoh«£ld*8 froa tae salt latien buffer 
Botii aetlsad®- yielded <p.alitativ^ly si&llea* 

acid laueopoiyaaocnaridas isolated uj
wee© separated by electrophorseia aiid fouuid to 

Maid Alclan riluo at pH 3*5 in the ratio of 4 
sulphate to 1 ioraluronie acid; ^iii© the xatio fx«o» the 
iiakklnen esaeferection was more nearly 3 to 1* l*Jne latter 
ratio tend&a UQ unity with p]?olon^id aialysis wliich

cliO2ids*oItla sulphat® was loot thx*ough 
ne/ab^ane. I:? the asatuaption is ^ado that 

sulphate ulnda twice th© xouabor ox' aye molecules 
dioacchai'ide unit as does hyalim>iao ac^.4 (



>% tben tha ratio ol o&on&roitii; sulphate to
c acid waue between i..-*i a:id 2:1 in the 

extracts obtained tyy

is i«>t i.* good agree seat wit^
of Die&er* and FraiJO.in ( l'£66 ) mio cerriea ouc 
trypsin digsatioii of tha r$it&i aiechilla. 
equal a^cunt© of eb.ondjf0iti32. sulphate &J&1 
acid iu that ^JLv> t&g* af a<iid sucopol^a^acliarides yielded 

of BOB. euiphated* |>a?@siyMibl7 Ii/&iu
16u m^ of a siiiphated fraction

of tite otber 200 rsg of acid uuecpoltr&aecharid© it> sot 
node clear,

In fcho abD^nce of a full chemical
of tibe klcin^ it w^ulti be wrong to aSfcirom^ that 
acid uic^ol^sacolsitcide which had eatfbox^-. ^ 
need lx-o^ facto be h/^Xiiroiiic acid, or th&t on 
giLLplHiitfi gixji^p^ ae4?d b^ cho^Sroitin suipliaUe* 
the mte:dLfi! <^afeil3a^d by Bicker ss^d Praclclin { 1966 ) 
had !>«*@si obtdlaeil bj protoolycds and it was trustified 
to us© reaaoaably well defined tsrsns fr 0u«h aa have been 
ua^d f0r well oltaraetea*lsed sul^wauaoes Ija cartilage t ualeas 
t»he iiiOle^nAlcs i*i the kidney eztx^et had beea sliown to 
oo^&ifiole molecular weight a and pls^-slcal prQp^Fties. 
Svidenee of ciw^' ^oeslblo corale&t liafc with protein 
of oour3e t destroyed b,y their xt^liod of isolation.

tg rroffl J'Xlectrophprefigt .!t An
ii of tin* natexlal which is extracted by h 

or of guinoa pi^ papillae la the Ut&iiiol/ water

(65)



Separation by ^lectropliorosis

-f-

19

Fig. 4/21. Separation of the 
acid mucopolysaccharides from 
guinea pig papilla: Top, 
densitojueter tracing \ Arrow, 
direction of migration; Cleared 
atrip; oiid, bottom, the relative 
percent agos of dye boiiBd by 
peak.



C ^pi>fW3*lix 4 A ) is illustrated In Fig. V2l* In
auuikiuii \*Q ItfUids Luvli^ tb& Liooility ci
sulphate and hya-iuronlc acid» two further fractions
were stained b^ Aleiaa Blue at pH 2»f>. A quantitatively
a&ail component of thifi additional material

than ehondroi tin sulphate, while 
slowly thaxt cyaiu.t'oriic acid ( xabl©

Blue at i»-^ 3*p aots ee a. cation,
UA acAdi("KM tolinkages wit^ polyazilons |<mca a^ to® aeid

( i
) 196^ >. It is tsltua Import aat to be certain 

tliat tto material ataiiUjd in tlie electrohorotic
is acid ^ae0pQiys&cc&&-rid# aacl jo^t &oi4ia proteJUx* lipo 
protein or nucleio Acid. -rhat the fastesU baad

la evident ib tixe Imolc of st^

other iiand) la pasitivel/ atslned ^ Big....-o®xnc and t;hus 
A4»te.£i<gLl wi^Mii It pro'o&bl^ -c»>iit**.ijOis

px*oi@l^* Soae of tiie band^ waa 
lioid or XIpop^o sal/a ii« aa'iui*e aime^ ^cst matj 
of this class uould pro't^ably have &>een i,u tlie butajciol 

mliioii was

The ^xeiusi^ut wf nuaieic a-^id in 
band ie 1^^^ cai*taiii. fi?li« pxdUAi?^ ^^w^^u^w^ ,^uupa of

a pK of about; 2, ajai thus partiall
auelaic a^sici oould ba eacpscted 

to enter tin* ^x>r©a 03? uhe £**<UulO83 aoetat;^ ue»abi?aiie $ 
to ^ove Ourliig the e*«iGtropiior^4iio deparati^a, axtd to 

b uiii-,,ii ^luh a
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Dens itoiae try.

I I T

Fig. 4/23« 'Ghroiaosoan' tracings of Strips, 
Topi stained at pli ;?•!> C Qarboxyl * Sulphate ;; 
Centre: Stained at pH 1.0 ( Sulphate j ; and 
Bottom: £he difference between the upper two

traces ( distribution of carixxxyl groups;



However, & saapi* of *y®ast nuclei -o aei&'
t B»£* . , cutjectsd to tfc.«? eiectropliore-'cic and 
$roc*edurd*'*ft8 «&0im to have a mobility less than that
of «E^ $£ 1^ baiids in tna 

yapi.LLa i'oi- itlta, ( 'b/ the
/ J^rrottiu -uclmlcpo } a.,ow@d very litti© to be

^ .tjiKi. tills a^re^d ssltl* tha pau^it/ of

of :'.\ in Uie ^uixiea pig jgjtgipillA waa p-rol^biy la - 
aaA^ootiiis 1?ubul« cell mi^l^ol®* Siiic^ iioa© of 
bands iii wJUd ej»ectrropc.oret;ie eop^z^'cloji s'fcalned ^ 

t?h$ Feuigoa sedajcd^ue ^)IL\ waa isot pr«rs<i&1; ia
aqueous ax&r^ot. 'JBh-s 3Ki«la 

Castro* ^ada contaiai^g fra^^^r^a o^ 
lay ia tli@ ii*eorj>aratioii ot"

^ ( ^ig* 4/^ )» Sulphur la 
not fouBd ia ei&Uor a

alowaai a *
Uo "be; th& 02U7 oraa

•

to ccataia ^«ruarlal wiuii 
C 1®* ^CHCOU) - QK(ai>- ). In 

to ia%"&stigat0 the &&t,ur@ of the iuoloalc 
fraction, strips were* cut Xo&gl£udizxaU;f 
sei.?ar^tion% on© li&ii* ^uXiig stalled ia Aid&ii Ivlue at 
pE i to slsow snilplxatc srau|»8 as:id tiae oti*,;** i,. Aleiim 
Blue at pil p*^ ty oho ?v botia

'fhe two stride woro tben scani'^ed in 
to $Lv® the U£»p>oi* two
i^-& ct tne tr^ciiA^ from tint strip at&iji^d at 

^.., I t^osi tsiiat a^ pE 3o -b^vo tia*i distri-buticn of 
e&tfeoagrl groups, which is shown ly the bottom



SEPARATION OF BUTANOL-WATER EXTRACT

5 Cms.

X-RAY FILM

CELLULOSE ACETATE
h c

a
ORIGIN h C h€P ANODE

I mC Rodiotulphote given I hour btfort death.

Electrophoretit: 2OO v forSOmin* at pH 5*6. StainlAJcian Blue.

Markers'. h,Hyaluronic acid ; c,Chondroitin tulphuric acid; hep.Heparin.

Fig. 4/24



By t;iis means It was shows that the oloweat iaovins band,
H&&O& wo aoiaa 63tfc3u<* overlaps si*** ^aluroidc acid 
contained oruy auiphabe

It imn stated that the iiiotoc&emtosl results 
showed that radioactive sulphate incorporation at the 
end of an Uuur ai'ter infection is confined to the material 

tii® collect ixig tul>uX0 ceils t ( jflge* 4/±4 a^d 4/13 j
gr that fraction la t&e erfcr-act that; contain® 

the lal>01 after ti-ls interval earn be associated with 
the coliccclng tubule

result froo a sataj2jol-^a«or e^ract; af 
oae iiour after i^eotiiis & gui-ata ^ig with 

Is dispict^d in ifUg. Vfift* while £is* 4/85 
tlic result fiX^i a pap&iii oigest. ^ae b

stowed ^ul^tett imaaxipOi*atlon into tha protein- 
® ( ^Low0st j bandt but laot into ai^ of the

lu tli0 material extracted to 
ijibeJ. appeared la e fraotl:>n witn a 
i; «w ^liat oi* fcyai'ojfonic acid &M also i&L the two 

x aster &0JO&U i ?ig* 4/£p ,;* ife-^0^ r^0u
in the Uglrb of £i$ 4/^ ehere 
four fractions of acid isiucopoiya4

lit the papilla* £ae sxowest siovija^ band contains a 
acid ^-oopcx^rsao-cxiaridQ which is

l>onud. to protein. i*he next; .fast; or
two I'aat^sfc ban^jg w&?« poorly ch&^&cf «rlseds

at pH 5.5 &md not 30
pE I* bu'& ijico rp orate _ sulpha ce» aeixce
l>s>fch eulx^hatQ aaa a^rbox^l ^rou^s. If tee protein in
slowest; fetad is digested cyr papain then tiu^wc x-fuctiioiis are



SEPARATION OF PAPAIN DIGEST OF PAPILLA

5 C ms

X RAY FILM

CELLULOSE ACETATE
h

I
.-A-

ORIGIN ANODE

I mC Radiosulphate given I hour before death.

Electrophones: 2OOv for 8O mink at pH 5-6. Stain: Alcian Blue pH 3-5.

Marker*) h, Hyaluronic acid ; c,Chondroitin sulphuric acid.

Fig. 4/25



largest ^^ultatwly ias $ m 
to that; of hyiiJLurouic acia &&d the other two 

fall into- the faster two b&nda seen la both t^pea of 
extraction* 3G&i* suggestions a® to tin? cozsBtitu&ic 
of the liaterial In the aloweat baad a^e advanced in 
Fig. 4/26.

It is of Interact to note that there in
stupftat* I'rafc fro& protein in t^e papilla 

and that this &&*& isot iiioorporatc: A^ciioactiv^ suiphata
tmtll ?/ell oft&? oiMs liour following ii^jaotion4 10. 
was no activity over tlw» ohoiuLpaltJln euiphate band

4/2^ » It appears fehat AOJW n^? oJiondroitin sulphate 
beea ayntheclsact during tills i>ex*lod, but that it is 

tixmy bound to pratcJja ( i«» -In tte 01owe-»t btmd in 
Mgt V24 ) fz>oa ami eh It a«y be- r»l,ea8«dE 1^- pr^T 
t?o give actiivlty owr the fasten bands la 2?i(?» 4/t?^»

ration thus of
suiphate in t&a Imtiuiol-wa'Cdr ^iitraali^ of pap 
th« eadatonca of aa e&»/®& IK ¥:liro w 
cboisdroitic. sulpha L« .from the protein ni'i*2 PA

ot -feue graxiule produced b/ the o»JLi<»otln^ tubule
* i&e ti&o la^ betvei^n ar?iitb«sis and 4e gradation
* of the order ocf i»v x^fesi &a hour ) sv-.^reste that 

he accao® of the eoaysie to the substrate is

use
Of coraaerciajl ens^se pretax-atiojua o^i the extracted material. 

* iinrestigated. Extracts from the papiliee of 16
were subjected to

69-



CHARACTERIZATION of FRACTIONS from BUTANOL - WATER EXTRACTS of PAPILLA

1
Bands in the Electrophoretic Separation

Slow migration High mobility

Front relative 
to Hyaluronic 
acid.

% Alcian Blue 
bound at 
pH 3.5.

Binding of 
Alcian Blue at 
pH 1.

Incorporation 
of Radiosulphate 
at 1 hour.

Azur A

PAS

Nigrosine.

Dialysis before 
Separation.

1 Hyaluronidase 
( testicular ) 
Digestion.

Papain 
Digestion.

Interpretation.

0.63

25

Pos.

Pos.

Ortho-

Pos.

Pos.

Retained

Undigested

Digested

Trotein 
with carbo­ 
hydrate & 
sulphate.

1

33

-

-

Ortho-

-

-

Retained

Digested

Undigested

Hyaluronic 
Acid.

1.4

22

i

faint

-

weak meta-

-

-

Lost

-

-

1.54

19

faint

-

meta-

-

-

Lost

-

-

Acid polysaccharide 
chains of low molec. 
weight.

Table 4/5.

I



di&lyeis against distilled wet^r; ("b; digestion with 
d&as; and (cj repair, dilation. f£he
s In (b; and C^j were perfor^d T^ 

of en&yr^ and extract witfcia a dialysis *s.-.i
in the atK.^Gpilate ljul'fer. -^fcs e3£te3?:jia«
v;,.i;-. . _ .-d several tinas to jpeaove the do-^^ad^d isateriel

rcriaininit within the disl^eio i^eks -ore 
e-di'yius aaad th«3a subjected to ei 

results are Iven iii Table 4/5-

material la the two fastest 'be.nda p 
the dialysis aeateasaiie* «uad thus probably la

lrts less than B^,uuo. It waa time
possible try this method to see if lyraluroxiidflLse fiuether 
dagradeti. uj,2ls s^teriel. The fayalurojoic f*ci^ fraction 
was fo^^xd to be digested b^ bsrixlurorddas^ ni 
gg&all -enough to ^asa ttoougjh. the pores of the- dialysis 
fte£&£>aB&« while the slowest jaoving fraction vr-ae p 
digested fc^ this eas^tae* Fapala dilation of the 
in t/-iis dlQ-vva-at fraction resulted IJLI the total lose of the 
asid x>ol^sacchGa,*ide eoopoziejit throti^h the dialysis 
awsabraaae* »-utpain dioestion did aot alTe^t the 
acid which was retained wLthin the cLlaXy^Ls sack* 
rvsults support the oon^ontion ^hat t!^e elcm 
baM contains material with a paei5t;cin - r.iew.trai i>

backbone to which partially o.ete?ifi«<i gtulphated
a are attached ( ?ig;. V26 )* ?~ -?all @u.oh 

a molecule r cho2id.ro It in suxpiiato * «oiud ^ a



POSSIBLE INTERPRETATION OF THE STAINING REACTIONS OF
THE SLOWEST BAND

b)

0

SYMBOL

o —— o

O
o

STAINED BY
Alcian Blue at pHl 
Alcian Blue at pHl 
Alcian Blue at pHl + PAS 
PAS alone 
Niqrosine

NATURE

_OSO~
Fully Esterified Chondroitin Sulphate 
Partially Esterified Chondroitin Sulphate 
Neutral Polysaccharide" 
Protein

Fiq.4/26



Limitations of the Method. ?he results described 
were obtained £ro» material which was rendered soluble 
after hos*o^enl*atlon of papillae la a butanol / water 
mixture. It could be argued that by this method a 
protein fraction Kdght be missed if it were nut first 
made water soluble t> proteolyals. However, the close 
correspondence between the appearance of the aucoradio- 
graphic label in the butanol / water extracts and £a the 
auto-radio graphs of tissue sections suggests that the 
only component shown to be associated with protein was 
extracted*

fhe aim of the proceedure was to be able to
correlate aoy changes In the extracted material with the 
appearances in the tissue sections which accompanied 
an aleterd level of h/dratlon in the antaalt and it was 
thus important to be certain that the method itself 
produced minimal alteration In the material studied* 
For example,

(a) Xhe method of homoganizatlan would be expected to 
rupture lyoosomes, since thla was the method ehosen 
b^ Morton ( 19!?0 } for his biochemical stud^ of 
l^rdroiases. In the present case a relatively large 
volume of Ice cold water was used to minlmlss@ the 
chances of an en^&s encountering a suitable substrate* 
To test the effect of l^rdrolysl© on the electx'ophoretic 
pattern In one Instance, half the initial material 
was subjected to the action of teeticular h^aiuronid&se 
wtdcli was added just prior to hoia£>geai2atlonf aid the 
remaining material processed In the normal way. 
Mo <palitatlve or quantitative differences couid be 
detected between the ©lectrophoretlc pattern produced

by each.
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it would appear that depoljmerieed molecules 
of acid smo0polj*aecharlde have the sa&e effective 
ratio of charge to size as the parent compound, so 
that the effects of depoiymerisatlon are not evi 
in .toe electrophoretle separation provided there is 

actual loss of material.

Another possible sourae of error could arise 
from the prolonged storage of concentrated solutions 
of the iyophilised eictracts. It is possibly in 
theory that glyeosidases present could synthesize 
heterogeneous eaains of polys&ccharide* It was 
found t however* that extracts uncontaiainated fcy 
bacteria could be stored for at least a &;oath at 
0°C« and then subjected to electrophone sis without

quantitative change in the pattern 
general, the separations accoispunyiiig pi vsio logical 

exporiirienfcs were performed within half an hour of 
preparing the final solution.

Sii&ilarljr f the Hutenberg, Oohen oixl
) method for aryl a|dphatase had been shown 

to give a weakly positive reaction in the collecting 
tubuis cells ( Fig* 3/^f ) f and it waa thua neccesaary 
to teat for the activity of tni© eiia^me in the e-xtraots 
In order to do this 22f? pCt Of radioactive sulphate was 
added to the v^ater used for hoaogeniaation. 
extract from papilla was made in the usual 
using th© solution containing labelled sulphate^ 
except ti^at the time between homo goal JB at ion and 
centrlfugation was deliberately prolonged to on© hour.
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The material w^s subjected to olecL.. . is and
diOiSruyhn Drepar^d. by iayiag ;.. 3trl:)n o_
film after drying ^LU* uefOi\; ^w^iiu..
i*^ she strip witi. ..-lei an Blue the usual four

bands sp;-ea~ocL: bi:t the label was not f cartel in any

the autoradio^. . over the an-odai c.uid of the strip 
which did not stain with i%lciai* r.-iue. ..-.G was con- 
ciuat?-d 'chat tliis represented uQjLuu^ 
ions which diffuse from the atrip 
i*s a coroliai'y co this t . aii^ str»inin-T sn the expari- 
mental otirips ^uust. have reprosc-Utaiu. .wx^uui^^ suTfj.^- 
ientl,/ iai?0e iiot vo difluse from the cellulose ace oat e 

be="ore they were •"-r^-i-itoted bv the

oumiuarj

llil* "w i'i*^^ u 1 'J X* ^,X V W j- - -U. « U W <^ x*vi_..o, '« U J.

and bioclierilcal approaches is displayea iii a composite
dia -ran ( Pi^-% "727 >. c acid auc

framework presented in the iaofc

tubule calls contain gijco^aii ^aioilcs which
*' *%. rl ^"'V ' Vf% "* ; T .•\t?r~» '•*'*£ .'»>". *^ - r-.rt-r. w U- ^J" — -- Voi^.^ ——^ JL •-*••'— « ^.i^. . ...j-j-i*^. ..--J ^- .

X*0 TlOU. DUwWC. .iCll.j io osjfs^ii xi* "w^iL -• X
-™^

to be . _.uivo t but both v .seoi a to



i'he staining of these regions is also more readily 
"blocked by dlmedone than id the staining of 
wiii cii indicates that they have a different basic 
structure ( iearse, i960 }»

fhere are also tfAS positive granules within 
the cytoplasm of these cells* which are larger than the 
glycogoa granules and which cannot be digested % ai.ylase. 
I'heir perixiuclear distribution corresponds with the 
region as demonstrated b^ the classical silver 
methods and the electron microscope* The granules which 
stain positively for sulphate groups occupy the same 
region arid are the same si so in the light microscope* 
Since this is the region in the cell inhere radioactivity 
is first evident after the injection of S^Q^* f it is 
concluded that the larger clasa of PAS positive grain la 
probably represent 5 'aeutral' polysacoharide uistdergoing 
eaterificatioa by

from the coincidence of radioactivity in theme
and the appearance of radlaactivity over the 

aloweat; aovtog band in the eiectrophoretic separation 
it was concluded that the laaterial in t^iie band originated 
from the ^&nul@s. ilius it was shown that these granules 
had an acid nucopoly sacchar ido coiapoiient , the anionic
group of whi«jh was r^rijacipally aulpliateia nefctra! rjoly-

tU|- *tCij
saccharide part); and/, were associated with protein by a

that was stronger than ionic and capable of with­ 
standing electrophoreais The protein could be digested 

papain, a*id the acid polysaceharide was partially 
by Ijyaluronidase ( testicular j.



sized * granules *» will oh p< 
identical staining reactions, were seen in the light 
microscope to be concentrated at the apical ends of 
the cells and to lie between the collecting tubule cells. 
It is surested that these 'granules' in fact represent

1?he arrangement of the Gol gi region between the cell 
nucleus and the lateral Intercellular space was taken to 
indicate that material is actively secreted into this 
space. the presence of tiglit junctions at the
ends of these intercellular spaces was taken to ia@aa that 
m$& secretion moving into this space mist leave it by 
the basal opening and must pass into the Interstitlum.

lumens! borders of the collecting tubule 
cells were atrikingly specialised in their extensive 
* cuticle 1 of auiphated isueopolysaccharlde and PAS positive 
material. i'he distribution of this material corresponds 
closely to that of the fuzss seen la electron micrographs 
and to the regions which blnft oolloidal iron*

Int0r0titiuia.> *£he interstitirt spas* WAS found 
to be iauch more extensive In the papilla than la other 
parts of the Sidney.

Bie space is traversed by retleulin fibrils 
which can be impregnated bj sliver and «&ich are PAS 
positive. Still smaller fibrils are seen i&leh stain 
positively for sulphate groups J These do iiOt appear to 
be desfconstrablo by silver methods, but it is possible 
that the silver precipitates make ^he fine fibrils



appear more coarse than the# do in thw Alciaii Blue 
staining. Alternatively the finest fibrils &agr be 
or retieuiin which has bad sulphated mucopolysaecharide 
precipitated around them either in vivo or during the 
hlstologteal processing* However, the sections may be 
repeatedly washed and the fibrillar component continues 
to stain with constant vigour fo*v sulphate groups* 
which indicates that lit vie can be * washed off 1 after 
fixation. It is therefore possible that a sulphated 
iaucopoiyeaccharide is a structural compomnt of the 
fibrils in ths renal papilla.

j^aluronic acid was found to fill the spaces 
within the mesh of fibrils. It could readily be washed
from sections and was labile to testicuiar h^aluronidase 

amorphous appeareuaco of this component; ii^ sections 
ested that it probably existed in vivo aa a gel.

If it had e iated as a @ol an iri^egular precipitation
of It0 oo^onenta would have been espocted to oocurr
during fixation*

.Qe3llaA fhe finest processes of the
interstitial cell a could not be distinguished by the light 
microscope from the flbrlJUar components of th© interstitium 
rt& with which they were closely associated. with the 
electron &ieroaeope onlj a asiall part of oaae cell or its 
processes could bo soen la a partieulax* fiold.

It was found histochemicaliy that the cells
nearest «o the paplllarj tip, «&ere the catioix concentration 
is highest in vivo, cont®ined metachroiaatlc g^anulea. Theee
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granules were smaller than those fouud nit Jain the mast 
cells of the renal capsule* The fineness of the inter 
stitial ceil cytoplasfiiie processes aiade it impossible 
to stu&y the ttiraover of aeid mucopolysacehsride within 
these cells by light microscopic autoraciio graphs f and 
it was thus not possible to conclude wncthor these 
manufactured or destroyed the extracellular matrix.

ghe Tasft... ^ecta gad jgo^oj? . jleale^ fhe bsaemcaat 
aiid $a&&th&liuia of the vasa recta and loop of 

are too xine to per&it Mstochemical oboervatiQii 
of these structures at the papillary tip. From the 
anatomical point of view it was noted tliat the vasa 
recta did not always form simple hairpin loops in the 
guinea pig papilla. One section would usually furnish 
uniquivocai evidence of a plexus of Mood vessels at 
t&© papilia*^ tip ( .eg. Fig» fr/9 j* throughout the 
rest of the papilla the vessels rum in parallel tlirough 
the incerstitxuu. as described b/ l'ruetaf Bm*cls^r f Daniel, 
freaklin and pochard (

relatively small Uolgi i^gioas sepa in the 
cells of the vasa reet& or the loop of Heale 4dS she 
electron microscope surest thct these cells probablyOnfy
play (a small part in the synthesis of carboi^ydrates in
the papilla of the guinea pig*

As the cortex is appro ached the ceils 
the thick liiaos of the loop of Heal^ can be seen to have 
a FAS positive giyco««lyx which shows up their basal

57



infoldln@s w&ll in th$ light nioro scope. -1'hey hav® 
a tliin Imnenal rim of acid muoopoljsaeaharide which 
binds colloidal iron and a few metachroiaatic intra- 

c granulea. How^^wert a tliick portion of
ascending IJUib of Heiue's loop was soon Infrequen 

the papillae investigated in this stud^* and 
not possible to eetizsate the contribution it makes

if an^t to the formation of th© pspilla;^ acid



Jaan^es Induced in ~du.it Guinea ^

.,ky ( l>l/3 , stated tnat ••.vhon a rat
was dehydrated or lven ")itultrin the collecting tubuie

nuclei project inco the tubule luiaeii. Le
that, this loss of cytoplasm appeared to t>e ideatical
witii uii. ^crlne secret ixiii uT tht- cwj.*^^iii. • ••-'
epithelium due to aiitidiur^tic L^r^Lone; At tiie
tiae the 'h^aiuponic acid' \. sic , intercellular
layers

!: ;O evidence to substantiate the ;-:

of sections stained with toluidino blue. Unfortunately
in viexv cf the observation made in th-: _„ ,;...,. ^aer of

• t that tlie ool~eetin^ tubules aave cello ,viiic:.t 
are coliudiior at the tip of th^ papilla but cuboidal in.

levels which were not c.. ble. ..Jiile a c.
that the intercellular ncr.Ant. --as everywhere red' ced
followi;.- ii^ection ^ux^ ue valid, ' evidence
that iipj-crine secretion does ,. . ... . . ... . „
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inconclusive.

Further* when see icing evidence of apocrln* 
secretion* caro should have beeu taken to chose anliuals 
in which the kidneys were initially as similar as possible; 
Oixtetzina^y does not state whether this was considered* 
In the present study littermate guinea pigs of a siiailar 
weight w«s?e selected for those oKpertoenta where actual 
measurement of the papillary comjwneuts was made: This 
study was confined to male animals* fhua difference® 
arising frori the effects of age« s&x* mutritioa, aiariroii"* 
ment and disease were Kd£d.4,aed. Four criteria had to 
be established before it was possible to evaluate the 
results of ainetain^or (

1} fhere had to de a demonstrable reduction in 
collecting tubule cell heigfrt follovjUig ADE 
Tiiis had to take into account the natural variafci^n 
cell height withim the papilla s^ different levels*

2) £ugr auch reduction auist be tee to the direct 
action of ABE, and must not simply be an expression 
of» for esau^le, the increased papillary osmotic pressure 
found in antldiuresis* 1m other word® the possibility 
that collecting tubule cells iaight act as simple 
osmometers in the way that red blood celis do 
( Figs, 5/1 and £/2 ) had to be excluded.

3) lyaluronidaae introduced into th© collecting 
tubule lumen should produce siuiilar depolyiaeri«atlon 
of the intercellular ewent If ADH acts by releasing 
this enayme*

4) In the absence for a histoohesfdcal i;ethod for 
the demonstration of hyaluronidase activity , its
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activity in vivo oust bo correlated with 
reduced SB'.- 3., or alte^red partition, of its substrates 
In the tls«tt««.

;:heso aapeota have l>eon axa&l&ed in tha following 
section of this thesis. £i*e standardised procedures were 
adopted for the reasons outlined in t&e velevwfe section*

lpfeer .^jffJjBff,*. 'Hie standard water load for 
at* adult juiaett pig was daoaen to ee 20 ml of distilled 

cr, wMefe corr©0, ^nde to about 4 ml/1- - o^-^5 of
(19110 10 equivalent to about four pint a 

a hwaec. subject.; It eos^area with 4&a/1^0
to rests to? Sala-^il-Abedla ( 196f }; 2 to 8 nl/100 
given to rats t^f RoNwrn ( 1%5 )| and 2^1/100 
to rabbits by &amt®& ( l>-6? > t all of whom were

ejects in the kidney of

t

waa obaerved w&®& tfetj load 
In a single dose* lima a fiK>ft polytli0a« 

ube was passed through a device holdla^ open
the ... ..a, of th© aBlmal* Moats or a iw ml do so administered 

this route was i^tained, A furth&r iu ml w&a thea
Both doses were heated to

before administration. £2»a anleial
was felJUed one hour later . bj which time a copious diuresis 
had always

Si



in
allowed f*«0
aad dvl&jdU* water

water uc^^iv^tiou, t*uin«*a
to di$ food poixoto, --us
Wtr* *... ... .../ p«r;Uds of JL2 V «&» 48 sod 72 hours
prior to *l«ttght6r.

>
iiour

t&e rat 
&C .J.nut'00 iatcir 
urine f sm the

pig in tlie
tc mauocial

ujuits was iaje«t0d
^ain-iU.-

of 
fl

(

coiitaxt 
tour*

of the
described for

f

) .imported
>0 to 

concentrated

fifteen tim$ tha
oc. " :i of 
of

dose foun4
ebout
for th»

c, .^

is about four times more potent in the 
IB lysi^-^-waaptftmsin ( 
. iiowev^r, *^ite««®iii* i© a 
pituitary

tliat 
its,,.t; in -vivo is 1&&& at; c: bio am rapidl^

th store^d v G<x>0siaii and ail^tua, 1^€>> . . 
activity of the ho^ioue prepa..-e^iv>n u«ed ia this

-he



large dose used in the present ntudy 
oboa&u to ^ve tiio /.fry Jama pfc^aia logical
the ^iiiiiiiUBi visible kl&tolG^ieai ci&iaaie. With

aad
pj«Hiuo*iett«tiw af

blood c^JLvS would
the

of
* oltit©»? as a x^aylls of 

of a rul&^i a/jteiaic blood

u
«,uid not;

iu

or bocauoo 
tha glomerular

these ex 
down

one hour

tiie «t;afldai.\i 1 
cab^ tallowed
uatlta of

of
10 ml of «?ator

was i^Jecced
of tiu* i^

and Itoef oed ( I%1 j 
iudait rata. In one

units o£ ADH.

dose used 
p^odue^ aa to water 

combined

radioactive mupilkta vas ueod as an indicator oi
aeid

«,- 
^ vaa iajected



AREAS OP PAflLLARI COMPONENTS IN WATER LADEN ft ADH ANIMALS.

(a) Water laden ani,mal ( Guinea pig J, 20 ml )

Dial, fron
tip of
papilla, mm

0.5
1.0
1.5

Xrea/>r
.

0.56
1.25
1.56

2.0 1.88
2.5
3.0

3.06
3.24

Coll. T.
Lumen.

13.9
14.9
15.3
15.3
14.4
14.6

(b) ADH Injected

t 0.5 0.25
l.o 1.00
1.5 1.56
2.0 1.82
2.5 2.25
3.0 2.56
3.5 2.89

13.7
15.5
16.)
16.6
21.4
21.2
23.6

Coll. T.
Cells.

33.5
34.5
34.7
35.6
32.7
30.4

L.of H.
ft V.R.

20.8
19.4
21.1
20.2
20.9
21.2

Intita.

27.1
27.6
26.5

I. Cells.

4.7
3.6
2.4

23.9 j 5.0
28.6 3.4
30.2 3.8

Aniaal ( Guinea Pig I, 5 Units )

21.1
27.0
21.3
29.2
26.6
25.4
26.8

18.9 38.5 7.8
19.3 33.9 4.4
20.4 38.1
11.0 39.0

4.2
4.0

10.2 37.6 4.2
15.2 33.8 4.4
13.8 32.0 4.0

6/3



before earning out the other
ffee optfoiee •vniuaa oi* the Injection depended upon 
G&lculat/ad radioactivity in t&e »asplfc r i0d by

order of 1 ia» ^e t«obnlqiiie of
Is a©eci?itM^i in

The teoftnl-ftft eialaed for the
of ?wsetlojDa sr&it®ble for vho measure ': 

of area* fcy .point ssi^lliigi and the eatimatios. of the 
height of tl^e eoliectJUic tubule oeXln ^j't^ie u»e 
e/epiece ^£«tloule» «re eet oi?t la A&p#Ja4ix 2/3-

_ . . . The 
of th© papiJUitiy ««ld nuoepoly6&cc!iarld.e« to ® mixture 
of butaaol, ai«i w<»ter, the M&er*tlo& of the 
l-j elccfcro^or«sie on 
the aeseiww»tt; of the relative anounto of eaoh

were the eer.e ae ti..o&0 elaborated in
ere given la 

4/3

of ..T^oli.^cyl

of collecting tubule 
&&&inst $n ^apiece $tta&ioule. fhe 

fixaa the base of the ceil co the apex at



AVERAGE RELATIVE AREAS OF PAPILLARY COMPONENTS

4Or
7/o

25

10

A W A w A w:

J
W = Water Laden 

A = A.D.H. Injected

COLL. T. 
LUMEN

C.T.CELLS LOOPS INTERSTI.T. INTERSTITIAL 
OF HENLE CELLS

BLOOD 
VESSELS



- . d to be left* ia »r uro^ie or following AfiH 
laj action than it wae la a&lisale give® a water load. 

a representative pair of littannate able gutiaea
ia fi&ii* £/3 to 5/5* at 3 sac* f**«a the tip of 

t&e pallia the height of tfeeee oelia in seetJloaa© ffcom 
the water la&em aniiaa mam wae i^*u ja ( S*D* 1*16 ]UL ) 
but 'jnOy Ku -i/ fju ( S«B« 1.21 ^ ) i» •sboiMs tron the

with jyjH* In both cases tee beeel 
,4 p, < S»J). **14 JB. }. ^us the 

from a columnar ^o a e^boidel a • j dsscreosed
the cell volume by about

area occupiea l^r tho -. .
cella t.:jrou^hout; the ssadulle was sseasmred t^ the 

point qgaapl&ng tseohniqtte^ ^iie results from this ay^eeJ? 
la Fi:> ;;/3» eod the e^reragod liguree are exiown a® a 
faiutOj-prara in vig. ^/4» whicn has also t>etm roiated to 
the totel oroaa eecticwru»,l eirea of the pa pi .U a at 
levels la /ig« 5/^< fhi® last representat 
ciearlj that the collect ing cubulo celle have a lesser 
volume in aatidlurcsis than they do in water diuresis* 
It ehotad be emphasised a&&i*f howeirex", that the height 
of the collecting tubule eelle ie &ot ©ons^ant al<mg the 

of the collecting tubule ft thoae near the saedulla 
beiag «2iw<rter thaa these at the tip of the

fMa« preeeafe reaulte arts 
with Otnetsiia«ky f s ooGclusion that the 
ia heis^t in the rat foilowtug ADH injoctloa^ thex*^ 
no evidence from the re milts o& the golnoa p.i^ that a



AREAS OCCUPIED BY PAPILLARY COMPONENTS

WATER LADEN ADH INJECTION

30. 2O IO | IO 2O 3O 
Area 
sq. mm;



&*?&

dlatolutiUa of t&e tabula apical
effective
:. „.„ ,i wore

a pig* 
iaaod*

It 
&

po«3lbla to observe "fell© ef^aot of
load with ^u>ii ijaetian la tshe

la o^ll siae la tJ^e raauit at a
of &&B oa the a^icul o?e^ion of &ie cali, 
it «ffould be ed«a whan ABii «i» p«»«at at 
as a wacer load* If the effect;
t tshoa tj« p^aenca of a *-..-• ^ ..toad

the
o

er<aii«t(«d appeerance of the 
at the 3 &m level In.' the oeaeefcterfi&
but uot i& the wet®** iaKtaa kldi^r ( 
t::at a highei? tonici^ »aeiet»« In tbef

blood cells 
( Fig. 

)
.in

la along which t&o osmotic 
beease eat^blis^cu in ©jatldinrosin was ^ an long, in 
vhleh oaae the tonlaity of the 3 » 3L«W;1 T?c»iild be in til e

of i wsm/1 if that at the tip is asauaeU to bo 2 Osia/i.



;u* tfce further &$2a»qpftiQ£ is mud® that; «&# ; ' .tted 
taoud cei-ia se«a iu -&t* kidswor rrou U

wore «oq>a»0d «o the umu*i plaa» tanicity of 
OO raus«iA, tfcaa is wouM ap^^ar vl^t tiio oojU 
c^iia at t5Ma lijv^a ar^ subjected to i^..x^ tl^ui ft 

change in tiia oeosotic pros«uxv t> 01
cell 3 

of

JL) '£h®/x&$*t ^aii^taiaa a ^£*lrly coosta&t valum*
relatively |>erm&at;le to, 

to

fox*" wawwr to

colla alglbrt «teijpOc to :-liO fuJU c^rt;eiit if 
l»oth tb@ lumoiuU. 0a& b«»»ftl surf ac®« 
«<H*&liy l^rpertorilc solutions* 
the luaexuu. fluid is eli^t.ly JUgrpotariic (/o the

.1® la^tfc are ii$im*t0nie to tli^ oeiZ eytoplaaa 
f iv.id In t 

t!i« 'true 1

ilia c«ils slght hav» «MMttt barrier or e IJB$ to 
isolate tte aartoplaeia froa -tUi^ a^x^oundius ossiotio

;rhie coating me^r be a de @nce against
the effecwa of t,fce hypotofiie solution



the apex of t;he collecting tubule cells in diuresis. 
It may thus be t&at Cue emphasis should lie more on 
an increase in cell height in water diuresis than on 

destructive process arising in coitldlureais.

iieeeureisent; of the actual solute concentration 
within tne cells could be expected to distinguish 
between these alternatives since in ontidiuresis it 
would "be elevated if (Ij was t.ruo a iesa so iu (2) 
where partition effecto might also t>e evident » while 
in case (2 > 'the soluto concentration would be expected 
to be unaffected "by the level of diuresis

*

In living collecting tubule cells the solute 
concentration is related to .refractive index by the 
equation.

n. « u. -r

n, ths refractive iadsx of tho c^rtoplaaiat represents 
the refx^actlve i.aclQ:j of a aiixturs containing a concentration
0 of' solute in a pure solvent of refractive index n^«1 . * o
The constant of .proporijionalitj^Ca)* i$ of the order of 
0,002 for biological solutes ( Barer f 195& )• Attempts 
to estimate refractive in^iicea 'b^ measurement of optical 
path differences using a Baker-Saiith Double J'ocus 
Interference mi cz*o scope produosd inconclusive results 
due to the difficulty experienced la obtaining perfectly 
fla« preparations of a constant vliiokaesa of liviiit* 
collecting tubuXe celJL^. ( Xf it had proved passible 
to obtain satisfactory iaterferenoe iiaa^es \*itli tiie light

the ohick giaas of a iiaemuc^uoiaeter this

as



.». il vJL:_;

lime
\y^0\**l i£ I *rv^"lfcfrl v l^i«ayu

Fig.

ap i o

..oction ^ IMI from tip o..1 
. .aj. ^00. Joluunar -colls- \viuii 

^ o ri al evi.de nt .

5/7
tip or papilla.

43 hours ). 5 from 

>00. ^uboidal cells



-will hew been ovcr-coae* „•

Jfcv • - -369 it

0* tlic cells in ccuLlsctifig tnsbule 
c ' ' * ' " i^ya ->arad to ba 
1- r. -.. - -.... cytaplasa a£ tSio iMisd of .11 

it did in tihor;^ rjFom tha Hat*®- loaded tu^.js.ila^
~ " • \ •**< ' *"h*" ' ••• P- i >'H ,.\ r *• -*. *• •***«. ..,«^t*...i »».«,t..t A.

ii'aa luatanal bordar af tlxe c^llactln^ tubula
153 t&a ral0^4 oai^slarit af

n of 
af tsiaaaa by t^io ..

ronulta uSiich war-a visually 
to aursred aiJlael r^aas of aall^ from 

a a£i»mL0 co^xt^aad arai
\ *ito » 5/6 >» while -la t&a scolla^ ccXia from 

^d of • :*? or glv-m AMU, ^d apesc was
densely ... ....;(

t2w» apleal la^er of V ,fu2ft' ia vweJU 
jd iu t&a l^^ar raw of cot- •£ a^JUa in 
a ... ..^'» Mg* >/6; It la &>,. -.iddeiat an

&d oo*-o i^«4 tto aisiaal iisjact^d idUi A0H ( .Fi^ 5/7

that tiio limeatu. I>ord6r of tiic eoJUdcti^ tubule 
cell appc^r*3 feo b* a laa«a •traowiva ,. Uic • ^

baoa o^ ^..u cell ^



"between the c-fccplasra s.*id tsie i.-ritarstiti-usi across this
border > t ' *<^33
is compatible 'with t&3 transport o.f **«ter thrcugh them. 
Alteraircivei,/, water oould pass through the apex of the 
cell and leave- fcirouii tfco lateral intercellular spaces

£b© ckou^fi desc^ibedf liow^vor, are eertaialy :-ot
corix«?iated vj'iiii apooriiie ^e^j'tirviou ia ti*^ usual sc-nse 
of t&e te

If apocrin^ aecx^tioa does balce place In respoiwe 
to ADii, 'theii iu fright be ai-guefd t.u&t the collecting tubule 
cell slioi^ld have the same appearance when ABE is given
together \vitL pater as it doers \rnen the horvoiO**e acts 
alone. Xiiis iiight "be thoagh.t to 1/e aa u&phb?sio logical 
e^&te, but it is on© _tiiat arisen clinically ii's. o at 1 ants 

JLavo tuj/'.-^iira woicli at;cx^te AUH C wcii^artii, Bennett, 
lop ajad Larter^ 19>7; A^^opardi, !>Ao6 j. In the 

experiment cJ. condition the tonicib^ of tilt intci'stitium 
aad tulxolar fluid %ould DCJ ca^e-cty&d to be low, and thus 
the siU'liikage of collecting tubule calls due to osmoais 
chouid not ai'ioo. I'his condition, was not simulated in

ha£# o± "Che experiments were living' tissue was e;--^Luiaed 
directly i but it was investigated in connection with 
radioaotire sulpta&G and acid -mucopol^'^aoch&^ide «tainingf
since it had been shown ( CJhatiter 4 } that tiie ^-e^iogi a***, d- 
fa ufc ' ] invx>.lvg.d-l had a r^ry high concent rat tdn of sulphatod acid

aracopolysuccharide .

90
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Ihe *Tf ect of combining a water l^&d with 
ADII injection was observed in four experiments.

base of the papillae from guinea pivjs waieli h&d been••*
1 n " ffri"^ ~~ ""
.in r SjJ *5r

use the -icr-osco^e sta^e -verniers to measure 
oEi the tir) of the papilla and thus l;o co.::n

U-.' i'U O.i .

1 -f-r i_ £ j n^e could be found between

and deiisity oi1 the label ;.a both c
tuonles vvere lined by ni_ :.oliinniar coll?; v/ith t;ho Ir?.bel

^ecwiiig tutul^s of animals injected•-» w

seller c^lis with a lesssr densit of

out C ^.^- :?/^ )• 
tuouie cells in ^Ji 

foil t«t\veon these c-

a of t
.ivcn both, water and

for acid n
definite intercelirl^T nsteriol an-i thic- ..^ical cut!..
associated wit*h the coi-^ci;iiij tubule cell in tiie co

iu. .
..•j reduced, both iii

those ..-cceivinj v«atcx*

la receiving w-uiii alone and in 

addition 5/12 .
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fhe intcretitiua in th© papll.ao froa animals 
injected with ABB waa optically dense after attaining for 
acid r.uccr oljsacciiarldes: It beoaoa diffuse when water, 
or water In conjunction with, ADH, wan adml&latered. 
Labelling waa never aeen over the Interstitial one 
hour after Injeetlan of radioactive sulphate even at 
either extreme of waiter loading or deprivation* 
the change In morphology vaa strikingly shown In aeotlona 
atalned for refcicuUn C Flge. £/l4 to f?/16 ;. later 
loading caused the Interstitial retioulln network to 
take on an expanded appearaaco At tiie aaae time »oae 
thJUa waliod veaaela collapaed, which laad© them difficult 
to aee In light ^Icroacoplcal aectlona. rhe thin limbs 
of the loop of Henlet and eaitalnljr some blood veasel®* 
reiftalned patent.

fae thick lumenal loyor of acid 
saecharlde found In well h/drated animals ( Fl$* 
accounts for some 2 u of the ceil length as visualised 
%gr light sdcz*oacopy. It appeared feasible from the
hlato$h*olcal resulte that ASH could somehow be actingIt &iifi, to cause the reiiioval of thla a»terial9 ^wfeloM would^ reduce
the apparent cell volume by about 20^, which is in good

IVlAvj-fromi the results from



and
pointed out t&af» f in the rabbit* io ,ii~at,ad 
was bourid oniy by tha mow Oiatai pat*t of the distal 
convoluted ^ubuXe eati. tfee cortical part of the 
tub\ile f but not Igr that part of the collecting tubule 
which ran throuo-i the papilla. This ea- b^ ace opted

C l^S ) tliAt AM direct^ causes «$»acr>ine
the papil^ar./ coiiectlnis tubules. It is
iiiOweTGr, tliat tlie ho^^oue could act in %&©
rathor tliao. ovor tlio whole !-.„,. of the
tubule t w. re!0fts0 ^aluronldaae into the urine, TMa

tlien dei olyacric© tho Iim®£ial moid aucopoi^saccaaride 
it was carried i'urtuer do«n tiie tubule.

possibility cnat l^altts?o£ii<ta@® jaight, act 
w&y wua Investigated in the jest t$r ^orn 

asd Eoefoed ( 1^6i >. Ihese worker® fouxid. tliat 
of 39 «^^ f *W./kg» of bovine testioular

infused into a jugular vein coa«iGt;eiitly 
produced an antidiuresia in w&t«r ledeu
criteria for antidiuresls were that there should Do a 
reduction in the rate of urino formation wi.th a riae 
oeeaolority of that eacreted.

aspect was explored in I'our main
the followij exerijaauti All th« aoimai



r *~
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sections a -^ ir;ak> before •



lijaiuronidase Injection.

101,

stained



Ho further treatMB&; !riie control anizsal. 
i$ralttronidaae: Banger's 'Byaiaee*, ICr urdts. 
l-ltraaain, !? units $ and

C 10^ Unita > and Pitraaaln ( ^ Units ;

It was expected that in the last eaaa§ (d} 9 there would 
be evlduuco of awftation if A£H tod an aff aot to roduoe 
the rata of ©yntiieais of acid uuco^oiy sac char Ida, 

to release an aamyiaa whicli Oepol^i^riaad it.

are iiiustr&ted in blguraa >/j,8 to 
waa found that t&ia preparation of hyaluronidaso 

did sdUsio the affect of Ai)H to aoa# ©xtent, in that the 
aneunt of radiaaotive eulphato incorporated in oi-har caaa 
waa lovar than that la the control animal. Whan the 

and the honaoha ware given t0§atliar leas
waa inoorporatad than with either alona* ( fig* $/21 ) 
It waa concluded. that AM had an effect in addition to 
the release of J*yaJ.uroxii&aae i&lei* might be 

ico known action in eonat^Leting the veeaeia
the vasa recta ( Founaen and Kennedy* 1%6 ) v which would 
reduce the amount of label available to the veil a. It 
waa evident from the result that hyaluroiiidase could flow 
40wn t^e nephron and depoi^aeriae acid 
in the CQjjLocwius tubule.

It was ahown in the previous chapter that 
this artion of hyaluronidaae 41§aatad some but not 
all of the acid taaeapolyaaacliftride - protain mteriaJL 
tiiat wue associated with the ooliecting tubolo cell 3 
It ia alnost certainly i,0 t; identical with ?,he end ,^c nous

( Cobbin and Olcker, 1^62 ) and* indeed, the enasyme



found in urlna appear* not to be the &aae a» a
acting „ ilpla whloh. can. be extract ©d by 

kidneys in 0.§ II sucrose ( Dicker end 
)•

while the present result® cu»e compatible 
the fcypotneelii that ABE acts through ttae raleaae of

do not cojistitut;© a proof; * XI
soffit pas qu'una ehoa© @olt possible poui* la croiro. f 
far axaiapla, it ia possible that depol^xaerixatioii of 
iiiterstttial Jayaiiu-onic acid could have arlaea from 
diffusion of th: iajected ©nKyme from tlie vasa r0ctae f 
aod t^xia magr havo produccxi eutire^ ab^^xm&l eajoditioii 
of blood flow and osmotic preaemr^ wltUin tha papilla, 
wbleh in turii would iiiiTlueac© the? metabolism of the 
collecting tubule cells Again, BO claack wais 
to be oartain fciiefc the events viltcasaed ia the 
wex'e not aecondarj to oba&g** ^ glojaerular filtration 
poaslbly omised bj the action of the b^aj.uronl<iaae on 
tha gloiaerult.r baeeaeat

Sridancc for a

an attaint to detect ©xv oijaagee in. tho 
relative amounts of tlie papillary acid £iucopoljeaccharldO8 
waicii might indicate h^aluronidaae activity in vivo, the
aold muao^olysaceharidaa w,,re isolated fra» groupa of 
adult aale guine pl@K papillae* 4 total of 22 animal© 
was divided into the a.oroe categories.



% BINDING of ALClAN BLUE at pH 3.5 by FRACTIONS in BUTANOL-WATER EXTRACTS

Bands Water Laden Control ADH Injected

Slowest
mean

S.D.

Hyal. a.
mean

S.D.

Intmd.
mean

S.D.

Fast
mean

S.D.

Ratio 
of Slow 
to 
Hyal.a.

33

11.2

34

8.4

20

6.3

19

6.1

0.97

25

9.4

33

12.2

22

4.2

19

4.2

0.75

21

10.6

46

7.1

19

12

13

4.9

0.46

Table 5/1.



a> i*o t2NMtsii«Bt • otho? then
Stfitadard watei' load, 20 mi. ( 8 )

5 trait ft* (

results aro pxwwat •& in Uio table ( 
wad fee a Matogram ( fig* 5/22 ;. It mm found that 
tli« ^ropox*tioa0 of the aoid mucopoiy8aochatvid08 isolated 
from the control aod water laden gairt**a 
in overy caa« vii t*ne ot^r bond the 
animals injected with ABB contained about half the ratio 
of [ooliocoii^ tu'Wfcel euXpiiated ^ucopoi^saccixariao to 
hyiauronic aoid that was 0l»0«rv&d in tHo water la don 
and cuatrol animals.

It siiould bo atrodsod tliat tli« jpeeult© from 
QlectroplK>r^tio separation give omlj the relative 

amounts of t&© aeid mucopolyat*celmrides extractcKi 
C5ive oo indication of tlie total asuoimt pi^eout ija 
papilla. >iowev«r» the aug^cotioa that thore is a loss 
of th« sul^hated mtitorial in eatiaiiireoiB followii^ ADH 

is sup; or ted lay the three histolof.-icel

i; that thaa?« id less of tlio cojU«otins 
material ia »«otiooja after AM iBjaotion ( Fig, 5/12 ; 

ii> that tli»r« i« l*a# bound radioactive sulphate
tour after tdui icjeotioaa of ABU ( fig. §/3a }| and

iii) that occasional casts of suiptiatcd 
b$ ao«»a 1-. til® aoliaetlag c-ubuie luiaaa after 

eapeclallj «&«n large doaee are used.



BINDING OF ALCIAN BLUE AT pH 3-5 BY WATER-BUTANOL EXTRACT^

W

W= Wafer Laden
C=Control
A-A.DH. Injected

W? A WD

SLOWEST HYALUKONIC INTERMEDIATE FASTEST
ACID



Of the Iiai.

Young a&iasala seerete abundant 
urine up to the time wfeea t&aj «u^ j*ar&«JUy 
They th*u begin tv j^ed^jad &® antidiur&t&o 
( Boss* £&&efe eud Krsu@.» 1^63 j* x'o

* any 0tri^etiirai or liiet-o^jhemicai orange 
the i^areaeiBg scjriaitivltv i>o

from neex
to the 0t«.n:iard

weii
we^e aoted in the sections 

for aoid ^

ail
except tiioao at the vo.^y ^-eiviphiir^ of 

the cortea appeared to b@ fulx,/ d^irel . »
pateat capillaries t e^^uaftotis epithelium

couvolutod tuteles 4ifferiJOg oxOj from tlxase in the 
adult cy having relatively aa&all limeiui* f^e ^ore 
Mature the embryo the leas interstitial spmoe did it 
hare 1& it@ renal cortex.

the iftQire ' :;ujt«e glone^uii at tlie 
did not appear to have maoy patent capillariea 

and the epithelium of Boman'a oapmiie wae

§7
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It was COOL. on to fiad coasi durable mMssKm of 
cozmeotire tissue between the lamature tubules 
which surroimdod meh gta&eruli ( Fig. 5/23 )*

moduli cur/ ra^e also oentalaed connective tiasuo
which was *teh in aoid ^oo^ol^aaeeharlde* a feature 
which la not- characteristic of the adult kidney.

medulla of the £uli ter _... _0a 
iwrailj well developed. Vasa recta 

and loops of Henle were evident gight at; the tip of 
the papilla, heiice their dGnmgrowtu from the oortex 
had been ocmpleted. However, th@ limbt of iienle*0 
loop were lii'^a ttooug^hout; by cub.Ida! ooilo more akin 

ol^e to ti^eae fou^^d daal^r IB the t.-ieic portion of
liiab la the adult ( Fig* ^/^ )* At the tip 

of the papilla la the adult both iimba of Beale*8 loop 
would be lifted with cell a havi&g little <^rtoplasia; and 

which projected i&to the tubule luuen < of Fl^*

The oeluEuaa^ colle of the eolleotijag tubules 
ted a well d®v$i*$m& liJMenel aold 
cuticle doce^arable to that ee«»n lu the auult, 
the lateral border® et&iuad ieea stroa^i^ fox* sulphate 
groups. he oella wea?« replete with ^^oogen ( fig* 

) to aa extent never aeeu even IB extreme water
of the adult guinea pig* ?he level of eol^ectiizg 

tubule ^iyco^eii has bean ehow» to oo^reapoM to the 
degree of water diuresie in the rabbit C IMumtoa, 1%?| 
Johnson and Darnton, 1%? ; ; boin^ at its me&lisua nhen 
the flow of urlae waa at its peak aod much reteeed



OK the feaaia of ftb*tee\ results it 
fee concluded, t&at the colloctij&s tubule ceils in t&e 
full cerw guinea pi$ embxyo Ou Hf^le worfc to oonaerve 
water. '2&i8 ia in a^paaeiaat with the ttodscta&U Xevela 
odt aiitidii^etic lior^»one at this

diureaio *

papillary inters tit iuai we& ij»re di.f.fuae, 
rotiouiax aod lea» artr • otalned t^- basic O^rea 
JL* the adult ( Fig®* j/& ncd ;,/;.\ ,. It had tha 

appeer &itce found In the mvit in eactarme water

a aaa^ia of tissue w:JLc^ Jbaa 
su^occod to 'tbe i^luaiic© of antidluretic

it is not clea^ liow far thu ap^aa«ra£i0aa 
for tto papilla are due to this and &ow far they 
•tructural

aC th® papilla in general 
o£ the ftiiulo in water diureeis. It would 

tiiua appear that the abae^oe of circulatiiig &M« ejad th©
a of fc,yp0to-jic urioa

tubule coll 13 ifeich have a
cuticle of acid i^copoiyseccharicLe. la t&t^ 
the papii^fa^y inuoretitiuoi is expaEKied ami takoa on a 
fibrillur appettrence Xixe fuactiojaal ait&ifieanee of 
tiieae observat;ions ia coaalctered in th@ next chapter.
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PASSAGE OF WATER THROUGH THE COLLECTING TUBULE WALL

x J
XXXXXXXXXXXXXXXX XX

xx x. x x -xxx

TUBULE LUMEN

Ri Mucopolysacchande 

(XXXXX XXXXXXKXXXX XXXXXlXXX XXXXXXXXXXXXXX
X X

J\ A

Junctional 
Complexes

xxx xxI////////

X

A
R-

Colqi

xxxx x x xxx 
///////// ///

Basement Membrane

RESISTANCES TO WATER FLOW 
RI = Lumenal Fuzz 
Ro = Subterminal Complex 
R-? = Cytoplasm 
R4= Cell Edqe 
R5 =Cell Base

Q = Flow via Lateral Space 
q = Transcytoplasmic Flow 

x x x = Clycocalyx
XXXX = Lumenal Border 

Specialization
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Vfitflfli 3?©Ct»i:. wssfc>c.-.*xyc; i-u, u^ ^.*"

-t e
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..•n o-
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i the c^j._ -
to tiie intcrsti./iuiu^ i. could , ;;ii the 

acid rnucopoiy sac char ide the-re co brin- the tubule 
a&u, v<~;.u~ui morti' cAu^ ti i j -u.••;-••• • : ^ • > •••'• j.•-j 

of f a razor would seeru to ol ..se of a oirect 
*!2':nt of the i^iterntitial cells, a^t::.cr

taeae cells &i _ contract in rd spouse to
( vhe concentration of /u>K at the ti^ oi' the 
:;• .;© "uiirec ,i«,os -^^^^sx' uioiu what ^x**»«•

circulation, and fairly low levels of vaoo
can certainly san^ othnr r.-c«sder-el •ci

In waters diur8sl3f a ^1 of l^alur.,-ii,ic acid 
the col^ycixii^ tubule and the vusa roww- ^ 

the flow of water "betwe^z* the tv;j . ^;:.e 
^ vO t>^^ movement of ^ole-'-i^ throu . ' ,.'.ie

. ~. ,. w'Ul-.. v Oli iiLi.U -ilSX*L™c^j. v -i> >*-««L ^

a : . wo be o^ionol to the •, .etive
.'.ua j-ittle restrict: inn in ~n!t Tir?on the
O. JJLUii. V/iilie W^^Ui

.rev. .-d since it fi ... ii L-
h/drox^i groups.

la the papilla the structural fibrils 
iaaobilize tli,, .-vaiuronic acid, wliich in turn 
the flow Qf water, GCco*.\iiJU£ t;o its of p^ij^u 
ation arid ioi^zatiioa^ without i, terf eria^ wi

ii of sodium.
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oet. . - the water molecules ana the ^0-
ioso iTec ^-.v-^.u i'ar tne aolu-i^ii j* ^

; solutes ii* the papilla tnus <,. ; a hijher 
p ..lire than they would in t-lia sbnsnrte of hyn 
acid. rhere ezistc. axA 'e^

Ja simulates the effect of disaolvi.
r of osjuotisslly ac-tivo particles i;. 

voluioe of k-;iit*^* f uiui ^ivuuciis a ^/st;e^ wi^ii a 
osaotiic pressure. it is possible that in u. 
one h/alU-Tonic acii o^* tho

would c, '.so lower the osmotic i^-s^ura o. . lla

described by sicker amd ^jLj.iott«( 1. ; t and
obbin an;i Dlcke,. v 1963 , - Ight ba on

tubule*
that the levei of
concent rut ion fcli ii* the- u*'ii*« o* *^i*u in •. 
diuresis, -u, ..t be . .. . in 01.. 
of normal flow. :-o ^nbject- -ith aji iiih

iuus OL ^.-ejaax o^x^in excrete 
follc . ition. 'J:his . in 

contrast to normal subject u, . -j wiu,* -icbetes 
of pituitary origin f lu whim i^'^« iixroa^QS 01'

followed -, injection. ,.^..- Q ike 
nstlsute the strw&gest oviaeiice w v^ 

for a i'ole for ny^iuroniciase i:* t,he mech^iiism of
tubules in «.



are separated bj a go-d deal of ooxuiecuive sis
of the tjpe described for the guinea plsr* ^—

J. tv -A. t; irf.sv*o

system .it be
was not possible durin

eij it;
course 01 the present

»-.- w su *,...- '—

a puciv...^ .dth aepixrogejalc diabetes in^ipldus to see 
if euoy d=., - ^ ..ieiit could be found in the acid ;:;ueo~
^.-' v^ -*»^' <*» *-* ^ ̂ »*i»5-J.*X d© S *

If the hjaiuronid&ae that destroys sulpha t eel

allied steroids ^
t&en it is possible that cortisoX ana
have thfdr effect on the '-r

in stabilising l^soaomi,l cranes. It has b^ea reporter 
thri?: purified iialu^onidaae itself is inhibited in vitro

put it. ' i cortical l3.oxi close
the pores Tfhich the nntidiuretlo hormone f5ce".s

provide an e;^ .vial 1^., ,-.-oujtid for t 
excretion o^ v.-nter though the/ do not? direct x

to 
of the 
roi it 1

ti cilia view, 
and ..i*.^^.* v ~,~ f , 

-i ^lucosteroids <act o& ^i*e contra! 
rather tiioii direct!/ upoii uho kidnej . 
Ivui*^. .i^tih loveis of .,,,'.,, J.J.. w.,w ,-a.... 

reiiiil corticax i,

a advanced the argument

..;.eee

could
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to .return .. ..i values by .. .a:-!!. ._uco 
*, -Since the action l .

duration of action Is not si^uificaiiwlY altered
of steroids, it ..,..„ ~»^uua. u^,uu v.~ ^uuo- 

porbabi,/ set the -level at which. -^leased 
uho eanti*ai nervous sjstem,

settlement of this .ruestiion a^»i.

of a reliably method for the hlstocbr:i;ic

taesis lias drav»ii attcoiwion to the fact that the juiict- 
complexes 'between the lateral eeliula.? borders

tubulo lu;aen c^uld find its wa^r to the
i::,terstltiU,::. At the r-r^lAC "Cims it is i.ot clear

its wo^y into the uriae. This probl=;.. 1 ,'.... be resolv^

>-'; f *. /» i } r.\ 
.', A. -W W •./.'fcvfc

ieli are effect iu the phyaioioj^- 01
rss.::iit atudr haa desonstretcd a norr:

calls and dr&w0 attention to an ct i ,ors to 
on th^ extracellular colxoici 01 tli.-- -:rs^fi.i^, t*--
of «a^i«leu iiu€J?eur of
of its owner.



*vell defined re, do.:
'^' vj — ~ V W W «.- Jjlsi

in no at species is a
the tubulen ar^ ??enarated

.'W IH t C

2)

the u

>-hc devolosient of

tlio empirical

i^ i- r^

where L I'" t;he nta^r 
urine i*. ^s»-~s^o/»*»iw^ 
re^icu e: -ig fro. 
the co "^toT which ptts

'Diie

JL*> «
-.^ uip of 
positive-.

loii of the
.j«u 01 uiic

lila towards 
v/ ,,., ^ronic 
so ti.4^

,> six
species

uue ces . ^... . .. . an
mucopoljsaccharide that ir- ii^aluronic acid. 

it contid*is sulphcite gx'oupa «i*a a ii. .itcd . -ar ol' 
vie - ;:;lvcol groups and it Is bound to protein,

oxxlcr o 
lateral apices

eel- T axaa is tu oe found 
cells.
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of a&cidiUi-etic ii0r;:,one, , ... .-olu. j coll
f • «- -e&eured in the o..,,*.

i-ost of this reduction ia voluae caa 
be aoco-uuited for c-y tiie losa of the apical acid 
i-ucopclyaaccharide ia axttioiurasie* In thio c 
there is aiao depoiyLierizatio.-.

whiali exists l>et' .

The interstitium becomes cv^/uww o.*i 
antidiuroais and the int^iiSit/ of staining of 
acid ^ucopQiysaccJasridas is increase.... 
water diuresis tlie interstitiu,,, «ppeai^ -•> 
e: . ". I the reticu-iin fibrils ". ^d 
as ,,liou^ii tlie/ were mider t.,. :-;^ 
aro --rot>al>lj explained by she ^. • •-**..* 
in diurcais of the hy&Luronic acj.vi Is 
t,. _ _ jd by tlie reticulia* x*he a_ ._'aace 13 due 
to wat,e~* ioaai^^ itself snci the 
ir :^nuiiiurotic la " is 
load Las :J-G^I excreted*



tissue and staining of .sections

for the Denton; . o>f ^IA llu&o^cwa

,, t *i • • " .*.-••; t •• •"'« ?*.•"• ' • —'"•" '.. ' • '•*•'•' "•

. 'or-. ol t, 4. iiw > iuO ral.
Cellosolve,

water-.,

1.6

waac;

Diet by I one gljcol monostearate

Castor ail 5 gna*

Gelauln aolutioi* tor

Gelatin 5 gaa*
a e Aititt 0*5 3^s»
Wetter to m&e 1 litre*
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Uoi-ioidal iron Solution;

To prepare the &tock solution 1 litre 
of dietll-i-ed water was bsx t uo taa boil. 
«iien it v;;. s boiling yigoaimsly, 6 ml of ferric 
chloride ( 29 $ ) solution ( B.D.H. j was added

by drop aad the boiling continued ii'or five
after tho last drop had boen added* 

I1hia produced a deep red solution of ooJUoidai 
iron isSiicii kept well. it did not improve the
speoiiUoit^ of stalling ir the a^ock aolutioa«
was diaiyaed and this otop was usually oeiitted.

The staining solution was prepared
iiaaediately before uae bj mining one part of 
the Bvock oolu^ioa witli one pert of 2f?. acetic 
acid.

ide Solution.

1'hie was prepared imediafcol^ before
uoo by mixing equal p^rts of a solution of 2;;. 

dissolved potassium ferroejanide and 
solution of hydrochloric wc

b) Fixation and Embedding.

1} ^all piece a of tlsaue were fixed in 
the ami neacrl din© hydroehlorido / 
formol - collosolve fixative for at 
leaat two, but not more than, 13
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11 j The tissue was them passed directly
into pure cellooolve for dehydration.
i&ree chaugee of about four hours each
were employed. 

iii) -Bio tissue was than. transferred to a
mixture of equul riar^o of celiosoive
©ad toluol overni&at* 

iv; It was then cleared iu pur© toluol, two
changes within tlio ::our usually beiiitS
sufficient;. 

vj riie cleared tiooue was then et ^ cd in
tfhe ©8ter wax at

technique of oaetiac and
wax blocka wao aa outlined $r cheaterman and 
( 19^)6 } * Sections were cut at either 3 /a 

or ^ JUL with a rota?? oicrotooe ( Hoichcrt ), 
They wore floated oofbo gelatinised guides to tthich 
a drop of Q,00JP amiaoacridin© hydrochloriue aad 
beo.i addeds -;..xooss fluid left after the sections 
had fXatte&$4 was ®uo&ed oft with a Faeteur pipette 
aad thu ^octioaa were left to dry for aa hour or 
@o on the hot plate.

1; ;rhe sectiana were dewaxed with 
ii> xhe xyiol ^as i/o^;ovad b^? absolute alcohol, 

after iahich the elide was passed throu;^h
TW tvH^^6t-i alcohol. hr-^s^i whe staining techniques 

were ae follows:



Alcian Blue at pH 3«*? ( Carboagrl & culphata Groups )i

iii) ainaod in 30& Acetio aeld, 
iv) Placed in the <tyo bath of 1$ Aldan Blue

disoolved in 3, ; ' Acetic acid for 3^ 
at room t omp erasure - 

v) Iliased in 3£> Aoetlo acid t fol^u^uu 
alatilied water.

lciaii blu@ at 98 JL»V ( ^vu^-i+ate G coups

ill} iua&d in if %xlroohlorle acid, 
iv) .laced in t&o Ogre bath of 1^4 Aid an Blue

dissolved in 1;4 i v .>clilorlo ucivl for 50 
at i'OwiB tcaperawux^ -

v> -iiiuNNi in 1$ Ifydroohlorio acid, folioi»t»a 
di 3 tilled

in Alciaa Bluo wore deliydx*ated in 
was @®ttirated witii 't>ariuta hydroxi 

to convert tha d^e to an' insoluble pljjaw&ls asid also 
to lu\iGiaaify the colour* :cuia wao followed 
iatiorgiou ia aboolut© aicoMi^ clearing in 
and oountln^ li* ( Gujc9r ff a ; '^..eutral /synthetic

Colloidal Iitin ( for all ardoiiic groups }t

iii) dnsad in 12* >„ Acetic aoid* 
iv) laaiaersed in the Colloidal Ixvoa Baagent for

1 hour at rooa fc



v) <iaaed in 12. ̂ > noetic acid: Three
fin* Bioutoe c&ch. 

vi. . .*> niton which had bound colloidal iron were
then u%^uii3t rated by imraeraing th« 0«coiona 
iii t&e potassium fcrrocyr auidc solution.

vii; rjrter rinsing in distilled water t^o s
la^d t)^ i^a^rer'o coi%.^a.ui'ii or 
iuo - fho colloidal iron 

Ing waa often followed by the x-x^ roiitiae* 
viil .dSloiio wer® dfi^ydratedv cloored anil mounted 

«lio

...01' i>

a;

Tn fig. 2/13 ttoe best etrai^ht liu© *0 
;va ^ «^® WIMI draim tlxrou^b the. plot feed valtiaa 

for M'/w f und u „ whloli e&vt» tho

1.8 ( M*/C' ; i- v.5 (1)

relatlonsliip would 00 »ore accurate if it wore 
tarived atatiaticallyt for ^ilcii the data in 2ablo

abridged

0* lv>0
46

2.0
7*

JL25 2.
125



If a linear relationship &
ui ba expressed in the

.fcweea x arid

where m la the slop© of IU... .«.
,ig auelA a ^olati ,^oi. , . 

be substituted in th six

ana c is « 
o values of x and

2»0 
2.7

13*2

c 
c 
c 
e

60

be multiplied by ita coefficient of 
ackiod;

66c

1^3760
300*0 
400.0

tv;o
solved by

6 to

for a ana c 
first b 5^ end the second



7312
••2 * C S, • 6 )m > ( 6 y^ ) c,

; ufaio value for a

c

" . ? f the ©ruatlon ru letting inazlmam urinary 
cc.. . . , - ;ion to the r®tl*> ot pupillary to
•-•">>•*£ leal *w*- - :'*' 1 I© nor©

1.7* ( M f/0f ) f 0.6 (11)

one os^ol of en un4l8^O'jiated ttalute

of iL^ *UN... .- t and thase wlii thus
£»45Ml

tlse climciialo2,_ .... ^ho cojaataiatii m and c.

i* *i

y coxxc . ...j.on sa 3 Gat3/I t axui an arbltary 
£o~ Vr.'.ioo of 7Qt ..^ .-ay deflae u and

u • 10 C y - 2 > and
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For the meamireiacut or relative areaa«an
eyepiece mloromuter ruled iu squares W^Q u©0d. With 
the ^icrojaeter resting; on the diaphra^sia of the eyepiece 
it was possible to s, . - ^se the $rid at the point of 
focus of the section, a# in Fig* V-U £he ativactui'0s 
*^'ifiu uiidwr i>w=., intorseatioBs 19ere recorded^ I'll© 
fr / of 'lilts' ., a &vm structure is proportional 
to its sroa ( ui^or, i-^65 )* for example f a® regards 
tho fiexu in fig. A/i» the i?eJL»tive ere^o ro orde4 would 
be;

call a i£ or^•PI^

Oo~ ./abule lumen 2 
Xnfterotitiuft 4

ijQcp of Uenle* faaa roeta 1

he intersection were recorded bj pi-wa^juug the
ai- . ^. riate b»tton on a clay-Adams Laboratory
which £tade the operation speedy, not tiringt aad therefore

subject to operator inaccuracy* In addition to 
and speed.tills method has the further adTanta^e

the photographic recording that would be 
required foif. planlostry in that different level© of 
focus can be'used for- accurate identification of 
otruoturost ^..-^ociaJLLy those lying towards the edge 

field ( of. .Fi^. VI <>•
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$0 miaialea subjective selection of the 
^he areas counted were presented la strict 

order along ort. rial axes by lavement of tlie 
microscope staje. 5-0 iatar&eotloas wore found to 
£iv@ rooroduceabl© counts varyian by &ot rao^e thau 
4v^. vuis was considered to be a ©ufricleiit 
of so curacy for the present study*

.Bleotroii, . Mi cro a co .

% of tie^ue of about 1 sis-' were rapidly
excised from j/spillae and fixed for ^ intoa* at 40 in
l>i> O3...iU2a tetro>dde buffered I;OA ?*4 in vcroaal acetate.
from this they were transferred to 7^ ftlcaliol, ami 
then tixrou^i the alcohol oeri©a to absolute alcohol 
dried over ,- xoua sodium sui, o,

The block* wore embedded in ^uidito and aec^lonod 
on a LKB Ultratome 11 to give section^ of a thickaosa 
showed gold iiiterforenc© patt orris. ^Iio aocUlons were 
stainad with urajsyl acetate aua j,oacl citrate bafore 
being ©xanJLned ou an A.^,1. ,^ ;. o,; electron

cytoch^^lcal illustrations in Chapter 
were obfcalaed from laatca^ial fixed as per Appendix 

a/1, sectioned by haod and iaKsersed in the oolxoidsl 
iron solution rii*^ud in ucid ana theu px*oc©®sed for 

i^icroscopy ae abov©» oiaittii^ the stains*



Acid «••; -

..._:o following precipitant 0 wore added 
Individually to f ormol-cellosolve ( J^©adi3c 2/1 ) 
at the concentration ixullcated;

Acetat-e

of 
by ..titvhows @nd Borfman ( 1^ > u> precipitate

hep-aria, wao used as m saturated solution in foriaoi*
-i&ls wa@ found to glvy 0xa@110iat 

of acid mucopol^saccharides In tissue 
w&Leb was roadooably preserved. It ;ooold sot be 
used in auwQradlog 
of to*o-i.ji^cobaltic ehlorlde in seetioias produced

Aoiu fitiacopolyaaccharide precipitanto 
aa pur© etlmraolf aeetojoe or pure c@l.,oeolve were

to prooerve tiseme© eufficiaatlj well to merit 
uoo.

4/2 .•

Before em^arkJUig upaa 
the following s.ureea were consul tod



arid Pedc. Autora41ogr%>h Technique.

Be&ea* jftiadameatflLla of ,^i. 1966
of J%ut;ox»adio^rttpl^y, 1967

e&its beta rc^a of suit
light jsderoQCOpie autoradiogrqphy a&d t as B 

hao been used bj a xaimber of worker© torwrace
of ouiphated muoin0 9 012* "@&iU&^» 

and Flox^e^ ( &926 )» who gave r- lucid account
of their tecixoiquot and ^iudnor ( i>6> j %fl&Q r a viewed 
ita use lu the hintociie^iatx^ of acid mucopoiysaecharides

Carrier fi^ee ©odium aulpimto eaxv,t;ioii0 were 
bj 'the vadioche&deaX Jecxtrot Aiaorali^ia* fht 

specific activity of the sulphur at x'©aeto:r unload was 
thou^sht t>o bo iii i,he region of 2u to 2f? curias/mg on 
the &aoia of retrospective mu,iyso8 of previous bat,o&&e 
Thus after ojae half life the s^ecifio activity would be 
about 13.4 - 17 curios/Kg; sft@r two half liveaf 8 «* 10 
ouries/ia^j and aft or three halt-live© > «• 6 curies/mg* 
ihen liaed in this otud^ tl^ sulphur was about 2^ haif- 
iiva© old, and thus Had a speoifie activity of fe - 7 
curles/iag. 'l:his eon^apoxada to 0«^ )*s of oulphate 
per millicurio, vjiileh was the dose? injected.

A huaaa subject wei^ii^ ?0 leg exci'oces about 
of Jjoorsa&lo sulphate in ^4 hotirs , ,.,,,astham» 
i'hia corre3i'--onds to an axorotloa of u^- 

|tN3 .per hour by a guinea pi^ on a purely weight basis.



In tha hletociiemicei e^uaie^ the 
doea was adjusted to ^ivo the animal exactly 1 m-Ji 
or radioactive sulphate. oince this e^rra^po&ds 
to ebout ono eiglrt hundredth of tha amount e&erctted

. 0>tf
iii jfeauijf hour It v»u$id not aj^eor that the axporaaan 
is open to the con^on criticism that a biological 
0/atam baa been grossly overloaded with •an inject ad 
Isotopo iii order to prooxice sufffeoiexit ^otivlty la 
tlasuc oectlona.

of

war* produced according to the scheme 
in Appaadix 2/i. i^ay were dewaatad aM, in soma 
aK^erlm©atsf stained before being coated with Kodak 
AH io atrlppliiG £lia* fh©^ wore dried aad ax^osod 
in a sealed tin containing ailiica gel v±iicb was kept 
in tho refidgerator for on© to tv;o wanka. !j?2ia back­ 
ground was kopt to a minimum by developmeiit i*or not 
longer than *> mine at 2Q°C in ilo ak B I A. When 
compared with the more nodern nuclear emulBians 8 All 10 
strlppiiiG film has onlj a aodaat resolution ( 2 bo '$ ju 
«ith Isotopes with tha atMrggr °^ :ulpiiur-^^ , , 
However tnis waa acceptable in view of the aaaa of tha 
tochnluuo in the hands of an ii, -ieaced worker | and 
the opportuuitj it offered of b^ing ul>lo to coat a few 
aaotions quickly at frequent interval® without wastage 
of

The following controls ware performed to tect 
for poasifclo chemical action© of the fixative f tissue
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or dyea on the © Ions

JFroffl. an aniiaal to vviilch joo label had beau 
, unstained and stained sections were processed 

ia parade*! with those froa an tmJUnal injected with 
the label. i'he developed filu ahouod no l 
silver grains over the sections frosa the control 

and hance artefact duo to positive 
wan ©xcludad*

44iaii ,ar vions v.u^-u coat ad but exposed to light 
before i>ainj piaoed iii the rafrl^eralior and
in th© routi^.-^ .™-u@r* Gaa i«ha tirnt oocasioa 
was tried, ouo oi tho slides ( FAS a whined } waa 
uiiiforiuly lodged except over the tissue section 
wliich was overlaid 1^ clear film. when the 
ex,:0riiaont ivuo repeated with .extra care ibeia^ ^L...,. 
over the drying a-Ga.ja t ami the ato.?a&e ia a dry 
coiuiltlon, this pheiiomenum did M>t re cur r. From

V

tiiis re 3 It it was coucxudad that thora were uo 
ciiomicals coming from within the tissue to cause 
latent image fadi&g* but that t io had arisen in 
the one caae from the dif fusion of rater fr*o® the 
tisrrue flection irto the csulei on felon had permitted 
silver halide to be f cu.-tteu a -

In view of t:ie eatisfactai^y nature of those 
controls, it was coii8ldor©d unacesaaxy to ce«t sections 
with celioidia before applying the axauioion. When 
adopted. this procedure was found to ftower the sensitivity 
of the method to a variable extend dapendinj w oiv the



thiotaess of the interposed film. It c.iao 
affected the resolution.

diff leulty was experience initially 
with lifting of gelatin from parts of the sections 
when th© fixed and waaned autoradic. :..* .: wore

in alcohol and ci$&r@d lit xylol* At the 
of »r« 4j&uiuii f uohydratloa in eelioso*-^ 

uad laouiutiii^ directly In baXoam disoolvea in coiiosolve 
was tzdod. :Xliiie *w?:-sj foiuad to fce an eaceellout technic|U6. 
3?he aootiwiia oleaioa p^rf^ctly ^^licii j.eft on a uoi* plate 
for auout half au lumr &fter aacuAti^t aiid ao further 
trouble with the saparatloa of the enmlsioa from 
seationa was e^erleaced. rho mounting medium, hovvover, 
becomes reaarfeabiy acid and is thue not mil table for a 
number of routine histolo^loai

B »

awtoradiojrupiii.'. of i/ae xaaterial
the electx'ophoretle •eparatlons* tUorauj,ily driod 

stripe wero placed in contact with Kodirex X-^ay film, 
and a wei jiit applied to keep the two in ciouu contact. 
Contrast was mora Important thai* resolution in thio 
eaae thus developotent waa proloi^ed for 1> to 20 oins 
in ; ..:i I) l^b at room temperature v after which the 

was fixed in the usual way.

lialo X-r'ay i'ilm lias emulsion oa both sldeo 
the prolonged dovelopaeut time gave rise to a good 

deal of b^c^^rounu u^ ulio obwrse uide. i'he lattor



no useful iBforraatlon slaoe tfeo £r* beta 
were uaabla to penetrate the f vStat* 1 base*

The emulsion was therefore reiaoveu frou thw back 
of the film after processing b^ placing it fx<oat 
face ux>jormoot on filter paper soo&ed la lotv !<aOli*
It was left for tan &ljuute* sjod than washed la tepid 
water until ail the gelatin had been removed from the 
back of the film.

x 4/3.* .^Ctie .30parotlon._of .. ..t.ho Ti^trocto f.rom the Popl.lla

In 2;one i&eotroph^oalo ' ( Sargent, 
1966 ) was ooaoaulted before the cliolce of cellulose

a® the supportive m0dlu® fox* cloctrophoreolo 
made. Meuaiey ( l*j6p ) lias reported suoceooful 

results uoiag this technique on a similar problem*

?l?he elect rophoresis tank supplied b^ the 
Shandon Soientiflc Company was used. It was modified 

stickily a l«^er of plastic s^oa^e to the lid.
sponge was saturated with water axu served to keep 

the Atttosphere abova the cellulose acetate membrane 
saturated with water vapour f and thus -aiiil^issed the 
diroaato&ra.hio effects of evaporation f ran the ms& 

they warmed up <luria^ the separation. The standard 
) power pac£ supplied t^ the ^Uiaadon ,:cientific 
was employed.

A Bomber of buffer systems was tided in the 
v £$* Bsjrbitone, 0«C^ Molar at pK r^.6; Ichaells 

sodium ooc'tatSt P^ ^»2; r^ridine/aeutle aciu, pll >«^ )
but the most satisfactory ^e-a-nt:lon was achieved with 
the following buffer ( ,..._,_„ _ _ A . Pasternak;



Ace feat© A>. '
Glacial Acetic . -. ~ 1*4.4
X&atiiied water to 2«0 litres*

a #a of £ub. A good separation or hyalurooic 
acid froi;, ahondroitin sulphate eould b© obtained sAOHg 
a 20 cm atrip of oeliulooo acetato by ap^JLyiii^ 200 volte 
aciMsss it for l)i hours* this was achi-.--.- .. .,/ set slag 
the current at u>.^ iikVca ©trip tddth. a aoat satisfootory 
fc. --o of tlie 'buffer waa that it v/cus volatile ao that 
•.... .... .-.'-tri^-o w02*o oven dried at 8^°G it did not interfere
with th& subsequent etaiuing at aelected pii*

i!he dried ©tripe wero usually stairs; IB 
Aldan Blue ( 0.f*0urr j diasolvod in ^ noetic acid 
C pH 3.5 j or in 1-Vi l^drochlorie acid ( pH 1 ) with 
gentle agitation at room testperatur©

strips were then rinsed la either 3rS acetic acid 
ox* 1 ... '.lQx*le acid after which they were washed 
in running tap water Tor % hour.

I*o ®etiiod was found fer perrianently 
irihich <3id act either alstoi't the atrip or cause the 
Aioian iiiuo to fade. ( C'jne method \vhich produced 
pej?»at: ..Ly clear i/ut y "?:en stri^:s was as follows: 
fhe strips were lane reed in a iai3£ture o ^j.,;> "laolal 
aelftio acid, 69^ ethanol aini 2;: ..Jlyccrol to produce 
soft .-....£. ^hoy were tiien carefully layered oi^to a 
sheet of glass which was placed la an ovoa at 8QQ 0.



Borne ox «s© &ieiuu, ^4.ue ^wu uaw b*en lost froa 
t&» stripe at this »t& .00 the solatium became 
blue. fthll* **tiaf actor^ for damfcaatratlon end 
photographic purposes It tipp^oi*ua that thy »_ , t 
lacked aufflcioat accuracgr for deoaitosaetx^ . >

'Ihoa© sti-ipo to l>© UGO-.J. for 
carefully dried and t^en i^..oraiki in

( Ts.i"-. > for half aii hour, fh© cleared 
strips wera scaai^cd la a Jo^ce Gteoiaoscan ( a double 

roc, -og and lutagvatiaG reflect coice 
anoragne filter ( No. 502ci: ) and slit; is,j.

count rrosa each j^eak wua e:cprooaod as 
of tihe total count •

Tissue wa# ground la aiipraximate^ toa 
its voiuiae o^1 a sdjct,ure $ containlas 4 parts of distilled 
water -co 1 pcurfc of ii-butoiiOl t In a 9 v^ulckflt 9

m&sadaiser cooled in Ice. Xho brol was 
eootrlfugftd for ten .ainutea at 2,500 rpn to 
tie three layers - I'he top oxi-Q contcijoed iipid 

uouiioi, 'the ffliddlo wa« an aquooua I^or ai^d the 
a small a&ou&t of sddiment at the Dottoia. Tha

-.2 wa« applratod aad fro©se-<lt'ied. 
before the 01eetrox>horetlo s^puratioa, the

ta&an ux> in a voiuno of dictilled
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to on* t .,t of tho Initial tlscuo volume. 
Jhio J«TO a thick opalescent solution, ID m of 
which wus stj?«*fced across £*£ ems at the 
on the cellulose acetate*

TO* o.o

(a) KKtraction after the method of Henley ( 1965

Four papillae* totalli,,g a&out 1.5 
were ^uoied for each prot oolitic extraction 
woro aoi-. Asecl In pliocsphato buffer at pu 6*^ ( 0*1 M ) 
o±id i.iOro tuf ror i^as aw.aed to l ... ^ „ volume up to 
2u ml* Dl'^odlum etbylone-41amlBe- totra-aootlc acid 
( <:odlui. edotic acid > was codded to uivo a ... -j r4olor

..,...:-.., -,lllii0 p^?aln ( B*P.H« ) ^•-,o activated 
ad.,«ltion of cysteine l^rdroclUorid© to a fixial 

concentration of u«OO::? M auad added In tjb© proportion 
of G,GQ£f> gr«aao to 20 nl. Mr was deluded to keep 
pupaln in its reduced fora and the olxtture wae incubated 
with occasional shaking in aa oven at !>6°0 for 18 iioura.

After this the digest wa0 dlaljoed against 
4 II .- ohlorido solution ;Co:r six hours to hr€^k 
auay eecondarj protein - pol^saccharid® bonds, and then 
against taj^ wat«r for a further six hours and finally 
ttgaiaet slv running dl stilled. v;ator for another"""^•^ "«*

tnr01vo iioui'-a. After centrlfu^tlon of the aaiaplo 
the cloax^ supernatant was fv^efte^driod aad otored.



(fc) ^attraction after the asthod of
Hartiala acid

In each roa^ mat ©rial from four papilla* 
-..JLsed la 20 mi of freshly p:' i*ed ; ' or

Vy 0»A.. „. ^*nak ) bad
.

aoertate 1^.6 ™rama
Bdetio Acid ( 3«B*?«A. ) w»u ^rons

i^drocixiori 1.4 ^ra.ao

four milligrams of orystaliia^d papain i
added » t&e aix% exciudod« ^ad the wi; ,x incui>ate<i

o, .... --....,... .\_afeiii a1> >^"' c £<«• i^ Lours.

was thsa filtered luider vacuum 
Ji a - ..,• .. tsla0® fuaael. Undigested tissue 

washed fdt~~ ^ email volume of 4 li sodium chloride 
& was than fiitored aad the aecoad filtrate added 

to blie first. JU jatyl pyrldinium ohloride me addod 
drop by dro^- ^o the aamDined filtrates iiiitil u f I'Oth 

• i3t roaained c ' okii^* i*he ooiutioa ^as loft 
to stand for two houra at room' tMptrature? *~*-».:;»a
JfW> '-***/^>\ ** f\^ '%* m» "t** ' * -' i ' ''s i ' ; F % *c.» A /^ HI r$ t v "%4 t 4* '"^ " • ^''l i '£.+ ' f s";/'* i**> ^ i'b '^*5 *'l£i£S. • "" i^*A» &\fJL*jJfJ* Wd M«*L «^ ^.A V*«ir. W-4A w ^MTTjripp'w 4c^M»V^w • v k<r *ft»_V »J> -^A V<''Sitf AiJTijiiiSi tftp^^%^fcp

c !.ote f i.. ,,^-oii ceiitrlfu^aci to collect fch- pr
in the oxnalloot voluao of warm

aciu ...ucopoly-" 
ao.dit;ioii of four 

Jiio ra



ior to the eleetro^i^or-etio «ep«o»tion the a
taken up in a volume of distilled water equal to 

one tenth of that of the iulti&l .,lssuo voturae.

Difficulty w&e experienced in judging how 
much cetyX pyrldlnium chloride should be added to 
precipitate the acid aucopoiyvaecharides full/ without; 
rediseolvla^ first b^reU.iyE'oiiic add said theu cliondroitln 
sulphuric acid ( Gcott, 19^| ^cott« 1 :̂ ;>€> ). It %r&s 
aloo felt that the hl^i salt coatont of thu initial 
tissue, ^^^- that added in the w^shljy^t aould load 
to selective fraatlonation EC this o^ep. T....UO 
recourse was .aad to a six hour dial^slG of the combined 
filtratae o^ainat distilled water i>efox*e the cot/1

^lon la order to re^vo - ; of 
1-j-.
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