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INTRODUCTION,

SiNcE the days of LigperkTHN it has been the laudable desire of the physiologist to
maintain the thesis that the process of absorption of solutions from the intestine is
explicable upon some simple physical basis.

To an assertion, however, that at the present day the details of the process are
within our grasp, few who have studied the literature of the subject and the thing
itself, will be prepared to give ungualified assent.

Nor need it be matter for surprise that the question is still sub judice, for in
addition to the diffieulty common to all physiologieal problems, and most prominent
in the one before us, viz., the elimination of factors unessential and disturbing, but
present by the nature of the case, it must be remembered that any real knowledge of
the Ph}rsicﬁ of solutions 1s essent,ia‘tl}' of recent date, and that its :1|}|}|ic;1tinn in
physiological research has frequently, through misapprehension of fundamental points,
tended not a little to confuse the issue.

I deem it of little profit in this place to enter at any length upon the theories of
intestinal absorption propounded by |:11}-'H5::111gi3t3 in the earlier part of this century,
for not only was a knowledge of the physieal condition of substances in solution then
non-existent, but the very structure of the wall of the intestine was but imperfectly
recognised,

Rupovrrar and MAGENDIE were both of opinion that  imbibition " was the cause of
absorption, while TiEpEMANNY and GMELIN with, as far as one can discern, but little
basis for such a theory, compared the absorbing villus to an inverted secreting gland.

With the advent of the elementary knowledge of osmotic phenomena inaugurated
by the researches of FiscmeEr and Durrocner, the rationale of the motion of
solutions through the wall of the gut seemed, naturally enough, to have been
definitely established, and an osmotic explanation in full simplicity held the field
almost unquestioned for many years, and in modified form is current at the present day.

BriUckE, however, in 1852, still maintained the t.hem'}r prnrnulgaltml a century or so
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212 PROFES30R E. W. REID ON INTESTINAL ABSORPTION.

before his time by LIEBERKUHN, viz, that the contents of the intestine are filtered by
peristaltic pressure through the wall of the gut into the vessels of the villi.

A physiologist in the early sixties had then open to him, as a physical basis upon
which to build a theory of intestinal absorption, considerable knowledge of the
processes of filtration, osmosis and diffusion, for the work of Gramasm had now been
added to that of the followers in the immediate steps of DuTroCHET.

Since, moreover, Lubpwic's discovery of secretory pressure was now matter of
eommon knowledge, and the histology of the gut wall was, thanks to the researches
of Briicke, KoLuiker, BrRETTAUER and SteEmnacE and others, well advanced, the
possibility of some speeial cell action concerned in the motion of the fluid absorbed,
was also before the theorist. Jomaxses MULLER had, indeed, as early as 1841,
asserted that the eylinder cells discovered by HEeNLE exerted in the process of
absorption an “ organische Anziehung.”

No attempt was, however, for some time made to apply the idea of Lupwig's
discovery to the proeess of intestinal absorption, and in 1869 we find Vorr and Bavgr
explaining the absorption of serum from the intestine, which they were the first to
ohserve, purely upon the filtration theory advocated by Briicke. Indeed, not till
1881 do we find grave doubts expressed by Horre-SEvLER of the adequacy of
osmosis and filtration to account for all the phenomena of intestinal absorption, and
the suggestion very definitely thrown out that the eylinder cells play an active part
in the process.

Horpe-SevLER considered the following two points as evidence against osmotic
absorption, viz., that weak aleohol is rapidly absorbed, and causes no passage of
water from the blood into the gut ; and that in cholera, where the epithelium of the
intestine is largely shed, absorption is at a standstill, although the eoncomitant
thinning of the membrane would appear to be in favour of csmotie transfer.

As will be evident immediately, neither of these observations militates against an
osmotic explanation, any more than they prove an active interference on the part of
the E]Jit-flelium_

Against the filtration theory, HoprE-SEVLER urged that for filtration to oceur with
ense the Hitcl'ing membrane must retain its corlﬁgumtinu under pressure, a condition
impossible to realise in the case of the soft easily-deformed epithelial layer, and
further, that if filtration is to be produced thwmgh such a membrane, a far higher
pressure would be requisite than peristalsis with continuity of the gut lumen could
be expected to produce.

The full significance, in all physiologieal problems involving an appeal to the process
of osmosis, of the relation of the nature of the substance in solution to the nature of
the membrane is of such comparatively recent recognition, that it is no uncommon
oceurrence to note in the works of the older writers on the subject of intestinal
absorption, that a phenomenon adduced as evidence against an osmotic ﬁxplelna,ticm,
has really no such import at all.  Until Travse discovered membranes permeable by
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the solvent but not by the substance in solution, the phenomenon originally observed
by Durrocaer with dead animal membranes {llﬁrtm:uhle, but in different degree, by
both solvent and dissolved substance,) of an endosmotic current of solvent and
erosmotic eurrent of dissolved substance, was held to be ehavacteristic of all osmotie
processes. It was at first considered that a fixed amount of dissolved substance must
necessarily enter the solvent from the solution for a certain amount of solvent passing
in the opposite direction. The idea became “erystallised” in the term endosmaotie
equivalent of the substance in solution.

Research soon showed that this ratio had no constant value, but only one relative
tﬂ t.l'lﬂ Bl,!ﬂﬂ;ﬂ.l II'IEI'I'II]'IZ'E'I,-'I]E ]_]31'_!(1 ﬂ)l' l'_'!h'l]l_‘."l'i.'l'l'l;l‘_"l'l":,,I ELII{] morenver to ',II{:.‘ t;]IIE- l].lll'ifl;_[ ‘l."n-']'liﬂ]'l
the particular membrane had been subjected to alteration of its physical econdition by
contact with the solution in use. 1If the labour spent upon the determination of
endosmotie equivalents was of little value, there is no doubt that the investigations
illl]}l‘ERSEd tuhe gl"EiLt- l]iﬂﬁﬁl'l_ﬂlﬂﬁ i!l ]]I‘_"'I']]]E_,“i'l.]li][t}? to lIiHHI}ITCII E‘}'lll]f‘}t'rl'[!ﬂﬂﬂ [‘Kllil!it[_“{l ]ilj'
different dead animal membranes, an elementary point to be grasped by any student
of an absorptive process.

In order to decide the course of events when a solution of a certain substance is
separated from the solvent by a given elass of membrane, the first point to determine
is naturally the degree to which the membrane is permeable by the substance in
solution.

This is not the place to enter upon theories of the physical basis of permeability,
but it must be stated that there is no real foundation for the original idea of TrAUBE
that the * size of the molecules” is the determining factor. Salts highly dissociated
in solution were shown by OvERTON to be unable to penetrate the protoplast of the
vegetable cell, while rmmp]ex i,u'g.'u]ic substances pass tlnﬂugh, and every histologist
1s aware of the great impermeability of the membrane of the red blood eorpuscles to
sodium chloride, while urea easily gains admittance to the interior of the cells,

Horre-SEYLER'S points against osmotic ;ﬂ;sm‘pt.iuu from the intestine will not bear
mvestigation. We know that the gut membrane is easily permeable by aleohol, and
weak aleohol may easily diffuse over into the blood vessels of the villi without any
“extraction ” of water therefrom. Were the gut membrane very impermeable to
aleohol, as it is, for instance, to magnesium sulphate, the result would not be as it is.
Again, that the loss of the gut epithelium in cholera puts an end to the absorption of
solutions different in composition to the blood plasma, does not necessarily prove that
the epithelium actively transfers the solutions into the blood in the normal state of
affairs. The explanation of the result might. be that the l;':ljit.]!l&“'llnl ig a barrier,
physically impermeable to certain substances in solution in the plasma and exerting
osmotie pressure, and that with removal of the barrier such substances can diffuse
over into the gut, so that the value of their osmotie pressure as a factor in absorption
of water is annulled.

In recent times the most energetic support to the theory that intestinal absorption
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I8, in part, at any rate, an active 1}|J}'ﬁin]::g'lc:11 function, has come from Breslau,
The late Professor Hermpensaix himself and his pupils, Levevuscaer, GuMmiLEwsk,
and RomEMANN published five memoirs on the subject, in all of which the adequacy of
osmosis to explain all cases of absorption is doubted. The experiments of
GusmiLewskl and ROEMANN were carried out upen dogs provided with intestinal
fistule, while those of HEimeNHAIN and LeveuscHEr were performed with freshly
prepared loops of gut.

The points advanced by LEvBUscHER against a purely osmotie theory of absorption
were : that the water of weak (25 per cent. to -5 per cent.) solutions of sodinm
chloride is absorbed more readily than is distilled water itself. That though the
absolute amount of sodium chloride absorbed rises with the concentration of the
solution placed in the gut, the quantity absorbed relative to that introduced, falls as
the concentration of the solution introduced is raised. He found 50 per cent. of the
total sodinm chloride of a 1 per eent. solution absorbed, as :'lgﬁillﬂt 35 per cent. of the
salt when the concentration was 5 per cent.

Finally, eontrasting potassium and sodium ehloride in solutions of equal concentra-
tion he found sodium chloride absorbed faster than potassium chloride, in the inverse
order of the diffusibilities of the salts as determined by GrARAM.

It cannot be admitted that these points are in any way convineing of the presence
of a special eell action.

Distilled water may injure the intestinal membrane in a manner not oceasioned hy
weak salt solution, and the alteration may lead to diminished permeability to water,
or more In'n}mh]}' to increased permeability to plasma constituents, by virtue of the
osmotic pressure of which water is normally removed from the gut. Some similar
effect may be produced by the strong salt solution (5 per cent.) affecting the ease of
diffusion of salt out of the gut into the blood, by alteration of the gut membrane,

The argument with potassium and sodium chloride ean have no weight, since the
coefticients of diffusion of these substances were obtained by Gramam under totally
different conditions. WarLace and CUsHNY, In a recent investigation, found ne
difference in the rate of absorption of these two salts.

The paper of LEvBvuscHER is, however, of value in other ways. He demonstrated
the m]i:-lhﬂity of the method of mmlp.'u'ing :le-r}l'l}tirms in two lnnps of intestine in one
animal, the method used in my own investigation, and furthermore there are
important observations on the effects of hydrostatic pressure hoth upon absorption
and upon the circulation in the wall of the intestine. These will be referred to later.

GumiLewski confirmed the statement of LEvpvscHER that water is more easily
absorbed from solutions of sodic chloride of eoncentration (25 per cent.) than from a
supply of distilled water in the gut, and further noted that sodium chloride is
ahsorbed from solutions of lower concentration in the salt than the blood plasma itself.
At a concentration of about 6 per cent. of sodium chloride, he found the salt and
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water absorbed at the same rate, while at 1 per cent. the salt was absorbed faster
than the water.

His points concerning the equality in the rate of absorption of salt and water at a
certain concentration of the introduced =alt solution, and the absorption of salt from
solutions of lower concentration in salt than the blood plasma, were insisted upon by
HeipENHAIN in support of the theory of eell action. Their diseussion will for the
moment be adjourned until a more detailed consideration of the phenomena is
convenient,

One other point in GUMILEWSKI'S memoir must, however, be here considered. He
maintained that the quantity of suceus entericus secreted during the experimental
period can be gauged by the amount of sodium earbonate present in the Huid removed
from the fistulous loop of gut, because he found the coneentration of this salt (and
also of sodium chloride) remained very constant in the succus secreted from day to
day, when no experimental absorption was proceeding.

Romaxy, however, who used one of GumiLEwskI's animals among others, could
only find this constancy in sodium earbonate in the ease of a short (11 eentims.) loop
which had been in communication with the air for over a year, and saw great irregu-
larities in the concentration of sodium ecarbonate in the suceus of more recently
established and longer fistulous loops. v, Scaxzont has also been unable to confirm
the regularity, and the recent experiments of 0. ConNuHEIM also show very great
variations in the sodium earbonate added in equal periods of time to solutions of
glucose placed in the loop, and, moreover, no relation between the amount of sodium
carbonate secreted and the concentration of the glucose solution filled in, provided the
latter be not strong enough to injure the gut wall.

As HEIDENHAIN points out, the secreted smwecus is by no means the sole source of
the sodium carbonate found in the loop at the end of an experiment—some may arise
from the mucus of goblet cells and some may diffuse® in from the blood if the gut
wall is injured.

There is probably no aceurate method of estimating the amount of suecens entericus
secreted during an absorption experiment. Both Bipper and Scmyipr, and Vorr and
BAvER saw no accumulation in loops tied off for a few hours, and in fistulous loops,
when the animal has fasted for a day, only a few grammes ave formed in an hour, so
that it appears reasonable to act on the supposition that bland, non-irritating fluids
do not evoke any special activity of Lieserktnx's glands, and that the quantity of
fluid secreted 1s so small in relation to the large volumes of introduced solution
absorbed as to be negligible. Epkixs, using ‘6 per cent. solutions of sodium chloride,
could not convinee himself of any considerable secretion of succus enfericus in the

* Though not strictly accurate, secing that a membrane intervenes, the term diffision is used in this
paper to mean the passage of a substance in solution through a membrane, from a seat of higher to a seat
of lower partial osmotic pressure of the substance, under the conditions of physical permeability of the
membrane to the substance in question.
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freshly-prepared loops in the cat, and Hemexmnaiy, who did not attempt to caleulate
the sucens secreted, arrived at practically the same results as GumiLewskr who did.

Ronmaxy continued GumrLewskr's work on the same lines, but used nutritive sub-
stances, viz., starch, cane sugar, glueose, and peptone.

The absorptions of peptone were estimated by means of the polarimetric obser-
vation of the solution removed from the gut, so that no high grade of accuracy was
attained.

Of the four substances used, viz., grape sugar, cane sugar, peptone, and starch, the
order of rapidity of absorption was found to be that here set down.

Cane sugar was found to be absorbed at about ten times the rate of sodinm
sulphate, and ROomMANN considered this as evidence in favour of epithelial action,
because C. E. Horrmaxs, in experiments upon the dialysis of these substances
through ox pericardium into water, had found that sodium sulphate passed through
this membrane rather faster than cane sugar,

The gut wall was also found to be more permeable to grape sugar than to sodium
sulphate. As in the old experiments of v. BEckEr and FuskE, it was found that with
increase of coneentration of the solution in the gut the absolute amount of dissolved
substance absorbed inereased, but with grape sugar he states that a maximum con-
centration is reached at the level of 5 per cent. or 6 per cent., be:}rond which an
imerease does not oecur.

He also noticed that with all four substances the absorption during a second hour
was less than that during the hrst.

A year after the publication of ROHMANN'S work appeared the first of HembEN-
HAIN'S papers. A large part of the paper is taken up with a renewed histological
mvestigation of the gut wall, which will be referred to incidentally only n the
following pages.

In the physiologieal seetion of the work we note the following :—

The fact is clearly demonstrated that the main absorption of solutions from the
gut cavity is by the blood eapillaries of the villi, which form such a dense network
immediately below the epithelium. The flow from the thoracie duet is but slightly
imereased when the whole of the animal's small intestine is distended with fluid
which is being rapidly absorbed, and if the gut is not distended no increase in the
outflow of lympth is noted. GixNseere and WERTHEIMER have also shown that it
requires a great excess of sugar or indigo-carmine solution in the gut to obtain
evidence of the presence of these substances in the fluid flowing from the thoracie
duet.

It is further demonstrated by injections of solutions of methylene blue into the
intestine of the frog and subsequent miecroscopic investigation, that substance in
solution ean reach the blood wvessels in two Ways, viz., In the cement substance
Letween the epithelial eells and through the protoplasm of the cells,
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On the other hand, little new evidence in support of the theory of epithelial
action is adduced, and that whieh is quoted is decidedly weak.

The rate of absorption of water by the gut is compared with the rate of passage of
water through a layer of ox bladder to defibrinated blood, and found in the first case
to be at about twenty-mne times the rate in the seeond. The relative permeability
of the two membranes to the substances in blood exerting osmotie pressure is not
even hinted at, and since the blood salts are known to rapidly diffuse through ox
bladder, and no stirving or renewal of the water was attempted, the result obviously
proves nothing so far as the point before us is concerned.

That the slow absorption of serum and egg albumen from the gut is not due to
their slow rate of diffusion is asserted, on the gj'mlmlu that these substances l.*:isil_‘-;
pass through other membranes in the body, in the formation of lymph in one case
and in the exeretion of injected egg albumen by the kidney in the other. Here, not
only are two different classes of membrane compared, but the possibility of simple
filtration being the cause of passage of albumen through the capillaries is not
considered.

At the time of the publication of HEIDEXHAIN'S second paper, some five years back,
the generalisations of vax't Horr and ARrREENTUS upon the physies of solutions were
thnﬂ)llg]]l}f current, and the Slt]::je(:t is attacked from the modern Ht.'mdlmini of know-
ledge of osmotie phenomena.

The experiment of Voirr and Baurr of the intestinal absorption of serum was
repeated, and analyses, in two cases, of the serum before and after its residence in the
out indieated that the water and salts were absorbed at the same pace, the organie
SU],EI_]S INNCHES F}IU“"IJ?, 'rl.“_’,' ﬂxl}(ﬂl'il“t_“[lt 3"{3:}*_‘:0{1@(‘ even 'lu‘l-']'!'j'['l. l.].ll._" SErUn Wiks :ll'liﬁf"iil”:ﬁ'
inspissated. Hemespaixy concluded that this phenomenon eould not possibly be
explained by osmosis, but he did not consider the possibility of filtration.

A prolonged study of the absorption of solutions of sodium chloride at different
concentrations is presented, and the effects upon the absorption of solutions of this
salt of small additions of sodium fluoride, a substance introduced now for the first
thme as an agent for injuring the gut epithelium, is considered at length.

Sinee salt and water were found to be absorbed at the same rate from serum,
and sinee, according to HEIDENHAIN, sueh absorption can only be brought abomt
by epithelial action, he concludes that in all absorptions of salt solutions of whatever
concentration, a part is exclusively physiological, and that when a solution of sodium
chloride, of blood concentration in that salt, is absorbed from the gut, it 1s passed
over as such by the aetion of the cells.

If the salt solution be of concentration above that of the blood in sedivm chlorvide,
and of higher osmotic pressure than the blood plasma, part of the salt absorption is
attributed to diffusion, i.e., that part of the absorption over and above the amount
supposed to be transferved by the cells, while the water absorption is supposed to be
entirely due to cell action.

VOL. CXCLL — B, 2 F
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a= B

[f the concentration of the salt solution is below the plasma level in sodium
chloride the salt absorption is considered as execlusively due to cell action, because
sodium chloride passes from a seat of lower to a seat of higher partial osmotic pres-
sure of the salt in solution ; the water absorption is considered as partly physical on
account of the higher osmotic pressure of the plasma, but part is aseribed to the
action of cells.

Hemexuaiy reasoned that if with * super-normal” * solutions of sodium chloride
the water absorption, and with *sub-normal ™ solutions the salt absorption is ex-
clusively due to ecell action, a protoplasm poison like sodium fluoride should have
different results in the two cases.

In the case of the “super-normal” solution it should reduce the absorption of
water disproportionately to that of salt, and vice versd the salt absorption dispropor-
tionately to the water absorption, in the case of *“ sub-normal ” salt solutions.

Such he found to be the case, and further that the action of the Huoride was
only slowly recovered from.

The points advanced in favour of a physiological * triebleraft ™ were : —

I. The absorption of a selution of the same composition as the blood plasma, viz.,
Seruim.

2. The passage of water to the blood from sedic chloride solution in the gut,
when the osmotie pressure of the solution exceeds that of the l:lasma_

3, The passage of salt to the blood from sodie chloride solution in the gut, when
the partial pressure of the solution in sodie ehloride is below that of the blood.
Of these three the first alone can stand, and then only when it has been definitely

proved that absorption by filtration ean be excluded.

As regards the other two the following remarks may be made in passing :—

Herpexuais takes no account of the permeablity of the gut wall to dissolved
substances, and even goes so far as to caleulate the pressure overcome by the gut
wall mechanism from the freezing points of the solutions on either side, determina-

P

tions which nn]}f giw‘ee a4 gauge of the total osmotic pressure as exerted :Lgainst. a
membrane absolutely impermeable to the substances in solution while permeable to
the solvent. To state, as he does, that the pressure overcome by the * triebkraft”
exerted by the eells is 27 metres of merenry because water is taken up by the blood
with a lowering of freezing point of 6% C. from a solution of sodium chloride with a
lowering of freezing point of 9° (., is to utterly disregard what he himself knew,
namely, that the salt of the solution of lowering of freezing point -9° C, rapidly passed
over to the blood through a permeable membrane.

His second point has no value as proving the presence of epithelial action, for after
the excess of salt has diffused over to the blood, it is possible for other substances in

# The term “normal” iz here not used in the chemical sense but as meaning a solution of salt of the
SATC l_‘f]l'l("ﬂl'l“'ﬂtjﬂn in }-_'-'il.l i b 1.-'".! [':if'(‘“lﬂ['i“:_{ ]'I‘lﬂ-ﬁILIH.
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solution in the plasma, and to which the gut wall is impermeable, to effect by osmotic
action an uptake of the remainder of the solution,

A similar criticism may be passed upon the thivd statement. Water can he
absorbed from the solution by osmotie action and when the sodie ehloride solution has
thereby been concentrated to plasma level, its absorption ean be effected by the
osmotie pressure of other substances in solution in the plasma, provided they cannot
et out into the gut.

With a membrane so permeable to sadic chloride as the wall of the gut is from the
zut side to the blood side, and permeable to water in both divections (as we know
from the action of eathartic salts). an osmotic explanation of absorptions of solutions
of sodium ehloride is to hand whether the solution be hyper-, iso-, or hypo-tonie,

As regards the action of sodium fluoride, it certainly demonstrates that a
normal condition of the gut wall is necessary for absorption, but in the light of
0. ConxuEM's results to be detailed below, it is evident that injury to the gut wall
allows the sodium chloride of the plasma to enter the gut, and this fact may be
utilised to explain many of HEIDENHAIN'S results without resorting to the assumption
of a special “ triebkraft,” though on the other hand the necessity for physiologieal
integrity of the gut membrane is as pressing as ever.

Seeing that sodium chloride is a plasma constituent, it is obviously not an ideal
substance to cmple}r i e:cl':erimenf..‘-; on intestinal :L]mu'ptim], for it 1s difhicult to
decide whether any excess of sodium chloride left behind in one experiment, over
that in another, is due to diminished absorptive activity, or simply to diffusion in
from the plasma under the special conditions of the experiment.

Yet another instance may be quoted to impress how imperfectly HEmpENHAIN had
grasped the osmotic possibilities in the gut. Guainewskr had observed that water
was more slowly absorbed from solutions of sodium sulphate than from solutions of
sodium chloride of equal concentration. HEempENHAIN noted the same fact with
solutions of magnesium sulphate, and considered that beeause a solution of magnesium
sulphate had the same freezing point as a solution of sodie chloride, both should he
absorbed at the same rate. Though his own zm.'lll}'m::-} show that the gut wall is
much less permeable to magnesium sulphate than to sodium chloride, he coneluded
that the slower absorption of water from the magnesium mtl]limtu solution, &‘.‘iiH.‘r.*-i:I“}'
when he used it at lower molecular concentration than the sodium chloride, was
evidence that the magnesium sulphate reduced the physiologieal activity of the
epithelial cells.

HamBURGER recently attempted fo resuscitate the filtration theory of LiEBERKURN.
After bringing forward experiments demonstrative of the fact already established by
LEuBUSCHER, that slight intra-intestinal pressure (‘37 to 10-36 millims. Hg, .., 5 to
140 millims. of "9 per cent. solution of salt in HAMBURGER'S experiments) favours
absorption, he goes further, and maintains that if the intra-intestinal pressure is zevo,
absorption of a solution of 9 per cent. salt (iso-tenic with the blood by the blood

Z2F 3



220 PROFES=0L I W, REID OX INTESTINAL ABSORPTION,

corpuscle method of estimation) is absolutely at a standstill. It is, in fact, main-
tained that the normal absorption of a 9 per cent. solution of salt by the intestine is
a simple matter of filtration.

It is unfortunate that Hamsureer overlooked the fact that at equality of hydro-
static pressure on the two sides of an animal membrane permeable to sodie chloride
(as 1s the gut membrane from the lumen side) the water of a -9 per cent. solution of
salt does move towards serum, and it is little surprising that he did not note this
effect in a loop of gut drawn over a cage of aluminium wire, in which case the
circulation is liable to be seriously reduced, and that he got evidence of absorption
when, by slight internal pressure, the mucosa was lifted off’ the cage and the con-
ditions for g::ml cireulation restorved,

Further, the results are in no way convineing, gua a demonstration of filtration, in
that the relation of the quantity of fluid absorbed to the pressure employed, is far
e U“t {lf- li]'['l].llf!]'til'l-ll t]'liill i.“i =een i.ll tl'll_" CaAREe {'I{L :'Ict'l]q'_i.] ﬁ]tl’ﬂtrlﬂﬂ le}el‘ilnﬂﬂtﬂ
through animal membranes, especially in those of TicersTEpT and Sanrtesson with
“ gold beater's skin.”

In only a single case is the pressure used (230 millims. of *9 per cent. solution of
salt = 17-02 millims. Hg) in excess of the pressure in the veins in the mesentery of
a fair sized dog, and certainly in all cases well below the capillary blood pressure in
the villi.

The author further contradiets himself at the end of the paper, where, with the
loop of gut in the belly and supplied with its aluminium cage to prevent any rise of
internal pressure from peristalsis and respiration, some 40 per cent. to 50 per cent. of
the -9 per cent. solution of salt is stated to have been absorbed in half-an-hour.

We are told that by “ imbibition ™ and pressure (the result of respiratory move-
ments, peristalsis and gravity) the gut fluid reaches the capillaries of the villi, and
that then the *“mitschleppende Wirkung ™ of the blood (say of sp. gr. 1060 and
x'r;&]u(‘.it}’ I millim. per second) earries the fluid away.

This ““ mitschleppende Wirkung” must indeed he small when, according to the
author, at zero pressure in the gut, and with “imbibition ™ still in action, ahsolutely
T i'lh.‘i{,l-l‘}]-ti[l!l OCCUTS, ’

In two experiments HAMBURGER also shows that there is a slight disappearance of
serum introduced into the gut of a dead dog (25 hours and 4 hours post mortem).
The difference between the rate of disappearance in the dead dog and the rate of
absorption of serum in HEIDENHAIN'S experiments is of course great. Thus per centi-
metre of gut per hour HEIDENHATS saw :L}MH'I}linll.‘i of from '25 eub. centim., to
172 cub. centims., while in HAMBURGER'S two experimentis the rate is '048 cub.
centim. to "125 enb. centim., the smaller number being in the dog which had been
dead the longer,

The loop from which the greater disappearance of serum was noted was distended
sinee 36 cub, centims, serum were placed in a loop less than 29 centims, in length,
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while in the other experiment 40 cub. centims. were placed in a loop 59 centims.
in length.

To which of his three factors HaMBURGER aseribes the loss of serum is not evident
in the text. There is no bload pressure in a dead dog, and hence filtration is possible,
Imbibition is possible, but * mitsehleppende Wirkung " is absent. Indeed a combina-
tion of filtration and soakage is the most probable explanation, but the eondition of
the gut wall, especially of the epithelium, is so utterly different to normal that it is
difficult to see any raison d'étre for the experiment at all.

Experiments are also quoted on dead dogs with solutions of sodie chloride, but
without any artificial civeulation throngh the eapillaries as in the experiments of
0. Connuemy to be quoted below.  Since the vesults are dealt with, and the eon-
clusions refuted by O. CoHNHEIM, it 1s unnecessary to enter into them here, except to
mention one instanee as indieating how utterly different the conditions are in the
dead and the living. 80 centims. of dead gut (24 howrs post mortem) arve stated to
have absorbed 18 per cent. of the water of a 1°5 per cent. solution of salt in 2 hours,
while in 5 hours, practically the same amount (21 per cent.) was absorbed from a 5 per
cent. solution.

We cannot close the criticism of this paper without reference to a serious mis-
quutut.ifm_ On pp. 435 and 436 LeEuRUSCHER Is l|1mtf_:tl ns ﬁt:ltiﬂg that 80 to
140 millims. of mercury is the optimum intra-intestinal pressure for absorption. A
reference to LEUBUSCHER'S paper (p. 828) shows that in the original this is water
pressure (e, 588 to 1029 millims. Hg), and that at about 100 millims, of weter
pressure in the gut, the outow from a mesenteric vein hegins to fall off]

LeveuscHER ascribed, and we think rightly, the favourable effects of moderate
intra-intestinal pressure on absorption to unfolding of the gut, so that the absorbing
surface is increased.  Above the optimum pressure, absorption falls off on account ot
reduction of circulation, below the optimum, it likewise falls off, but from diminutior
of working surface. Epxriss also considers that 100 millims of water pressure gives
the most favourable results.

The most recent contributions to the subject of intestinal absorption, by Hiner,
0. Conxuemn, and Warrace and CusHNy have dealt largely with the eritical point
of the permeability of the intestinal membrane to different substances, and the effect
of variations in the physiological eondition of the gut wall upon such permeability.

Hiper's work impresses the importance of the relation of the substance in solution
to the gut wall, and indicates elearly that the difference in result got with solutions
of the sulphate and chloride of sodium is due to the fact that the gut wall is far less
permeable to 80,- than to Cl-ions. Studying the permeability to a number of ions he
finds that Am- and NH,-ions pass easily, while those of Mg are absorbed with great
difficulty. He has difficulty in explaining the ease with whieh sodium chloride is
ahsorbed seeing that the “ plasmahaut ™ of plant cells and red blood corpuseles are so
impermeable to this salt, and hints that i1t passes between the cells of the gut
epithelium in the cement substance,
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His results are in many respects confirmed by Warrace and Crsuxy. They find
further that oxalates are as little alsorbed as fluorides, and appear to injure the gut
in the same manner.

The salts used in their l:xpi:l'il'ne'ntﬁ arve differentiated inte two main groups, the
one capable of permeating the gut wall with ease, the other with great difficulty, and
some explanation of this fundamental distinetion is sought. They consider that, with
several exceptions, there is a relation between the behaviour of the ions in the
intestine and the solubility of the corresponding caleium salts, and eonclude that acids
forming insoluble salts with ealeinm aet as eatharties when eombined with indifferent
]b.'l:h',L"H.

That, however, this explanation is not a full one they readily admit, especially as
they find that quinine hydrochlorate, a well known protoplasm poison, greatly delays
absorption when exhibited in traces in the solution in the gut.

The papers of (). CORNHEIM are very much to the point.

F]E (I'EIIIUII!"}',.I':I’.PH ﬁ]'t' t]li} Ii"u'illg gﬂt- II'IE'I“I_}'I'HII(_‘,' il Cﬂ“[]itrlﬂ'ﬂ Df. Onne Hi{]L‘fl ]:I[.‘I'I'I'Il'_"."l.l_]“it}'
for sodium chloride somewhat of the nature of the one sided permeability found
hy the writer nine years ago in the living skin of the frog, and proves that this
peculiarity is a funetion of the normal condition of the gut wall, and absent from that
of the peritoneal and pleural cavities. The experiments were made with solutions of
glucose in the gut, and the glucose and sodium ehloride in the loop at the end of the
experiment estimated.

With normal intestine only traces of sodinum chloride (attributable to the suceus
!’:'jiff.i"i-ﬂ”.‘i} anre Fl']'t'lll{] {II H{l]“tiﬂllﬁ ﬂf g]ucﬂHE} \\'Iliﬂ_!h ]'I.ﬂ"l."e I'Clllliillﬁfl i[l. ’,.Ilf‘ gut, Edd]‘.t iﬂll
of sodivmm or potassinm fHuoride, or especially of liguor arsenicalis to the glucose
solution introduced into the intestine, by injury to the wall, leads to the entrance
from the blood by diffusion of a large quantity of sodium chloride, which at once
reduces the absorption of water from the glucose solutions, seeing that this depends
largely, in the normal state, upon the l];u'tiﬂl pressure of the sodium ehlovide of the
blood kept out of the gut by the special one sided permeability, of the gut membrane.

He thus finds the gut wall permeable to glueose and sodium chloride from the gut
side, but relatively impermeable to sodium ehloride from the blood side,

Strong rlucose solution (10 per cent. to 15 per cent.) also injures the wall and allows
the sodinm chloride of the blood to enter : in fact since the power of holding back the
!‘i.'l'ld'li'l]['l'l ﬁl]ll}l'il]ﬂ “F t!le ]]h]'n'[l i.ﬂ il ]:I]'U'I:ll‘]'t“.' of t]'lI_'! Hl"ll'lllill \‘I.'El".:l 0Ore uxllﬂctﬁ ﬂl'l_‘!.' killd ﬂf
injury, chemical or mechanieal, to produee the result of entrance of sodium chloride into
the gut contents.  An observation of GuamiLewskr's that the water of weak (125 per
cent. to 25 per cent.) sodic sulphate solution is ahsorbed as quickly as distilled water
hut slower than 25 per cent. sodium chloride, is explicable on the deleterious action
of distilled water upon the gut membrane. Geza Kovesy, in experiments on the
absorption of solutions of sodium sulphate in the rabbit's gut, found sodium chloride
in the solution remaining in the gut, and a glance at his figures shows that with the
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stronger solutions of' the sulphate (10 per eent. to 5 per cent.) the amount of sodic
chloride diffused in is in excess of that found with the weaker solutions of sulphate
(16 per cent. to 1 per cent.).

But the reduction of water absorption by the employment of protoplasm poisons is
pointed out by 0. Couxaemm to be not always due to the inflow of blood salt, for
with nluininc and acetate of I:::E;ir-:h he noted reduction of water u]w-rptirm without
concomitant excess of sodium chloride in the contents of the loop.

The conclusions of certain experiments by HaMBurcER, already mentioned, dealing
with the absorption of solutions by dead gut are refuted by O. Consnrmv.  Haw-
BURGER's experiments were conducted without artificial cireulation, and so with the
supply of sodium chloride limited to that remaining in the blood vessels and tissues
at the time of death.

If a circulation of “947 per cent. solution of sodium chloride is maintained through
the vessels of dead gut, or gut the wall of which has been i]ljlll'!_b[l 'E;}r wm-_:hing
with glucose solution at 80° to 90° C., no absorption of introduced solution is found
to oceur, because the sodie chloride continues to diffuse in, as with a parchment tube,
and sinee the glueose in the gut diffuses out more slowly than the sodium chloride of
the vessels diftuses in, there is a rise of osmotic pressure in the gut and the volume
of fluid in it generally increases, but never decreases. With no artificial cireulation
of solution of sodium ehloride, the supply of sodium chloride in the gut wall is limited
and a slight absorption oceurs of both water and glucose,

The glucose absorptions also with dead gut and artificial cireulation are, over equal
periods of time, far below those obtaining in the living gut.

Thus, in experiments of 30 minutes' duration with 23 per cent. solution of
glucose in the gut :
Per cent. glucose Per cont. water
ahsorhed, abaorbed,

Normal (VELLA fistula) . G Rt R e GG 777
Dead § hour, and washed throngh vessels with 047 pe

penit oo PR e e e 0] 1-5
Hmﬂ.—::nilglﬂittcdi uliilllulilml, andl 'n':LsJu,'l:l Lhruligh "p'l.'&ﬁl.!]'i

with 047 per cent. solution of Nall. . . . . . . T8 0

0. Couxugim concludes that two peculiavities of the gut wall must be reckoned with
in a study of absorption, a power of sucking up fluid (cufsangende Fihigheit) and a
one-sided permeability to sodium chloride, the two processes being separable af eertain
stages of poisoning, and the power of sucking up fluid being the move easily affected of
the two.

Without attempting to discuss its causation, it appears to the author that one can
apply this fact of one-sided permeability to plasma constituents (with special reference
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to sodium chlovide), to HEbENHAIN'S experiments upon the absorption of solutions of
sodium ehloride and the effect of sodinm Huoride thereon.

With « :-e.upl_ar-rmrnmi " solutions of salt, the salt is absorbed Iluic]{m' than the water
because the salt easily diffuses over into the blood, but the water uptake is difficult,
depending for its initiation upon the rvapid reduction of the eoncentration of the
sodium ehloride solution in the gut to blood level, and for its subsequent production,
upon the absorption of the solution by virtue of the osmotic pressure of blood con-
stituents other than sodium chloride to which the gut wall is impermeable. If by
sodium fluoride the peculiar property of the membrane is removed, the diffusion of
salt will be slightly slowed but will continue by virtue of the excess of the partial
pressure of the salt in the introduced solution over that in the blood. On the other
hand the water absorption will be greatly diminished or stopped beecause the plasma
constituents to which the normal gut wall was impermeable now gain admittance to
the solution in the gut, In other words, as Heipexuaaix found, the water ul_u;orpt.inu
will be more eut down by the poisoning with fluoride than the salt absorption.

With “sub-normal " solutions of salt, water naturally tends to be rapidly absorbed,
and since diffusion in of blood salt is prevented by the property of the membrane, not
till the salt solution in the gut has been concentrated (by removal of water) to blood
level will salt begin to be absorbed through the osmotic pressure of plasma con-
stituents other than salt taking it over in solution.

In a short Exflt.‘l‘i]l]i;‘:ﬂt then water u]}sm*l)tinn will be noted as gqumeker than salt
absorption.

If now the function of the membrane is destroyed by fluoride, the salt absorption
will be greatly reduced or stopped by the diffusion in of the blood salt; so also in
the end will be the water absorption, but simee the fluid in the gut starts at a
lower osmotie pressure than that of the blood, absorption of water will go on for some
time. In faet the salt absorption, in a short expel‘i!l!ent, will be eut down more than
the water absorption. '

In addition to the utilisation of ComwzuEIM's facts, the only change made here
is that instead of slll]llming i Hl]-Eﬂiili “ triebkraft,” the osmotic pressure of substances
in the plasma, to which the gut wall is normally impermeable, is considered as a likely
cause for the absorption of solutions of sodium chloride of the same concentration in
this salt as the blood, and during the early stages of absorption all introduced
solutions of salt must come to this level by diffusion of sodium chloride, in the case of
“ super-normal,” and the absorption of water in the case of * sub-normal ” solutions.

But is not the idea of a * triebkraft” eontained in ConNHEIM'S observation ?  For
if it be granted that no physical membrane is known or conceivable which is much
more highly permeable to sodium chloride in solution in one direction than in the
other, one practically admits a constant thrusting back of sodium chloride in one
dirvection, in fact, a mechanism.

Hoper's suggestion that sodie chlovide passes exclusively by the cement between
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the epithelial cells cannot hold if the process is in the main a one-sided one; and,
indeed, one is more inelined to think that the cement is permeable to sodium chloride
in both directions, but only in slight degree, while it is a peenliarity of the living cells
to he llel'llleﬂl}]ﬂ in H]I'l]_"g.' one direction,—and the cells make 1 IJ}' far the oreater lmrt
of the surface.

Evidence of a difterent character to that already adduced has also been brought
forward in favour of a speeial act of the gut wall in absorption.

In many eases comparisons of absorptions in upper and lower districts of the small
intestine have shown differences which can hardly be attributed to differences of
blood supply or extent of absorbing surfice.

Such ecomparisons should, of course, be nn]}r instituted between two loops of gut in
oneg and the same animal, though this has not always been recognised by the
ivestigators themselves,

TarpEINER, studying the absorption of taurocholate, glycocholate, and cholate of
soda in the intestine of the dog and eat, found that not only do different regions of
the intestine absorb the bile salts in different degree, but that one and the same
region may be impermeable to one salt and not to another.

The jejunum he found to possess the peculiarity of absorbing gly ::ﬂ-r:hul e of soda,
while taurocholate and cholate are rejected, and the fat of milk was absorbed in the
Jejunum, while mingled taurocholate of soda was not.  All three salts were absorbed
in the ileum, but none of them in the duodenum. The results ave apparently not due
to any injury to the duodenum and jejunum, because good absorptions of water are
recorded, while the bile salts were left hehind.

Laxxors and LEPINE, comparing the absorption in different loops of gut in the
same dog, found that glucose was better absorbed in the jejunum than in the ileum,
but that the absorption in the duodenum was behind that in the jejunum, and some-
times even slightly less than in the ileum. Their experiments with peptone gave a
similar result, but their method of estimation of peptone in the fluid removed from
the gut is not free from considerable ervor.  Oil was also found to be absorbed better
in upper than in lower regions. With a solution of glueose in urine, it was found
that the urea was absorbed at about the same pace in the upper and lower loops,
while, as before, the glucose absorption in the lower loop was greatly inferior to that
in the upper; indeed, in one case, no sugar was absorbed in a period of fifteen
minutes,

Levsuscher found the absorption of both salt and water from solutions of salt to
be hetter in the jejunum than in the ileum of one and the same animal.

On the other hand, HeipeExHAIN quotes one experiment in which the absorption of
water (from a 1°5 per eent. solution of sodium chloride) was considerably less in a loop
60 centims, from the pylorus, than in a loop 8 centims. from the ileo-cwecal valve in
the same animal ; and Hoéser and Epkins maintain the same, but their results are
from different animals.

YVOL. CXCIL —B. 2 G
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A few other cases of eomparisons of absorptions in different districts may be found
scattered in the writingﬁ of others,

ROHMANN'S experiments with peptone and glucose were condueted upon different
1]1::__{.'-; with fistulous lnuln-;,, and he, t.]nmgln iu{:liniug to the view of Laxxois and
LériNg, admits the uneertainty of a comparison in his results.

v. Beanzoni also observed less glucose absorption in a fistulous loop low down than
in one |!]gh13!' up in another l]{r_s_;', but the difference between the distance of the lcmp.'-j
in the two cases from the ileo-ceecal valve is not great, and the lower loop proved to
be C{I!].‘iiilt'!l'ii.hl}-' the shorter of the two.

OUne point, the importance of which seems to have escaped the authors above
mentioned, and which has forced itself upon my notice, is worthy of remark here,
viz., that the ﬂ]}i{hr.;:]illln of the gt tends to become detached far more ﬁasi[jr in
upper regions than in lower. ROHMANN, it is true, remarks that the cellular elements
Are mMore easi l:,' cast oft in the upper parts, Tt ﬂx‘itl{:lltl}-' does not ,ullpruciute what a
serious source of ervor this may be in practical work.

In concluding this introduetion to the paper, it is, perhaps, well to recall the fact
that there is evidence of chemical action on the part of the gut wall upon certain
substances known to be capable of absorption.  Peptone is in some way altered in the
process of its atl;:surj:tinn, for it was not found h_‘,.' SarvioL! in the blood :u'l;iﬁeia.i!}r
circulated through the vessels of a loop of gut from which it was being absorbed ; and
if, in the light of the experiments of HripENHAIN and SHoRE, we discard the theory
of HormersTer that this is a funetion of lencoeytes, we may conclude with NevMEsTER
that the epithelium of the gut is the active agent. Again, the whole story of fat
:lhs-:rnrl':t.iutt, whether we mlupt. a c:m']ms{:u]nr or a solution them'}', needs for its elueida-
tion the assumption of action on the part of the protoplasmic struetures of the gut
wall ; and, according to Pavy, fat is elaborated from carbohydrate in the columnar
cells of the villi. [See also Note of October 19 (p. 290). ]

GI-:_'EII;‘,.L MeTHOU OF THE EXPERIJI EXTS.

All the experiments recorded in the following pages have been performed upon dogs,
tracheotomised, and anmesthetised with chloroform and morphia, the latter drug to the
extent of from 2 to 5 milligrs. per kilo. of body weight, and unless Epﬂﬂiﬂ"}' stated to
the contrary, the animals had fasted for 24 hours previous to the experiment.

The method introduced by LEupuscHER of using simultaneously two loops of gut,
experimental and control, has been followed throughout, and in all cases the loops of
gut have lain, during the actual experimental period, outside the abdominal cavity with
the mesenteries free of torsion, and covered with flannels wrung out in warm water.
Only one experiment was performed upon each animal, in order to avoid error from
injury to epithelium, differences in vascularity, or other possible untoward effects.

For special purposes the hydrostatie pressure within the loops of gut was measured
during the experiment by small manometers tied water-tight through a * button-
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hole " in the mucous membrane, but it may be remarked that if two loops of gut of
El!u:’l,] lﬁllgth are ﬁe‘ﬂcte{l, i-lT'I.l] t-l]f‘ saime ‘i.'“]llllll" ﬁr 1.']"'! ["."':'[Iei'i'l'l'll:‘lititll. ﬂliid ﬁ]].l_"[l il]tl'l
each, the difference of hydrostatic pressure in the loops is so small that the manometrie
procedure may be dispensed with except in special cases. Peristaltic contraction of
the exposed loops of gut was the exception under the circumstances, and if evidently
more marked in one loop than the other, the result of the experiment was only
accepted when it tallied with others of a similar nature in which peristalsis was
absent.

The loops of gut were provided with glass eannule at each end (the free end of
each eannula being supplied with a short rubber tube and elip), were laved with
O per cent. salt solution at ]wl}‘ temperature to remove deliris of food and werms,
and, as a rule, washed with the solution to be absorhed immediately before the com-
mencement of the experiment.

In order that the double loop method may give rveliable results certain precautions
are necessary, viz., (1) the length of the loops must he measured with great care;
I_"El} the cireulation in the one must be as gﬂm] as in the other: and I:H} the two
loops must be selected in eontinuity from the middle region of the ileum of a fair-
sized dog.

The measurement of two loops of gut of equal length is merely a matter of practice
and skill, but the maintenance of equality of circulation depends upon absence of
torsion in the mesentery, in the main. If the loops are replaced in the abdomen for
the exlu:t'imunt:ﬂ l]-r.—*.rilﬂ, however ea I'l_"ﬁ]“}' thc}' have been measured, one is liable to
get inequalities in absorption, and it is only by careful arrangement of the loops on
the warm cloths lying on the abdomen, and attention to the mesentery at its point
of exit from the abdominal wound, that equality of absorption is at command.

How necessary the third point is will be evident from the results given on p. 283
of comparisons of absorptions in the upper and lower regions of the ilenm.

At the end of an experimental period the contents of the loops were emptied into
measuring vessels capable of being read to half a cubic centimetre, and when solutions
of sugar or peptone were used the loops were thoroughly washed with distilled water,
the washings boiled down to small volume, and added to the fluid directly recovered,
before proceeding to quantitative analysis of the substance in solution.

The solutions were introduced into the loops at body temperature from vessels
jacketed with warm water.

The methods of chemical treatment will be found in the Appendix on p. 291, along
with other practical details here out of place.

That the above method of procedure is reliable is, I think, proved by the com-
parison of absorptions of serum, peptone, and sugar, in two normal loops from the
mid-region of the ileum quoted in Tables I, I1., and TIL

2G2
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Tasre I—Comparison of Absorptions of Dog's Own Serum by Two Normal
Loops of lleum.

o - 1 : | 5 I
g é é ! B E‘é | EEE i Absorptions.
e B e ol B 18 _dnuie culh srads el dnt
iz I g - -2 [
il | K, | & : B[ E23 Upper 1 ' Lower |
8 et 2g |TRu| s 'pper loop. | sower loop.
= | = E = w2 TgE|(wdb
c | ®°8 | =8 B2 | g=2 | £ ] | | '
2 85 S8 ! ak | 28 32 ! | :
2 | =g i 2 | 28 223 w Organic | - Organic :
bg: g% g,g g= é,__s b Water. solids. Salts. | Water. wolids, | Salts.
I 19 1] bl Th a0 23 el | GATO 23 [21:Heub., 5781 2074

222

centims. | grm. grm. | centims. | grm. £rm,
=46 | =19:31 | =4T80| =43 | =1T725 | =4460 |

per cont.  per cent. | per ¢cent. per cent.  per cent. | par ¢ent.

IL. | 26 0 &0 | 100 50 | 36 enb. | 1:2269 | 2505 | 26 cub. | 1-2860 | -2538
centims. | grm. grm. | centims | grm. grm. |

—52 | =3463 | =55:30 =52 =36:30 | =5602 |
per cent. | per cent. | per cent. | per cent. | per cent. | per cent. |

IIL. | 21 S0 bl 100 40 | 21 cul. | 5440 2104 | 22 cub. | -56O03 2118
| [ [ centims. | grm. grm. | centims. | grm. grm. |
| | | =B2:50 | =1769 | =5H467 | =550 | =1823 | =556:04 |
[ | per cent. | per cent. | per cent. | per cent. | per cent. | per cent. |

Iv. 15 30 =50 100 | 50 2B enh. | -BE1E 2983 | 24 enh, | 7880 2340
| centims., | grm. Ly i1 centims. £Zrim. grm.

—460 | =2062 =160 | =480 = 2386 | =4904
per cent. | per cent, | per cent. | pér cent. | per cent. | per cent.

NoTe.—The intra-intestinal hydrostatic pressure was measured in Experiments IT1 and TV.
In Experiment II1., upper loop pressure 5 to 11 millims. of Hg,

1'3“1" 1 " 3 » 12 L] "
In Experiment IV., upper - R | v o
IO‘-\"E’[‘ L} "W G " 7 1 L]

For method of analysis see Appendix, p. 291,
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TasLe IL—Comparison of Absorptions of Solution of Commercial (GRUBLER's)
Peptone by Two Normal Loops of Ileum.

For methods of analysis see Appendix, p. 203.

T
I . . :fﬂén;_zﬁ Absorptions.
Duara- | Distance | .6 solu.
: A Weight | - . | Length | of lower == |
Number "5 tionof | <=0 lloop from| W0 of
|of experi-| kil:;g: CXPETL | of ot in :'Iﬁ'!»-{-mml SHCTToRE Upper loop. Lower loop.
ment. ment in = . introduced
grammes.| .o | centims, | ;:1;;.2. Uisin: sadh .
| | | 1Lims. e | |
'} | Ing;l:;:]:h. Water.  Peptone.  Water. | Peptone. |
I | ; iz |
| |
I. 11 15 30 76 | 30 |19Hecub.| 426 |[210cub.| -455 |
centims, | grm. centims. | grm. |
'| | =6500 | =TOE3 | =7000 | =758 |
I | per cent. | per cent. per cent. | per cent. |
L [ 5 | 40 | 100 36 2600cub. ‘462 25:00cub.| 436 |
| eentims. | grm. centims, T
‘ =T72:23 | =064-16 | mG9-4d4 | =005
| per cent. | per cent. | per cent. | per cent.
11T 18 15 30 150 30 2050 cub.| 425 | 1950cub.| 440
‘ centims, T, centims, T,
: , =68-34 | =7083 | =6500 | =7334 |
| [ prer cent. | per cent. | per cent. | per cent.
| |
IV, 11-5 13 40 100 30 1750 eub.| 321 1850 eub.| 304
[ centims. | grm. centims. grm. |
| =5834 | =53:50 | =6167 | =50-67
. per cent, i per cent.  per cent. | per cent. |
|
Y. | 9-5 15 | 40 100 30 5:00cub.| 408  25-00cub.| 404
| | | i centims. | grm. centims. | grm. |
| | | =8334 | =GBOD | =8334 | =673 I
| | per cent. i per cent. | per cent. | per cent. |
| | . |
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TaeLe I[TL—Comparison of Absorptions of Solution of Glucose by Two Normal

Loops of Tleum.
I f | Volume | :
[ I Dist of 2 per I Ahbzorptions.
_ istance i
. Waight 1.}“”" Length | of lower | %1% solu-|_ e e R
[ Number i tion of 1 loont tion of
lof experi-| 108 | gxperi- | G OOF% | DOPIOM oy onse in.| 7 oy,
|0 nwE:t | inkilo- } o0t in |of gutin | ileo-cecal troduced | Upper Ioog. ' Lower loop,
| ELIIRES: | o inntes. CHmZIA: ‘:::!:ﬁ‘::' into sach | —— e | —T———
‘ | |In-':r|:|1|_1c-11_.h. Water. | Glucose. | Water. | Glucose. |
| cenbimes, | |
: T | A m— | i
E: |5 18 a0 ik | 10 a0 170 cub. | 2637 | 180 cub. | 2703
| I centims. grm. | centims. rm,
56-67 | =42:28 | =60-00 | =4505 |
| | per cent. | per cént. | per cent. | per mnt.|
IL. 165 30 A0 Th ! 40 200 cub. | 3964 | 185 cub. | 3886 |
: centims, | grm, centims. | grm. |
| ' =5000 | =4955 | =46:25 | =4857 |
' i per cent. | per cent. | per cent. | per cent. |
11 : 20 16 1] 100 30 240 ¢ub, 3162 | 245 cub. 3500 |
| centims. | grm. centims. | grm. |
| | = 80-00 s 5270 | =81'67 @ =50-00 |
{ per eent. | per cent. | per cent. | per cont.
IV. 13 | 15 | a0 Ta 30 190 culy. | 2480 | 180 cub. | -2454
; centims. | grm. | centims. | grm. |
| | ; 6334 | =41'34 | =60:00 | =4090 |
| | . per cent. | per cent. | per cent. | per ccnt.ll

Nore.—In Experiments I. and II. the glucose was dissolved in a "6 per cent. solution of common salt.
In Experiments IIT. and IV, it was dissolved in distilled water.
For methods of analysis see Appendix, p. 203.

THE ABSORPTION OF SERUM BY THE ILEUM.

By restricting experiments to dogs upwards of 15 kilos. in weight, it is possible
to obtain sufficient blood for subsequent preparation of serum by the centrifugal
machine, without indueing such a degree of anmmia that the integrity of the intes-
tinal epithelium or the life of the animal are endangered.

By such procedure one approaches as nearly as experimentally feasable the con-
dition of identity of the solution on either side of the intestinal membrane, and
excludes the osmotic factor far more completely than when another animal’s serum
is used for experiment, as was done by Voir and Bavgr and by HEIDENHAIX.

Subject to variations called for by the condition of the animal, the rule has been
to take about 400 cub. eentims. of blood from dogs weighing from 15 to 20 kilos,,
500 cub. centims. from dogs of 20 to 25 kilos,, while 600 cub. centims. has been
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{lrﬂ“.’“ ﬁ'ﬂ}l]]] I!.i'.l!-}"ﬁ l_}r S0 ]{ilﬂs, EI.]'I.I]. I,'I'I'I‘l.'n-'-i-l'l.'ll_!.‘ﬁ ‘L\';t.].“}lll 1]4[][;'5!]'. II[“lli" =21, "|'I-‘E1.|1['|.l"[1 L
40° C., was usually ready for introduetion into the gut within an hour after bleeding
the dog from the earotid artery.

(a) Absorption of Serum against Hydvostatic Presswie.  FEreclusion of Filtration
vito Capillaries of Villy and Lacteals.

The attempt by Hampurcegr, already noted in the introduction, to revive the
filtration theory of absorption of LIEBERKUHN, BrUCKE, and Vorr and Baver, a
theory disregarded by HemENHAIN in his experiments upon the absorption of serum
in the intestine, compelled me to measure the hydrostatic pressure simultaneously in
the gut lumen and in a radical of a mesenteric vein, during an absorption of serum,
—an experimental precaution, so far as I am aware, previously neglected.

Readings were simultaneously taken of a manometer commumnicating with the
interior of a loop of gut charged with the animal's own serum, and of another mano-
meter (filled with magnesium sulphate solution of known llﬂllﬁit.}'}, tied into a mesen-
teric vein radical, proceeding from a neighbouring loop of gut filled with normal
saline solution. The venous radical selected was as near the border of the gut as
practicable for introduction of a eannula.

As will be evident from the experiments now quoted, active absorption of serum
takes place when the hydrostatic pressure in the gut is well below that in a radical
of a mesenteric vemn, and, therefore, far below that in the capillaries of the villi.

Exrerimest 1.—Dog, 175 kilos. 80 centims. Loop of lleum.  Duration of
experiment, 1 hour.

Organie solids, Salts,

[ {TEER grm.

Introduced into gut 50 cub. centims. of own serum, holding . . . . 33500 : 4500 !
Becovered from gat 32 cub, centims, of serum, holding. . . . . . | 25474 i 1870 '
ABSORBED DURING THE HoUk
Water . . . . . . . 2800 cub. centims,, i.e., 56:00 per cent.

Organic zolids. . . . 10026 grm.,, . . , 9992
el R (L DEAN e mtd B SBERE)
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Pressunes 13 Miumernes oF MErcUry.

! Time. Mesenteric vein radical. Gut lumen.
i — - —— - e [ —— —
12.0 start
12.5 154 a0
12.10 161 a0
12,20 161 GeCr
12,30 150 5:H
12.40 154 4:5
12.50 135 40
1.0 BLOYH

Exrerment IL—Dog, 20 kilos. 80 centims. Loop of Ileum. Duration of
experiment, 1 hour.

| Organie solids. Salts,

zrms-. frm,

Introdueed into gut 50 enh. centims. of own serum, Imhiillg e S350 4550
Becovered from got 185 enb. centims. of serum, holding . . . . . 20646 1628
ABSORBED DURING THE HoUn.
Water . . . . . . . 31'bcub. centims., i.c., 6300 per cent.
(.h';_.[m:iu golida= & & o 1:3704 {1 PR o
27 | T R e G e B e e B
Pressvres 13 MiLLisernies oF MERCURY.
Time. | Mesenteric vein radical. Gut lumen.
|
: 12.5 start
[ 12.10 107 20
| 12.20 115 2-0
| 12.30 11-1 20
12.40 11:5 30
| 12.50 . 114 30
| 1.0 Clot a0
| 1.5 stop

If the serum passes to the blood in the capillaries of the villi, it is evident that
filtration is not here the cause of its motion.

The supposition at onee arises that the explanation of the absorption under these
circumstances is filtration into the lacteals of the villi.

In an animal, with the lacteals of the mesentery whitened by fat feeding, it 18 an

[ —
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easy matter to ligature these vessels close to the gut border, and so make the lacteal
plexus of the submucosa a closed system, it the loop of gut is ligatured round a
cannula at each end.

If the ligature of the mesenteric lacteals is earried out some time before the absorp-
tion experiment, the pressure in the villus parenchyma and in the closed lymphatie
system of the loop must at the time of starting the experimental absorption be but
little below the capillary blood pressure, and during the whole experiment will
certainly not tend to fall.

Briieke's * villus pump,” if such a mechanism really acts during absorption, will be
practically erippled, and unable to reduce the pressure in the central lacteal below the
level of the pressure within the loop of gut.

Nevertheless, as shown in the two following experiments, the absorption of serum
still oceurs when the mesenterie lacteals are elosed by ligature near the gut horder,
Examples are quoted in Experiments 111, and IV,

Experimest ITL—Dog, 22 kilos. 80 eentims. Loop of Ileum. Duration of experiment,
1 hour. Lacteals of mesentery ligatured near border of gut 45 minutes before
commencement of experiment.

| | Organic solids. Salts, l

i | [ [

‘ 4 : ; grms. grm, ‘
Introduced into gut 50 eub. centims. of own serum, holding . . . A6450 4500
Recovered from gut 25 cub. centims, of serum, holding. . . . . . 2-ROR0 aaag)

ABSOREED DURING THE Hougr.

Water . . . . . . . 2500 cub. centims., f.e, 5000 por cent.
Organiceolids. . . . . 10370 gm., . . , 2845
i e S o e LB o

PrEssvuREs 18 MILLIMETRES oF MERCURY.

|
Time. Mesenteric vein radical. Gut lumen. |
12.20 start
12.25 15-4 a0
12.35 160 -5
12.45 17-3 2:5
12.55 215 20
1.5 1G9 2:0
1.15 17:3 20 |
1.20 stop i

YOI, CXCOIL—B. 2 H
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Exrerimest [V.—Dog, 20 kilos. 80 centims. Loop of Tleum. Duration of experiment,
I hour. Lacteals of mesentery ligatured near border of gut 35 minutes before
commenecement of experiment.

| < =
| | Organie solids. | Salts.

| ETIE. = .

Tntrodueed into gut 50 el centims. of own seram, hnhh'ug e A S-GE30 4570
Recovered from gut 22-5 cub. centims. of serum, holding . . . . . 26507 2043
AR, : e P |
ABSOEBED DURING THE Hovk
Water T 275 enb. centims., &0, 3500 per cent.
Organic solids . . . . . 106233 grmn, . ., 2807
| S L A a7 529
Pressunres 1x MicLiserees oF MeErcvRy.
Time, Mesenterie vein radical. Gt lumen. |
I i
12,20 start I
12.23 1854 1
12,30 17-7-15-4 | 1)
1240 192 440
| 12.50 21-0 | B i)
! 1.0 208 . 35
' 1.1 184 I 30
| 115 16-9 i 30
i 1. 24 stop 7

Furthermore, a comparison of the absorption of serum in a loop with tied lacteals
with that in one with lacteals free, shows no diminution 11|1t;1ke on the side with
ligatured lacteals.

Indeed, in Experiments V. and VI. now quoted, the absorption is a little greater
on the side with ligatured lacteals, probably as a result of rather greater blood supply
from the handling invelved in ligaturing the vessels.

Exreriment V.—Dog, 20 kilos. Two 70 centims. Loops of Ileum. Duration of
experiment, 4 hour. Lacteals of upper loop tied 30 minutes before commence-
ment of experiment. Lower loop normal.

Organie solids. Salts.

grms. z grm.

Introduced 40 cub. centims. of own serum, holding . - 2:4520 3640
Recovered : Normal loop, 22 cub. centims, . I 1942
o Loop with l.mtcnls, tied, 20 cuh. centims. | 1-T668 1792

|
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Apsoreep 1N 1 Hour.

| ‘ Normal loop. Loop with lacteals tied. l
Water . . .| 1800 cub. centims., i.r., 45-00 per cent. 20-00 enb, centims., 7.0, 50-00 per cent. I
Organic solids . G2 grm., . ., 260070 6862 grm., . . ., 27T'M
dalts. . . . . ‘1698 |, . .o 46764 T 1848, T

Pressvres v MinLivernes oF He.

Time. Normal loop. | Loop with lacteals tied.
1 | : e
11.36 start !
11.40 T T
11.45 5 . 8
11.50 7 | 8
11.55 | i ! 5
120 | 7 ! 6
12.6 stop |
|

Notk.—The loop with tied lacteals was slightly hypersemic (handling in tying lacteals ?).

Exrermvext V1-—Dog, 22 kilos. Two 60 centims. Loops of Tlenm. Duration of
experiment, § hour. Lacteals of lower loop tied 1 hour hefore commencement of
experiment. Upper loop normal.

| Organic snli:!s.i Halts,

_'sz-s. 7 Eri.

Introduced 40 cub. centims. of own serum, Tl o . 27996 3654

Recovered : Normal loop, 34 cub. centims. serum, holding o 25400 | 3117

W Loop with tied lacteals, 33 enb. centims. serum, holding . 24425 [ 3032

- — —_— e '
AnsorpED 18 § Hour,
Normal loop. | Loop with tied lacteals,
Water . e | G-00 enb. eentims., t.e., 15-00 per cent. | 700 eub. centims., f.e., 1750 per cent.
Organic solids . | 2687 grm., . ., 924 | 571 g, . ., 1275
Salta . . . .| 0567 , . ., 163 , et S v W
— o — .|,.
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Pressures 18 MILLIMETRES oF MERCURY,

Time. Normal loop. | Loop with tied lacteals.

11.30 start

11.32 6 5
11.40 G 5
11.45 [ ]
11.50 5 b

, 11.56 1 ]

5 11.58 b b |
12.0 stop |1-

Finally, as will be shown later, removal of the eylinder epithelium from the villi, a
procedure which by thinmng the membrane is favourable to filtration, whether into
lacteal or capillary, is found to be the most serious experimental hindrance to the
-',I.}lH.ﬂl'llti{l]l I}F SErim.

(RaxkEg, thirty years back, demonstrated that removal of the gut epithelium
facilitates the filtration of salt solution through the wall of fresh gut from the ox.)

(b) Erclusion of Osmosis.

If, then, it be concluded that filtration is not the explanation of the absorption of
serum, before going further, it must be :l]]SOllltE]}? proved ﬂm,t osmosis 18 not
concerned.

In my experimental experience it has often been noted that the lowering of

freezing point of the serum of the blood of the dog at the end of the experiment is a
little in excess of that of the serum of the blood first drawn and used for the
absorption experiment. This is, however, by no means always the case, eg., in
Uxperiment 1T just quoted, where a good absorption occurred, the freezing point of
the serum of the dog at the end of the experiment was — *590° C., and that of the
serim introduced into the intestine — *615° C., and in Ex]mrinlellt 1V, the ﬁgures
were practically identical, viz.,, — -603° C. for the serum of the dog at the end of the
experiment, and — “600° C, for the serum introduced into the gut.

The thought occurs that possibly the partial osmotic pressure of the sodium
chloride of the circulating plasma might, by virtue of the impermeability of the
gut wall to this salt in the direction from the blood to the gut lumen, be made
responsible for the absorption.

This hypothesis was therefore put to the test, but, as seen in Experiment VIL, it is
found wanting.
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EXrERIMENT ‘s‘rl].—l}ﬂg, 22 kilos. 80 eentims. L::::p of llenm. Duration of
experiment, ; hour.

|
f]l';_::mfc solids, Halts. i
4 LTI, Zrm.
| Introduced 50 cub. centims. of own serum, Tl i e i, A0145 4805
| Recovered 27 cub, centims. of serum, holding . . . . . . . . . 2HELGE 2460 [
| |
| 5o o Tt bt o 8 N e N S - |
ABSORBED DURING THE § Hour.
Water . . . . . . . 23 cub. centims, i, 46-00 per cent.
[]rg:m'ih golids . ., . . . -gar] grm.,. 2643 T
b | R e ek R by [
Lowemings or Freezixe Poixr,
Introduced serwm, Serim removed from gt Hornm of ilug at end of HI'FH.']'illll;:llL. |
| =
s e A = — 575 i A = - ‘610

10 cub. centime. of oxalate (-1 per cent. potass. oxalate) plasma from dog at end of experiment, and
also 10 cub, centims. of introduced serum, dialysed (GUREERS method) 24 howrs (with shaking) into
40 cub. centims. distilled water.

N.B.—The dialysed oxalate plasma clotted on addition of caleic chloride.

Sodic chloride estimation I]}’ Vormarn, method in 1|i.'|l:,.'!-|.1|.l..|.- gve,

NaCl of plasma of dog at end of experiment. NaCl of introduced serum.

‘70 per cent. 70 per cent.

Mkﬂ.lillit-}f of PIE‘I.BIHH. at end of uxlmr[menl, and of introdueed serum also identieal,

It was found that 5555 per cent. of the sodie chloride of the serum introduoced had been absorbed.

It is evident that since the partial osmotic pressure of sodie ehloride and of alkalis
is identical in the plasma of the dog at the end of the experiment with that of
the serum introduced into the loop of gut, the absorption of serum noted was not due
to any difference in osmotic pressure of these eonstituents on the two sides of the
membrane,

It will be remembered also in this connection that Hemesmaix found that
inspissated serum was absorbed.

I believe, therefore, that both osmosis and filtration may be excluded in any theory
of the absorption by an animal of its own serum placed in a loop of its intestine.
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Finally, in the following experiment (Experiment VIIL) it is shown that an animal
can absorb its own blood plasma (prepared by oxalate of potassium).

Slight elotting oceurs, since as has been shown by Frrrz Vorr, considerable quantities
of lime salts are present in the suecus entericus.

Exvermest VIIL-—Absorption of oxalate plasma. Dog, 165 kilos. 80 centuns.
I"ﬁ”f’ of lleum.  Duration of experiment, 40 minutes. Introduced 50 cub. eentims.
of “1 per cent. potassium oxalate plasma prepared from animal’s own blood.

|
! | Organic solids.|  Salts. |
! : |

ETms. Erim. ”

Introduced 50 cub, centims, oxalate plasma, holding., . . . . . . 27295 405
Eecovered 345 eubn. centims, |r]u5im.'|1 hnlqlilag T | 21542 | J2a4q
|
ApsonpeEn X 40 MINUTES.
Water . . . . . . . [15% cub. centims., {.e., 3100 per cent.
Organie solids . . . . . BI63 gra,. o, 2007
I [ e S R [ IR e R | I [

A partial clotting of the plasma in the gut had oceurred where it was in contact with the gt wall.  The
fluid portion elotted firmly on addition of ealeium ehloride.
Wo evidence of epithelial loss or ecchymosis.

(¢) Erclusion of Adsorption.

In searching for other physical eauses one thinks first of adsorption.

It is possible that what is read as an absorption is a simple soakage, a sort of
“dyeing " of the gut membrane with the serum, for we have no means of identification
upon the blood side of the membrane of the serum supposed to be absorbed.

Vorr and Baver have already considered this question, and found no adserption of
egg albumen during a 2 hours’ sojourn of a 12 per cent. solution in a dead loop of
cat's intestine.

Against adsorption as an explanation of the absorption of its own serum by an
animal, 1 would further advance the following :

We are using for experiment the solution which has been flowing through the gut
wall ever sinee it existed, and the histological elements must be at the commencement
of an experiment soaked to the highest degree possible with those constituents which
in their normal condition are cap:ﬂﬂa of ll]}tnke, and no reason is evident 'Iﬂ.’]'l}' thE}'
should suddenly begin to take up more. Again, a preliminary washing of a loop
with serum does not affect the final result.

It will also be remembered that Vorr and Baver, and also ErcHHORST, in many cases
estimated the absorption of albumen solutions, in the large gut by the excretion of
urea,—positive evidence of the passage of the albumen through into the blood.
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{1|} f!ar‘fi.l'l'-'lfﬂif.l;fﬂ-flij rfll" Flectro-osmolie F.'.i']r-lfr-'mffr'r-.«r.

If adsorption is vejected, there remains, so far as my knowledge voes, only electro
osmose. ROSENTHAL demonstrated an ingoing electrieal eurrent in the gut mueosa of
the rabbit, and if the filtration ].Nll'ik‘iii}' in the diveetion from the .-iu|u-1'li{t5i|1 to the
deeper layer of the mucosa exceeded that in the opposite divection, it is possible to
have a movement of fluid in the desired divection by the electric current.

But against this hypothesis we have the faet that ]nurp]!,' secretory membranes, as
demonstrated by Excensaxy, Hermaxs, Bigpermaxy, and others, exhibit electrieal
currents in the same direction as those in absorbing membranes, and a special excess
of ljm'm-]'tl;:; in the direetion of the secveted fuid would have to e here assumed.

B}' the 1'E:jiﬁf‘TiﬁT1 of osmosis, filtration, re‘tf.ﬁ‘w?hffﬂﬂ, and electro-osmose as i-_\'Eﬂ:umlin 115
of the absorption of serum, we are reduced to considering it as due to some special
action of the epithelial cells, as did Heimpexaa, though, 1 believe, upon insufficient data.

Epithelinm of villi removed by previons anmmia, Normal contral from the same animal.

(The experiment from which these are taken was Experiment VI. in Table XI1., p. 277.)

Ifrﬂllﬂ i.‘i {ll';\'[zjll h}" 'I:::“T![:} ﬂflllﬁgﬂti\’ﬁﬂ l.l:l ':..Iflﬁ 15 !]'F tl![:} ﬁxl}l"ﬁﬁ.‘ii.l]!l & FPH 1[(‘15!!”,” it
must be clearly understood that the use of such a term in no way connotes the
supposition that the forms of energy utilised in the cell mechanism arve other than
those known in the physical world. The hypothesis of a speecial form of energy
l){:culim' to thingﬂ. alive is llerﬁ:cl]}f rational, but .‘-mperﬂumm until, by elimination, the
know forms of energy are proved to be insufficient. Such proof is in the present
state of ignorance of cell mechanies impossible.

ErFects oF ReEMovarn or axp Ingury o EPITHELIUM,

The truth of the ll}rlmtlleﬁis that a mechanism resident in the v]:ilhuﬁul cells is the
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eause of the motion of serum, placed in the gut, over into the blood, is eapable of test
h_v the Hillli!l{:" 1-_\;|n=|1i1'n1. of removal of the epithelimm andl cm'n]mri:-;nn of the result on
absorption with that of an experiment with a normal epithelium-clad loop in the
same animal, i

(1) Tewporary Anemia.

The epithelinm of the intestine is very loosely attached, especially towards the tips
of the villi.  The method of regeneration, invelving a sliding of the cells on the base-
ment membrane, as demonstrated by Bizzozero, HeEipENnAIN, CLOETTA, SCHAFFER,
and others, the “rice water” stools of cholera, and the early period after death at
which the cells separate from the basement membrane (NoruxaceL) all point to this,
so that in :::-clmi'imentn] work with the intestine the greatest care in mmﬁ]}l_]lﬂtiqn 15
necessary to ensure that the epithelium remains intact. A temporary anmmia of a
IH{I]] ::I'gtlt ii}-' l'!-l-'li!!lli'lig 1.']':_'! Fll'l,ljl'iﬁ.‘i U’l t]lt} IilEHl‘_"]lt.U]'}' "u‘l."i.“ ernsnnrne 1,"[:"}? (‘.U]'IHidUl‘ﬂhlE
removal of the eylinder epithelium, as is evident from the photographs on the pre-
ceding page.

{:IH'I'I'II:IEIIg 1.|'|U II'I["Hi_ﬂ]f-Eﬂ'iﬂ Tf!‘.‘iﬁﬁ]ﬁ r[ll' i I]‘F‘"i{)‘f] U‘F |'1\n|n il l{uiﬂ'tﬁl' to ilil‘lr-'ﬂﬂ'-]'!ﬂul' iﬂ-
suflicient to ensure loss of epithelium, and upon restitution of the circulation during
the l_-.:-.:l:ucrimf_-.]ﬂﬁ,l :ﬂumrlhtiml_, the eireulation in the pra\-'inrmf-:]:,r anemic ]u{}p is, as a
rule, superior to that in the normal loop.

The following two experiments (Experiments 1X. and X.) demonstrate the effeet of
removal of vlmitlw]illm by 1Ii‘t!‘r'i1il'l.1.‘i anemia (without the use of any drugs), upon the
absorption of serum.

CxrERIMENT IX.—Dog, 16 kilos, Two 80 centims. Loops of Ilenm. Duration of
experiment, § hour.  Mesenterie vessels of one loop elamped for 20 minutes
previous to experiment.  Great detachment of epithelium.

i Organic solids. Salts.

| : EFms, i _Elun-h N
Introduced into each loop 50 cub. centims. of own serum, holding . .| 32465 4735
| Recovered: Normal loop, 35 cub. centims. of serum, holding . 2:4B47 ‘3188
. Previously anmmic loop, 48 eub. centims. of serum, holding 2-0573 . 4507
Awpsorpep 18§ Houg.
| Normal loop. Previously anemic loop.
Water . . . 1500 cub. centime., i.c., 3000 per cent. 2 gub. centimes,, i, 4:00 per cent.
Creganic =olids | =BT B ., R =892 grm., . ,, 800
Salte . . . . 17 1 A S 7 IEE=I L F R T
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HyprosTATIC PRESSURES.

Normmalloop . . . . . . . T to 10 millims. of Hg.

Previously anemie loop . . . 7 to 10 i 2

N.B.—During the period of absorption the previously ansmic loop was hyperemic.

ExrerimestT X.—Dog, 16 kilos. Two 80 centims. Loops of Ileum. Duration ot
experiment, 4 hour. Mesenteric vessels of one loop elamped for 15 minutes
befove experiment. Great detachment of epithelium,

| Organic solids. Balts.
| : i T
Introduced into each loop 35 cub, centims, of own seram, holding . .| 3 0gas 3362
Recovered : Normal loop, 18 enb. centims. serum, holding. . . . . 1-3235 1661
T Previously anemie loop, 30 cub. centims. serum, holding . 16906 | 2885
S 1 — -
Ansonsep 1x 4 Hour
] T A T e [ = =)
| Normal loop. Previously angemie loop. '
— ot -
Water . . .| 1700 cub. centims,, i.e., 4857 per cent. | 500 cub. centims., i.e., 1428 per cent. |
OI'Flmil: golids | ‘7663 prm., . . , 3668 g 3983 grm., . ., 19907
SlGa o T S [ e -

Hyvrostamic PRESSURES.

Normal loop

: 5 to 7 millims, of Hg,
Previously anwmic loop . . . 5Sto7

th] ¥¥

N.B.—During the period of absorption the previously anemic loop was hyperemie.

In these experiments, in each case the hydrostatic pressure was the same in the
control as in the experimental loop, yet though, by the removal of the epithelium,
the conditions for filtration must have been superior on the side where the membrane
had been thinned by the loss of cells, it is on this side that the absorption is defective.

Since the attachment of the gut epithelium is so delicate, and evidently intimately
associated with the physiological condition of the cells themselves, it is evident that
any procedure tending to injury of the ecells, will also tend to denudation of the villi.

(2) Distilled Water.

Distilled water acts very deleteriously on pmtﬂl}]ﬂ.am and the mere washing out
of a loop of gut with distilled water, e.specnll} in an animal which has been
previously bled, is very effective.

Instances (Experiments XI. and XIL.) are now given of the absorption of serum in
a loop of gut washed with distilled water contrasted with that in a loop washed with
normal saline solution in the same animal.

VOL. CXCIL—B. 21
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Experivest X1 —Dog, 16 kilos. Two 80 centims. Loops of Ilenm. Duration of
experiment, 1 hour. One loop washed with distilled water, the other with
0 per cent. solution of sodie chloride. Great loss of epithelium in the water
washed loop.  Slight loss in the control loop.

— S rmw T wE————— ——————— e e = ——

— —
|
|
| Organic solids. | Salta. |
EI'IIHE s EF.
Introduced into each loop 50 enh. centims. own serum, holding . . . 31650 4700 |
| Recovered : Normal loop, 39 cub. centims. serum, holding * . . . . 27417 3588
| o Water washed loop, 47 cub. centims, serum, holding . . 20751 4512 [
ApsOREED 1N 1 Houg.
Normal loop. | Water washed loop.
I Water S s 11 cub. centims., .., 22-00 per cent. | 3 cub. centims., i.e, 6:00 per cent,
| Organic solids . 4233 grm., . ,, 13497 ! 1899 gn.u e RO
i Haltalioe o 1 8 B R R 1 | 0las o 00

HyvprosTaTiC PRESSURES.
Normalloop . . . . . . . & to8 millims of He
Water washedloop . . . . . Gto8 i

Expermment XIL—Dog, 26 kilos. Two 80 centims. Loops of Ileum. Duration of
experiment, 20 minutes. One loop washed with distilled water, the other
with 0 per cent. sodic chloride solution. Detachment of epithelium in water
washed loop not great. The serum used in this experiment was diluted with an
equal volume of "9 per cent. solution of NaCl

| ! Organie solids. Ealts.
| [ | Erm.
Introduced into each loop 50 cub. centims, diluted serum, holding . . | l ??25 4825
Keeovered : Normal loop, 285 cul. centims, serum, holding 5 oall 1-2441 | 2778
i Water washed loop, 375 cub. centims, scrum.!f.l-:-li.ling A i 15833 | 366T
ABSORBED 1N 20 "ﬁl]\UTE-‘J«
BT e BT T
‘ Naormal loop, Water washed loop.

Water ; 215 cub, centims., i.e., 43°00 per cent. 12-5 cub. centims., i.¢., 2600 per cent.
Organic zolids . ‘B2EL gym., . . ,, 2981 1883 grm. . ., 10T
Salts . | R0 L R S £ SLAGEET S ol a0 i

HyDpnosTATIo PRESSURES.
Normalloop . . . . . . . 35 tob millims of Hg
Water washedloop . . . . . 4t0b = -
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(3) Sodiwm Fluoride.

Finally, in this connection, the washing out of a loop of intestine with a weak
solution of sodium Huoride {'I per l::cllt-.} [}rt‘.'-"il;rus to the {:Rpt—rl‘ilnc;ntul ul‘J.‘sur}ltinn,
may bring the absorption to an absolute standstill, for not only is there considerable
detachment of the epithelial cells, but any cells remaining i situ are more or less
poisoned.

An example of this is now quoted in Experiment XIII.

Expermment XIIT—Dog, 235 kilos. Two 80 centims. Loops of lleum. Duration,
1 hour. One ]o«ol) washed with -B415 per cent. solution of sodic chloride,
holding ‘1 per cent. of sodic fluoride, the other with ‘9804 per cent. solution of
sodic chloride. Lowering of freezing point of each wash = —-590° C

‘ | Organic solids. | Balts.
!- ETms, Eim.
Introduced into each loop 530 cub. centims. of own zerum, holding . . | 36050 4550
Recovered : Normal loop, 20 cub. centims. serum, holding . : | 1-3740 1720 .
| = Flooride washed loop, 50 cub. centims. serum, hcrldmh ! 33700 4700 i
Apsorpep 1% 1 Houn
‘ Normal loop. ' Fluoride washed loap.
Water-' . . . l 30°00 cub. centims., i.e., 6000 per cent. 000 eub, centim., i.e., 0°00 per cent.
g:[lgnnic solids .| 17310 grm., . . ,, 4801 i 23 grm., . ., 652 i
FEtns o o D SR e o AWelded =08 0 gAn

HyprosTaTic PRESSURES.

Normalleop . . . . . . . T toll millims. of Hg.
Fluoride washed loop . . . . 8to 12

R EH

LowEgRINGs oF FrEezing PoixT.

I ————— e

Trtradised secu: | Remuvedlfmm fluoride | Removed from normal | Serum of [1.1_.'1-]_,; at end of |
00]1. ].ULII_}. | E‘IIH.!I 1ment.
: | I ;
- 6007 C. ' - 630" C. [ — B60" C. ' = 6407 C,

Here the expected physical phenomenon of complete absence of absorption of water
is fully realised on the side where the epithelium is injured, at a time when in the
212
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normal loop in the same animal some 60 per cent. of the water and salts of the intro-
duced serum is taken up. The hydrostatic pressure, too, it may be noted, slightly
favours filtration on the side on which no water is absorbed during the hour.

The result is even more eertain if in addition to washing the loop with weak sodie
Huoride solution a small quantity of the salt is added to the serum introduced into the
poisoned loop.

The following experiment (XIV.) is an instance.

Exrermvent XIV.—Dog, 40 kilos. Two 80 centims. Loops of Ileum. Duration of
experiment, 1 hour. Washes as in last experiment, but in addition ‘08 per
cent. of sodie fluoride was present in serum in poisoned loop.

i I Organie solids, Halts,
|
I | EIms. 0 grim.
Introduced into each loop 50 cub. centims. of own serum, holding . . | #8160 4590
Recovered : Normal loop, 25 cub. eentims. sernm, holding . 2-R065 2160
5 Fluoride loop, 50 cub. centims. serum, holding . . . . 35395 |  -4555
ArsoRBED 1x 1 Houn
i Normal loop. Fluoride loop.
i : — -« o
! Water. . . .| 25600 cub, centims., e, 000 per cent. 0-00 cub, centims,, i.c., 0-00 per cent.
Organie solids . 12095 grm., . . ,, 3169 “ 2768 grm., . . 4, 724 i
maltai .o 2430 . - o5 BEDM " L 1 T

LowerIxGcs oF FrREERING PoisT.

. = m—— i e —mEm = ——c v == == - S ——————eeeeee

1 I . 1
I Introduced normal | Introduced fluoride | Removed normal | Removed fluoride | Serum of dog at end
SErm, | BOrIm. SOEIIM. BRI, af 3xperiment-.

= T W -
— 600" C. ! - 655 C. — 560" C. - 605" C. — 605" .

HyprosTaTIC PRESSURES.

Normalloop . . . . . . . T to 10 millims. of Hg
Fluorideloop . . . . . . . Gtold s i

N.B.—Pups in uterus of this dog. Lowering of freezing point of pups’ serum - -710° C.  Amniotic
fluid - -565° (.
The added sodium fluoride appears to have been absorbed by the end of the hour

* Caleulated on the serum =alts. If added sodic fluoride is reckoned, absorption of ‘0335 grm. salts
= 671 per cent,
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in this experiment, for the determination of the lowerings of freezing point show that
the serum withdrawn from the previously poisoned loop had the same freezing point
as the blood of the animal, while the “fluoride serum” introduced naturally had a
considerably greater lowering of freezing point.

Since in many of the experiments with sodium fluoride, quotation of which would
too greatly inerease the bulk of this communication, the hydrostatic pressure in the
fluoride poisoned loop was often noted to he in excess of that in the normal loop,
probably on account of the fact that the fluoride causes a certain amount of tonie
contraction of the musculature, it was necessary to perform an experiment with a
higher hydrostatic pressure in the normal loop, maintained artificially throughout the
period of absorption, in order to see whether the absence of absorption in a fluoride
loop was in any way associated with the higher pressure. Such an experiment is
here reproduced (Experiment XV.), and it is evident that the result is the same as
when the pressure is higher in the fluoride loop.

Experivent XV.—Dog, 17 kilos. Two 80 centims. Loops of Tleum. Duration of
experiment, 1 hour. Washes as in last experiment, but in addition 033 per
cent. of sodic fluoride was present in the serum in poisoned loop.

i Organic solids. | Balis.

: g‘r'li‘- BT

Introduced into each loop 50 cub. centims. of own serum, holding . . E 36765 4580

Recovered : Normal loop, 30 cub. centims. serum, holding. . . . .| 27210 2640

e Fluoride loop, 47 cub. centims. serum, holding . . . | G 4TE0 I 4230

ApsorREED I 1 Hour.
| | Normal loop. Fluoride loop.
Water. . ‘ 20r00 enb. centima., i.e., 40:00 per cent. 300 cub. centims., i.e., 6:00 per cent.
Or i au]ulﬂ. | 05665 grm., . . ,, 25:08 i 1985 grm., . . ,, 539 i |
b L T I . i il Ry | - |
J

* Calenlated on the serum salts. Tf added sodic fluoride is reckoned, absorption of 0620 grm, salts,
Le, 1352 per cent.
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HyprosTaTic PrRESsURES 18 MILLIMETRES oF MERCURY.

Time. Normal loop. Fluoride loop.

11.50 start

11.55 | 3 4

; 12.0 | 10 b

, 12.5 - 9-11 8

- 12.11 6 "5

' 12.14 12 10
12.23 ! 14 ‘ 7 :
12.27 . 11 8 .
12,31 I 10 | 65 |
12.37 14 | 9-5
12.45 14 | 10
12.50 stop |

N.B.—There was no detachment of epithelium in this ease.

I am, therefore, of opinion that the slight variations of hydrostatic pressure within
the gut observed in the experiments are quite negligible as regards the main etfect.

The effect of a drug on the absorption of serum is of course related to both the
condition of the animal and the strength of the dose. Often a very weak dose will
completely stop absorption if the animal is previously depressed by loss of blood, and
this was the case in Experiment XIIL, while on the other hand, in an animal in
vigorous condition, the same dose may have little effeet.

In the following experiment (XVI.) the treatment was the same as in Experi-
ment XIII., but the dog was in splendid condition as regards eirculation in the gut,
and the effect, though evident, is slight.

Exrerimvext XVIL—Dog, 20 kilos, Two 70 centims. Loops of Ileum. Duration of
experiment, 40 minutes. One loop washed with *8415 per cent. solution of
sodic chloride, holding ‘1 per cent. of sodic fluoride, the other with 9804
per cent. solution of sodic chloride. Lowering of freezing point of each wash

= —"590° .
| — : B — |
‘ Organic solids Salts, i
Zrms, EFm. !
Introduced into each loop 40 cub. centims. of own serum, holding . . 30000 3680 |

Recovered : Normal loop, 10 cub. centims. serum, huldin]g PR 1:3143 0847
a Fluoride washed loop, 155 cub. centims., helding . . . 1:1951 ‘1348
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ApsoRBED 15 40 MinuTes.

Normal loop. Fluoride washed loop,
I R— —— — — —
Water . ..o 30-00 cub. centims., .., 7500 per cent. 24-50 cub. centims., i.e., 61-25 per cent. I
Organic solids . | 1-6857 grm., . . , 5619 o | 1:8049 grm., . . ,, 601G
Salte . 7 | 2833 °,, . ., 7698 =X [ TS L S

HypROSTATIC PRESSURES.

Normal loop . . . . . . . 6% to 10 millims of Hg.
Fluoride washed loop . . . . Tto 10 i -

Lowgrixes oF FrREEzING PoixT

Removed from fluoride | Remowed from normal sernm of {lug at end of

Introduced serum. loop. loop. | cxperiment.

- o g

= |
—602° C. - 580" C. ‘ - 540° C. l - 590" C.

Az evident by the great absorption in 40 minutes this animal was in a very vigorous condition, and the
effect of the fluoride wash is slight as compared with Experiment XIII.

(4) (a) Weak Solution of Osmic Acid, (b) Atropine.

Before terminating this part of the subject, instances of reductions of absorption of
serum by other means may be noted.

In the following experiment (Experiment XVIL) a previous washing of the loop
with very weak osmic acid (*0125 per cent.) solution in “ normal saline” had a distinet
effect upon absorption, while in the next experiment, XVIIL, atropine sulphate added
to 18 per cent. to the serum evidently reduced the absorption.

ExperiMest XVIL—Dog, 24'5 kilos. Two 70 centims. Loops of Ileum. Duration
of experiment, 1 hour. One loop washed with 0125 per cent. solution of osmic
acid in ‘9804 per cent. solution of sodie chloride, the other with “9804 per cent.
solution of sodic ehloride alone.

Organie solids. Salts.

gms grom.

Introduced 50 cub, centims. of own serum, holding . . . . . . 3 TG00 4550
Recovered : Wormal loop, 26-5 cub. centims. serum, holding . . . . 27110 2199
» Osmic washed loop, 33-0 cub. centims. sarum,%mlding e 4 2-8800 2871
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ApsorpeEp X 1 Houmn,

Normal loop, i Osmic washed loop.
| : AR Lo emeanh =]
Water . . .| 2350 cub. centims., ir., 4700 per cent. 17-00 cub. centims., i.e., 3400 per cent. |
Organic solids | | 10490 grm., . . ,, 2763 = 8791 grm., . ., 238
Salta . . . . T T AN T s | 8T Sagag e

Hyprostatic PRESSURES.

Normal ].[H:II} e e v e .. . b5 to 9 millims of Hg.
Osmic washedloop . . . . . 8t012 = A

Lowgrixngs oF FrREEzING PoInT.

Introduced serum. Rcmm'eﬁll'}c_rm osmic Hemm'edkfﬂrg-m normal S-aﬂlh‘:::;ﬂdrcivf]::tlmd of

— 590" C. 1| - 560" C. -630° C. — 620" C.

Experiment XVIIL—Dog, 15 kilos. Two 80 centims. Loops of Tlenm. Duration of
experiment, 4 hour. To the serum in the upper loop ‘18 per cent. of sulphate
of atropine was added. (063 grm. atropine sulphate introduced. )

Organic solids. Salts, '!
grma. s i grm. i
Introduced 36 cub. centims. serum, holding . . . . . .| 2:3370 | 3160
| {2-4000 in atropine loop) ‘
Recovered : Normal loop, 21-5 cub. eentims. serum, holding | 1-6630 1881
- Atropine loop, 2540 enb. centims, serum, holding | 1-9728 2197 ‘
AnsoReED 18 § Houk,
. Normal loop. . Atropine loop.
Water . . . 13-60 cub. centims., i.e., 3857 per cent. 10-00 cub. centims., i.e., 28'57 per cent.
Organic solids . | 6740 grm., . . ,, 2884 o 4272 gym., . ., 1TED
Balbe i 1279, e L I S 0038 . . 30HT
Hyprostatic PRESSURES.
Normalloop. . . . . . . 3 to5 millims. of Hg.
Atropingloop . . . . . . 45t0b o
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Lowerixes oF Frerzixe Poixt.

| |
. | &
Removed from atroping | Eemoved from normal | Serum of dog at end of |
- loop. | loop. experiment,

Introduced serum.,

55 |
| — 590° C. I — 5907 C. —BRO" — 500" O
|

DEratis oF ProcESs oF ABSORPTION OF SERUM,
(1) Absorption of Organic Solids.

The general fact then having been, as I believe, established that the absorption of
serum 18 due to the physiologieally active mechanism of the eylinder eells of the gut,
it is in the next instance necessary to study more closely the details of the process.

The first point worthy of notice in the process of absorption of serum in normal
loops of gut is that the absorption of the organie eonstituents of the serum oceurs
more slowly than that of the salts and water, so that the concentration in organic
solids of the serum removed from the experimental loop of gut is well in excess of that
of the serum introduced. Some instances of the faet, which was noted also by
HemexsHAIN, are quoted in the first two columns of Table IV.

Tapre IV.—Absorption of Serum by Normal Loops of Gut. Organic Solids ere
absorbed more slowly than Water. Saolts are absorbed rather morve guickly
than Water,

Per cent. of organic solids Per cent. of saltsin | Lowering of freezing | |
in serum. saTim. [ point. 2 ;
| Duration of eX M- !
.o - == - : ment. [
Introduced. | Removed. | Introduced. | Removed. | Introduced. | Removed. | |
| [ ' |
G670 1067 0 | "85 590 530 1 howur |
707 Mkl | 91 88 50 550 T '
700 1514 | 92 B0 GO0 540 1
| T-21 { 937 91 B GO0 DG | e o
752 | 1023 | B3 590 530 ' 1
T-42 1033 | 83 | BT HA0 560 { 1 |
763 1043 | 932 86 GO0 B0 | (i
701 1163 932 “Bd 55 640 e |
630 gar |. 9 L 620 596 | 3
684 1046 1 98 96 GO0 570 | 40 minutes.

The suggestion that this is solely the result of addition of organie solids to the
serum in the gut from the swecus entericus is, I think, negatived by comparing the
result in a loop of gut poisoned with pilocarpine with that in one (in the same animal)
poisoned with atropine.

VOL, CXCII —B, 2 K
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If the rise in concentration of organie solids is due to an addition by seeretion we
should reckon a smaller absorption of organie solids in a pilocarpinised loop, than in
one poisoned by atropine, for more organic solids of the swccus entericus should enter
the serum in the former than in the latter.

But as is evident in the following instance (Experiment XIX.) the absorption of
organic solids in a pilocarpinised loop may considerably exceed that in an atropi-
nised loop.

Exrerivest XIX.—Serum absorption. The slower absorption of organie solids in
contrast to that of water is not merely apparent as a result of addition of
proteids, &c., from succus enfericus. If so, less absorption of organic solids
should be reckoned in a pilocarpinised loop than in an atropinised loop in the
same animal. Dog, 18 kilos. 80 centims. Loops of Gut. Duration of experi-
ment, 30 minutes.

e — — e i) we e

|
iﬂ'l‘gunin solids, i Saltas,
3 X & . -_.E:ﬂ.l-i_ T i-_._ -['.‘:HL'I:--
Introduced : Atropine loop, 50 eub. centims. sorum, holding . . . . 35005 | 4600
e Pilocarpine loop, 50 cub. centims. serum, holding . . . 4855 : 4600
Recovered : Atropine loop, 285 cub. centims,, holding. . . . . . 2-5567T | AGEE
! =5 Pilocarpine loop, 21°5 cub. centims., holding . . . . . 20403 ‘1935
| I '
ABSORBED IN 30 MINUTES.
! | Atropine loop. | Pilocarpine loop. |
| | L S TR —— =
!
Water. . : ! 21'5 cub. centims,, 4.0, 4300 per cent. 28-15 cub, centims., 4., 5700 per cent. |
| Organic zolids . 05628 prm., . . 4, 2714 o 14452 grm., . ., 4l4G
| Salts : 1978 © % ., 4300 Sl L s e
PRESSURES.
Atropineloop . . . . . . . 5 to 8 millims. of Hg
Pilocarpine loop. Ttold 5

1 eub. centim. 4% grm. mol. solution of pilocarp. nitrate and atrop. sulphate to 90 cub. centims. of
serum, i.r., 129 per cent. atropine and ‘081 per cent. pilocarpine,

Further, I have not been able in normal loops to detect any addition of mucus
(acetic acid preecipitate) to the serum, an observation which is, however, contrary to the
experience of those who have worked with fistulous loops instead of those freshly
prepared.

The suggestion that the phenomenon is due to filtration is, 1 believe, refuted by
the experimental evidence against filtration already quoted, and I am bound in the

* Too low, Fusion of ash before carbon completely oxidised (vide Appendix, p. 201).
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meantime to consider it as a specifie part of the action of the gut cells, especially as
the nhsm-ptmn of organic solids may be affected independently of that of water,
as evident in the 11th experiment (Experiment XX.), where the use of skatol, a
prq:teid {lmilllmitiﬂri l]-l'\{]{lull}t ﬂu‘eigu to the small intestine, diﬂlinct-l_}' affects the
absorption of organie solids of the serum while that of water remains the same as in
the normal control loop.

Expermvent XX.—Dog, 20 kilos. Two 80 centims. Loops of Ileum. Duration of
experiment, ¢ hour. 65 milligrms. of skatol dissolved in serum introduced into
the upper loop.

|
Organic solids.|  Salts.

TR, grm,
| Introduced : Normal loop, 45 cub. centims. serum, holding . . . . 20205 4275
i o Skatol loop, 45 cub. centims. serum, holding . . . . 29270 4275
| Recovered : Normal loop, 29 enb. centims. serum, holding . . . . . 23113 2610
| " Skatol loop, 29 cub. centims. serum, I:u]:img e 25056 2668
Apsorpep 1N § Houg.
Normal loop. Skatol loop.
Water . . . 1600 cub. centims., f.c, 353-36 per cent. 16-00 eub. eentims., f.e., 35°56 per cent,
Organie solids . B|092 arm, . ., 2088 4214 grm., . . ,, 1439
S PTE  [RE T (  T TR0 ey Lo, s BTInS i
HYDROSTATIC PRESSURES,
Normalloop . . . . . . . . 3itob millims Hg
Bisacrl 1hoby oo sovokowine St nnhporss vyl

Sinee the difference in the abzorption of organic solids on the two zides amounts to -1943 zrm., and only
0065 grm. of skatol was introduced, the effect 15 not due merely to the retention of the skatol.

(2) Absorption of Salts.

A second point brought out in the absorption of serum in normal loops of gut is
that the salts of the serum are taken up a little faster than the water, and this is the
more marked the more active the absorption.

. HEIDENHAIN only quotes two experiments upon the absorption of serum in which
he quantitatively estimated the salts, and came to the conclusion that salts and water
are taken up at the same rate.

As a result of a large number of experiments, I am convineed that it is the rule for
the salts to be taken up slightly faster than the water, so that the concentration in
salts of the serum removed from the gut at the end of the experimental period is
below that of the serum introduced.

This phenomenon is evident enough in the cases quoted in Table TV, p. 249.

2K 2
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That the conclusion is not merely due to errors in ash analysis is, I think, clear
from the fact that the lowering of freezing point of the serum removed from the gut
is not so great as that of the serum introduced, in spite of the higher concentration
of ul'gull'lt,‘. solids in the former {i.‘fﬂfﬁ' TasLE IV. }

COMPARISON OF ARBSORPTION WITH SECRETION,

When, therefore, an animal’s own serum is placed in its gut, it is not simply taken
up as such and passed on over into the blood, any more than the lymph taken up by
a secretory eell is passed on as such into the gland lumen.

It is nearly eighty years now since TiepEmMaNN and GMELIN compared the
absorbing villus to an inverted secreting gland, but one cannot assess their comparison
at a very high value, in spite of its possible truth, for Fiscaer and Durrocner had
not then published the first systematic experiments upon osmosis, and thirty years
were to pass before Lupwic's demonstration of secretory pressure.

In attempting to obtain reliable data for such a comparison, our main diffieulty,
from the e:-:pm'iment;ﬂ puinl, of view, is that our chemieal facts must come from
opposite sides of the active cells in the two cases. We study a secretion from the
output side, an absorption from the intake, and though the matter of the output is
in the end quantitatively that of the intake, the combinations (in secretion at any
rate) are by no means the same, and it is therefore of little value in analysis to
attempt to go beyond the gross quantities of water, organie solids, and salts.

Certain points of difference between a seeretory act, as known in the salivary
elands, and the absorption of serum may at onece be alluded to.

a) Absence of Stimulant Aetion of Pilocarpine.
(a) P

Piloearpine does not excite absorption as it does seeretion, but depresses it like
many other poisons. This conclusion is, moreover, not merely due to misinterpreta-
tion of results from an excess of secretion of suceus entericus evoked by the pilocarpine,
because, as seen in Experiment XVIIL, p. 248, the absorption is greater in a lood
pnisomﬂ with Ili]nﬁau‘pinu than in one pnisuned with ;J,tr(;rpille, in which latter there is
less tendency to secretion of suceus enfericus.  An instance of reduction of absorption
by pilocarpine is now cited in Experiment XXI,

ExperiMent XXI.—Dog, 27 kilos. Two 80 centims. Loops of Ileum. Duration of
experiment, 3 hour. The serum introduced into one loop held 077 per cent.
of pilocarpine nitrate (‘0385 grm. of pilocarpine nitrate was introduced with
the charge of serum).

Organie solids. Salts, i
S T e e TR = T
Introduced 50 cul. centims. own serum, holding . . .| 34800 4650
{35185 in pilocarpine loop) 46350 {
Reeovered : Normal loop, 32 cub. centims., holding . .| 2-6528 -3040 |

" Pilocarpine loop, 38 cub, centims., holding . | 30552 3406
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Apsorpep 1IN § Hour.

Normal loop. Pilocarpine loop.
Water. . . . 1500 cub, centims., i.e, 36:00 per cent. 1200 culb. centims., ie., 24-00 per -::m:t_.
Organie zolids | B2 erm, . ., 2377 it 4633 grm., . . ,, 1316 :
] D LET0 L L Bee3 o G 3 B e R | "

N.B.—Balivation came on 14 minutes after introduction of the pilocarpinised serum into the gnt.

The smaller absorption of organic solids in proportion to water in the pilocarpine loop than in the
normal loop, is not a secretion phenomenon, singe the same relative reduction is seen in the atropine
versus normal experiment (XVIIL) already quoted.

(b) Absenee of Evidence of Specific Nerve Filres.

Again I have not been able to find any evidenece of fibres in the mesenteric nerves,
excitation of which will produce an increase in the absorption of serum.

On the other hand, excitation of the mesenterie nerves dul'ing .'n.'lmm'l‘.ltim'l, as a
result of the concurrent anmmia from stimulation of vaso-constrictor fibres, always
reduces the effect.

Two instances, Experiments XXII. and XXIIL., of exeitation of the mesenteric
nerves during serum absorption are now quoted, the one in a normal dog, and the
other in an animal atropinised to the extent of 5 milligrms. of atropine sulphate per
kile. of body weight, to exclude a seeretion effect. It is evident that the result is
practically the same in both cases.

Expermment XXII.—Dog, 20 kilos. Two 80 ecentims. Loops of Tleum. Duration of
experiment, # hour. Mesenteric nerves of one loop excited by faradisation
during the absorption period.

| Organic solids. | Salts.

| Erms. Erm. |
| Introduced into each loop 50 cub. centims. of own serum, holding . . 40230 4820
Recovered : Normal loop, 29 cub. centims. serum, holding . . . . 29023 2703
= Stimulated loop, 39 cub. centims. serum, holding . . . 34507 3701

Apsonsep 1¥ 4 Hour.
] Normal loop. Loop with nerves excited. i
| B e e

Water. . . | 2100 cub. centims., .., 42'00 per cent. | 1100 cub. centims., i.r., 2200 per cent.

Organic solids . | 11207 grm,, . . ,, 2785 o | 5633 grm,, . . ,, 1400 gl

AT T R e e T SR B worn B8BTSt i

* Too low from fusion of ash before carbon completely oxidised.
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HyprostATIC PRESSURES.
Normalloop . . . . . . . 3to6 millims of Hg.
Loop with nerves exeited . . . 3tod

" 1¥

Exrerimest XXIIL—Dog, 20 kilos. Two 80 centims. Loops of Ileum. Duration of
experiment, § hour. Animal atropinised to the extent of 5 milligrms. atropine
sulphate per kilo. of body weight.

| ﬂ't‘gimi{'. zolids. Falts.
NS [
grms. grm.
Introducerd 40 cub. centims. of own serum, holding . . SR 27512 3068
Recovered : Normal loop, 275 cub. centims. serum, In,r][]mg i o b 2-3175 2510
o Stimulated loop, 305 cub. centime. serum, holding . - | 2:3866 2852
ApsoRBED 1IN o Houve.
Normal loop. Loop with nerves excited.
Water. . . . 1250 cub. centims., ie, 3125 per cent. 0-50 enh. eentims., i.e, 2375 per cent.
Organic =olids . 4337 grm., . . ,, 15:76 a | 3646 grm., . . ,, 1325 =
Baltaes: i J458 L L L L 3604 & W 1 e i e B e L o
HypnrostaTio PRESSURES.
Normalloop . . . . . . . b to7 millims of Hg
Loop with nerves excited . . . Bto7 s

So far, then, as can be seen at present, the activity of the epithelial cells is, in the
main, a function of blood supply, and the effect of reduction in absorption of serum
obtained by excitation of the mesenteric nerves is the result of lowering of nutrition
of the cells by the vaso-constrictive ansmia produced.

In previously published experiments upon the absorption of peptone, I found that
if the mesenteric nerves are excited during a temporary anmemia produced by
clamping the mesenteric arteries, the absorption of peptone is the same as in a control
loop simply made angemie, but with either intact or cut nerves,

(¢) Failure to Demonstrate * HEIDENHAIN'S Law.”

The differences just alluded to in the physiologieal mechanism ot serum absorption
from that obtaining in seeretion in the salivary glands will not make us hopeful of
finding similarity of action between intestinal and salivary cells en detail, though the
funetioning of the two sorts of cells may lead to the same end result in each instance.
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It at one time appeared hopeful to study the concentrations in organic solids and
salts of the uptake by the cells of the gut wall, and to compare them with the
concentrations in these constituents of the output of the salivary glands at different
rates of absorption and secretion respectively, but the experimental methods of
varying the rate of absorption are at present so limited in contrast to the methods
open to the student of salivary seeretion that I eannot say that T have yet gathered
fruit from this tree.

Tt will be remembered that Herpexnay, WerTHER, and LANGLEY and FLETCHER
foound that when F_‘.!;lli‘fﬂ]‘}' secretion is exeited h_‘,' chorda stimulation or IZIJ,' 1;-i1m::.‘11‘pil]&,
the concentration in salts of the saliva is a funetion of the rapidity of secretion, while
with the concentration in organie solids no definite rule appears to hold.

With slowing of secretion of saliva, then, the eoncentration in salts of the fluid
secreted falls.

Anzmia of the gland, however, was found to raise the concentration both of
m'gm]ic golids and salts in the secreted saliva, thﬂug]l it Imt-'ln'aﬂ_‘;,' slowed the rate of
secretion, with a given stimulus, by diminishing the irritability of the gland ecells.

It followed that with excitation of the sympathetic supply to the gland, when
angemia is concomitant with seeretion, the rule should not apply, and it was found
Exl}el'i“\elltﬂ“}-’ thﬂ-t- tl]ﬂ H[J“"Ur 3:1];\"-':‘[ ﬂﬂ“].(]. ]]t.'-' cut {’l[!'l.‘l-"ll rl'[llll ia ﬂil][]]'{iil or Pilf}c{lrpille
level, without any drop in the concentration of salts in the saliva, while at the same
time the eoncentration in organie solids rose.

The presence of ansmia then upsets the so-called “ HEIDENHAIN'S law " in reference
to the relation of coneentration in salts to rate of secretion, and unfortunately, so far,
I have devised no other method of reducing the rate of absorption of serum, than by
angemia, if we exclude drugs, make it a sine qua non that the epithelium be kept
in situ, and restrict ourselves to comparisons of the results in two loops of gut in one
and the same animal.

In the following Table (V.) it is evident that though the rate of absorption is
considerably reduced, there is no cutting down in the coneentration in salts of the
solution taken up from the serum by the gut wall, nor is there any marked change in
the concentration in organic solids of the solution taken up in the two loops
respectively. In fact, the absorption of all the constituents of the serum is reduced
in equal degree by anwmie reduction, provided the epithelium is uninjured,
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TapLe V.—Serum Absorption. Simple Anzemie Reduction without Injury to
Epithelium.

. Coneentration of solufion faken up by gui

|
Fatsiof shabrption i il frome fnfroduced sernm. (
|

l in cuhb, centims.
! per minute,

Organic solids,

per cent. | Salts, per cont.

Normal. | Anemie. | Normal, | Anmmic. | Normal, i Anmmiec.

|
|
Nature of experiment.
|
i3 | | !

Previons anmwmia by eclamping vessels. [ | | ‘
(No loss of epithelinm) . . . . . "5 37 327 328 | 108 1-04
Stimulation of mesenteric nerves, . . G2 37 321 202 | 09 ! 106 |
E o SR TR 63 | 40 378 338 100 [ ag =
i = LR GE o 70 37 533 612 1-00 1-01
i in atropinised animal . . 41 31 | 346 | 383 1116 | 1-13

Sleduction in vole of abeorption withoul siarked change in concendration of the solufion falen wp by the put wall,
w*

It has already heen pointed out that in normal loops the concentration in salts of
the solution taken up from the serum exceeds that in the original serum placed in the
loop (i.e., salt is absorbed rather faster than water from serum).

This is not an unknown phenomenon in seeretion, for in one instance WERTHER
found a percentage concentration of salts in the sub-lingual saliva of 1:34, which is
considerably in excess of the blood concentration.

The attachment of the intestinal epithelium to the basement membrane is so slight,
and so easily affected, that it is difficult to keep an ansemie period short enough to
prevent any loss of epithelium, and yet long enough to depress its activity so much
that during the absorption period, when the blood is again allowed to cireulate, and
the loop naturally becomes hyperemie, a distinet reduction of activity shall be
evident,

Directly partial detachment of epithelium is produced, whether by drugs or anemia,
a new phenomenon makes its appearance.

While the coneentration in salts of the solution taken up by the gut wall remains
practically the same in the injured and normal loops, the concentration in organie
solids, on the other hand, of the solution passing into the gut wall is invariably
higher on the injured than on the normal side, in spite of the favourable conditions
for transudation into the gut from the blood induced by detachment of epithelium,
(An albuminous transudate would lead to a reckening of diminution in concentration
of organic solids in the fluid absorbed, the reverse of what experiment shows to
be the case.)
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Some instances of this are presented in the next Table (VI.).

TasrLe VI.—Serum Absorption. Reduction with Injury to Epithelium,

Cloncentvalion r:llf' salufion faken i Hig

Rate of absarption gl avaell.

in enb. centims. —— e -

per minute. Organie solids,

per cent.

N i t. ;
Mature of experimen Salts, per cent.

Normal. | Injured. | Normal. | Injured. | Normal. | Injured. |

| I. Treatment with sodinm fuoride. . 04 ‘16 374 9% | 108 09 I

Il. - W - ¥ % 45 ‘13 104 762 08 103 |

IT. . o . f 3L | D5 177 G-61 07 1-18 |

| TV. Previous anwmin. Very marked [ |
loss of epithelium . . . . . . 50 | 0T G408 1446 | 1:03 114

V. Osmic wash, 0125 per cemt. . ., -39 28 447 217 1-00 =08 ‘

Concentrafion in argonte solids of solution faken up from seoum by gl wll is considevabdy greater in the fnfured
o thatn in the narnal Toop,

This effect is the more marked the greater the removal of the epithelinm (see
Experiment 1V., in Table VI, especially), and at present I consider it simply a
physical result divectly connected with the removal of epithelium.

If the juice of the villus parenchyma is a filtration lymph its salt concentration is
probably that of the plasma, while its coneentration in organiec solids (proteids
especially) is below that of the plasma. Since we place the animal's own serum into
its intestine, the partial osmotic pressure of the salts in the solution in the gut will
be that of the villus juice, while that of the organie solids will be above the partial
osmotie pressure in the villus juice, so that conditions for diffusion exist in the latter
case and not in the former. In addition it is of course possible that the conditions
for adsorption of organic solids is altered by the treatment bestowed upon the
epithelium.

Occasionally the phenomenon is so marked that in spite of the great reduetion
in absorption of water and salt from the serum indueed by the treatment of the
ﬂl}it-hﬂ:liu]ﬂ t-l!l';} II,.IJHU].'I]tH q';l.hfﬂ'll,'l}tiﬂll {“}fr l'.l'['gilﬂiﬂ ﬂ{}]i{l!‘! ITIIL'}F i]{'! 'I'l_."l.,‘!kﬂllell tl]f‘_ﬁ same, or
even a little greater, on the injured side than on the normal.

Such an instanee is quoted in Experiment XXIV.

VOL. CXCIL—BE. 2 L
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Exreermest XXIV.—Daog, 235 kilos.  Two 80 centims. Loops of Ileum. Duration
of experiment, 1 hour. One loop washed “1 per cent. sodic fluoride in 8415
per cent. sodic chloride solution, the other with -9804 per cent. solution of
sodic chloride.  (Lowering of freezing point of wash in each case —:590° C.)
The serum introduced into the fluoride washed loop had had sodie fluoride to
‘043 per cent. added to it.

Drganic solids. Salts.

Erims, Erim,
Introduced : Normal loop, 50 eub. centims. own serum, holding . : 3-4750 4750
Fluoride loop, 50 cub. centims. fluoride serum, holding . 34750 4965
Recovered : Normal loop, 30 cub, centims, serum, holding . . . . 2-7270 2580
Fluoride loop, 40 cub. centims. serum, holding . . . . 2-RTEO 3760
ApsorpeD 1N 1 Houg.
i Normal loop. Fluoride loop.

|
Water . . | 20+00 ¢culy eentims., f.e, 4000 per eent. 10:00 eub. centims., i.e., 20200 per cent.
Organic solids . | 7480 grm., . . ,, 2152 & 7900 grm., . ., 2299 z
Salts s o el RTTOSEERE N RO 206, . ., 29T &

| Goann o o o 0B -

| if added fluoride is not reckoned)

|

LowerinGgs oF FrEgzinGg Poixr

[
Introduced normal  Introduced fluoride . Recovered normal | Hecovered fluoride | Serum of dog at end
SETm, eI, SETTIm, SETlm. ‘ of experiment.

i . . = enno SRR oo b BN
—610° C. - 630" C. - 560" C. — 622" (. | - 610" C.

HyorosTaTic PRESSURES.
Normalloop . . . . . . . 45to 8 millims of Hg
Fluoride loop . . . . . . . 45t012

L] LE]

ApseExcE oF ErfFect oF BILE oN ABSORPTION OF SERUM.

Since it was sometimes noted that one of the loops of gut, in spite of the previous
washing with normal salt solution, was more bile-stained than the other, a series of
experiments was condueted to determine whether bile or taurocholate of soda affects
the absorption of serum.

Dried (over sulphurie acid in vacuo) dog's bile or taurocholate of soda, prepared
from ox bile, was added to the animal's own serum before introduction into one loop
of gut, a normal control loop filled with normal serum being used at the same time.
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In one mmstance the taurocholate, at a concentration in the serum of ‘625 per cent.
in the upper loop, appeared to have a quickening effect upon absorption, but the
remaining experiments, collected in Table VIL, gave a negative result, and 1 conelude
that bile or taurocholate of soda have no stimulating effect upon the absorption of
serum.

TasLe VIIL.—Absence of Effect of Bile and Taurocholate of Soda upon
Absorption of Serum,

|| | _‘é 3 e ] | g 1 sk i
| &8 | & E ‘ E'l, ‘E‘E ! E E% Absorptions
| ..g g E = EE | "l" & E E i
ot [ ; Eo =SEF
[ % E" 4] - ‘ gl.,@ 5 E | '”5;: Normal loop. Bile or taurocholate loop.
| 2 [ 52 | =8 | 28 32818 ]
p |28 (22| 3 878 | .25
|28 | 2% | 2§ [ 2.3 83z S b
§ | PE | Ex | &= |S2: | S58 | Water. |OFRMC | s | Water. | OTBANC | gy
= | E & | 4 ! = | = | =] ; B
[ S T ] ? Ty |_
i L | &l a0 B0 | 100 B0 | 25 cub. | 10487 2513 | 26 cub, | 1-1264 | 2754
[ | (‘entims,f grm. grm. | centims. I grm. grm.
| | = 5000 | =26:49 | = 54-33 | =52:00 | =26'14 =5553
| [ | per cent. | per cent. | per cent. | per cent. | per cent. | per cent.
IL. 175 a0 50 Th a0 22 ¢nb. | -7951 | 2153 ! 22 ¢ub. | -T605 2505
[ ( centims. | grm. grm. |centims. | grm. | grm.
| i = 4400 | =27-12 | =4499 | =4400 [ =2113 | = 4663

per cent. | per cent. | per cent. | per cent. | per cent. | per cent.
IIT. | 32z || 30 #0 1000 | 50 | 25 enb. | 1-1375 | 2350 | 30 cub. | 10344 : 2006
| [ centims. | grm. | grm. | centims | grm. grm.

' : =5000 | =35375 | =51-08 | =4000 | = 2817 | = 4289

i | per cent. | percent. | per cent. | per cent. | per cent. | per cent.

IV. 21 20 B0 75 a0 19 cub. | 1-0589 | ‘18656 19 cub. | 1:2430 | 2383
| centims. | grm. grm. | centims | grm. grm,
| =063-34 | =b51-50 | =64-00 | =56334 | =53D6 | =777
| per u::t:ant-.I per cent. | per cent. | per cent. ' per cent. | per cent,
) 30 80 | 100 50 | 22cub. [ 7322 | -2248 | 21 cub. | ‘TOI3 | 2489
| ; centims. | grm. | grm. | centims. | grm. g,
| =4400 | =22:05 | =46:44 | =4200 | =2002 | = 4674
| | 3 per cent. | per cent. | per cent. | per cent. | per cent. | per cent.

Experiments I, IT., and 1L are with dried (in secwo over H.80,) dog’s bile added to the serum.

Experiments IV, and V. with tanrocholate of soda prepared from ox bile.

In Experiments I. and IIT. the ash of the dried bile was 869 per cent., in Experiment II, it was
#06 per cent.

The taurocholate of soda nsed in Experiments IV. and V. had an ash of 1943 per cent. estimated as
sulphates,

In all cases the organic and inorganie solids of the bile or tanrocholate added to the serum are reckoned
in the caleulations.

2 L2
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Except in the case of Experiment ITL the animals used were fasting. The dog in Experiment ITL was
in full digestion with white lacteals,

In Experiments 1L, TIL, and IV. the normal loop was the upper of the two, in Experiments L. and V. the
normal loop was the nearer to the ileo-cazcal valve,

The concentration of the dried bile or tanrocholate in the serum was as follows . —

Experiment I. . . . . . 77 per cent ]
" TS ] 5 ¢ Bile (dry).
N TIL 00 | Db e spe I J
2 l:_' N X lIE_H ¥ } Sodium tanrecholate.
N i R SRR o S ik o

The hydrostatic pressures in millims. of Hg, in the loops during the experiments were as follows :—

Normal. Bile or tanrocholate,
Experiment 1. b tol3 6 tol3
e ; 5 to T 4 tp 6
i I11. 9 told 75 to 10
. IV. 4 te 7 L5 o
e Y. dhw TH T e 4
LowegrixGs oF FuEexixg Poixt
Exparimont, || rodoed | SRR NS b Bemaved I TANETL | SRR R
normal serum. SEI. normal serum. SETTIN. experiment.
By LTl T3, 0 2,
1. - 505 Bl =540 — o0 — 508
IT. — -HE0 - Bil5 — 545 =50 - 590
I11. - 540 H20 =590 B0 G0
Iv. — 590 — ‘GEE — RO — 00 — G100
V. ~ G20 - Gl - 595 615 630

STIMULATION OF ABSORPTION,

It has been seen that the rapidity of absorption of serum is dependent upon hlood
supply to normal epithelium, and that, as by the use of atropine, the absorption can
he reduced though the blood supply is, if anything, better in the atropimised loop
than in the normal.

It is hence of importance to determine whether absorption can be inereased without
inerease of blood supply, by some stimulant substance.

The experiments of FarwsreiNer and v. Scaxzoxt, pupils of TAPPEINER, on the
absorption of glucose and peptone in dogs with a VELLA fistula, indieate that certain
stimulant substances, added to the solutions placed in the gut, increase the rate of
absorption.  They found oil of mustard (1 in 1000), cil of einnamon (1 in 100}, oil of
peppermint (1 in 250), orexin, and ethyl aleohol (5 per eent.) increased the amount

il
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of glucose or peptone absorbed, while stronger solutions injured the gut wall and
reduced absorption, though probably the blood supply was better with the stronger
than with the weaker solutions. Ethyl aleohol was found to be the most effective
stimulant. Bitters (quassia and cetraria) are, according to FanwsteiNgr, without
effect.

Horre-SEYLER, VoIT and BAvER, and v. REGEczY have found that sodium ehlorde
added to pmteir] solutions aids their diffusion, an observation which 1s difhicult to
understand in the light of the work of GUrBER, who shows that there is no com-
bination of sodium chloride with proteids; and, according to Voir and Baver, it
matters not whether the sodinm chloride is added to the proteid solution or to the
water into which it is set to diffuse.

Vorr and BaAugr found it necessary to add NaCl to the extent of 2'5 per cent. to
egg albumin solutions introduced into the reetum in order to get any absorption, but
in the small gut (comparing results in different animals) sodium chloride, added to
48 per cent. to solutions of egg albumin, does not affect the rapidity of absorption of
the albumen, according to their experiments.

Finally, FARNSTEINER increased the absorption of peptone in the small gut by
adding sodium chloride to *5 per cent. of the solution.

I have tested the effect of ethyl aleohol upon the absorption of serum, and find
that, provided the epithelinum is uninjured, it does have the effect of increasing the
absorption, especially of the organie solids.  One can add aleohol to serum up to 5 per
cent. (drop by drop with rapid stirring) without any immediate precipitation. The
natural tﬂll(lﬁll{:}’ tio pnlteid |1-l'e-¢ip'lt:1,timl h}' aleohol should, h}' t:tkiug the ln'utl:idﬁ
out of solution, tend to diminish absorption thereof, but experiment indicates that the
absorption of organic solids is inereased.  With such a strength of alcohol there is no
evidence of any hypersemia of the gut wall whatever, and 1 am therefore inelined to
believe that the result is due to stimulation of cells rather than to improvement in
nutrition of cells as a result of inereased blood supply.

The two following experiments, Experiments XXV. and XXV, are cases of success
in the one instance with uninjured epithelium, and failure in the other with injured
epithelium, in inereasing serum absorption by means of weak aleohol.

Experimext XXV.—Absorption of aleoholic serum (5 per cent. by volume), in
uningured loop.  Dog, 14 kilos. Two 60 centims. Loops of Ilewm,  Duration of
experiment, 4 hour.

‘ Organie solids, Salte.
i F EFLE grm.
‘ Introduced into each loop 40 cub. centims. own serum, holding . . . 28232 3208

Recovered : Normal loop, 24 cub. centims., holding . . . . . . . 24514 2220

Aleoholic loop, 20 cub. centims., holding . . . . | . 19630 1770
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Apsonpep 1x 1 Hour,

Normal loop. Alcoholie loop.

Water . . .| 16:00 cub. centims., iz, 40-00 per cent. 20°00 enb. centims., ie., 30400 per cent,
Organie solids . S oA o TR AR R b T ‘8602 grm., N hp
et [ R 1588 ., et b [ ) 2038 |, G PR e |

NoTe. — No visible excess of vascolarity in mucosa of aleoholic loop.  No ecehymoses.

Exrerimest XX VL -—Absorption of aleohohic serum (33 per cent. by volume), with
loss of epithelivm.  Dog, 185 kilos. Two 60 centims. Loops of Tleum.
Duration of experiment, 1 hour.

| Organic solids. | Salts.
[ =
| l ETINS. grim,
Introduced into each loop Ii) cub. centims. serum, holding. . . . . 2 T34 3852
Recovered : Normal loop, 245 cub. centims., holding . . Aa | 240105 2330
l o Aleoholic I(rup {Dp]theimm fll_-lmhu!} 245 cub. lLI]tImE.,
hc:nhlmh Lt . ol PRy P B ol 2:1317 | 2376
ApsorerD 1¥ I Houg.
Normal loop. | Aleoholic loop with injured epithelinm.
[ Water .« 1550 enl. eentims., e, 38:7H per cent. 15:50 enb. centims., i.e., 3875 per cent.
Organic solids | T243 grm., . ., 2648 4031 grm., . ., 2005
Balta . . & . 1613 R ) |0 T 1576 ,, e L | o
HYDpROSTATIC PRESSURES,
Normalloop . . . . . . . 6 to8 millims. of Hg.
Aleoholic loop. . . . . . . 8toll - -

THE AEBESORPTION OF SERUM IN DIFFERENT REGIONS OF THE INTESTINE
(1) Urrer axp Lower REecioxs or ILeum.

Since 1 have been unable to find any experiments upon this subject, the following
may be of interest as indicating that there are differences of action of the intestinal
wall upon the serum placed in contact therewith, in different regions of the intestinal
tract.

In comparisons of the absorption in the upper ileum, with the tract in immediate
continuity with the cazeum, two points must be at once noted. 1In the first place the
greatest care is necessary in handling the upper ileum if one is to avoid loss of
epithelium, espeeially in the case of a previously bled dog, and many results have had

PR



PROFESSOR E. W. REID OX INTESTINAL ABSORPTION. 20623

to be discarded, sinee on removing the serum from the upper loop at the end of the
experiment, it was found that some epithelium had been detached, and that the result
was therefore of no value.

In the second place, the anatomical fact that the wvilli of the lowest region of the
ilenm are richer in goblet cells than those of the upper reaches, is noted, because the
absorption of the organic solids of the serum is found experimentally to be both
absolutely, and in proportion to water, greater in the lower than in the upper
regions, which, further, does away with the suggestion that the ordinary deficiency
of absorption of organie solids, noted in an earlier part of the paper (pp. 249-250), as a
characteristic of normal serum absorptions, is simply due to the addition of the
secretion of goblet cells.

These very Ri|n|}|{: exl}e!'ilneuts with normal ]u{}lm serve further to imiu'css the
point that the absorption of the organie solids of the serum is largely independent of
the absorption of water, and, as seen in Experiment IIT. in Table VIIL. p. 264, the
absorption of organie solids in the lower ileum may exceed that in the upper at a time
when the uhsm'ptiml of water is ::nly half that in the upper |uup.

This fact is not likely to be associated with any ferment action produeing peptone
from the serum, for not only would such ferment action be more likely to make itself
felt in the upper than in the lower ileum, but, as seen in Table XIX., p. 286, the actual
u.bﬁm'ptinn of peptone is less in the lower than in the upper mgimm.

Experiments upon the absorption of serum in upper and lower regions of the ilemm
are now quoted in Table VIIL, p. 264.

The following points will be evident from a perusal of the fizures in this table ;

1. The absolute absorption of the organic solids of serum is greater in the lowest
part of the ileum than in the region about two metres above the czecum in
large dogs.

2. In proportion to water there is greater absorption of organic solids in the
lower region than in the upper.

3. The absorption of salts from the serum varies roughly with that of the water,
but in proportion to the water absorption it is greater in the lower than in
the upper regions.

(2) Inevm anp Corox.

Tm'ning to a cﬂmlmrismn of the ahs;{}rptiml of zerum in the ecolon with that in the
middle region of the ileum, we find the reverse to obtain te that found in a com-
parison of the upper and lower regions of the ileum itselt’ so far as regards the
absorption of organie solids, The absorption of organie solids is not only much less in
the colon than in the ileum but less in proportion to water.

A marked feature of absorption of serum in the colon appears to be an exaggeration
of the 11’0301'[)1;1011 of =alt in Pl‘ﬂl,]{}l'tiﬂll to water, Slight excess of salt absorption
over that of water has already been noted as a constant feature throughout the small
gut, and, as seen in Table VIIL, it is a more marked feature in the lower than in the
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upper ileum, but it reaches its highest development in the ecolon. Tt might be
thought that the salt absorption is more masked by secretion in the ileum than
in the eolon, but the results with water, placed in Table XXI., p. 288, do not show,
from the lowerings of freezing point, any greater addition of salts to the fluid in the
gut in the ileum than in the colon.

No ferments are, according to Krue and Koreck, seereted by the glands of the
colon, which apparently only secrete a slime for lubrication, and I have noted no
difference in results whether the fieces removed from the colon were dry or moist.

The results of the experiments with absorptions of serum in ilenm and eolon are
included in Table IX., p. 265.

The following conclusions are arrived at from a perusal of the figures in Table IX. .—

1. The absolute absorptions of the organie solids of serum are much less in the
colon than in the ileum, and less in proportion to the surface as measured
by a gelatine cast.

2. In proportion to water the absorption of organie solids is less in the colon
than in the ileum.

3. The absorption of salt from the serum varies in the rough with that of the
water in the two sections of gut, but in proportion to the water absorption
the salt absorption is greater in the colon than in the ileum, and this
phenomenon is more marked than in a comparison of the lower with the
upper regions of the ileum.

If, however, a comparison is made between absorptions of serum in normal eolon,
with ileum, the epithelium of which has been damaged, it is seen that the eolon
absorbs the more (absolutely) of all constituents in proportion to the surface as
measured by a gelatine cast, and the differences in the ratios of absorption of organie
solids and salts to water, visible in the normal, no longer obtain.

An instance of such an experiment is quoted in Experiment XXVIL

Experivext XXVIL—Dog, 22 kilos. Loops of Colon and Ileum (100 centims.
above ileo-caecal valve). Duration of experiment, § hour.

AREA OF INNER SURFACES BY GELATINE CASTS.

Ienm . . . . . . 2532q. centims.
Colom:-@ &2 oo o & .0 B5T o

{rrent logs of epithelivm. from tlenm—none from eolon,

Organie solids. Salts.

|
ETmE. £rm. |

| Introduced into each 40 eub. centims. of own serum, holding. . . . 2-6996 3804
| Recovered : Tlewm, 34 cub. centims., i]nl:ling R e 25079 3243

e Colon, 30 cob. centims., holding . . . . . . . . . 2:-3445 2775 |

B ——— e —_——— e — — s —e
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ApsORBED I¥ } Houmr,

Tenm. Colon.
| T ey E dedepg i i

Watar: 0k W G-00 cub. centims.,, 4.c., 1500 per cent, 1000 euly. contims., de., 2500 per cent. |
Organie solids . o b s A L 35661 grm., . . ,, 1315 £
Balta . . . .| 0861, n W, L B R

B DU WP ott sull 10 Gl | ASEEE 80 J8iH JEe

HaTios.
ILEURM. COLON,

Per cent. water absorbead, Percent. water ahsorbed. Per cent. water absorbed. Par cont water absorbed.

Par cent. erganio solids absorbed. | Per cent. salts absorbed. | | Percent.organic solids absorbed. | Per cent. salts absorbed,

I |
‘ 2-11 | 1-01 1-30 02

LoweriNgs oF FREEZING PoinT.

e e — = == —

Introduced serum. ‘ Removed from ileum. | Removed from colon.

- 600" C. - ‘580" C.

THE ABSORITION OF WATEE AND SOLUTIONS (OF GLUCOSE AND FPEPTONE).

TaHe ReErarmion oF WaTEr ApsorprioN To THE PHysioLocrear CoNpiTioN
oF THE Gur WAaLL.

It, as a result of consideration of the foregoing experiments with serum it is admitted
that the absorption of serum is inexplicable upon the basis of osmosis and filtration,
and at present demands the assumption of cell activity, seeing that, by the nature of
the case, osmosis, filtration, and adsorption can be execluded, we naturally ask what
evidence there is for or against any participation of the cells in the absorption of
water and solutions, in which ecases osmotic and adserptive factors indubitably play a
part f

Is there any clear evidence that intestinal absorption of solutions can proceed by
simple physical processes, independent of any participation whatever of the epithelial
cells ?

Hoper has quite recently maintained that this question can be answered in the
affirmative in the case of solutions of salts, selecting these bodies on the hypothesis
that they enter the arena of the cell metabolism to a far less extent than ordinary
nutritive substances, and so escape the action of the cells lining the gut.

His thesis is that the rapidity of the intestinal absorption of salts varies as the
rapidity of diffusion of the salts, and that the absorption of salt solutions is practically
confined to the intercellular cement channel.

2 u 2
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Several objections may be raised to the general application of this statement.

Though the action of the cells on the salts may possibly be ignored, one ecannot, as
does Hongr, disregard the action of the salts on the cells, and conelude that because
the absorption of solutions of different salts quite foreign to the gut membrane, in
many cases varies as the rapidity of diffusion, that therefore the same law holds in
the absorption of the normal salts of the aliment. Since he states, on p. 268 of his
paper, that he found ‘24 to *40 per cent. of sodic chloride in the fluid in the gut at
the end of an experiment (after thirteen consecutive absorptions in one loop of gut of
various salt solutions), 1t is evident considerable epithelial imjury took place.

The absorptions of the salts are, moreover, deduced from the absorptions of the
water in which they were dissolved, which is not permissible if the salts act on the
cells and thereby affect their orienting power for the blood salts, and so indirectly
the osmotic pressure of the solution in the gut. The rapidity of absorption of a salt
solution from the intestine is not merely a funetion of its original osmotic pressure in
relation to that of the plasma and the rapidity with which this is affected by the
diffusion of the salt into the blood, but also of the extent to which blood salts can
enter it, and this, as CounHEIM'S and my own experiments, to be quoted immediately,
show, depends upon the condition of the epithelium, which may be affected by the
substance used in the experiment.

One of the most notable exceptions to HoBER's rule, and one to which he himself
draws attention, is that of the series sodie chloride, bromide, and iodide, in which
case, though the diffusion rapidities are practically the same, the rates of absorption,
caleulated by his method, are utterly different, and he has to resort to an assumption of
imbibition and swelling of the cement between the cells to explain the slow absorption
of the iodide.

It must be noted also that the diffusion rapidities used as the physical basis of the
argument are those in water, and not in the complex of electrolytes in solution in
blood plasma.

The slow absorption, deduced by his method, of fluorides and oxalates in relation
to their rapidities of diffusion is accredited on p. 263 to “ interepithelische Anomalien.”

Finally, even HoBER is reduced to a “mechanism” to explain the orientation of the
blood salts, but places it in the interepithelial cement instead of in the protoplasm of
the cells.

(1.) The Conditions for Entrance of Blood Salts into the Gut Lumen,

It is obviously of paramount importance, in questions of absorption of solutions
(directly as concerns the water absorption, and indirectly as this latter affects the
concentration of the substance in solution in the gut from time to time), to know the
condition of the gut wall and especially the epithelium, since the relation of the
osmotic pressures on the two sides of the membrane is largely dependent, as
). ConNnemM was the first to show, upon its power of holding back the blood salts.
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The results of Levsuscuir, GuMILEWSKI, HEIDENHAIN, and Barpr indicating that
the water of weak solutions of sodic chloride is more rapidly absorbed than distilled
water, are in part undoubtedly due to the fact that distilled water by injury to the
epithelium allows the blood salts to enter the gut easily, so that a difference of
osmotic pressure on the two sides of the membrane eannot be kept up to the degree
which is the case when, with weak salt solution and normal epithelium, substances in
solution in the blood can exert their osmotic pressure almost to the full on the water
in the gut.

The effect of the nature of the introduced solution upon the epithelium and so
indirectly upon the entrance of the.sodic chloride of the blood is clear in the next
quoted experiment, XXVIIL, where the quantity of sodic chloride entering the gut
from the blood is estimated in a loop filled with distilled water as against a similar
loop filled with a 574 per cent. solution of glucose (A = — -590).

Experimext XXVIIL—Dog, 18 kilos. Two 41 centims. Loops of Ileum in
continuity. Duration of experiment, 15 minutes.

| | Upper loop. | Lower loop.
| — i o =1t
Introduced . .| 30 cub. centims. of 574 per cent. solution | 30 cub. centims of distilled water. n
| | of glucose |
! ——— = - ——— — ! -
WATEE.
| | Recovered, Absorhed, \ Absorbed in per cent. of introduced. |

culy, centims, | _t'..ulr-..ucn ims., pi:'r J:H:m._
Glucose loop . . . . . 28 | 2 667
‘ fater loop . - . . . | 18 | 12 4000
— __.I__
Sopic CHLORIDE ADDED FROM BLoob,
Glucose loop . . . 016 grm., i.e, 057 per cent. in fluid in gut at end of experiment.
Water loop. . . . 0b& L ) T 4 e A

Glucose absorbed . . 420 ,, ,, 244

Hence more than three times as much sodic chloride entered the water than the glucose solution from
the bload.

The presence of glucose in solution will physically slightly hinder the diffusion in of sedic chlorvide, ut
not to the extent in this experiment,

In an experiment with diffusion of 92 per cent. sodic chloride solution through parchment paper into,
respectively, 6 per cent. and 23 per cent. solutions of glucose, 0. CouxmeEM (p. 146) found, in five hours,
diffusion into & per cent. glucose solution gave a concentration of 7 per cent. of sodic chloride, while
diffusion into 2-3 per cent. glucose solution gave an end concentration of <73 per cent. of sodic ehloride.

Over three and a-half times as much sodic chloride entered the water as the
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glucose solution, which is far more than ean be accounted for by the presence of the
glucose physically retarding the diffusion of salt.

It the gut epithelium is removed by anmmia, the entrance of sodic chloride from
the blood is, of course, enormous, and sodie chloride passes from blood to gut in the
denuded loop, but from gut to blood in the normal. The following experiment is a
striking example.

Experivest XXIX.—Dog, 17°5 kilos. Two 49 centims. Loops of Ileum. Duration
of experiment, 15 minutes. One loop was denuded of epithelium by anmmia of
its vessels for 30 minutes previous to experiment.

Introduced into each loop 30 cub. centims. of -3 per cent. solution of sodic chloride, i.¢., 09 grm. NaCl

WATER,
| _i_-. T 1
| Recovered.  Absorbed. Absorbed in per cent. of introduced.
l cub. l:enlt%r;._ éub. cc:n;ims. | —— per cent.
| Loop denuded of epithelium . | 26 4 13-34
| Normalloop. . . . . . . i 35 265 BB-34
| .
Bopic CHLORIDE.
Loop denuded of epithelinm . . . . . Contents held ‘169 grm. NaCl (65 per cent.), i.e., added
079 grm., NaCl =877 per cent,
Normalloop . . . . . . . . . . ‘Contents held 023 grm. KaCl (-66 per cent.), i,

aibzoibed 06T grm. NaCl=744 per cent.

The reduction of water absorption n the loop denuded of much epithelium is here
evidently due to the fact that the blood salt pours into the gut lumen when the
epithelial barrier is removed, while on the normal side both water and salt are rapidly
absorbed by the blood.

Often the entrance of sodic chloride (and presumably of other blood salts) is so
rapid, as a result of denudation of epithelium, that absorption of water from a
previously hypotonie solution is absolutely stopped.

The following experiment, XXX, is an example of this :
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ExperimeEnt XXX.—Dog, 17 kilos. Two 47 centims. Loops of Ileum, Duration of
experiment, 15 minutes. One loop denuded of epithelium by 30 minutes'
angemia of its vessels previous to experiment.

Introduced into cach loop 30 cub. centims, of 2 per cent. glueose solution in distilled water.

WATER ABSOREBED,

! Recovered. Absorbed. | Absorbed in per cent. of introduced. I
| : ; culy, eentims, cul, ol_-:;t-imx. | per eent.
! I.I’H'r'[i deniled of epithelinm . 30
Normalloop . . . . . . 105 195 65 .

sonie CHLORIDE ADDED.

Loop denuded of epitheliom. . . 1211 grm., giving concentration in fluid in gat of 403 per cent.

NMormaliloop:- . - & . o - D04E L 5 i Dd st
GLUCOSE ABRSORBED.

Loop denuded of epithelinm. . . ‘1995 grm. (333 per cent. of quantity introduced). Concentra-
tion in gnt fluid, ‘66 per cent.

Normalloop . . . . . . . . ‘2370 grm. (39'5 per cent. of guantity introduced). Concentra-

tion in gut fluid, 3-45 per cent.

The last three experiments are then in every respect confirmatory of the results or
0. ConweEM, already mentioned in the introduction to this paper, and with him
I consider the small amount of sodium chloride entering the fluid introduced into
normal loops of intestine in cases where the fluid selected has no injurious action
upon the epithelium, as originating in the succus entericus.

But if, as CorNHEIM'S and my own experiments seem to show, the uptake of water
from solutions in the gut is due largely to the partial osmotic pressure of the blood
salts, and especially to sodium chloride, the one-sided permeability of the gut
membrane to sodium chloride, upon which the explanation is based, has yet to be
accounted for. The gut membrane obviously lets sodium chloride pass easily enough
in the direction from the gut lumen to the blood, but very efficiently bars its passage
in the reverse direction.

T believe it is safe to say that no inert physical membrane has yet been found in
which such a condition of * molecule valves” exists.

True it is that membranes are known which allow filtration to take place more
easily in one direction than in the other, as for instance the shell membrane of the
hen's egg, but channels are here opened or shut by excess of hydrostatic pressure on
one side or the other, and a diffusion experiment with sodic chloride solution into
water in the two directions at equality of hydrostatic pressure on the two sides of the
membrane, gave me an exactly equal diffusion in the two directions with pieces of egg
shell membrane giving the ordinary difference in filtration resistance in the two direc-
tions, (From 10 cub. centims. of 2 per cent, NaCl solution, ‘048 grm. NaCl diffused
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in the in-out direction in 8 hours into 30 cub. centims. of H.O, and ‘048 in another
piece of the same membrane in the out-in direetion.)

It is, in fact, difficult to avoid as a working hypothesis the conclusion that some
mechanism is in action in the living cells (not in the cement as Hoser supposes)
which can be erippled by injury to the cells, a mechanism which tends to drive the
blood salts back as fast as they tend to diffuse into a bland solution lying in the gut,
a mechanism which furthermore will forward into the blood any salt entering the cells
from the gut side.

(2.) Absorption of Distilled Water and Normal Saline Solution.

The old question, therefore, whether water or * normal saline ” solution is absorbed
the faster from the gut depends to some considerable extent upon the eondition of the
epithelium at the time of the experiment, and so the extent to which its functional
activity is depressed by the action of the water.

Two experiments, XXXI4a and B, are here quoted, in one of which water is absorbed
faster than normal saline solution, and in the other slower, but in the latter case the
loop employed for the absorption of water had been washed with distilled water, and
the condition of the cells thereby lowered, though no epithelium was detached, while
in the former case both loops had been washed with normal saline solution. =

ExrermvenT XXXIA.—Dog, 17 kilos. Two 80 centims. Loops of lleum. Duration
of experiment, 20 minutes. One loop washed with distilled water (no
detachment of epithelium). The other loop washed with normal saline
solution (‘9 per cent.). 50 cub. centims. fluid introduced into each loop.

From distilled water in water From normal saline in saline
washed loop. washed loop.

Water ahsorption Il 24 cub. centims., i.e., 48 per cent. | 30 cub. centims., i.e., GO per cent.

HyprosTATIC PRESSURES.

Waterloop . . . . . . . 6 tol10 millims of Hg.
Salimeloop . . . . . . . 6010 . e

Exrermvent XXXIe.—Dog, 15 kilos. Two 80 centims. Loops of Ileum. Duration
of experiment, 20 minutes. Both loops washed with normal saline solution
(9 per cent.). 50 cub. centims, fluid introduced into each loop.

| From distilled water in normal From mormal saline in saline
saline washed loop. | washed loop.

Water absorption . . . . | 36 cub. centims,, i.e., 72 per cent. | 28 cub. centims., i.¢., 56 per cent.
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Hyprostatic PRESSURES.

Waterloop . . . . . . . b to8 millims of Hg.
Balineloop . . . . . . . Gtod i &

At the same time the relation of the osmotic pressure in the solution in the gut to
that of the blood, ewteris paribus, undoubtedly affects the rapidity of absorption of
water from the solution, even when the salt in solution is sodium chloride, to which
the gut membrane is so permeable in the direction from the gut to the blood, and it
is a common laboratory practice to salt glucose solutions, if it is desirved to prolong the
experiment but still have sufficient fluid left in the gut for analysis (see some of the
experiments in Table XIL, p. 277).

My own thought leads me to imagine the presumably inert cement substance
between the cells as being somewhat impermeable to substances in solution, though
e:‘sﬁ.il}r parl'nﬁél,l‘.r]e ]}y water, while the cells, 'I_}J.r virtue of their mechanism, allow sub-
stances in solution and water to pass in the direction from the gut to the blood,
provided the mechanism is in no way injured. The addition of salt to a fluid in the
gut would then delay the absorption of water from it until such time as the cells had
reduced the osmotie pressure by removal of salt.

Such a theory introduces the idea of cell action instead of the simpler one that the
excess of salt diffuses over into the blood, and that the solution is then taken up by
the partial osmotic pressure of substances in solution in the blood, to which the gut
wall is impermeable.

But the evidence of an orienting action in the gut membrane is so distinet that it
is, I believe, not permissible to treat it as an ordinary diffusion membrane, seeing that
no inert diffusion membrane is yet imaginable with a “ molecule valve ™ action.

Toe AmsorrrioN oF GLUcOsE AND PEPTONE IN THE ILEUM.
Probable Difference of Process in the two cases.

Turning now to the question of the absorption of glucose and peptene in solution
in the gut, a few elementary eonsiderations will indicate that the problem as to
whether the absorption of these substances is or is not explieable upon physical
grounds is one beset with great difficulty.

In the first place, since we are employing substances other than those imbibed by
the cells continually from the blood plasma, the possibility of adsorption (as in the
* absorption ” of pepsin by fibrin) is before us.

Secondly, all the evidence we possess tends to show that a special accessory process
is involved in the one case and not in the other. Peptone does not appear to enter
the blood as such, while glucose does, so that no experimental comparison of the

VOL. CXCIL—E, 2N
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rates of absorption of the two substances with their rates of diffusion through a
parchment membrane into serum, will help to decide the question.*

An “assimilation ” (possibly preceded by adsorption) must precede the final absorp-
tion of peptone, though this is not necessarily the case with glucose.

If peptone becomes a kind of serum albumin, as some have maintained, within the
epithelial cells of the gut, it is obvious that the conditions for its diffusion must here
abruptly end.

Thirdly, if in the case of glucose it is assumed that absorption is mere diffusion,
since the absolute amount of a substance diffusing in a given time depends upon its
concentration in the solution in the gut in relation to that of the same solution in
the blood, it is evident that any condition delaying the absorption of water from the
solution will, by tending to keep down the eoncentration of the solution in the gut,
indirectly affect the loss from the gut by diffusion, .., reduce the absorption.

This point at once becomes evident when we compare the absorption of glucose
from a solution in a loop with normal epithelium against one the epithelium of which
has been injured or partially removed. Vide Table XIL, p. 277.

With reference to adsorption, no one who has read the work of HorMEISTER and
Spiro can deny that the possibility of such action must be kept in mind, but it is of
course impossible to deduce the phenomena with living or dead epithelial cells from
the results of experiments with dises of gelatine. 1 cannot see at present how we are
to separate adsorptive from assimilative phenomena when experiments deal with
living protoplasm, since our knowledge of the physical and chemieal conditions of this
complex is so slight,

It has occurred to me that by reducing the conditions for diffusion in one loop
of gut, and then comparing the uptake of peptone and glucose with that obtaining
with the full conditions in a normal loop of gut, some light may be thrown upon the
parts played respectively by diffusion on the one hand and adsorption or assimila-
tion on the other in the cases of the absorption of peptone and glucose.

In the following two experiments, XXXIIA and B, the circulation of blood was
stopped during the stay of the solution in the gut, in the case of one loop, while in the
other loop the normal eondition obtained. In both experiments the animals were in
good condition, and no loss of epithelium resulted from the elamping of the vessels.

* In a previous paper (*Journal of Physiology,’ 20, 1836, p. 307, Table V.) I have given evidence
against regarding the absorption of peptone as a diffusion into the blood, and have also shown (‘ Jour.
Phys.,' 21, 1897, p. 422, Table IV.) that commercial peptones of different diffusibility are absorbed at the
same rate.
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ExperiMext XXXIIA.—Absorption of peptone (in 2 per cent. solution in water).
Dog, 12°5 kilos. Two 50 centims. Loops of Ileum. Duration of experiment,
15 minutes. Vessels of one loop clamped immediately before introduction of
peptone solution. 30 cub. centims. of 2 per cent. peptone solution introduced
into each loop.

Absorbed : Water .

Normal loop.

Loop with clamped vessels, |

o

. |15 cub. centims,, i.¢., 5000 per cent. | 45 cub. eentims., i.¢., 15-00 per cent. |

i Peptone . .| -2502 grm., . ,, 417 | 2001 grm., . . 3485 - |
Final concentration of | | |
peptong  in fluid  re- | I
covered from gut 2-33 per cent. ! 1-53 per cent.

Exrerimest XXXIIe.—Absorption of glucese (in 2 per eent. solution in water).
Dog, 145 kilos. Two 50 centims. Loops of Ileum, Duration of experiment,
15 minutes. Vessels of one loop clamped immediately before introduction of
glucose solution. 30 cub. centims. of 2 per cent. glucose solution introduced

into each loop.
[ Normal loop. Loop with clamped vessels, i
|
Absorbed : Water . . . | 20 eub. eentims., f.e., 66-67 per cent. ! 7 enb. centims., i.c., 23-34 per cent.
o Glugose | 2464 grm., . , 4108 2 1200 grm., w 20-00 .-
Final concentration of |
{ glueose in  fluid re-
| covered from gut 3:536 per cent. 209 per cent.
I

It would appear that the reduction of the conditions for diffusion by clamping the
vessels reduces the absorption of peptone below the normal level considerably less
than it reduces the absorption of glucose, from which I must conclude that the
process of adsorption or assimilation is of greater moment in the absorption of peptone
than of glucose.

I find that poisoning the gut wall with atropine reduces the absorption of peptone
below the normal level, but one cannot conclude directly that this is due to reduced
assimilative action as a result of lessened protoplasmic activity, because it is always
possible that some compound of a ecell constituent with atropine possesses a less
mechanical or chemical aftinity for peptone than is possessed by the same constituent
in its native state. The experiments are, however, suggestive of lowering of cell
action, and so of assimilation, especially as the blood circulation in the loop poisoned
with atropine is increased.

The experiments are contained in Table X. -

232
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TaprLe X.—Action of Atropine on Absorption of Peptone and Water. Duration of

experiment, 15 minutes. Length of Gut Loops, 30 centims. 30 cub. centims. of

2 per cent. Peptone Solution introduced. Absorptions are quoted in per cent.

of matter introduced.

i Normal loop. J‘\-U'Ul}[ﬂiﬁ[}l} iUﬂp.
eue Se 5 et Sy | Atropine sul-
: | i | phate in loop.
|  Water. Peptone. | Ratio. Water. | Peptone. Ratio. |
i e - 3} : |y =
| I-'- milligrms.
G667 5353 { 124 BG6T 39-77 1-42 | 10
6667 5070 | 181 51-00 3752 13 | 20
T3:34 G537 | 1-12 G3-34 a6G-35 1-12 | 40
167 4733 | 1-51 GH-34 41-47 165 10

In three of the cases the absorption of peptone is relatively more reduced than that of water.

Effects of Removal of Epithelium.

If the conclusion be correct that the adsorptive or assimilative factor is of greater
moment in the absorption of peptone than of glucose, we shall expeet to find that
removal of the intestinal epithelium will be more unfavourable to the absorption of
peptone than to that of glucose.

Such appears to be the case so far as my experiments have gone. In the two
experiments quoted in Table XI. the absolute absorption of peptone is diminished by
removal of the epithelium in both ecases, but in the first it is actually less in pro-
portion to the final concentration of peptone in the loop.

TasLe XI—Effect of Removal of Epithelium on Absorption of Peptone. In all
cases the Concentration of the Peptone Solution introduced was 2 per cent.
Denudation of Epithelium by previous Ansemia for 30 minutes.

il gl= |7 g3 =4
2| 4 EE . § 223 Absorbed. %._gg*
= - =
£ | 5 |32 | & (3%5¢ oy
] =2 g Sg | 5 05— Loo < A o - = Fez
= =T -y | 252- P 273
2 £ | £ EE :E%EEL Peptone Water 2258
8 | 2 | 25 | E5 |58E oy ! : S2RE
= = =] = A i o
R ‘.r__ " L ETm. per cent, E:Il_h-. ﬂ;r;i.ms. p(-rcm:i:. per cent.
1 15 80 15 30 Normal 3713 G188 185 G167 1-99
! b Denuded | 1637 | 2728 | 10 33 | 15
Normal 5021 G276 330 825 425
IL | 14 | 60 | 20 | 40 qDenyded | 3271 | 4088 | 170 | 425 | 205 |

In Experiment 1. the ahsorption of peptone is less in proportion to the final concentration in the denuded
loop than in the normal loop ; in Experiment I1. it is greater.
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Passing tq glucose I find that sometimes the absolute absorption is inereased by
removal of the epithelium, but that in all cases the absorption is greater in proportion
to the final concentration of glueose in the loop, as seen in Table XII.

TaprLe XII.—Effect of Removal of Epithelium upon Absorption of Glucose. In all
cases the Coneentration of the Glueose Solution introduced into Gut was 2 per
cent. Denudation of Epithelium by previous Ansmia for 30 minutes.

g2 (=. 11 |53 | | &%
8 | »s | 8 EEE ' Absorbed. e A
5| s [82|% |[E3%e | s2°
ol L e R B e g5.°
| = | 2 | =g | vE |288=] Toor | 2% |
- o e Eié’%' ! -Ec';..-:
2 % Bt | BE Eg;:—g' | Glucose. Water. 8858 |
2 EEUEET | BEEE T | gl
i S e .:._ e __.| e gr.m. | per cent. | cub. centims. | per cent, per:;:-nt. i
I 95| 35 | 15 | 30 | Normal 1476 246 10 33 2-262 |
{1 Denuded 1392 | 232 0 0 1-486 |
e | Normal | <1232 | 154 14 35 260 |
IL 46 | 15 | 40 |4 ponuded | 1076 | 1345 0 0 124 |
= (e " | [ Normal 1908 318 115 J8-34 | 221
11T, | 14 40 30 i 30 | ‘];\).emulill [ lﬁggé ; g;'}] 0 gﬁ o7 |
[ [ Norma 3 | 832 B 2667 1:53
IVv.| 9 | 40 | 30 30 11 Denuded | 1854 | 309 1 334 | 143 |
Normal ‘1640 2734 115 3834 | 235 |
Vel f b SA0 e 40 ‘ Denuded | ‘2630 | 1883 0 0 112 |
: | Normal | 2370 395 195 G50 a4h |
VI Ly i 3T | S e Denuded | 1995 | 339 0 0 % |

In Experiments I, IL., and VL, the glucose was in solution in distilled water.
In Experiments IIL, IV., and V., the glucose was in solution in 6 per cent. solution of sodic chloride.

In Experiments III. and V. in this table the absolute absorption of glucose 1s
greater in the denuded loop than in the normal.

Comparison of Absorption with Dialysis into Seruni.

It is next necessary to compare in denuded loops of gut, in one and the same
animal, the rapidities of absorption of glucose and peptone.

I have shown in a previous paper that the normal rapidities of' absorption in a loop
clad with epithelium are, as one would expect, quite different to the rates of diffusion
into stirred and changed serum.

Can one expect to find the diffusion ratios maintained when denuded loops of gut
are used instead of parchment tubes? Probably not, for the simple reason that the
membrane is different, but nevertheless one does expect that glucose will disappear
rather faster than peptone, though the ratio of its absorption to that of peptone will
probably be different to the diffusion ratio and variable on account of the impossibility
of securing that the vascularity and degree of denudation of epithelium in two
experimental loops of gut shall be identical.
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In the following table, XTIL, are included some results with a pair of denuded loops.

TapLe X111.—Absorption of Glueose and Peptone in Denuded Loops of Gut in one
and the same Animal. In all cases the Conecentration of the Glucose and
Peptone Solutions used was originally 2 per cent. Denudation of Epithelium by
previous Ansgmia for 30 minutes.

grm. | eentims. | centim,
= 4575 = G6T = 37 58 | =0
per cent. | per cent. | per cent. | per cent.
1

| . | |

—_—— e —————————— e E—

'“5

o ; =i T w 8"
g ! = G.._E,_ g E g 2 ‘ Absorbed. I
= | a | %5 g S5 = h = | Final concentration of
£ | w | =g | . SSE5| i solution in loops.
= = |52 | gf |EE85| Glucoseloop. |  Peptone loop.
AR L |
21L& | g8 '%E |$58e I ' |
2 E | 'EF E'E ;é—“ €2 | Glucose. | Water. | Peptone. | Water. | Glucose. | Peptone.
j |
il [ I i { per cent, per cent.
L| 175| 46 15 30 "T48H T cub. 1736 4 cub. 153 164
I
| grm. | centims. grm. centims. |
| =42:20 | =2334 | =28903 | =134 |
per cent. | per cent. | per cent. | per cent. | .’
11 40 | 15 30 2376 | 35 cub. | 1272 | 1 cub. 196 | 163
| grm. | centims. grm. centim. -
| « 3960 | =11-67 =212 | =334
| per cent. | per ceént. | per cent. | per cent,
ImL. | 15 40 15 30 E ‘1304 1-5 cuh. 1408 | Added 164 1-48
| grm. centims, grm. 1 cub.
| =21'73 | =500 =2346 | centim.
per cent. | per cent. | per cent. | =334
l per cent. '
| | ,
IV. | 14 50 | 2745 | 20 cub. 225:: 0 cubh, 116 124 .

o
g

| Per cent. glucose absorbed
Per cent. peptone absorbed

|
Experiment 1. i 1-45
i LT 1-87
o IIE- 52
o R B T 1-21 |
1

e i T == v r——

NoTE. —In Experiment IT1. the loss of epithelium was slight.

In three of the experiments quoted in this table (XIIL) the absorption of glucose is
in excess of that of peptone, but a comparison with the subjoined tables (XIV. and
XV., pp. 279 and 280), taken from a previous paper, indicates that, while the ratio of
glucose absorption to peptone absorption in denuded loops does not reach the
magnitude found for diffusions through parchment paper into stirred and changed
serum, yet it is well in excess of the ratio in normal epithelium-clad loops.
Experiment IIL in Table XIII. gave practically a normal result, but the loss of
epithelium in this case was distinetly less than usual.
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My present view, then, is that in the normal gut the absorption of peptone is in
the main a matter of adsorption or assimilation, while, though a similar process may
oceur to some extent in absorptions of glucose, nevertheless diffusion is an important
factor.

ABSORPTION OF GLUCOSE AND PEPTONE IN DIFFERENT REGIONS OF
THE INTESTINE
A. GLUCOSE.
Absorption in Upper and Lower euin.

Since Lanxors and Léping found that the absorption of glueose in the lower region
of the ileum, near the emeum, was far behind that in the upper reaches, it has been
considered by many that this definitely proves some specific activity of the gut
epithelium in the absorption of sugar, since the conditions for diffusion are quite as
good if not better (from greater vaseularity) in the lower ileum than in the upper.

| have repeated the experiments of Laxxois and LErINE on the point, and can
substantiate their statement. ;‘lr[}r results are to be found in Table XV, p. 283,

In all the experiments i this table the absorptions of glucose in the lower ileum
are ]HHH thu'l,!] EII t-i]l_,‘: 'I.ll}l]l_‘.'!'. i‘:a}:]}l_‘!],'il'lli_,"!]t. ,I'\r. iH very ml!]\'i.ll{:]l!g ML 1,.']&,'! ]J{Ii]]f-.‘ ﬁi“ﬂﬂ
the absorption of water in the two loops is identical, though the absorption of glucose
was only 2373 per cent. in the lower loop as against 41°34 per cent. in the upper.

Effect of Htemoval of Epithelium.

That the difference in absorption is associated with the presence of the epithelium
i1s evident if one removes the epithelium by previous anwemia, as was done in the two
examples in Table XVIL, p. 284. Here it is evident that the absorption of glucose
in the lower |uu1| rather execeeds that in the upper, ]H'l}ljﬂl}]}' because the lower loop
is the more vascular of the two.

There is, it must be remembered, an anatomical difference between the mucosa of
the lowest part of the ileum and the upper vegions, viz, the goblet cells of the vilh
are more numerous in the lower than in the upper.

These goblet cells may be less permeable to sugar in solution than the eylinder
cells, and whether one takes the view that the sugar diffuses into the blood through
the bodies of the cells, or is actively taken up by the cells, it is probable that the
difference in absorption is associated with the difference in the number of eylinder
cells to the unit of absorbing surface, rather than to any specialised activity of those
in the upper regions.

I do not, then, see that the fact proves anything gue active absorption.

Absorption in Lleum and Colon.

The absorption of glucose in the colon bears the same relation to that in the upper
tleum, as does the absorption in the lower ileum to the same region.

The surfaces in the case of ecolon and ileum as measured by a gelatine cast arve, of
course, not comparable as in the case of an upper and lower loop of ileum itselt, on

VOL, CXCIL—ER. 20
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account of the absence of villous extension of surface in the ease of the eolon, but, as
in the ileum experiments in Table XVL, p. 283, so here, in proportion to water the
absorption of glucose is mueh less in the colon than in the ileum, even when, as in
I*]xpt-'rimetti, 11T, in the sulgj::iumf Table XVIII., p. 285, the |n»nl.:='. of leum and eolon
are taken immediately on either side of the cmcum.

B. PEPTONE.
Absorption in Upper and Lower Tlewn.

If we now compare the absorption of peptone in the upper and lower reaches of
the ilewm, |}|':1.-:‘.t5|:::1,|]_}r the same result i obtained as with glu-:;um—:.

This comparison was made with similar results by Laxxois and Lepivg, but their
method of estimating peptone was not free from error.

The zlln-'mrpliﬂn of peptone, as seen in Table XI1X., p. 286, is uhsm'lute'l}' less in the
lower than in the upper regions, and less in proportion to the water absorption.

Absorption in Hewm and Colon.

With the eolon, though the absolute absorption of peptone is much less than in
the ileum, yet, in proportion to the water :1.|}3|)|']]tim|, the absorption of peptone is
greater, as a rule, than in the ileum, and so stands in contrast in this latter point to
;_':!II['!I]HE_." ill EI{_‘.‘IIIII E'I,II'I'I I',"{l]”[l, rFI]L‘! I'L'.'E'I,'I,ltﬂ “.’i'th I]E_'.’l}t{_l”ﬂ i]"l. i]i}u“l E‘LII{I. ﬂ{}lﬂll are
included in the next table (XX, p. 287).

Obviously, if' in comparisons of eolon and ileum one estimated the gut surface by

the help of a * villus factor ™ in the case of the ileum and not in the case of the
colon, since this factor was estimated by Hemexmaix at 23, and by MarLL at 1574,
the absorptions of glucose and peptone in the colon per square unit will far exceed
those in the ileum, but it is equally obvious that no such procedure is permissible,
becanse we neither know to what extent the surface of the villi is employed in an
absorption f}xf:u]'imei]t, nor do we know whether the 11|mnr1;l,im| by the mucosa of the
colon is absolutely restricted to the surfice between the mouths of the erypts, such

as We Ineasure }}}’ a cast.

Apzorrrion oF Water ¥ ILeum axp Clorow.

Finally, in this connection, as regards the absorption of water in the ileum and
colon, I find, as did Epkixs (though in his experiment absorptions in different animals
were compared) that per unit of measured surface the absorption of water hy the
colon is less than in the ileum, and that this result is not related to any excessive
entrance of blood salts into the fluid in the colon is indicated by the fact that the
lowering of freezing point of the fluid removed at the end of the experiment is
practically identical in the case of ileum and colon. Here again the employment of a
“villus ” factor in the case of the ileum would reverse the conclusion, but, as stated
ii.h"e:i.l']}i':, EUGI:'I il ]JI'I_:ICEI:I“!.‘E iS 11Ut| iidl\l;sﬁihlﬂ,

Two experiments upon absorption of water in ileum and colon are included in

Table XXIT., p. 288.
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CONCLUSIONS.

A physiological activity of the intestinal epithelium in the act of absorption is
demonstrated by : -

(@) The absorption by an anmimal of its own serum (or even plasma)
under conditions in which filtration into blood capillaries or lacteals, osmosis,
ﬂ.l!d (Hf.‘iﬂ?'ﬂ]{i:ﬂﬂ LI ij.‘{ﬂl'l.:l.ﬁ_].l_,"‘{l,

(b) By the cessation or diminution of the absorption of serum when the
c];ithe]ium 18 removed, injured, or lmixﬂu{:{], 11 F}]:bitl} of the fact that removal,
at any rate, must increase the facilities for osmosis and filtration.

The activity of the cells is characterised by a slower uptake of the organic
solids of the serum than of the water, and a rather quicker uptake of the
salts than of the water. The relations to one another of the absorptions of
these various constituents is variable in different regions of the intestinal
ﬂ-i.l,llﬂ.l {'I.]l}l,]ﬁ_".l' 'i.lEI]I“, lil‘l.\.'[:',‘l' ilﬂul“, ﬂ!]d l:'}{'l]ﬂlﬂ},

No evidence can be obtained of specific absorptive fibres in the mesenteric
nerves.

The state of nutrition of the cells is the main factor in their activity, and this
1s intimately associated with the blood supply.

In reduction of the rate of absorption, without detachment of epithelium, the
absorption of the various constituents of serum is reduced in the proportion
in which they exist in the original fluid.

. The activity of the eells may be raised by stimulation with weak alechol

without evidence of concomitant increase of blood supply.

The bile has not a stimulant action on the cells.

The cells exhibit an orienting action upon salts in solution (sodic chloride
especially). In a loop of gut with injured cells sodic chloride enters the
lumen from the blood, at a time when it is being actively absorbed from a
normal control loop in the same animal. (This fact was first noted by

0. CouxnEIM. )

. The absorption of water from the gut is dependent upon two factors :

() The physical relation of the osmotic pressure of the solution in the
gut to the osmotic pressure of the blood plasma.

(b) The physiological regulation of this difference by the orienting
mechanism of the cells.

10. The chief factor in the absorption of peptone is an assimilation (or adsorp-

tion) by the cells, while in the absorption of glucose, diffusion, variable by
the permeability of the cells (and so probably related to their physiological
condition), is the main factor.

11. By removal of the epithelium, the normal ratio of peptone to glucose

VOL., CXCIL—E, 2p
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absorption is upset, and the value tends to approach that of diffusion of
these substances through parchment paper into serum.

12. Absorption in the lower ileum is greater for the organic solids of serum, and
less for peptone and glucose than in the upper ileum. The relative absorp-
t.iU[l {J‘fl water ill t]“‘} H]]I]t‘ll' EI.'II{] ].l]"u‘l.’ﬂl' ilf_‘,"ll'[t'l. ;!'} "n-"iil'ii'l..hl_ﬂ.

13. The relative impermeability of the lower ileum to glucose disappears with
removal of the epithelium.

4. Absorption in the colon is for all constituents of serum, and for peptone and
glucose, far less per unit of measured surface than in the middle region of
the ilenm.

15. The normal relative excess of salt absorption from serum over water absorp-
tion, observed throughout the intestine, is most marked in the colon, and
more marked in the lower than in the upper ileum.

16. Finally, it is suggested that the cell activity which causes serum to pass over
to the blood is of the same nature as that involved in the orienting action of
the cells upon salts in solution.

In conclusion I here wish to express my thanks to my colleagues Professors
Warker and Kuesex for much kind adviee on matters chemical and physieal, and
to my assistant Mr. J. 8. MacpoNaLDp for much practical help in carrying out the
expermments.

(A grant towards the expenses of this research was received from the Secientific
Grants Committee of the British Medical Association.)

[Note. Oectober 19th, 1899.—In a recent paper (* Ztsehr. fiir Biologie,” vol. 20,
1899, p. 418), O. Conxue describes the transfer of fluids from the lumen of the
exsected and Rlll‘\-‘i\'iug gut of the eat, to ::x}-‘gﬁlmtetl blood or normal saline h@.ﬂl‘lng
the outside of the viseus. In various ways it is shown that osmosis, filtration, and
imbibition can be exeluded without stopping the main effect, and furthermore, that
the presenee of sodium Huoride causes cessation of the process.

This observer has unfortunately missed a paper by the author published more than
seven years ago (‘ Brit. Med. Journal, May 28th, 1892), in which a method of
demonstration of “wvital " transfer of normal saline solution to normal saline solution
across exsected rabbits’ gut at equality of hydrostatic pressure on the two sides of
the membrane was deseribed.

The method had one advantage over that of O. Conwnney, in that not only the
absorption of fluid on the epithelial side, but the output on the serous side was made
evident. ]
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AFPPENDIX.
METHODS EMPLOYED IN THE EXPERIMENTS DESCRIBED IN THE FOREGOING PAGES.
Analysis of Sera.

A weighed quantity of the serum introduced into each loop of intestine, and of the
sera removed from each lm‘.uj: (after ¢t_:11tt'ii'11g:1|isatim| or filtration through glass wool
for removal of débiis of food, &e.) was analysed for the content in total solids and ash.

In the analysis for tetal solids, tared porecelain vessels holding dried purified sand were
employed, the sand being used to obtain rapid drying. The sand in the dishes was
soaked with serum, and the nett weight of serum mnoted, heated at 110° C. in an air
oven for 20 to 24 hours, cooled for an hour in a I!]E.'F_til:_‘.('jlt{'ll', and the wuight ;1g:1jr:|
taken. From the weighings the percentage of the total solids was caleulated in the
three samples of serum.

The estimation of salts was made in three other samples of the same sera, by
weighing a quantity in a tared platinum capsule in each case, drying in the oven over-
night, and then incinerating.

The incinerations were conducted over Argand lamps, with a shght draught through
the eapsule obtained by tilting the lid so as to obtain an inlet and outlet. By using
the Argand burner turned down till it just does not smoke, a very safe temperature is
obtained, and volatilisation of sodic chloride completely avoided. By this inethod it
takes about 6 or 8 hours to obtain a residue, the weight of which does not decrease
on further heating ; no sign of red heat in the capsule is permitted.

(A gas regulator is advisable on the supply to the Argand burners, otherwise the
sudden raising of the pressure at the gasworks on winter afternoons is liable to cause
fusion of the ash before the earbon is completely oxidised, a result, of course, fatal to
any further oxidation. )

By subtraction of the percentage of salts from the percentage of total solids, the
percentage of organic solids was obtained.

In cases where substances were added to the sera (as in the bile experiments, p. 259)
the ash and organie solids of the added substance was estimated and allowed for in the
caleulations, An example of an experiment quoted in full is appended to make the
method clear.

2T 2
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ExperiMENT I in Table L, p. 228. Fully quoted.—Dog, 19 kilos. 400 cub. centims. ot
blood drawn and centrifugalised for serum. Two 80 centims. Loops of Tleum
provided with cannule at each end, and washed with normal saline.

Introduced into each loop 50 eub. centims. of the serum warmed to 40° C.

Recovered after 40 minutes 27 eub. centims. from the wpper loop, and 285 ¢ub. centims,
from the lower loop.

ToTAL S0OLIDS OF THE SERA.

Introduced serum. | Removed from upper loop. | Removed from lower loop. |

| Taken . . . 10-2672 grms. | 10-1735 grms. 10-1894 grms. |
Diry weight . : “T840 grm. 1-1104 grm. 10831 grm.
Per cent. total solids . | T-63 per cent. 10-91 per cent.

10°63 per cent. |

ASH.

| Imtroduced serum.  Removed from upper loop.  Removed from lower loop.

Taken . . 10-3008 grms. 102194 grms. 9:9742 grms,
Weight of Bl ot DI58 grm. 019 grm. 0902 grm,
| Per cent. salts . . . 030 per cent. | 809 per cent. 904 per cent.
| ; il lireneld .
SUMMARY.
[T | | 7
|  Organie solids. | Salis, |
| — |
KIS, REim. |
Introduced 50 cub. centims. of own serum, holding . S350 4650 |
Removed : Upper loop, 27 cub. centims. serum, holdin S 2-7030 2427
| - Lower loop, 285 cub. centims, serum, holding . . . . . 27719 { 2576 |
aociay 65 ARG S Bl S R
ABSORBED DURING THE 40 MINUTES.
i ' :
| Upper loop. | Lower loop.
| f
I { |
Water . . .| 2300 cub. centims., i.c., 46-00 per cent. | 21-50 cub. centims., i.e., 43 EHJ per cent. |
Organic solids . G470 grm., wiar g Lt el s { "BT81 grm., s i
Salts . R ! 2233, o gan | 2074 ,, T 44 a::r =
LowWERINGS OF FREEZING POINT.
e | i
Introduced serum. | Removed from upper loop. | Removed from lower loop. Semmame?:imd of
W |
i |
i - 600" C. | - 580" C. - 686" C. | - 615" C.
| | |
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Analysis of Peptone.

To the fluid directly recovered from the gut were added the boiled-down washings
of the loop, and after addition of an equal volume of 10 per cent. trichloracetic acid,
the mixture was raised to 80°-90° C, Any precipitate of added suceus proteids was
filtered off, a hot water funnel being used, the filtrate reduced in volume on the water
bath, and the peptone precipitated by means of phospho-tungstic acid.

This precipitate was collected on a filter, washed with weak solution of phospho-
tungstic aecid holding sulphuric acid, and the nitrogen estimated by the Kjeldahl
process, mereury, potassic sulphate and later potassic permanganate being used in the
oxidation stage, and sodic sulphide, in addition to the hydrate, in the distillation.
The distillation was into semi-normal sulphuric acid, and methyl orange was the
indicator in the final titration. :

From the nitrogen values the peptone was calculated by means of a factor, arrived
at by estimations after the same method, of the sample of peptone used. One
sample of commercial peptone has been used throughout; it had been prepared by
HeNNINGER'S method and was obtained from Dr. GRUBLER.

For further details the reader is referred to a previous paper (‘Journal of Physiology,’
vol. 19, 1896, p. 240).

Analysis of Glucose.

To the fluid directly recovered from the gut were added the boiled-down washings
of the loop, and the proteids precipitated by beiling with a few drops of a one-third
saturated solution of phospho-tungstic acid, a procedure which does not affect
estimations of glucose.

The filtrate was made up to a known volume after having been nearly neutralised,
and the sugar titrated by the Allihn-Soxhlet gravimetric method, in which a
measured small volume of the sugar solution is added to a large excess of boiling
Fehling’s fluid, the cuprous oxide collected on a tared asbestos filter, reduced to
metallic copper and weighed.

For further details of this process see a previous paper (* Journal of Physiology,’
vol. 20, 1896, p. 316).

Analysis of Sodium Chloride,

This was conducted by the Volhard method, using ly{)_ solution of silver nitrate,

N * " w - L] 3
50 solution of ammenium thioeyanate, and iron alum as indiecator.

If glucose is present in the solution, the titration is quite aceurate if accomplished
with speed, but a prolongation affects the result slightly on account of the develop-
ment of nitrous acid, Proteids were removed by hoiling, but small amounts do not
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affect the result, as I satisfied myself by adding a chlorine-free speeimen of “ Har-
NAacK's ash-free albumen,” prepared by the method of Burow, to solutions of sodie
chloride of known titre.

Lowerings of Freezing Point.

The lowerings of freezing point of solutions were estimated by the BEcKMANN
apparatus, and the following precautions were adopted : (i.) As little *“ under-cooling ”
as possible was allowed, and results with any very marked separation of ice were
discarded. (ii.) Vigorous stirring was employed during the actual freezing. (iii.) The
temperature of the freezing mixture of ice and salt was not allowed to sink
below — 3° C.

Measurement of Gut Surface,

This was estimated by filling the loops with modeller's gelatine, allowing to set, and
multiplying the mantle of the jelly cylinder so obtained by the length of the loop.

Since * villus factors ” are of doubtful value, no attempt was made to estimate the
true absorbing surface in comparison of ileum with colon.
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