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THE BILE-SALTS (GLYCO- AND TAURO-CHOLATE OF
SODA) IN THEIR RELATION TO THE SECRETION
OF UREA, &. By G. H. Ebpmveroy, M.B. Glasgow.
(Prate VI)!?

e

Tug following observations are the result of a research under-
taken at the suggestion of Dr W. J. Fleming, Surgeon to the
Glasgow Royal Infirmary, from a patient in whose wards the
material was obtained. :

The investigation was carried out in the Physiological Labora-
tory of the University of Glasgow, by the kind permission of
Professor M‘Kendrick, and was determined on in view of the
small number of observations made during life on the com-
position of human bile.

It was hoped to have made analyses over an extended
period ; but from various causes—partly the delay in taking up
the inguiry, and also the patient’s anxiety to have the fistula
closed—these did not exceed thirty in number. Even with this
limited evidence, there seems to be shown, what was made the
chief point in the inquiry, viz. :—a relation between the exere-
tion of the Salts of the Bile-acids (Glycocholate and Taurocholate
of Soda) and that of Urea.

I wish here to express my sincere thanks to Dr Fleming for
the opportunities placed at my disposal in his wards, and for the
assistance he so freely rendered me in every way ; and I have
also to thank Professor M‘Kendrick for his kind permission
to work in the Physiological Laboratory, and for the many
practical hints he gave me while condueting the experiments.

This paper is arranged under the following headings :—

I Narrative of Case. TII. Limitation of the Inquiry.
ITL. Methods. TV. Detailed Statement. V. General Conclusions,
VL Comparison with other Observers. Charts, and Tabular
Statement. VII. References.

! This paper was presented to the University of Glasgow as a Thesis for the
degree of M.D.
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BILE-SALTS IN RELATION TO SECRETION OF UREA. 217

ing exhibition of medicine regularly. It was necessary to
change the dressings on the fistula frequently, on account of
their being saturated with discharge of bile. The faces, hﬂW&'ﬂ:’EI‘,
were always normally coloured, although somewhat offensive.
On one oceasion the fistula was tightly plugged with gauze, and
this was left in for twenty-four hours at least, without any
aceumulation of bile having taken place in the gall-bladder.

The patency of the ducts having been established beyond
doubt, it was decided to close the fistula. This was done by
inverting the rawed edges of gall-bladder and stitehing the
freshened skin-margin over that viscus, The wound healed by
first intention and the patient went out well. A month or so
later she reported herself as having kept well since dismissal.

I1. Limatation of the Inguiry.

Towards the end of May, Dr. Fleming suggested to me the
advisability of utilising the opportunity thus presented of
analysing fresh human bile, and on the 6th of June the collect-
ing of the discharge from the fistula was commenced. It was
at first intended to make a eomplete analysis of the secretion,
but it was found that this would involve more time than was
available, and on talking the matter over with Professor
M‘Kendrick it was finally resolved to limit the inquiry to the
determination of the bile-salts (Glycocholate and Taurocholate of
Soda), the influence, if any, on the quantity secreted, of diet,
time during the twenty-four hours, and temperature, and also
as to any relation between the exeretion of the salts and the
amount of the urea excreted in the urine.

It was also determined to note the quantity of bile collected
four-hourly, it being kept fully in mind, however, that there was
a free vent into the intestine which would hinder any conclusions

being drawn as to the fofal quantity exereted in the twenty-four
hours.

ITI. Methods.

An attempt was made to collect the bile in the way described by
Notél Paton (1), by means of an india-rubber tube connected with
a Woulf's bottle; but this not proving successful, a modification
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BILE-SALTS IN RELATION TO SECRETION OF UREA. 221

June 12th, Quantity of Bile.

‘0517 grm.
§am. - 12 noon gg e.C. ﬂ%‘mlgﬂ ]11333' . Salts in B0 e.c.
12 noon - 4 p.m, P clear golden = 1084 grm.
4pm, - 8pm. 42, golden, slightly hazy | o010 e
; 0299 grm.

g p.m. - 12 mdnt. 115 ,, greenish, hazy Salts in 50 c.e.
12 mdnt. - 4 a.m. 85 . ... . hazier — 0598 grm.
4am. - 8am. 42 ,,  still darker green per 100 e.c.

9175 c.c.

Urine.—8 a.m. — 8 p.m. 9 oz., sp. gr. 1020 Urea 2°6 7
8§ p.m. - 8 a.m. 12 oz, sp. gr. 1012 ,, 11

Diet, ordinary, but it is to be altered to-morrow, substitnting, at dinner,
farinaceous food for flesh-meat. Since yesterday the following has been taken,
up to 8 a.m, this morning :—

8 a.m, Cocoa, 14 oz., 1 slice of toast, fish.
12 noon. Soda water, 2 oz
1 pm. Soup, 14 oz, piece of chicken, } slice bread,
2 pm Soda water, 2 oz.
4.30 p.m. Tea, 8 oz, 1 slice bread.
g pam, Whisky, 1 oz, water, 2 oz, and biscuit.
4 a.m. QCocoa, 12 0z., 1 slice hread.
6.30 a.m. Whisky, 1 oz., water, 1 oz

June 13th. Quantity of Bile.

fam. - 12 noon 21 c.c. greenish hazy Ef;gtiaiﬁugﬁranr; [V
12 noon — 4 p.m. L golden, clearer — 0730 grm.
4pm. - 8p.m. 6d ,, slightly greenish, hazy _per 100 %.:: \

1410 .
8 prm. = 12 mdnt. 57 13 1 o
12 mdnt. - 4 a.m. 41 : dark E“Eﬂiail 4 Hﬁggg'gﬂmr;m
4am. - 5am. 45 ,, " T ?yer 1uugc.¢..
267 c.o.

Urine.—8 a.m. — 8 p.m. 22 oz, sp. gr. 1014 Urex 1'1 %
: 8 p.m. - 8 a.m. 25% oz., sp. gr. 1012 ,, '8  Deposit of urates.

Diet : The following represents dietary since 8 a.m, yesterday :—
8 a.m, Cocoa, 14 0z., 1 slice bread, fish | 9 p.m. Whisky, 1 oz., water, 2 oz., biscuit.

9 a.m. \\"F.tﬁr, 2 oz. 4 a.m. Cocoa, 12 oz., toast, 4 slice,
1 p.m. Rice and milk, 14 oz, 6 a.m. Whisky, 1 oz., water, 1 oz.
June 14th. Quantity of Bile.
8 a.m. - 12 noon, 415 c.c. enish yellow, haz 2695 grm.
12 noon -~ 4 p.m, 8145 ,; Eﬂl‘ gﬂliiﬂll }"ﬂﬁﬂw ¥ Salts in 26 c.e,
4 pm. - 8p.m. : =1'0780 grm.
? B 5 per 100 e.c.
8 pm. — 12 mdnt, BB, ale green, haz 8074 g
12 mdnt. - 4 a.m, R Rﬂl’kf{* green, hyaz;,r Salts in 25 c.c.
4am. - Bam | still darker  ,, w 12288 grm,
per 100 ¢.c.
241 e.e,

Urine.—8 a.m. - 8 p.m. 23 oz., sp. gr. 1012 Urea -6 %
§pm,-8am., 80z, ,, 1012, 18
Diiet, as yesterday.
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June 19¢h.  Quantity of Bile.

: 2078 grm.
§am. - 12 noon SR p.c. orange, hazy Suifs in 26 v.cs
12 noon - 4 p.m. 465 ,, ,; clearer — 3812 grm.
4 pm. = 8 [ 100 175 1 ry 13 L per 100 c.e.
. -h (i 165? grm.
8 p.m. - 12midnt. 415 ,, ,» becoming hazy § o 0.0 oF o o
12 mdnt. — 4 a.m. 48:5 ., dark green, opague — ‘6608 grm.
4am -8am i 5, » z L per 100 c.c.
216 c.c.
Uriné.—8 a.m. — 8 p.m. 12 oz., sp. gr. 1024 Urea 1'8 7/
g pom. — 8a,m. 46 0z, ,, 1011 ,, 6

Dizt, ordinary mixed.

line aperient consisting of Sulphates of Magnesia (3iii) and Suda.’{ vi)
p;i;tnsit 4 a.n?., but vomited a% 4.10 n.tE On our visiting the patient at 9 o'clock
this morning, she is found greatly depressed and desiring to go home ; she says
that salts have ** never agreed with her.” In bile-specimens taken during the
night there is plentiful mucus, with blood corpuscles entangled in it. This may
have come about from the mucous membrane of the gall-bladder having been
injured by tube while the patient was vomiting. No action of the bowels having
followed the saline, 5 grains of calomel were ordered to be taken to-night.
Although there was no movement of bowels after the salts, she complained of
great thirst. -

June 20th,  Quantity of Bile.

. 2344 -

8 a.m. - 12 noon. 13°5 e.c, greon, haz Salfs in %Bn::s.c.
12 noon - 4 p.m. 26, golden, slightly hazy = "0876 grm.
4pm - 8pm, 135 ,, T B per 100 c.c.
8 p.m. — 12 mdnt, [ B Bright golden, clear } e e
12 mdnt. - 4am. 165 ,, ' hazy B 5l
et s 5 :‘ 2 5 during analysis.

143°5 c.c.

Urine.—8 a.m. — 8 p.m., 24 oz., sp. gr. 1020 Urea 1°6 ¥
§pm.-8am. 200z, ,, 1010 ,, ‘5 Some urine lost,
Diet, ordinary mixed. 5 grains of Calomel administered at 10 p.m. (last
night). Bowels moved 4 times, the stools being natural in colour and not so

offensive as on previons occasions. Unfortunately some urine lost, preventing
total estimation of urea being made,

June Elst.  Quantity of Bile.

8 am. - 12 noon. g c.c orange, hazy ‘1768 grm., Salfs in
12 noon - 4 p.m. e s Clear } 26 coc.
4 pm. - 8pm. Tl i & =*7072 grm. per 100 c.c.
8 pom. =12 mdnt, b o i A 1290 grm., Salls in
12 mdnt, - 4 a.m. fra i i Vi 12:b o.c.
4a.m - 8am. ) [ B i o } =1+0320 grm. per100 c.c.
105 c.o,

Urine.—8 a.m. — 8 p.m. 15 oz., sp. gr. 1020 Urea 2:3 %
8 p.m.-8am. 166 oz, sp. gr. 1012 ,, 1+

Digt, ordinary mixed.
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BILE-SALTS IN RELATION TO SECRETION OF UREA. 295

oceurred on the 10th of same month, viz. 2855 c.c. The average
daily quantity over 18 days is 191'22 c.c.

Bearing in mind (p. 217) that there was reason to suppose &
free escape into the intestine, the above figures of course are not
indicative of the total secretion.

(8). Relation to 4-howrly period of 24 hours at which collected.

The greatest quantity collected in a 4-hourly period is seen
below, for the different days :—

Date. | Quantity. | 4-Hourly Period.

June 6, |45 ec.c. |12 noon - 4 p.m.
i el Mt o 12 mdnt.— 4 a.m. :
L BlES. g 8 p.m. —12 mdnt.| From the figures in preceding pages

U N 1 8 a.m. -12 noon. the following average has been

el LR (e T 4 pom, — 8 p.m. arrived at :—

B [ ) LT T 12 noon — 4 p.m. fam. -—12 noon 29-60 c.c.

e i i DR 8am. -12mnoon. | 12 noon - 4 pam 88:60° .,

P B 1 L iR 4 pom. — 8 p.m. 4 pm. - 8pm, 50-80 ,,

e 1 1 . S 12 mdnt.— 4 a.m. 8§ p.m. -12 mdnt. o802 ,,

e AR 8 p.m. -12 mdnt.| 12 mdnt. - 4 a.m. 2591 ,,
18. | 40 { 4 pm. - 8 p.m. 4am. — 8am, ar-ez ,,

ey 22 4am. — 8am,

Al A8 4a.m. - 8am. |Averagein 24 hours = 182°83 c.c.
G L8 ERT 12 noon - 4 p.m. —

.5 12 noon - 4 p.m. Average maximum — 4-8a.m,
R { 12 mdut.— 4 a.m. y  Iuinimum - 12-4a.m.
b S EBL 8 pom. -12 mdnt.

e Lo UL R 12 noon — 4 p.m.
& p.m. -12 mdnt.

s { 4 a.m, — 8a.m,

3 231. SE 13 'E F.]II:.. _12 mdllt-

These figures show the maximum quantity exereted during a
period of 4 hours to be far from constant to any one period of
the day. We have the daily maximum occurring from 12 noon-
4 p.m. on five oceasions, and for a similar number of times from
8 p.m.~12 midnight. On three occasions each the maximum is
noted as oceurring at the following periods: 12 midnt—4 am.,
4 pm.-8 pm., and 4 a.m.—-8 a.m.; while from 8 am.-12 noon,
we have the maximum flow on two occasions only.

In addifion, it is found that on one occasion the maximum
flow occurred; (1) from 4 pan.—8 pm, and 4 a.m.—-8 a.m. on the
same day; (2) on another at 12 noon-4 p.m. and 12 midnt.-
4 a.m.; and (3) again at 8 pm 12 midnt. and 4 a.m.-8 a.m.
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for the most part below 20 c.c. They then began to creep up,
ranging about the 40’s.

The explanation offered of the fall in quantity after the
administration of the above drugs (with the exception of Cascara)
is, that more of the bile flowed into the active intestine than
when the viscera were in a state of rest. Perhaps this explana-
tion may account for absence of apparent relationship between
bile-flow and taking of food, noted above.

(e). Urine.

On reference to Chart No. 3, it will be seen, so far as 1s
shown—the urine having been lost oceasionally, as after purga-
tion—that there is a relation between the quantity of this
secretion and that of the bile. When the bile-register keeps
high and more or less uniform, the urine keeps low and uniform.
When, however, towards the end of the chart, the bile-tracing
comes down, that of the urine jumps up. It is felt that the
observations on this point are too scanty to be of much worth;
nevertheless it is thought well to record them.

(). Temperature.

We lastly come to consider the relation, if any, between the
patient’s body-temperature and the quantity of bile collected.

Throughout the time during which the observation was being
carried on the temperature showed very little oscillation, and

any there is can hardly be said to bear any relation to the bile-
curve,

B. Colowr of the Bile.

This varies much, both in the 24 hours and from day to day.
It seems, however, to be of dark greenish tint from 12-4 a.m. and
4 a.m.—8 a.m. as a rule, although sometimes the day specimens
show this colour, while those collected at night are golden-yellow
and clear,

Drugs seem to influence this :—Cascara, 11 p.m. on 9th June,
Darkening of colour of night specimens to greenish hue, to be
followed in a day or so by orange-yellow bile, after which the
greenish colour is again observed.
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BILE-SALTS IN RELATION TO SECRETION OF UREA. 229

(Castor Oil 31 was taken at 2 am. on 15th). On 16th, ssf.lts of
morning specimen= 113 grm., while on the evening of this day
they fell to ‘07 grm.

The original mixed diet was resumed on the following day,
but by some mistake the specimens of bile were thrown oub
before having been analysed.

Il

On the 18th, morning = 72 grm.; evening = "12 grm.
b1 FE 19 i} ¥ — .T4 g]-'m 11 ‘85 gI'm.

At 4 am. on 19th, Saline administered (Sulph. of Magnesia
3iii and of Soda 3vi) on account of constipation. The patient
received also at 10 p.m, 5 grs. Calomel. The analysis for 20th
(including from 8 a.m. 19th) is as follows :—

Morning = 49 grm. The evening specimen lost during
analysis owing to an aceident to the apparatus. The Calomel
was administered on account of the salts having been vomited
and was followed by a lively catharsis. Analysis for 21st June
was as follows :—morning =32 grm. ; evening="'25 grm.

There was slight rise on succeeding day to 39 and 75 for
morning and evening respectively. The 23rd =morning ‘34 grm.,
evening ‘94 grm.

From the above details it seems that the withdrawal of flesh-
meat from the dietary is followed by increase in the quantity
of the bile-salts, while on resumption of flesh-diet there 1s a fall.
It is unfortunate that only the quantity for day succeeding and
not that for day of resumption is determined. There is, towards
the close of chart, a tendeney to ereep up.

(). Drugs.

The administration of Ol Ricini is followed by an increase
and subsequent decrease in quantity of the salts. The saline
seems to have had but little effect on the salts (bile), while the
effect of the Calomel cannot be ascertained. Judging from

other parts of the chart, the fall on the 21st might indicate a
rise on the 20th,

(8). Relationship to Urea.

This is shown in a marked way in Chart No. 2, in which the
tracings of urea and bile-salts are compared. As the quantity
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13. Effect of drugs on salts not satisfactorily determined.
14. There is very distinct inverse relation of salts to excretion

of urea.
15. Antisepticity of bile low.

VI. Comparison with other Observers.

The variation in quantity excreted is mentioned by others.
Our observations as to the average minimum and maximum do
not agree with those of Paton and Balfour () —

Paton and Balfour. Present Observations.
Sa.m, —=12noomn 1060 c.c. 2O-50¢c.c.
12 noon — 4 p.m. 1405 33:50 ,,
4 pm. - 8pm OZE 30:90 .,
8 pom. —12 mdnt. 1006 8602 ,,
12 mdnt. -= 4 a.m. 836 ., apalr .,
4dam, - 8am. 1160 ,, 37821 |,

Copeman and Winston (%) find rate of secretion lowest at 5 a.m.,
highest at 12 noon, and this they attribute to the taking of food.
The researches of Yeo and Herroun () show no increase after
meals; they also say that amount secreted during day is same
as that during night. They are willing to believe, however, that
while this result may be obtained in hospital, where meals
are frequent and moderate, yet a different state might obtain
where meals were larger and taken at longer intervals. Mayo
Robson (*), on the other hand, finds a rise in quantity at night.
He also finds change of diet not followed by any great alteration
in the quantity of the bile secreted, and his results point to a
diminution in quantity following the administration of chola-
gogues, agreeing with our experience with purgatives (?).

Specific gravity is in our case in accordance with the results of
others, being about 1011. Jacobsen (quoted by Halliburton ®)
draws attention to the difference between fistula-bile and gall-
bladder-bile in this respect. We find it higher at night, and in
this agree with Paton and Balfour. These observers, and also
Maya Robson, agree with us as to increased secretion of bile-salts
during the night. As will be seen below, however, our percent-
age 18 higher for day than night. The following table gives a
comparison of different observations, and is taken from Paton

and Balfour’s paper.
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NOTES ON CERTAIN PHYSICAL AND PHYSIOLOGICAL
: MEASUREMENTS AND ESTIMATES. By Jomn G.
M‘Kexprick, M.D., Professor of Physiology in the University
of Glasgow.
[ Tractions of an inch.
1.—TUnits |  Millimetre = 7';th of an inch.
Micron =gy of 1 M. =1g00 of gy = 5ot inch.
Micron = p. -
9,— Diameter of a molecule from ,im-ﬁ-’ﬁ_m to ryilsos Of o milli-
metre, oF ¢ yov.oov X TEoTapyo of an inch.
Take diameter at =5k oo Millimetre or o000 inch.
3.—Suppose each biophor (vital unit of Weismann) to be cubical,
and to contain 1000 molecules, that is fen in a row, Or
10 x 10 x 10=1000. Then the biophor would measure 10 mole-
cules in length, or z yodoos X 10= 550050y OF =ou.ggy M.
4.— 200 biophors would therefore measure ol OF tgpp millimetre
or 1y, (micron), or the o G5y of an inch. -
5.—Imagine a cube, one side of which was 1 p or 55 kygth inch, it
would contain 200 x 200 x 200 =28,000,000 biophors.
6. A human red blaod corpusele measures abous 77 p in diameter
and 1'6 p in thickness: suppose it to be cubed it would con-
tain 3,652,000,000 biophors. As it is not a cube but only a
disk 1°6 p in thickness, it will contain considerably fewer. If
we take it as a disk of uniform thickness (16 u) and not
biconcave, as it really is, the number of biophors would be
416,000,000.
7.—Smallest particle of matter that can be seen with highest micro-
gcopic powers is zg by Millimetre or soorostit of an inch.
S._ Fach biophor i ggpggs M. in diameter; so there would be 10
in the g5 fgy millimetre, or 1000 in the cube.

9.—Average diameter of molecule = 5 555, gpp MM

10.—Smallest visible particle = g5'5py mm. Then there would be in
the side of the cube, in a row 100 such molecules, or in the
eube 100 x 100 % 100 = 1,000,000 molecules.

11.—A molecule of organised matter contains about 50 elementary
atoms. So that the 1,000,000 molecules in groups of about
50 would number 1:000:009 = 30,000 organic particles.

12.—Thus a cube ;51. mm. would contain about 20,000 organic
particles,

13.—Suppose one-half to be water, then there would remain 10,000

organie particles. That is 22 in a row. Each would then be
about TIF:EFFE mimn.
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14.—The organic molecule must be 5 times larger at least than a
molecule of H, :
Molecule of H. Organiec Molecule,
TUE ooy . Yoy I,
15.—Smallest vigfgleﬁg_uﬂi)ﬂe would mntrIu"lr;ﬁ m row
100 molecules q 8bout 22 molecules
of H, el organised matter,
16.—Now as 200 biophors = lp=1o5o mm.
Then 1 biophor = zov.000 M. in diameter, :
17.—That is to say the smallest particle of matter visible to the
highest microscopie powers,
.. J 10 times the diameter op :
z5.605 Tm.—is { 1000 times the volume } of the ultimate

vital unit—the biophor = T00. 000 Im.

18.—Diameter of a molecule of H = . 5o%.550 inch, or 5,000,055 .

19.—Smallest particle that can be seen microscopically is ¢y oo inch,
OF 3o g 1D,

20.—Smallest ultimate vital unit (biophor)

18 5 : ; : +_wgwo.ony inch, or oo b mm,
21.—Smallest particle (visible cube) that can be microscopically seen

may contain : ; . 20,000 organic particles + water,
22.—Smallest ultimate vital unit (biophor) may contain 20 organic
particles.

23,—Germinal vesicle is about 5o inch in diameter—or #pth mm,
24,—Germinal vesicle may contain 1,000,000,000,000 biophors.
25.—Head of sperm cell is aboutyyl:; inch in diameter, or Tgy MM,
26.—Sperm cell element may contain 1,000,000,000 biophors.

27.—Smallest thing that can be seen with naked eye, z1, inch, or
7t of & mm. The retinal tmage at distance of 1 inch Jrom
eye would be 14 oo inch, or about 4 wave-lengths of light.

28.—Germinal vesicle is sop inch, or 5% of a mm,

29.—Sperm cell is sooo inch, or ;1. of a mm,

30.—Wave-length of green light is 51— inch, or s of & mm.

31.—Smallest thing that can be seen with microscope 18 4% inch,
OF 35,557 of a mm.,, or Lth of a wave-length of light,

32.—Ultimate vital unit (biophor) is 4 i 5 inch, or zvo.o00 Of &
min., or y55th of a wave-length of light.

J3.—Molecule of organised matter, like albumen, is 10 gpp M., or

X inch,

34.—Moleoule of hydrogen is T aehy o SAl . £
Toogth of a wave-length of light,

35.—Average wave-length of light, ;7.1 inch.
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