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Parr I.—On the Variations of the Acidity of the Urine in the state of Health.

IN the Philosophical Transactions for 1845, I showed that not unfrequently in
London, the urine was found in many persons to be alkaline from fixed alkali; and
I mentioned that Dr. ANprews, at Belfast, had found the water passed at noon of
two-thirds of the students of his class to be alkaline.

It appeared to me to be a matter of great interest to determine quantitatively the
daily variations in the acidity and alkalescence of the urine in the state of health ;
to trace, if possible, the cause of the variations; to determine the effect of some
medicines ; at the least until this was done I could draw no conclusions regarding
the effect of diseases on the acidity of the urine.

In examining quantitatively the variations at different hours of the day, it was
immediately found that there was no fixed degree of acidity of the urine ; that the
acidity did not vary with the specific gravity, but that there was a never-ceasing
change, an ebb and flow, in the acid reaction of the urine, which was quite inde-
pendent of the specific gravity.

The degree of acidity of the urine was found generally to be greatest a short time
before food was taken; and after food the acidity was diminished, until about three
hours after breakfast, and four or five, or six hours after dinner, when it reached the
minimum point ; after which it again rose and attained its height previous to food
being again taken.

A healthy man was the subject of the following experiments : for three months he
had taken strong exercise, walking above 700 miles. Food was taken twice daily.
The exercise was moderate during the experiments, from three to four hours daily.

The urine not unfrequently showed most marked alkalescence from fixed alkali.
Rarely even phosphate of lime was deposited. Five or six hours afterwards the
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236 DR. BENCE JONES ON THE VARIATIONS

acidity reached its highest point, but did not on any occasion cause the formation of
uric acid crystals.

The mode of examination was the following. Two test solutions were made, the
one with carbonate of soda, the other with dilute sulphuric acid. Each measure of
either test was made equivalent to y5th of a grain of dry and pure carbonate of soda.

A bottle containing 1000 grains at least of urine was filled and weighed. The urine
was heated in a cup to 120° and then the test solution was dropped in from a gra-
duated tube; so that the urine, when acid, was made, by alkali, just neutral to the
most delicate test-paper; and when alkaline, it was made just neutral by acid. The
number of measures required gave the degree of acidity or alkalescence of the urine,

In the second part of this paper, it will be seen from experiments made four months
previously to these, that the same kind of variations took place then ; and in the same
case two years before, and again even three years previous to these experiments, the
same fact was noted.

Thus, October 13, 1846, breakfast on bread and meat at 9 A.m.

Urine passed at 1 p.m., clear. Specific gravity . . 1022'8. Alkaline.
Urine passed at 3 p.m., clear. Specific gravity . . 10199. Acid.

And October 28, 1845, breakfast at 9t 15™.
h m
Urine passed at 10 ~ a.m. Acid.

Urine passed at 12 30 p.m. Alkaline.
Urine passed at 3 Acid.
(1.) October 14, 1848. Breakfast on bread, meat and coffee, at 8t 45™ s.m. Dinner
at 5P 50 p.Mm.  Fish, meat, potatoes and water.

h m Spec. gr. Acidity per 1000 grs. of urine. Appearances.
Water passed at 7 15 a.m. thrown away.
Water passed at 8 45 =1021'1 <1175 measures. Clear.
Water passed at 9 55 =1023'5 -+ 879 Clear.
Water passed at 11 15 =1022'7 —1173 Clear.
Water passed at 12 =10244 —2928 Thick from phosphates.
Water passed at 12 50 p.M. =1024'0 —1074 Clear.
Water passed at 2 15 =1021'5 -+ 685 Clear.
Water passed at 3 50 =1024'1 1562 Clear.
Water passed at 5 50 =1024'4 2147 Clear.
Water passed at 7 55 =1029'6 -+15°54 Thick from urates.
Water passed at 10 45 =10298 — 582 Clear.
Water passed at 6 30amM. =10233 - 977 Clear.
Water passed at 7 40 =1025'3 1365 Clear.

(2.) Breakfast at 8" 45™ a.m., the same as the day previous. Dinner the same,
at 5" 45™ p.m.
Water passed at 8 45 =1025'6  -+15'60 measures. Clear.
Water passed at 10 =1021'3 41174 Clear.
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h m Spee. gr. Acidity per 1000 grs. of urine, Appearances.
Water passed at 11 20a.m. =1024'9 —12'68 measures. Clear.

Water passed at 12 20 p.m. } 10292 — 1457 V-Thick from phosphates.
Water passed at 12 45 L Clear.

Water passed at 3 15 =10284 1361 Clear.

Water passed at 5 45 =10266 42240 Clear.

Water passed at 9 =1032'9 -13'55 Thick from urates.
Water passed at 11 10 =10364 - 388 Clear.

Water passed at 2 30a.m. =1011'4 - 593 Clear.

Water passed at 7 30 =10206 1175 Clear.

(3.) Breakfast at 8" 45™ a.m., the same as the day previous. Dinner at 5t 5™ p.m.
Water passed at 8 45 =1024'8 41951 measures. Thick urates.-
Water passed at 9 50 =10206 1273 Clear.

Water passed at 10 50 =1021'8 + 195 Clear.
Water passed at 12 50 .M. =10272 — 194 Clear.
Water passed at 2 50 =1024'7 41073 Clear.
Water passed at 5 5 =1024'9 +1853 Clear.
Water passed at 7 35 =10292 1554 Thick from urates.
Water passed at 10 5 =10272 — 778 Clear.
Water passed at 2 15a.m. =10220 - 880 Clear.
Water passed at 6 45 =1024'6 1659 Clear.
Water passed at 7 45 =1024'8 +2049 Thick from urates.
Water passed at 8 45 =1022'5 41369 Clear.

From these experiments, which lasted three days, it appears that before each meal
the urine showed the highest degree of acidity; and the water passed two or three
hours after food always showed a lower degree of acidity than that made before food.
The decrease continued until three hours after breakfast, and five or six hours after
dinner, when it reached the lowest point. The acidity of the urine then increased
until just before food, when it again reached the highest limit.

Thus, when breakfast was taken at half-past eight, the acidity of 1000 grains of
the urine then passed was sufficient to neutralize about one grain of dry and pure
carbonate of soda. At twelve o’clock the urine was as alkaline as if every 1000 grains
of urine contained two and a half grains of carbonate of soda. At half-past five, just
before dinner, the acidity had increased, so that every 1000 grains of urine was so
acid as to require two grains of carbonate of soda to neutralize it. At half-past ten
the acidity had diminished, so that every 1000 grains of urine was as alkaline as if
they contained half a grain of carbonate of soda. After this it probably became more
alkaline, and then still longer after food became acid ; and by half-past eight in the
morning, each 1000 grains of urine required about a grain and one-third of carbonate
of soda to neutralize the acid reaction.

The same changes were observed on each of the two following days. These varia-
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238 DR. BENCE JONES ON THE VARIATIONS

tions are seen in the accompanying Plate XVI. better than they can be set forth in
words, and the influence of digestion on the acidity of the urine is made evident.

- There is a slight excéption which requires notice. In the last day, before break-
fast, at 6" 45™ a.m., the specific gravity was 1024'6, and every 1000 grains had an
acidity marked by 16'59 measures. At 7" 45™ p.m. the acidity had increased to 20°45,
the specific gravity having hardly changed. At 8" 45™ a.m., just before breakfast,
the acidity had decreased to 13:69, with a very slight diminution of the specific
gravity.

As a test of the truth of the conclusions drawn from the previous experiments, the
variations of the acidity were noted when no food was taken in the morning, and the
following results were obtained.

(4.) No food was taken from dinner the previous day at 5" 30 p.m., to dinner this
day at 5" 10mp.m. Both days the food was meat, soup, potatoes, bread and water.
The urine was passed as frequently as possible.

h m
Water passed at 6 10 A.M.

Spec. gr. Acidity per 1000 grs. of urine.
1025°7 - 15'59 measures. Clear.

Water passed at 7 50 No breakfast. 1028:6 41361 Thick from urates.
Water passed at 9 10 10263 +15°58 Thick from urates.
Water passed at 11 20 1025°0 +12'68 Thick from urates.
Water passed at 12 30 p.m. 1025°7 41364 Thick from urates.
Water passed at 2 45 10280 41556 Thick from urates.
Water passed at 5 10 Dinner. 10313 41551 Thick from urates.
Water passed at 7 10 10346 -+1353 Thick from urates.
Water passed at 9 5 10294 — 777 Clear.

Water passed at 11 10295 — 291 Clear.

Water passed at 5 40 a.m. 10269 41071 Clear.

Water passed at 8 45 Breakfast. 1028:0 4-17°51 Thick from urates.
Water passed at 10 15 1026:3 4+ 974 Thick from urates.
Water passed at 12 30 p.m. 10287 —14'57 Thick from phosphates.
Water passed at 3 10 1028'8 — 097 Clear.

Plate X VII. shows these variations, and contrasts the slight changes when break-

fast was not taken, with the great changes after food.

From six in the morning until dinner was taken, soon after five, the variations in
the acidity of the urine were very small ; requiring rather more than one grain of
carbonate of soda to neutralize 1000 grains of the urine. Four hours after dinner
the urine was so diminished in acidity, that every 1000 grains of urine had an alka-
line reaction equal to two-thirds of a grain of dry and pure carbonate of soda. Two
hours after this the acidity was found to be increased, and by breakfast time, the
following morning, 1000 grains of urine required a grain and a half of carbonate of
soda to neutralize their acidity. Four hours after breakfast the acidity had decreased
so much, that 1000 grains of urine were as alkaline as if they had contained nearly a
grain and a quarter of carbonate of soda.
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II. I next endeavoured to determine whether different kinds of food caused dif-
ferent changes in the acidity of the urine. For three days consecutively animal food
only was taken at 8" 45™ a.m. and 5" 40™ p.m. Beefsteaks, eggs, weak coffee, milk and

water.

Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at

h m Spec. gr.
8 45 10246
9 50 10199
10 55 1020-2
12 55 p.M. 10252
3 0 10270
5 40 10295
8 b5 1032°8
10 30 1030°3
5 0am. 10229
7 10 1026°1

Acidity per 1000 grs. of urine.
(5.) Water passed at 7 0 a.M. thrown away.

-+ 7°80 measures.

— 784
—30'38
— 973
+1363
41942
+14°52
0
+1075
+ 1752

Clear.

Clear.

Thick from phosphates.
Clear.

Thick from urates.
Thick from urates.
Thick from urates.
Thick from urates.
Clear.

Clear.

(6.) Breakfast at 8" 50m o.m. Dinner at 5» 40m p.v. Animal food only ; the same
as the previous day.

Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at

8 50 10267
10 10 1025°3
11 10 10246
12 30 p.M. 10253
1 50 10255
3 30 10250
5 40 10274
7 40 10317
11 0 10287
7 15 AM. 10246

+10°71 measures.
+ 1'95
—2635
—29°26
— 195
+ 975
+17'52
41163
— 291
+1366

Clear.

Clear. _

Thickish fromphosphates.
Thick from phosphates.
Clear.

Clear.

Clear.

Thick from urates.
Clear.

Clear.

(7.) Breakfast at 8 50m a,m. Dinner at 5b 50m p.m. Animal food only ; the same
as the previous day.

Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at
Water passed at

8 50 1027-0
10 8 1026°5
11 10 10269
12 10 p.M. 10298
2 15 10252
3 40 1028-1
5 55 10297
7 55 10354
10 55 10317
6 0amM. 10260
7 40 10286
8 55 10287

-+ 15°58 measures.
+ 194
— 2434
—2621
+ 390
41361
+ 1845
—+16-41
4+ 2:90
+12:67
-+ 1846
—+20°4]
212

Thick from urates.
Cloudy.

Thick from phosphates.
Thick from phosphates.
Cloudy.

Cloudy.

Cloudy.

Thick.

Thick.

Clear,

Thick.

Thick.
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From the comparison of these numbers, as seen in Plate XVIII., with those ob-
tained when a mixed diet was taken, as in Plate XVI., it is apparent,—

Ist. That the diminution of the acidity after food is more marked, and continues
longer when animal food only is taken, than it does when mixed diet is eaten.

2nd. That the acidity before food rises rather higher with a mixed diet than it
does with animal food only.

There is the same exception ebservable on the second day of animal food as was seen
the third day when mixed diet was taken. At ten minutes after seven the urine had
an acidity for every 1000 grains marked by 17:52 measures. At fifty minutes after
eight (just before breakfast) the acidity was diminished to 10-71 measures. There
was but little difference in the specific gravity of the two quantities.

For three days consecutively vegetable food only was taken, twice each day.
Breakfast at 8" 55™ o.m. Dinner at 6" 15™ p.m.

h m Spec. gr. Acidity per 1000 grs. of urine.
(8.) Water passed at 8 55 a.m. 10287 42041 measures. Thickfromurates.
Water passed at 10 20 10280 41264 Thick.
Water passed at 11 40 10275 4 778 Thick.
Water passedat 1 Opm. 10284 -+ 778 Thick.
Water passed at 2 55 1027'8 -+ 875 Thick.
Water passed at 6 15 10315 42036 Thick.
Water passed at 8 20 10364 1543 Thick.
Water passed at 11 5 10353 41642 Thick.
Water passed at 3 30 a.m. 10301 41262 Thick.
Water passed at 7 30 1030°'t  +20-38 Thiek.
(9.) Breakfast at 8" 50m a.m. Dinner at 5" 35™ p.m. Vegetable food only.
Water passed at 8 50 10312  +426°18 measures. Thick.
Water passed at 10 30 10294 4 583 Thick.
Water passed at 12 0 10289 - 0 Clear.
Water passed at 2 10p.m. 10278 -+ 291 Clear.
Water passed at 5 35 10285 41652 Thick.
Water passed at 8 35 10342 41160 Thick.
Water passed at 11 45 10124 + 197 Clear.
Water passed at 6 45 am. 10091 -+ 594 Clear.
" Water passed at 8 55 10205 41469 Clear.

(10.) Breakfast at 8* 55™ A.M. Dinner at 5" 55™ p.m. Vegetable food only. At
breakfast about two ounces of honey were taken.

Water passed at 10 0 10135 <+ 7°89 measures. Clear.
Water passed at 10 35 10091 4+ 495 Clear.
Water passed at 11 30 10189 -+ 490 Clear.
Water passed at 12 50p.M. 10208 - 5°87 Clear.

Water passed at 2 10 1017°9 - 687 Clear.
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h m Spec. gr. Acidity per 1000 grs. of urine.

Water passed at 3 30 p.M. 10198 + 882 measures. Clear.

Water passed at 5 55 10212 +16'64 Clear.

Water passed at 8 30 10309 +17°46 Thick from urates.
Water passed at 10 50 1023-4 0 Clear.

Water passed at 6 30 Am. 10106 + 593 Clear.

Water passed at 8 45 10209 + 881 Clear.

Breakfast at 8" 45™ A.M. on animal food only.

Water passed at 10 20 10231 — 1075 measures. Clear.

Water passed at 11 0 10229 —29'23 Thick from phosphates.
Water passed at 12 0 10223 —3075 Thick from phosphates.
Water passed at 12 50 .M.  1023°5 —25°40 Thick from phosphates.
Water passed at 4 30 1027°6 + 1362 Thick from urates.

If these changes, represented in Plate XIX., are compared with those in Plate
XVIIL., it will be evident that the diminution of the acidity of the urine is very different,
though the experiments were made on six consecutive days. For the three days that
vegetable food was taken, the urine never was markedly alkaline ; twice it was neutral
to test-paper, between three and four hours after breakfast ; but it never became so
alkaline as when the diet was mixed, or consisted of animal food only. The breakfast,
after the three days of vegetable food, consisted almost entirely of animal food, and
then, for at least two hours and a half, the urine was highly alkaline. The increase
in the acidity before food on the second day is very marked. It was higher than on
any previous occasion. The third day, before dinner, at 5" 55 p.m., the acidity per
1000 grs. urine equaled 16'64 measures. At half-past eight it had increased to 17°46
measures, though in all the previous experiments the acidity diminished after dinner ;
but at 10" 50™ p.m. the urine had become neutral to test-paper. Possibly this increase
of acidity was owing to the honey taken at breakfast.

III. On the Influence of Medicines. (@.) Sulphuric acid.

For three following days dilute sulphuric acid, specific gravity 11077, was taken,
in doses of three drachms daily. 1In all, nine drachms of acid were taken.

Breakfast as in experiments (1.), (2.), (3.), at 8" 45ma.m. Dinner, as before, at
50 45m p.m, One drachm of dilute acid, in two ounces of distilled water, was taken at
7h 45™ A.M.  Another at 12" 45™ p.m. The last at 42 50™ p.m.

h m Spec. gr. Acidity per 1000 grs. of urine.
(11.) Water passed at 7 45 a.m. 1024'8 --20'49 measures. Thickish from urates.
Water passed at 8 45 10225 41369 Clear.
Water passed at 10 15 10126 - 888 Clear.
Water passed at 11 25 10225 — 880 Clear.
Water passed at 12 45 r.m. 1026°'1 — 389 Clear.
Water passed at 3 10 10234 41368 Clear.

Water passed at 4 50 1024’1 42148 Clear.
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h m Spec. gr. Acidity per 1000 grs. of urine.
Water passed at 5 45p.M. 10262 -+24-36 measures. Clear.
Water passed at 10 0 10306 — 776 Clear.
Water passed at 3 15am. 10181 + 491 Clear.
Water passed at 7 0 10201 +14-70 Clear.

(12.) The following day breakfast as before, at 8" 40™ s.m. Dinner as before, at
5" 30mp.m. A drachm of dilute sulphuric acid was taken at 8" 10™, 12b 45m 4h 30m,

Water passed at 8 40 1024°0 1464 measures. Thick from urates.
Water passed at 10 0 10134 + 7:88 Clear.
Water passed at 11 10 10233 —13'68 Clear.
Water passed at 12 0 10269 — 779 Clear.
Water passed at 12 45 p.mM. 10261 — 389 Clear.
Water passed at 3 10 10232 +1466 Clear.
Water passed at 5 30 10240 +20°50 Clear.
Water passed at 7 10 1030°4 +24-26 Thick from urates.
Water passed at 10 35 10326 + 677 Very thick from urates.
Water passed at 3 35am. 102000 4 588 Clear.
Water passed at 6 50 102071 +12:74 Clear.
Water passed at 7 45 10226 +14-66 Clear.

(18.) The following day breakfast as before, at 8" 40m o.m. Dinner as before, at
5h 40mp.m. Dilute sulphuric acid was taken at 8h, 1h 25, 5,

Water passed at 8 40 10234 ~+17'58 measures. Clear.
Water passed at 9 50 10185 -+10-80 Clear.
Water passed at 11 5 1019'9 + 882 Clear.
Water passed at 12 5 p.M. 10255 — 4'87 Clear.
Water passed at 12 55 10260 4+ 389 Clear.
Water passed at 2 50 1024-2 + 1464 Clear.
Water passed at 5 40 10235 +19'54 Clear.
Water passed at 7 30 10291 41263 Thick from urates.
Water passed at 10 50 10290 + 291 Clear.
Water passed at 5 10a.m.  1016°1 + 885 Clear.
Water passed at 6 55 10165 41180 Clear.
Water passed at 8 30 10209 41371 Clear.

Plate XX. admits of a comparison with those previously given. The nine drachms
of dilute sulphuric acid do not appear to heighten the acidity before food, though the
dimination of the acidity after food is certainly less marked than when no acid was
taken, and mixed diet was eaten. In the third part of this paper, on the Variations
of the Sulphates in Health, I shall show that a similar mode of inquiry gave no posi-
tive results as to their increase in the urine after sulphuric acid was taken ; but by
examining all the urine passed in twenty-four hiours, positive results were obtained.

A similar course was therefore adopted regarding the acidity of the urine.
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These three days’ variations confirm those previously given ; all show the influence
of digestion ; the constant decrease of the acidity of the urine after food was taken,
and the gradual increase of acidity as the food is absorbed.

The second day, before breakfast, it may be observed that the water made at 7 and
at 8"'40™ a.m., had very nearly the same degree of acid reaction ; that is, during the
last hour and forty minutes before breakfast there was no increase in the acidity of
the urine. I have previously pointed out that on two occasions there was a diminu-
tion of the acidity of the urine just before breakfast.

It may, perhaps, indicate that acid is sometimes separated from the blood by the
stomach previous to the food being taken.

A young physician with an irritable stomach, but otherwise in good health, made
the following observations on his urine, at my request, for seven days. Breakfast
was always immediately after the second testing of the water.

February 20.—8" 30m a.m. slightly acid. 9 a m. neatral. 1 p.m. alkaline.

February 21.—8" 30™ a.m. strongly acid. 9 a.m.slightly acid. 12a.m. alkaline. 4 p.m.
slightly acid.

February 22.—7 a.m. slightly acid. 8"30™and 9 a.m. alkaline. 2 p.m. alkaline. 4 p.m.
neutral. 5" 30m p.m. slightly acid.

February 23.—8" 30™ a.m. neutral. 9 a.m. alkaline. 12"30™ p.m. alkaline. 2t 30m p.m.
slightly acid. |
February 24.—8" 30™ a.m. slightly acid. 9 a.m. alkaline. 11" 30m a.m. alkaline.

February 25.—8" 30™ a.M. slightly acid. 9 a.m.neutral. 2 p.m.alkaline. 4 p.v. slightly
acid.

February 26.—8" 30™ a.m. strongly acid. 9 a.m. slightly acid. 9" 30™ a.m. alkaline.

Thus, just before breakfast, the urine was neutral twice, and alkaline thrice, in
seven experiments.

In the previous experiments, after honey had been taken for breakfast, the acidity
was seen not to diminish immediately after dinner; and the same thing happened
the second day after sulphuric acid was taken; at 5" 30™ p.m., immediately before
dinner, the acidity was 20°50 measures ; nearly two hours afterwards, at 7" 10™ p.m.,
the acidity had increased to 24'26. At 10" 30m p.m. it had diminished to 6:77. The
third day, with the same quantity of sulphuric acid, no increase in the acidity, two
hours after food, was observed.

As no positive proof was obtained of the influence of sulphuric acid on the acidity
of the urine by examining the water passed at different hours, I next endeavoured to
determine whether this acid produced any effect on the total amount of acidity of
the urine in twenty-four hours.

It was necessary for the purpose of comparison, that the total acidity of the urine
in twenty-four hours, when sulphuric acid was not taken, should be first known.
The breakfast and dinner were of meat and bread, coffee, wine and water; the same
for the six days.
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}‘1‘.11‘1; l:.nti; oz. Spec. gr. Total carb. of soda required.
(14.) Total quantity from 7 30 to 7 30=46% 1022:4=14'99 grains
__[about 8'80 measures of acid.
_{ per 1000 grs. of urine.
(15.) Total quantity from 7 30 to 7 30=35% 1027-1=16'87 grains
=about12'65acid.per1000urine.
(16.) Total quantity from 7 30to 7 30=44 1023-8=14'31 grains
=about 878acid.per1000urine.
During each of the three following days, three drachms of dilute sulphuric acid,
specific gravity 1'1077, were taken, in three and a half ounces of distilled water; the
greater part from 9 to 12 A.m.

AM. AM.
hm h m oz Spec gr. Totalcarb. of soda required.

(17.) Total quantity from 7 30 to 7 30=40 1026'2=17'59 grains
__[about 11'88 measures of acid.
—{ per 1000 grs. of urine.
(18.) Total quantity from 7 30 to 7 30=54 1020°3=1764 grains
=about 8'82acid.per1000urine.
(19.) Thick from urates . . . =40 1028'6=:25'92 grains
=about17-50acid.per1000 urine.
From the comparison of the total amount of carbonate of soda required to neu-
tralize the acidity of the urine, there is no doubt that sulphuric acid does slightly
increase the acidity of the urine. The following day no examination was made.

AM. A.M.
h m hm oz. Spec.gr. Total carb.of sodarequired.

Total quantity from 7 30 to 7 30 the next day=45 1026°7=4"82 grains
{about 3°89 measures of

acid. per 1000 grs. of

urine.
The conclusions from these experiments are,—

I. As regards the variations of the acidity of the urine for three days on mixed
diet. The acidity soon after food was found to decrease, and to attain its lowest
limit from three to five hours after breakfast and dinner; sooner, however, after
breakfast than after dinner. The acidity then gradually increased, and attained its
highest limit just before food. Once previous to breakfast, the urine was found more
acid an hour before breakfast than it was immediately before food.

If no food was taken the acidity of the urine did not decrease, but remained nearly
the same for twelve hours. It fell immediately after food was taken.

II. As to the influence of animal and vegetable food.

When animal food only was taken, the diminution of the acidity after food was
more marked and more lasting, than when a mixed diet was taken; and the acidity
before food rose rather higher with a mixed diet than it did with animal food.
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When vegetable food only was taken the contrast with animal food was very marked.
The urine did not decrease in acidity to the same degree ; though it became neutral,
it did not become highly alkaline. The increase in the acidity of the urine was by
no means so marked as the decrease of the alkalescence. The acidity of the urine
was rather higher with the vegetable food than it was with animal food.

IIT. As to the effect of dilute sulphuric acid.

Dilute sulphuric acid, taken in large doses, did not produce any very decided re-
sults. Nine drachms of dilute acid in three days slightly diminished the decrease in
the acidity of the urine after food. The acidity before food was very slightly, if at
all, increased thereby.

When the acidity of the whole quantity of water passed in twenty—four hours, for
three days when no sulphuric acid was taken, is compared with the acidity when
nine drachms of dilute sulphuric acid were taken, the increase is sufficiently distinct
to prove that the acid does pass off in the urine.

The result of these experiments is, that the acidity of the urine is always changing,
and that the changes depend on the state of the stomach.

When much acid is in the stomach, the acidity is then diminished. As the acid
returns from the stomach, the acidity of the urine increases, and usually reaches its
highest limit before food is again taken.

Animal food causes a greater oscillation in the acidity of the urine than vegetable
food does ; and when no food is taken the oscillation is very small.

The diurnal variations in the acidity of the urine make it highly probable that
corresponding variations occur in the alkalescence of the blood ; such diurnal varia-
tions being produced by the quantlty of acid poured into the stomach for the purpose
of dissolving the food.

When the food is irritating, or the stomach in an irritable state, much acid is
poured out, and the effects on the blood and urine are more marked than they are
when less acid is secreted.

Dr. ProuT’s capital experiment of hydrochloric acid in the stomach during diges-
tion, gives the key to these diurnal variations of the acidity of the urine, and may
lead to the discovery of the diurnal variations of the alkalescence of the blood.

Part I1.—On the Simultaneous Variations of the amount of Uric Acid and the Acidity
of the Urine in a Healthy State.

The variations which occur in the acidity of the urine are of themselves of very
great interest, whether in relation to health or to disease; whilst the determination
of the amount of uric acid and acidity at the same time directly solves the question,
whether the acidity of the urine depends on the uric acid ; and thus alone can clear
views of the causes of the precipitation of the urate of ammonia in the urine be ob-
tained. Moreover, it is necessary to trace fully the variations of the uric acid in
health before deductions can safely be made regarding the variations of the amount
of uric acid in different diseases.
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The following course was taken. A healthy man who took food twice daily, and
moderate exercise for three hours, was the subject of the experiments. A bottle con-
taining 1000 grains of water was filled with urine, at a temperature of 60°. It was
weighed, and the fluid was heated to 120°, when a test alkaline solution was dropped
from a graduated tube, and well-stirred, until the urine became just neutral to very
delicate test-paper.

The test solution was prepared by taking dry and pure carbonate of soda, and dis-
solving it in so much water that every measure of a graduated tube contained 5th
of a grain of carbonate of soda in solution.

To determine the amount of uric acid, upwards of 2000 grains of urine were mixed
with strong hydrochloric acid, in the proportion of a drachm to the ounce, and left
to stand for at least twenty-four hours. The fluid was poured off, and the residue
thrown on a weighed filter, slightly washed, and dried in vacuo over sulphuric acid.

(1.) Breakfast on bread, coffee, and two eggs, at 9 a.m. Dinner at 73 p.m. Fish
meat, and vegetables, with water.

Acidity per Uric acid per
1000 grs. of urine. 1000 grs. of urine.
P.M. Spec. gr. . Ieasures. grain.

Water passed at 2 clear. 1023°1 977 039

Water passed at 7 clear. 10263 2728 0048

Water passed at 11 cloudy. 10300 2621 0584
(2.) The following day, breakfast as yesterday. Dinner at 6} p.m.

Water passed at 2 slightest cloud. 10254 4'88 0731

Water passed at 6% clear. 10267 2337 0-14

Water passed at 11 clear. 1025°1 7:80 061
(3.) Following day, breakfast as before. Dinner at 6% p.m.

Water passed at 1 clear. 10255 9'75 053

Water passed at 65 clear. 1023°1 22°48 017

Water passed at 11 clear. 1031°1 11'64 092
(4.) As yesterday. Dinner at § to 6 p.m.

Water passed at 1% very thick. 10278 23-35 0'53

Water passed at 5% clear. 10277 27°24 012

Water passed at 10} clear. 10210 1371 0°39
(5.) As yesterday. Dinner at 7 p.m.

Water passed at 23 clear. 1023°1 17°59 044

Water passed at 7 clear. 10249 30°24 0°'146

Water passed at 11 clear. 1026°5 974 0634
Average mean of five days.

Between 1 and 2p.Mm. 10250 13:07 052

Between 6 and 7 r.m. 10257 26712 012

Between 10 and 11 p.M. 10267 13:81 062
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From these experiments it appears that the uric acid is increased three, four, or
five times in quantity by food ; whilst the acidity is lessened to one-half what it was
before food. The quantity of uric acid varies before food from 0048 gr. per 1000
grs. of urine, specific gravity 1026:3, to 0°17 gr. per 1000 grs. of urine, specific
gravity 1023-1. After food the quantity of uric acid varies from 039 gr. per 1000
grs. of urine, specific gravity 1021-0, to 0°92 gr. per 1000 grs. of urine, specific gravity
1031'1. The acidity before food varies from 23:37 grs. per 1000 grs. of urine, specific
gravity 10267, to 30'24 per 1000 urine, specific gravity 1024'9. After food the
acidity varies from 7:80 per 1000 urine, specific gravity 1025°1, to 26°21 per 1000
urine, specific gravity 10300,

The uric acid was lowest when 0°048 gr. per 1000 grs. of urine, specific gravity
1026°3, was present, then the acidity was 27°28 measures. The uric acid was highest
when there was 0°92 gr. per 1000 grs. of urine, specific gravity 1031°1; the acidity
then was 11-64 measures only.

(6.) A child twenty-three months old, fed at 1 p.m. on bread with some meat and
milk, gave—

Acidity per 1000 grs. Uric acid per 1000 grs.

of urine. of urine.
Spec. gr. measures. grain,
Water passed at 1 p.m. 10136 8'88 0-27
Water passed at 5 p.m.  1022°0 14:67 0'65

Both specimens deposited uric acid crystals on standing; the first in twenty-four
hours, the last in six hours.
II. I next endeavoured to ascertain what was the influence of different kinds of
food on the variations of the uric acid and acidity.
For three successive days vegetable food alone was taken, with water and coffee.
Breakfast at 91 A.m. Dinner at 61 p.m.
Acidity per 1000 grs. Uric acid per 1000 grs.

(7.) Water passed at 1 par. A fewy g0 o ofurine. Ofg;;’:e
uric acid crystals formed on} 1022-9 17-60 019
long standing . .o
Water passed at 6% p.m. clear . 10254 2145 017
Water passed at 104 p.m. clear . 1014'8 12-81 019
(8.) Breakfast and dinner as yesterday. Water at 103 a.m. thrown away, clear.
Water passed at 2% p.m. clear . 102165 8'89 0565
Water passed at 64 ».m. clear . 10240 26'36 0049
Water passed at 103 p.m. clear . 10262 329 0'636
Water passed at 6} a.m. clear . 10242 19'52 0665

(9.) Breakfast and dinner the same as yesterday. Water at 9 thrown away.

Water passed at 104 a.m. thick on
standing from urates } 1025°6 12:67 1-01
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Acidity per 1000 grs. Uric acid per 1000 grs.

of urine. of urine.
Spec. gr. measures. grain.
Wat t 24 p.m. cloud .
ater passed at 2} p.x. cloudy } 10245 alkaline 0-61
from phosphates .o «
Water passed at 6} p.m. clear . 10259 2631 0-34
Water passed at 10} p.m. clear . 1014'8 alkaline 014
Water passed at 6% a.m. clear . 10148 7°88 0049

When vegetable food only is taken the same variations are seen as when mixed diet
is eaten. The acidity is most before food. The highest acidity was 2636 measures ;
then the uric acid =0'049 gr. per 1000 grs. of urine, specific gravity 1024'0. The
uric acid was most after food; the highest amount being 101 gr. per 1000 grs. of
urine, specific gravity 10256. The acidity then was only 12:67 measures per 1000
grs. of urine. The variations of the acidity in (9.) are very remarkable.

For three days in succession animal food only was taken, meat, eggs, cheese, coffee
and water. Breakfast at 9 a.m. Dinner at a quarter to 6 p.m.

Acidity per Uric acid per
1000 grs. of urine. 1000 grs. of urine.
Spec. gr. measures. grain.
10.) Water passed at 9a.m. clear, uric
(10) P . ’ } 1023°3 3041 069
acid crystals in four hours .

Water passed at 11 a.m. clear . 10152 alkaline 024

Water passed at 1 p.m. thick } 1022+2 alkaline 068
from phosphates . . . .
Water passed at § to 6 p.m. clear 10239 2050 034
Water passed at 104 p.m. clear  1024°1 1171 063
(11.) Breakfast at 9 a.m. Dinner at half-past 6 p.m. Food as before.
Water passed at 21 p.m. clear 10227 7°82 044
Water passed at 63 p.m. clear 10248 21°46 0'049
Water passed at 113 clear 10299 16°50 077

(12.) Breakfastat 9 A.m. Dinner at half-past 6 p.m. Animal food only. Water at
9 a.m. thick, and was thrown away.

Water passed at 23 p.m. thick 10247 16°59 0756
Water passed at 61 p.m. clear 1027°1 2434 0073
Water passed at 4 to 11p.m. thick 10278 1848 1:022
Water passed at 4} a.m. clear . 1021°4 1664 0318

In these experiments also the uric acid is increased after food, and the acidity is
diminished. The highest amount of uric acid was 1022 gr. per 1000 grs. of urine,
specific gravity 1027'S. The acidity at the same time was 18'48 measures. Previous
to food the same day the uric acid =0°073 gr. per 1000 grs. of urine, specific gravity
1027°1; then the acidity =24-34 measures.

Comparing the three days on animal food with the three days on vegetable food,
we have the highest amount of uric acid on the third day; in the one case =1-022 gr.,
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specific gravity 10278, and in the other 1:01 gr. per 1000 grs. of urine, specific gravity
10256, after dinner in the one case and after breakfast in the other. The lowest
amount in both was 0°049 gr. per 1000 urine, specific gravity 1024'8 ; and 0:049 gr.,
specific gravity 1024-0, in both instances before dinner. So that neither as regards
the diminution nor the increase of the amount of uric acid can any positive result
be obtained from these experiments on the influence of animal and vegetable food.

The variations in the acidity are not very different on animal or on vegetable food ;
the acidity rises higher when vegetable food is taken than when animal food only
was taken.

I next endeavoured, if possible, to determine the effect of exercise. No food was
taken from dinner on the previous day to dinner this day at a quarter to six; both
meals consisted of mixed diet of bread, meat and potatoes. The exercise was mo-
derate between three and six.

No water was passed from 11 the previous night to 6 a.m.

Acidity per 1000 grs. Uric acid per 1000 grs.

of urine. of urine.
Spec. gr. measures. grain.
(13.) Water passed at 6 a.M. clear . 10267 1363 0'63
Water passed at 11 a.m. clear . 1024-3 19°52 063
Water passed at 3 to 6 p.m. . . 10279 1265 073
Water passed at 11 p.m. clear . 10210 alkaline 049
Water passed at 6 ae.m. clear ., 10223 22°49 058

(14.) Nothing was taken from dinner on the previous day until 5% p.m. this day.
Strong exercise was taken from 24 to 53 p.m.  Pulse always above 100. At nine urine

clear and thrown away.
Acidity per 1000 grs. Uric acid per 1000 grs.

of urine. of urine.
Spec. gr. measures. grain.
Water passed at 1 p.m, few uric acid crystals 1022°5 1956 0'344
Water passed at 53 p.m. clear . . . . 10252 2536 - 0268
* passed at 103 p.m. very thi
Wat(.il paése a % p.M. very thick, some} 10300 19-41 1-286
uric acid crystals. . . . . . . .
' d at 1} a.m. very thick
Watfzr passe % A.m. very thick, some} 1027°1 1759 0924
uric acid erystals . . . . . . .
Water passed at 7 a.M. very thick, so
erp L7 y e me} 1025°5 3314 0'878
crystals of uric acid . .

(15.) Nothing was taken from dinner on the previous day until ten minutes after
five this day. Moderate exercise was taken from 2 to 5 p.m.
Acidity per 1000 grs. Uric acid per 1000 grs.

of urine. of urine.
h m Spec. gr. measures. grain.
Water passed at 6 10a.m. clear . . 10257 15:59 0:098
Water passed at 11 20 a.m. thick . 10248 13:96 061
Water passed at 5 10 p.m. thick . . 10283 14:90 052
Water passed at 11 p.M. clear . . 10311 2:85 0°87

Water passed at 5 40 A.m. clear . . 10269 1071 012



250 DR. BENCE JONES ON THE DEPOSIT

Hence no conclusion can be drawn regarding the effect of exercise on the excretion
of uric acid. The influence of food lasts so long in increasing the amount of urates
that no results regarding exercise could be obtained ; experiment (14) is no positive
proof of the increase or diminution of the uric acid by exercise.

The three following days the total amount of uric acid excreted in twenty-four
hours was determined. The breakfast and dinner were of meat and bread, coffee,

wine and water: the same each day.
Uric acid per
Uric acid. Quantity 1000 grs.
gr. Spec. gr. of urine. of urine.
(16.) Total quantity from 7" 30™ A.M. to 7" 30™ A.M.=5'9  1022'4=4615% 029 gr.
(17.) The following day. Total quantity . . =77 1027'1=3533 048
(18.) The following day. Total quantity . . =70 1023-8=443 0°36
In the course of the following three days nine drachms of dilute sulphuric acid
were taken. The food was the same as before.
Uric acid per

Uric acid. Quantity 1000 grs.
gr. Spec. gr. of urine. of urine.
(19.) Total quantity from 72 30™ a.m.to 7" am. . =73 1026:2=40% 0'41gr.
(20.) The following day, total quantity . . . .=65 1020:3=54% 027

(21.) Thick from urates, the following day, quantity=9'9 1028'6=40% 056

The conclusions from these experiments are,—
I. As regards the variations of the acidity and uric acid when mixed diet was taken.

Per 1000 grs. of urine. Spec. gr.
The uric acid varies before food from . . . 0048gr. 10263
The uric acid varies before foodto . . . . 017 gr. 1023-1
It varies after food from . . . . . . . 039 gr. 10210
It varies after food to . . e . . 092 gr. 1031°1
The acidity varies before food from . . . . 2337 measures 10267
The acidity varies before food to. . . . . 30'24 measures 10249
It varies after food from . . . . . . . 7'80 measures 1025°1
It varies after foodto . . . . . . . . 2621 measures 10300

II. As to the influence of vegetable and animal food and exercise.
When vegetable food only was taken the uric acid was highest after food,

. Per 1000 grs. of urine. Spec. gr.
Beingatmost. . . . . . . . . . . . 10lgr. 10256
Then the acidity was . . . .+ . . 1267 measures
The uric acid was least before food bemg at least 0°049gr. 10240
Then the acidity was . . . . .+ . . 2636 measures

When animal food only was taken the uric acid was highest after food,

Beingatmost. . . . . . . . . . . ., 1022gr 1027-8
Then the acidity was . . . . .+ . . 1848 measures
The lowest uric acid was before food bemg at least 0-049 gr. 1024-8

Then the aciditywas . . . . . . . . . 2146 measures.
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There is no great difference between animal and vegetable food ; and no proof was
obtained of the influence of exercise on the excretion of uric acid.

From the experiments on the total amount of uric acid excreted in twenty-four
hours, it appears as though the deficiency one day was followed by an excess the fol-
lowing day.

- The result of these experiments is, that there is no relation between the acidity of
the urine and the amount of uric acid in it. The urine that was most acid contained
least uric acid. That which contained most uric acid was not highly acid.

All food causes an increase in the amount of uric acid in the urine,and there is no
decided difference between vegetable and animal food, either as to the increase or
diminution of the amount of uric acid in the urine. ‘

These experiments also show the variations of the acidity of the urine which the
food produces. They were made four months previous to the experiments in the first
part of this paper, which were made in October. Those here given were made in
June.

On the Deposit of Urates in the Urine.

That the amount of urates in the urine is not the only cause of their deposit, the
following experiments are sufficient to prove :—

Acidity and uric acid
per 1000 grs. of urine.

h m Spec. gr. grain.
Water passed at 5 5 p.m.1024'9 1853 measures 022 No deposit.
Water passed at 7 35 10292 15°54 0-29 Thickish from urates.
Water passed at 10 5 1027:2 alkaline 0°33 No deposit.
Another day at 5 50p.M.1024'4 2147 007 No deposit.
7 55 10296 1557 031 Thickish from urates.
10 45 1029'8 alkaline 090 No deposit.
Another day at 10  p.M.1030°6 alkaline 076 No deposit.
The same is well seen in (15.).
at 5 10p.M.1028'3 14°90 0'52 Thick from urates.
11 1081'1 2'85 0-87 Clear.

The influence of temperature is always shown in the precipitation of urates taking
place on the cooling of the urine. The low temperature of the night frequently will
cause a deposit which would not form during the day.

The influence of the acidity of the urine on the deposit can always be shown by
adding any acid to the urine passed soon after food. Two portions being taken, and
the one being made more acid than the other, will show a difference in the time or
degree of deposit.

The influence of water in preventing a deposit is shown, by adding distilled water
to urine which would give a precipitate. Evaporation under the air-pump takes away
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water, increases the proportion of urate of ammonia to the water, at the same time
it increases the acid reaction of the urine. By carrying the evaporation far enough,
deposit of urate of ammonia always occurs.

The influence of strong light is seen in its occasionally causing a deposit only on
the side of the glass nearest to the light. Brisk agitation also sometimes will hasten
or cause a deposit of urate ef ammonia.

From the above experiments and observations, it follows that the deposit of urate
of ammonia does not generally depend only on the proportion of the water to the
urate of ammonia being relatively or positively diminished. Nor does it depend
solely on the degree of acidity of the urine; but it results from the simultaneous
action of both causes, aided always by a low temperature.

Alkaline urine will hold in solution a great excess of urate of ammonia, and very
feebly acid urine will dissolve much more urate of ammonia than very highly acid
urine. But highly acid urine will give no precipitate of urate of ammonia if only a
very small quantity of that substance is present in it.

The deposit of urate of ammonia is therefore the result of the united action of three
causes :—

1. Decrease of temperature.

2. Increased proportion of urate of ammonia to the water, positively or relatively.
3. Increased acidity of the urine.

Sometimes one cause, sometimes the other, is the most efficient; but they are all
usually concerned in causing the deposit of urate of ammonia. |

Parr IIL.—Variations of the Sulphates in the Urine in the healthy state, and on the
influence of Sulphuric Acid, Sulphur and the Sulphates, on the amount of the Sulphates
in the Urine.

Before tracing the variations of the sulphates in disease, it is necessary to deter-
mine their limits in the healthy state; and it is also desirable to know as far as pos-
sible what the effect of medicinal substances on their amount may be. Thus the in-
fluence of sulphuric acid, of the sulphates, and of sulphur on the amount of sulphuric
acid excreted, must be determined before the results of diseased action can be esti-
mated. By this means alone can it be shown what is the effect of ordinary causes
or remedies, and what is the effect of disease.

A healthy man taking food twice daily, with moderate exercise for three hours, was
the subject of the following experiments. The specific gravity of the urine was first
taken. To a weighed quantity, usually about 500 grains, chloride of barium in excess
was added, and then a few drops of nitric acid. Heat was then applied until the
liquid boiled briskly, when the sulphate of baryta was filtered, well-washed, and
ignited in a platinum crucible, after which it was weighed.

By this method very accurate results could be obtained.
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(1.) Breakfast on bread and cocoa at 8% A.M. Dinner on meat, potatoes, bread

and water at 63 p.m.

Sulphate of baryta per
1000 grs. of urine.

Spec. gr. grains.
Water passed at 3 e filtered. . . . . . . 10282 9'16
Water passed at 6} clear . . . . . . . 10270 841
Water passed at 10 filtered. . . . . . . 10339 1523
(2.) Food as before. Between 3 and 7 p.m. strong exercise was taken. Dinner at 7 p.m.
Water passed at 7pm.clear . . . . . . . . 10253 7:07
Water passed at 11 filtered . . . . . . . 10308 - 11'53
Water passed at lam.clear . . . . . . . . 10251 647
(3.) Breakfast at 9 a.m. as before. Dinner at 6} p.m.
Water passed at 3}e.m. filtered. . . . . . . 10268 7:96
Water passed at 6% clear . . . . . . . 10270 7°36
Water passed at 104 c.e 1031-0 10°63

(4.) Breakfast at 9 a.m. as before. Water passed at 10 AM. thrown away. Dinner
61 r.M.

Water passed at 123 p.m. filtered . . . . . . . 10256 7°52
Water passed at 31 e e e e o oL 102509 795
Water passed at 61 C e e e .. ... 10260 8.25
Water passed at 104 clear . . . . . . . 10293 945
(5.) Breakfast at 9 a.m. as before. Dinner at 51 p.m.
Water passedat 1 p.m.clear . . . . . . . . 10240 648
Water passed at 3% « o+« . . . . . . 10236 603
Water passed at 5% . . . . . . . 10276 8'56
Water passed at 91 ﬁltered e 10308 12°43
Average mean of five days after dinner, with perfect rest 1031°1 11-85
Average mean of five days just before dinner, after exercise 1026-5 793
Average of four days, longer before dinner . . . . . 10261 777

From these experiments it appears that the sulphuric acid is much increased in the
water passed after food, the quantity varying—

From 1523 grs. of sulphate of baryta per 1000 grs. of urine, specific gravity 1033-9

To 949 grs. of sulphate of baryta per 1000 grs. of urine, specific gravity 1029-3
The mean of all the experiments after food being 11'85 per 1000 urine, specific
gravity 1031°1.

The quantity of sulphuric acid is much less in the water secreted a long time after
food, varying—

From 856 grs. of sulphate of baryta per 1000 gvs. of urine, specific gravity 10276

To  7:07 grs. of sulphate of baryta per 1000 grs. of urine, specific gravity 10253
The mean of all the experiments before food being 7:93 grs. per 1000 grs. of urine,
specific gravity 10265,
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254 DR. BENCE JONES ON THE VARIATIONS

(6.) A child two years old, fed on bread with some meat and milk, gave in the
water passed during the night, acid, specific gravity =1014-6, sulphate of baryta 4-66
grs. per 1000 grs. of urine.

(7.) On the same food another night, specific gravity =1013'5, sulphate of baryta
3'88 grs. per 1000 grs. of urine.

II. I next endeavoured to ascertain by what causes the variations were produced.
And first (a.) with regard to food of different kinds. For three consecutive days bread
alone, with a little rice and water and tea, was taken at the same hours as food had
been taken in the previous experiments.

Spec. gr. Sulphate of baryta.

(8.) Water passed at 6 p.m. clear 1019°46 531 grs. per 1000 grs. of urine.
Water passed at 11 filtered 102530 10°57

(9.) Breakfast aund dinner as on the previous day. Distilled water only was taken.
Water passed at 3 p.m. filtered 1025°88 8'03 grs. per 1000 grs. of urine.
Water passed at 6 . . 102600 7:31
Water passed at 11 . . 103040 1321

(10.) Breakfast and dinner as on the previous day. Spring water drunk.
Waier passed at 3 p.m. . . 102756 9'53 grs. per 1000 grs. of urine.
Water passed at 6 . . 102858 9°46 per 1000 urine.
Water passed at 11 . . . 103186 1368

(11.) Animal food only was taken for three days with tea and water. Breakfast
at 9a.m.: animal food and tea. Dinner at 6 p.m.: animal food and water. 1 p.m.
water was thrown away.

Water passed at 6 p.m. clear 102302 686 grs. per 1000 grs. of urine.

Water passed at 11 . . . 1021'10 769

(12.) Breakfast and dinner as on the previous day. Distilled water only taken.
Water passed at 3p.m. . . 102130 630 grs. per 1000 grs. of urine.
Water passedat 6 . . . 102552 912
Water passed at 11 . . . 102360 10°19

(13.) Breakfast and dinner as on the previous day. Common water taken.
Water passed at 3 p.m. filtered 102392 836 grs. per 1000 grs. of urine.
Water passed at 6 clear 102544 9'30
Water passed at11 filtered 1026-24 11'14

From the comparison of these numbers with the average previously given, no de-
duction can be drawn as to the peculiar influence of animal or vegetable food on the
amount of the sulphates in the urine. After either animal or vegetable food the sul-
phates are increased.

IL. (b.) I then tried to determine the effect of exercise.

(14.) Nothing whatever was taken from dinner the preceding day, which consisted
of meat only, until dinner this day, which consisted of bread, tea, and an egg. The
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water made at a quarter to 2 p.m. was thrown away. From four to a quarter past 6
moderate and sometimes strong exercise was taken.

Spec. gr. Sulphate of baryta.

Water passed at 4 p.m. filtered . 1029-52 876 grs. per 1000 grs. of urine.
11-26
t 61 . . . 10311
Water passed at 63 031°18 { 1123
Water passed at 105 . . . 102904 12-34

(15.) Nothing whatever was taken from dinner the preceding day, which consisted
of bread and meat, until dinner this day. Water made at 1 .M. thrown away. From
3 to 6, at times, gentle exercise was taken.

Spec. gr. Sulphate of baryta.

Water passed at 3 r.m. filtered . 1024'78 548 grs. per 1000 grs. of urine.
Water passed at 6 . . . . 102688 7°03
Water passed at 11 . . . . 102750 934

(16.) Nothing was taken from dinner the preceding day to dinner this day. The
water passed at 1 p.m. was thrown away. From 3 to 6 strong exercise was taken.

Spec. gr. Sulphate of baryta.

Water passed at 3 p.u. filtered . 1021:20 3'27 grs. per 1000 grs. of urine.
355
ssed at 6 . . . . 1019
Water passed a 19°10 347
Water passed at 103 clear . . 1027°00 800

From these numbers it appears that food has more influence on the sulphates
than exercise has. (14.) shows that exercise has a decided effect in increasing the
sulphates. The increase is less marked in (15.) ; the same is seen in (16.) to a much
less degree in consequence of the diminution of the specific gravity.

III. The influence of different medicinal substances admits of a clearer demonstra-
tion.

(a.) (17.) Breakfast as before at 9 a.m. Dinner at 65 p.m. At 1 p.m. thirteen drops
of sulphuric acid, specific gravity =17864, equivalent to above 133 of dilute sulphuric

acid, were taken in water.
Spec. gr. Sulphate of baryta.

Water passed at 1 p.m. clear. . 10276 7°51 grs. per 1000 grs. of urine.
Water passed at 3 . . . 10287 975
Water passed at 63 . . . 10279 10°36
Water passed at 10 . . . 10315 12°15

(18.) Breakfast as before. Dinner at 6 p.M. At 1 p.m. rather less sulphuric acid

was taken.
Spec. gr. Sulphate of baryta.

Water passed at 123pm. . . . 10225 4'07 grs. per 1000 grs. of urine.
Water passed at 3 .. . . 10222 528
Water passed at 6 .. ..o 102109 619
Water passed at 103 .. . . 10281 10°66

2L2
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(19.) Breakfast as before. Dinner at 6 p.M. At 1 p.m. thirteen drops of sulpburic
acid as before.
Spec. gt. Sulphate of baryta.

Water passedat 1 pm. . . . 10188 348 grs. per 1000 grs. of urine.
Water passed at $ to 3 . . . lo126 213
Water passed at 6 . . .. 10177 4:09
Water passed at 10 . . .. 10262 11-43

(20.) Breakfast as before. Dinner at 6 p.m. At 1 p.m. twenty drops of sulphuric
acid taken as before. '

Water passedat 1 pmM. . . . 10228 4'83 grs. per 1000 grs. of urine.
Water passed at 3 . .« . . 10199 499

Water passed at 6 ... . 10222 679

Water passed at 103 .« . . 1021'3 952

(21.) Breakfast as before. Dinner as before. No sulphuric acid taken.

Water passedat 3 pmM. . . . 10250 7:08 grs. per 1000 grs. of urine.
Water passed at 6 .. . . 10239 5'88

Water passed at 103 . . . . 10294 10079

From experiment (17.) it seemed that the sulphates were slightly increased by the
sulphuric acid which was taken. 'The other experiments hardly confirm this deduc-
tion, and on this account I tried whether a course of sulphuric acid would give more
marked results.

(22.) After four days in which dilute sulphuric acid, specific gravity 1115°3, was
taken; three drachms the first day and two drachms the three following days.
Breakfast and dinner the day after the course of sulphuric acid were the same as in
the previous experiments.

Spec. gr. Sulphate of baryta.

Water passed at 1 p.m.clear. . 10274 7'51 grs. per 1000 grs. of urine.
Water passed at 3 filtered . 10254 873
Water passed at 6 clear . . 10265 872
Water passed at 10% filtered . 10302 11-99

(23.) No sulphuric acid was taken on the day of experiment (22.). For the next
three days three drachms of dilute sulphuric acid were taken the first day, two
drachms the second, and three drachms the third day.

The following day (seventeen drachms of dilute sulphuric acid having been taken
in the eight previous days) the breakfast and dinner were as before.

Spec. gr. Sulphate of baryta.

Water passed at 1 ».m. filtered . 10260 7°37 grs. per 1000 grs. of urine,
Water passed at 3 .. .. 10259 7-22
Water passed at 6% clear. . 10233 5'43
Water passed at 10 filtered . 10281 10°66
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From these experiments it does not appear at all certain that dilute sulphuric acid
does pass off in the urine. The question being still undecided, the amount of sul-
phates in the whole quantity of water passed in twenty-four hours, for three success-
ive days, when no sulphuric acid had been taken, was compared with the amount
of sulphates in the whole quantity of water passed in twenty-four hours, for the
three succeeding days, when sulphuric acid had been taken. The breakfast and
dinner were the same for the six days.

Spec. gr. Sulphate of baryta.

24. 1 tity of y i
(24.) Total quantity of water passed m}m24 9 7'75 grs. per 1000 grs. of urine.

twenty-four hours, from 7 a.m. .66

to 7 A.M. =387% ounces, filtered
(25.) The following day =42 ounces, clear 10234 { 2;?)
(26.) The following day =34 ounces,

filtered

During each of the three followmg days half an ounce of dilute sulphuric acid,

specific gravity —=1108'4, was taken in distilled water, the greater part from 9 to
12 A.m.

} 1026:1  7-83

Spec. gr.  Sulphate of baryta.

(27.) Total quantity 46 ounces, filtered 10242 gff’ii grs. per 1000 grs. of urine.

11-66
11-64
1310
12-81

By comparing these experiments, it is certain that dilute sulphuric acid, taken in
very large quantity, does cause an increase in the amount of sulphates passing off in
the urine. »

IIIL. (b.) (30.) Breakfast at 9a.m. Dinner at 6 p.m.: the water made at 11 A.m. was
thrown away, and 614 grains of dry sulphur in fine powder were taken.

(28.) The following day 421 ounces, clear 1024-0 {

(29.) The following day 43 ounces, clear 1025'4{

Spec. gr. Sulphate of baryta.

Water passed at 1 p.m. filtered . 10202 5'44 grs. per 1000 grs. of urine.
Water passed at 6 .. .. 10231 799
Water passed at 11 . . . . 10276 1337
(31.) Experiment repeated.
Water passed at 1 p.M. clear. . 10122 2:89
Water passed at 6 . . . . lo207 620
Water passed at 11 filtered . 10262 1176
(32.) Experiment repeated.
Water passed at 1 p.m. clear. . 10146 4:19
Water passed at 6 .. . . 10225 10-26

Water passed at 11 filtered . . 10254 15°05
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(33.) Experiment repeated.

Spec. gr.
Water passed at 1p.m. clear 10189
Water passed at 3 . 10180
Water passed at 6 . 10256

Water passed at 11 filtered 10279

(34.) Experiment repeated.
Water passed at 1 p.m. filtered 10230
Water passed at 3 clear . . lost
Water passed at 6 clear . 10207
Water passed at 11 filtered . 10288

61} grains of dry sulphur taken each day.

Average of five days after} 1027-1
dinner and rest

Immediately before dmner} 10295
after exercise .

Sulphate of baryta.
681 grs. per 1000 grs. of urine.

652
11-89
14:74

799

711
1515

14:01 grs. per 1000 grs. of urine.

8'69

Comparing this average of experiments 30, 31, 32, 33, 34, with the average of ex-
periments 1, 2, 3, 4, 5, it is seen that the sulphates are positively increased in the

urine when sulphur is taken into the stomach.

IIL (c.) (35.) Breakfast 9 .M. Dinner at 65p.m.: at 1 p.m. 123} grains of dry
sulphate of potash were taken in 13 ounce of distilled water. It did not act on the

bowels.
Spec. gr.
Water passed at 1 p.m. clear 1017°7
Water passed at 3 . . . 1lo1ey
Water passed at 6% . . . 10208
Water passed at 105 . . . 10260

Sulphate of baryta.
3:03 grs. per 1000 grs. of urine.
3:00
6°65
1218

(36.) The same quantity of sulphate of potash taken at 11 a.m.

Water passed at 1 ».m. clear 10202

Water passed at 3% . . 10240
Water passed at 6% . . 1024-2
Water passed at 104 . . 10324

(37.) Experiment repeated.
Water passed at 1 p.m. clear 1021°6
Water passed at 3 .. 10214
Water passed at 6 . . 10240
Water passed at 104 filtered 10308

317
874
12°51
20049

317
4'98
904
1572

Hence 123 grains of sulphate of potash began to increase the amount of sulphates
in the urine from four to six hours after they were taken; and the effect was strongly

marked from seven to twelve hours afterwards.

In my next paper, on the sulphates in the urine in disease, many instances will be
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given of an increase in the amount of sulphates in consequence of sulphate of magnesia
having been taken in doses of about 2 drachms. The highest instances were—
Spec. gr. Sulphate of baryta.
In one case urine . . 10280 contained 15°89 grs. per 1000 grs. of urine.
In another case urine . 1024'3 contained 2255 grs.

The conclusions from these experiments are,—

I. That the sulphate of baryta varies soon after food from 15°23 grs. per 1000 grs.
of urine, specific gravity 10339, to 945 grs. per 1000 grs. of urine, specific gravity
1029-3. It varies long after food from 8'56 grs. per 1000 grs. of urine, specific gravity
10276, to 7-07 grs. per 1000 grs. of urine, specific gravity 1025°3.

II. As to the causes of variation—(a) as vegards food ; (b) as regards exercise.

(2) Food, whether animal or vegetable, causes an increase in the quantity of sul-
phate of baryta precipitated, but the difference between animal and vegetable food is
not well-marked.

(b) Exercise appears slightly to increase the amount of sulphates in the urine, but
the increase is not so marked as it is after food.

III. As to the effect of medicines on the sulphates,—(a) sulphuric acid; (b) sul-
phur; (c) sulphates. '

(¢) Thirteen drops of strong sulphuric acid in one of three experiments increased
the sulphates in the urine. Twenty drops of the same acid gave no positive proof.

Seventeen drachms of dilute sulphuric acid, taken in eight days, gave no positive
proof of an increase of sulphates in the urine on the ninth day.

But when the whole quantity of urine passed in twenty-four hours for three suc-
cessive days, when no sulphuric acid had been taken, was compared with the whole
quantity passed in twenty-four hours, when half an ounce of dilute sulphuric acid
was taken, then for three successive days that the experiment was made, the increase
of sulphates was most marked. And from this it is certain, that when a large quan-
tity of dilute sulphuric acid is taken the sulphates are increased in the urine. When
small quantities of sulphuric acid are taken the effect on the sulphates in the urine
is not detectable.

(b) 61% grains of dry sulphur, taken for five days, gave an average amount of sul-
phates in the urine, both before and after food, higher than when no sulphur was
taken. But with this dose the increase, though decided, was not considerable.

(c) 123} grains of sulphate of potash produced a marked increase from two to
four hours afterwards. In seven hours the increase was more marked. Sulphate
of magnesia had a similar effect. The increase in the sulphates in the urine was
much more evident than when sulphur or sulphuric acid were taken.

The result of these experiments is—

1st. That the sulphates in the urine are much increased by food, whether it be
vegetable or animal.
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~ 2nd. Exercise does not cause a very marked increase in the sulphates.
3rd. Sulphuric-acid when taken in large quantity increases the sulphates in the
urine. In small quantity, even when long continued, no effect is manifest.
4th. Sulphur when taken does increase the sulphates in the urine.
5th. Sulphate of potash and sulphate of magnesia produce the mest marked

increase of the sulphates in the urine.



