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XXXIII. Contributions to the Chemistry of the Urine.—Paper TII.
Parr 1V. On the Variations of the Sulphates and Phosphates in Disease.
By Henry Bence Jones, M.D., M.A.Cantab., F.R.S., Physician to St.George’s Hospital.

Received April 19,—Read June 13, 1850.

The object of the following experiments was to determine whether the sulphates in
the urine were increased or diminished in any class of diseases. The total amount of
phosphates in the urine in the same diseases was at the same time made the subject
of experiment, partly to see whether the deductions made in a paper published in the
Philosophical Transactions for 1846 would be confirmed, and partly to determine
whether the same disease produced the same or a different effect on the phosphates
as on the sulphates ; whether,in diseases in which the phosphates were increased the
sulphates would be also increased in the same proportion; and whether, in those
diseases in which the phosphates were diminished, the sulphates also would be found
to be below the average amount.

Most of the following experiments were made on the urine first passed in the morn-
ing before food. When this could not be obtained, the afternoon or night urine was
taken. Almost all the cases were in St. George’s Hospital, and therefore under nearly
the same circumstances as regards exercise. The diet usually varied with the state
of the patient.

In two papers in the Philosophical Transactions for 1845 and 1849, I have shown
that in the healthy state on full diet the total amount of sulphates and phosphates in
the urine varies as regards sulphates—

Spec. grav.
After food from 11°85 grs. of sulphate of baryta per 1000 grs. of urine . 10339
Before food to 7°93 grs. of sulphate of baryta per 1000 grs. of urine . . 10265
As regards the total phosphates—
After food from 7-22 grs. of phosphate of lime per 1000 grs. of urine. . 1030°0

Before food to 796 grs. of phosphate of lime per 1000 grs. of urine . . 10279

In the following paper I shall give the amount of the sulphates and the total
amount of the phosphates in the urine :—

1. In acute and chronic diseases in which the muscular structures are chiefly
affected.

2. In some functional diseases of the brain, as delirium tremens and some other
forms of delirium.

3. In acute inflammatory disease of the nervous structures.

4. In chronic diseases of the nervous structures.
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662 DR. BENCE JONES ON THE VARIATIONS OF THE SULPHATES

5. In acute diseases in which neither the nervous nor the muscular structures are
chiefly affected.

6. In chronic diseases in which neither the muscular nor nervous structures are
chiefly affected.

Tase L—On the amount of Sulphates and the total amount of Earthy and Alkaline
Phosphates in those diseases in which the muscular structures are chiefly affected.

Sulphate of baryta Specific Total phosphates
per 1000 grs. of urine. | gravity. |per 1000 grs. of urine.
Case 1. Acute chorea after salts.
S5th day ceveververenieiineninen. 2509 1032-3 0:68
Sthday .oeeevviieiiniininnne. 21-73 1035°2
8th day ....cooeivveneiniennnnns 7-28 1030-0 7°34
9th day ....cooecvviviiniinnnn, 2:56 10131 470
Case 2. Acute chorea. Boy, w=t. 8.
6th day 11-25 1030-6 3:29
7thday ..ooiiiiiiiiiiiinnn 10-66 1031-8 2:52
8thday .......coevvvunrnnnnnnn. 11-15 1031-2 2:54
10th day ....ovvvnvevinenennnnn. 7°39 1028-4 3:50
11th day .eeveevvvueeeennneennen. 392 1018-6 1-57
102nd day ....coveveeniennnnnnnns 801 10306
Case 3. Acute chorea. Girl, =t. 22.
3rd day  .oieeiiiniiiiiiiienenen. 19:88 10360
Sthday .vveviiiiiiiinieninnnn. 15:86 1033+8
6th day .co.evuvvveniienninnnen, 13-80 10284 651
7thday ....cocoviviiniiinnnnnn. 9-36 1026-8
8th day ..ceveveeiitueeieinnne. 6:08 10254
13th day .ooccvvvneennennnnnnsns 472 1016-4
Case 4. Chronic chorea ............... 1-86 10082
Case 5. Chronic chorea ............ { :133? ;g{ig i?é
266 1013-0 405
Case 6. Chronic tetanus ... 1-58 1009°9 2:47
295 10155 275

Hence in three cases of acute chorea the most remarkable increase was observed
in the amount of sulphates in the urine. That this did not arise from the small quan-
tity of urine passed is evident from the small amount of the total phosphates in the
urine. Moreover the actual quantity passed, when it could be determined by mea-
sure, was found occasionally to be above thirty ounces in twenty-four hours. It is
worthy of notice that the amount of urea was also very greatly increased in these
cases ; so much so, that on the addition of nitric acid to the urine without any eva-
poration, nitrate of urea immediately crystallized out.

A very small quantity of food was taken by these patients, whilst the muscular
action was most severe ; and the contrast between the amount of sulphates when they
were recovering and taking full diet, and the amount when they took little food, but
were in a state of violent muscular action, is very remarkable.

The general conclusion is, that in acute chorea the amount of sulphates in the
urine is increased, whilst the phosphates are in some cases as remarkably diminished.
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TaBLe II.—On the amount of Sulphates and the total amount of Earthy and Alka-
line Phosphates in some functional diseases of the brain, as delirium tremens and
some other forms of delirium.

Sulphate of baryta Specific
per 1800 grs. of grine. glgivity. Total phosphates.
Case 1. Delirium tremens.
6th day .oo.ovvvinivineieiiinnninnen, 5:74 1017-9
6th night. Death.
Case 2. Delirium tremens.
5th day .ooovcvviiiniiiiiniiiiiinnne. 13-34 10180
Case 3. Delirium tremens.
3rd day .ooeciiiiiiiiiniininn, 10°60 1023:94 529
Case 4. Delirium tremens.
10th day ..coeevevveneeniencanennennen. 17-31 1024-74 0-87
Case 5. Delirium tremens. Chloroform.
8th day veeevvereierreeneeaeeennes 8-51 10268
Case 6. Delirium tremens.

' 5th day cevevviiiiiniiniiinieeiininenn. 2077 10378 214
S5thnight  ...oiiiiiiiiiiieinenn, 37-07 pink. 1041:2 595
6th died.

Case 7. Delirium tremens.
Uncertain day ......cooeeeveenenens 2:96 10132 1-18
Uncertain day ....ccceevevveeeennns 7:83 10216 724
Uncertain day ...cooovevinininnenn 8:61 1022-0 7°43
Case 8. Delirium tremens.
13th day covevvvenineiiunneeiennnnnne 13-10 1037-4 983
14th day ..ooovvveveeieneeeeiirenenens 12:95 10346 8-89
Case 9. Traumatic delirium tremens.
3rd day ST PRUUEN I 1014-8 1-97
Bh Ay cvvverveeererrreerecareennes 845 1028-0 311
6th dAY  cevevereerereeeerireveneenees 877 10262 6-23
Case 10. Poisoned by laudanum, with de-
livium and excitement.
2nd day .ooeveiiiiniin, 7-83 1026-3 7:53
3rd day covieveviiieiiniiiiieneenen 6-78 10230 1-11
Re-admitted again poisoned.
1St day.eeeeerenerrneeeeneranennnnnns 635 1029-2 8:88
20d day .eieviiiiiiiiiiiinienieneen, 6-38 1024-0 824
3rd day .oooviiiiiiii 15-89 10280 4-22
4th dBY  cveevrreierecrrreieeererenn| 1301 10260 481
6th day .eeevvreeevveeerrreeererennns 7-55 1025-0 442
7thday .ooocvviiiiiiiiiiininninn. 8:22 10263 588
Case 11. Delirium, with phthisis.
480 BY  ceererreeerereieeeeiieeen|  10°84 1027-34 144
4th night ....cooviiiiiiiiiiiiiinninnn 6-97 1024-2 072
Tthday .oocvviiiiiiiiiiiiiiniin, 4-45 10183 1-51

In the 2nd, 3rd, 4th, 6th and 8th cases of delirium tremens the sulphates were
found to be above the average. In the 6th case the sulphates are in the greatest
quantity ever observed in health or disease. Sulphate of magnesia had also been
taken by this patient, so that the amount of sulphates is partly owing to the medi-
cine; but that this is not the sole or chief cause of the increase is proved by the fact
that many of the patients with other diseases took the same quantity of sulphate of
magnesia, but the sulphates in the urine were never increased to the same amount.

The phosphates, in seven out of the nine cases of delirium tremens, were below the
average. The same fact was stated in my previous paper, but from the diminution
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of the phosphates in acute chorea, it becomes doubtful how far this result is owing
to the action of alcohol in the system.

Further experiments are required ; meanwhile excessive abstinence from food must
be admitted as a cause of the diminution of the phosphates in the urine, provided
there is no inflammatory action of the nervous structures.

In a case of restless excitement leading to self-destruction, the sulphates in the
urine were found to be increased, and the same thing was also observed with a dimi-
nution of the phosphates in a case of delirium and phthisis.

In the 6th and 10th cases urea was found to be in great excess when the sulphates
were increased. In the other cases the excess of urea was not looked for.

TasLe IIL—On the amount of Sulphates and the total amount of Earthy and Alka-
line Phosphates in acute inflammatory diseases of the nervous structures.

Sulphate of baryta per| Specifi
].(I))()O grs. of u)rinel.) gf’avityc. Total phosphates.
Case 1. Inflammation of the brain.
20th day .. 7:67 10318
Case 2. lnﬁammatlon of the bram
1200 day veverveeeerreeceveereeennns 3-96 10187 514
13th daY vevevrerierierrervsrreriennas 11-23 102726 1113
14th day .oooevvvenininiininiinnninee, 2:91 10131 6:06
734 . 10:75
16th day ..ceovvviveneennneeennnennns 7'69} 10270 {11.04
16th night. Died.
Case 3. Subacute hydlocephalus
15th day .. . 8:83 1030°0 9:41
16th day .. 10-69 10290 845
22nd day 883 10298 10:19
26th day .. 9:46 1031-4 901
28th day. Dled
Case 4. Acute after chronic disease.
Uncertain 354 10249 091
' 9-39 1026:0 9-31
Died.
Case 5. Head symptoms, with tubercles in
cerebellum and lungs.
15th day veuveoneeenrennens 988 1031-6 872
15th night ..ociviiviniiiiiinennnnnn. 10-07 1032:2 891
16th day ..ooverevvererecvrennns 6-69 1016-4 472
16th night ...cevveeevernn.n. 825 | 1018-2 569
18th day. Died.
Case 6. Inflammation of the lungs, with tu-
bercles and violent head symptoms.
4th day 855 102785 719
6th day 7:81 1026°1 6-43
8th day 11-63 1031-4 9-30
9th day .oocoviviiiniiiiiniienenennnns 1013 1026-2 7:99
9th night. Died.
Case 7. Injury, with head symptoms not
violent.
2nd day ......ceo.ee. 734 1026-8 520
4th day 9:66 10286 7-52
S5th day ..oevevicrerienineiennnennnnn. 13-74 10286 7°91
32nd day .. . . 211 1011-66 1-52
Case 8. Injury of the head slwht
7th day Ceerrerrerternnenenes 6'59 1022-9 893
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TasLe III. (continued.)

Sulphate of baryta per| Specific y
1000 grs. of urine. gravity. Total phosphates.

Case 9. Fractured spine.

5th day ...uveevevveveereereereeneene. 375 10142 315
6th day ...cvovvvreniinineienirennnn. 12:23 10302 10:68
7thday ....ooiiiiiiiiiiinin 991 1028-8 10°10

7th night. Died.
Case 10. Fractured spine.

4th day .oooviiiiiiniiiiiniiiinniene. 14-57 10292 9-26
Sth day .ovevioveiiiiiiiniiinnininn 1554 10292 816
6th day ...ocviveririeniiiirereninnees 13-00 1030-2 7:96
7thday oo 665 1021-6 4:30
8th day ..ocooevviveiiiniiiiiiininnn 8:80 10220 6-67
9th Ay .evreerveerrrirriieesee e e 218 10073 158
10th day vevevererveeierneecrrveecnnns 2:37 10108 257
Died.
Case 11. Fractured spine.
1st day 559 1012-0 415

1st night. Died.
Case 12. Fractured spine.

186 AT eueuenrerererarereseneneeaenons 5°90 1019-4 2-47
2nd day ..o 6:45 1025°3 4-31
2nd night....coooiiiiiiiiiininninn, 3-37 1012-4 1-40
Brd day  .ocviiiiiiiiii 587 1023:0 1-09
3rd night coovvviiiiiiiiiiiiin 10-32 1027-0 311
4th dAY  ceeeerriirireriniieeeeinienes 665 1022:6 577
4th DAL cveveeveererirrrreveeeeeenenne 7-61 1024°1 490
Gth day ..ovcvveviiiiiniiiiieeennnnn, 13:03 1027-8 408

6th day. Died.

In the first eight cases of inflammatory action in the brain, there is an increase in
the amount of sulphates as well as in the total amount of phosphates in the urine.
In the second and third cases this increase is most apparent. In the previous paper the
phosphates in the urine were shown to be decidedly increased in inflammation of the
brain, and from these experiments it is evident that the sulphates are increased also.

From the amount of albumen in the nervous structures, it is certain that the
amount of sulphur present therein is but little if at all less than the amount of phos-
phorus which it contains.

TasLe IV.—On the amount of Sulphates and the total amount of Phosphates, Earthy
and Alkaline, in some slight and chronic diseases of the nervous or neighbouring
structures.

Sulphate of baryta | Specific Total
per 1000 grs. urine.| gravity. phosphates.
Case 1. Pain in the head. After salts.
40th day .covveviiiiiiiiiiiin i, 9-98 1026-2
Case 2. Hemiplegia. :
Tth day  eeeveiveeiminiionienineten 513 10216 5:22
21st day coeveviiiiiiinii e 2:60 1017-0 1-51
Case 3. Scalp wound. After salts.
6th day .ooeevevnieniiiieiiniiiiiniin 8:34 10237 463
8th dAY vevvreereerrierririieenneans 484 10187 377
Case 4. Fracture of the skull. After salts 1197 1019°1 6:08
Case 5. Recent paraplegia ........c..cvevees 7°24 10216 450

MDCCCL. 4qQ
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In these diseases no increase of sulphates was observed, except after sulphate of

magnesia had been taken as a medicine.
drachms;

excessive action of the muscular or nervous structures.

The quantity taken was usually two
yet the amount in the urine never reached to what it was when there was

TaBLe V.—On the amount of Sulphates and the total amount of Earthy and Alkaline
Phosphates in acute diseases, in which neither the nervous nor muscular structures
are chiefly affected.

Sulphate of baryta | Specific
per 1800 grs. of u);'ine. gll')a,vity. Total phosphates.
Case 1. Petechial fever.
B AT 1uvveeerecereneecree e eeeen e cneeaeeee s 565 10146 262
6th day . . 379 1012-9 2:01
9th day teeserasteserteisrensonns 1-30 10100 0-73
13th day ehsneeecertessestesss tearat avsns srnennarerres 0:93 1011-5 2:61
18th day .ooevvviieeniiiiiiiiiii e 525 1016-2 0-73
19th dAY vevveeiiiirreerieerienereescesssaeeseesenereseenes 10-06 10274 480
20th day ..ocovviiiiniiiinii i e, 1112 101094 2-10
22nd day . 2:58 1020°80 2-68
55th day. Recovered.
Case 2. The same patlent with ague and
28th day .. . 571 1021-6 513
33rd day .. 4-86 10156 1-41
afterwards with petechldl fever.
Sth daY  woiiieiieiiiii i e e e renees 539 1027:0 4-32
B8R AT suvvrereeiisesieeireeeeeeeetaee e eeeenreresaen 6-56 1026-2 432
16th day .. 319 1014:2 309
21st day. Recovered
Case 3. Scarlet fever.
Brd day  civiiiiiii e e rerere era e 8-27 10322 6-33
10th day couvviiiiiiiiiiiiic e e 2:01 10120 2:90
LR dAY 1overirneeceeieeieeeevereee s st e en steeaen e 414 10221 542
Case 4. Inflammation of the lungs.
7th day 621 10197 6-41
8th day 591 10215 6:98
Oth dAY  1vuveeeeierieeveeereeeeeereesenareeeeaees 659 10215 4-24
10th day coouviviiiiieiiinietveecreeee i reeces e reneeenes 6:96 1025-4 6-96
11th day £05 008800000 uerureannas0useoue anaNsEis et oorattes e 813 10255 4:23
13th day .....ceevveennn.. e ererettereaee e reeaesbaaans 8:02 1027-1 2-86
16th day ...... 416 10180 377
Case 5. Petechial fever.
16th daY vovvvnivreernnnreneernenennnees 3:05 1013-7 408
Case 6. Petechial fever.
10th day vevvevveneeeeeie e seesee st ere v ere e e 335 1013-2 2:90
11th day civiuviriieririierier e e een e e eens 404 10137 394
14th day .. 3-73 1016-8 7-08
Case 7. Inﬂammdtlon of the lungs and membranes of the bram
Tth AT cererieiecesrireeeseeceaeeaeeseneseennesesen 405 10125 2-86
Case 8. Acute rheumatism. After sulphnr.
Oth day  covrviieiienir e e e 1175 1031°10
Case 9. Acute rheumatism.
11th day ......... 6-96 1025+7 5'59
Case 10. Acute rheumatlsm. After salts.
5th day .... 11'89 1026:0 9-84
7th day. After salts .. 10-78 10291 553
20th day .. e . 6:94 10218 597
Case 11. Acute rheumatlsm.
Bth dAY wuvveiiieriireiirinnireiee i eeraee i aee e eaaees 717 1023-2 560
17th dAY veviervreiecereeceere e cerieeesereareseae e ens 5°68 10275 6-26
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In these acute diseases, except after sulphate of magnesia, the amount of sulphates
was not found above the average. The amount both of phosphates and sulphates
appeared not to be influenced by these diseases.

TaprLe VI.—On the amount of Sulphates and the total amount of Earthy and Alkaline
Phosphates in Chronic Diseases, in which neither the nervous nor muscular struc-
tures are chiefly affected. ”

Sulphate of baryta Specific
per 1800 grs. of ui’ine. ggavity. Total phosphates.
Case 1. EXOSLOSIS  .vvuvruvriinirnninesnareessosnssnnne sovnennennsnnns 1-75 1016+6
Case 2. Exostosis ... 7:09 1023-4 603
Case 3. EXOStOSiS .ivvevveviiiiiiienennsnssnnes 9:08 1026-4 11-58
Case 4. DiIabetes.ocuiiiierniiiiiieiierrsissssioresierernsesnneocneses 7-45 10252 3:94
Case 5. Diabetes...uvuviriiiiriieuineeenrssensitinrnssnnensenasnnes 4:21 1030-2 091
Case 6. Diuresis. Albumen .......cceevevriereniiiernsenesnerennns 049 10036 1:09
0-89 1005-36 1-49
Case 7. Obstruction of the cesophagus. Albumen ............ 1-38 1012-2 470
Case 8. Aneurism of a0Tta? ....cceeeerrerenenenecnerecncnseaenenns 603 1017-8 2:39
Case 9. Obstruction of the bowels. Sulphate of magnesia.
8th day ...covveveiiiiiiiiiiiiii 22:55 10243 351
9th. Died.
Case 10. Excessive oxalate of lime ....c.ceeviiiernieieeneeneineens 7:89 10255 614
Case 11. Indigestion. Alkaline from fixed alkali ............... 326 10247 365
Case 12. Chronic rheumatism. After sulphur .......coceeuenn. 585 1011-82 4-86
Case 13. Chronic rheumatiSm .......ceveeverueneeeesnncsacenennennes 7-93 1023:44
Case 14. Chronic gout. Vichy water.......ccccveunieniniinnnnenn. 10-04 10258 526

In these chronic diseases nothing remarkable was observed as to the amount of
sulphates or phosphates, excepting in case 3 of exostosis, in which the amount of sul-
phates and of phosphates was above the average.

In case 9, of total obstruction of the bowels, sulphate of magnesia was given fre-
quently during the day in small doses : nothing passed through the intestine. The
whole of the sulphate was absorbed, and hence the great increase in the sulphates in
‘the urine.

In a patient, case 14, who was taking Vichy water, the sulphates were observed to
‘be slightly above the average.

The conclusions I have drawn may be thus enumerated :—

Table I. In three cases of acute chorea the most remarkable increase was observed
in the amount of sulphates in the urine. In the same cases the quantity of urea was
very much increased. The quantity of urine made in twenty-four hours was not ex-
cessively diminished, and the total amount of earthy and alkaline phosphates was
below the average amount.

The general conclusion was, that in acute chorea the amount of sulphates in the
urine is increased, whilst sometimes the phosphates are as remarkably diminished.

Table II. In delirium tremens and in other delirium a remarkable increase in the
amount of sulphates in the urine was frequently observed, and the total phosphates
were in the same cases occasionally remarkably diminished ; and the resemblance to

4Q2
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the state of chorea was still closer, inasmuch as occasionally a very great excess of
urea was found in these cases also.

Table III. In acute inflammatory diseases of the nervous structures, during the
most febrile symptoms, an increase was observed in the amount of sulphates in the
urine, and the total amount of earthy and alkaline phosphates in these diseases ap-
peared to be increased in the same proportion as the sulphates were increased.

Table IV. In someslight and chronic diseases of the nervous structures, no increase
in the amount of sulphates in the urine was observed, excepting when sulphate of
magnesia had been taken as a medicine.

Table V. In acute diseases, in which neither the nervous nor the muscular struc-
tures were chiefly affected, no increase in the sulphates or phosphates was observed,
except after sulphate of magnesia.

Table VI. In chronic diseases, in which neither the nervous nor the muscular
structures were chiefly affected, no decided increase in the sulphates or phosphates
in the urine was observed, except after sulphate of magnesia. One case of exostosis
may be regarded as a doubtful exception to this statement.

The general conclusions are—

1. That in acute chorea, in which the muscles are in excessive action, the sulphates
and urea in the urine are greatly increased.

2. That in delirium tremens the same state of urine is frequently met with ; that in
these diseases the phosphates are not at all increased.

3. That in acute inflammation of the nervous structures, sulphates and phosphates
are both increased in the urine.

4. That in chronic diseases of the brain, and that in other acute inflammations and
diseases and in other chronic diseases, no increase in the total amount of sulphates is
observed, excepting when sulphate of magnesia is taken as a medicine.

The result of this investigation is that—

Muscular action increases the sulphates in the urine without increasing the phos-
phates ; whilst

Inflammation of the brain increases both the sulphates and phosphates in the urine.



