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PaRY II.

THE PRHSENT  YORK.

(,) PLAN AND SCOPE OF THE PRESENT WORK,

The only aenerally apnlicable method for measuring
the efficiency of the ammonia mechanism consists in
datefminlng the additional amonia axerseted in response to
a giver doss of acid. ™ie +otal numhar of nuhlished axpaerie
ments in which the smmonla excretion has been followed
befores and 2fter feeding or Injecting acid is not far short
of 4 hundred, and a sumaary of the more important of these
has bson given, but even among these there are only a few
from ghich 1t 13 nossihla to calculate, with even reason-
able accuracy, ths relation hetwsan the dose of acid and the
axtra ammoria nroduced. YN renevalisation of any sort can
be made, basad on the entire —ass of available data, each
exodri-ent being taken at i1ts face value. 1t has seemed
to us, therefore, not onlv necesaary, hut nerfectly legitimate
t9 {impose a4 number of restrictions. Ve have left out of
account, to hezin with, all such cases as are obviously

of & sneclal nature: that is, expeviments on



AMMONTIA MECHANTISM,

An Experimental 8tudy of the Part played by Ammonia,

Fixed Base and Phosphate in the Elimination of Acid

from the Body.

PaRT I.

LITERATURE.

(1) Ammonia and Fixed Base Excretion.

Gaethgens (1872) was practically the first to make
guantitative determinations of base excretion after mineral
acld administration to an animal. He experimented with a dog
weighing 25°8 kgms., which was kept on a constant diet of
fresh meat right through the experiment. After a preliminary
period of four days he gave, by mouth, dilute sulphuric acid
for a period of seven days.

His figures converted into terms of decinormal
1.,

solutions ave
c.c. Of O"IN solution.

. Total
Average per day e K Ca 8 base H2804
Fora-period 312 | 386 | 406 00 834 684
‘Ecid nerlod 309 331 1456 125 1000 17856

—————e

1. The various -orks quoted, give rasults in a variety of dif-
ferent ways. For the sake of uniformlity and convenlence of
reference and comparison with results obtained by the
present author, all the results have been recalculated and
expressed in terms of decinormal solutions in this paper.
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While there is an 4increase of 1101 c.c. of inorganic
sulphate in twenty-four hours,there %s an increase of
cnly 166 c.c. Of base per day over the normal fore-period.
The huge increase in Ca excretion is to be noted.

The author, unfortunately, flces not give the
quantity of acid administered and gives no figures for after-
period; 1t is not possible to interpret the resulis further.
But it is interesting t0 note his conclusion that since the
amount of vase passed out in urine was not enocugh to neutralise
all the acid excreted, the cxcess of acid over the base must
represent, he held, tho excretion of free acid in urine.
It 48 now arovm that kidney can 1ot excrete free mineral |
acids. But he supporiud the polnt of view generally held %
at the time, that kidney could excrete free mineral acids,
and that the adninistration of acids did not deprive the
animaliboﬁy of its base.

This noint of vier was first put forward by Von
Eylandt (1854, in a dissertation "De Acidorum Suptorum vi
in Urinse Acorem”. He gave results of some experiments
performed on human subjects. Dilute mineral and vegetable
‘acids were given by the mouth and the acidity of urine
titrated before nnd after acid administration. In every case

he found titratable acidity of urine increased, so much 80
|

!

that as much alkall waz required to neutralise the increased



acidity as the acid given. Next year(1855) Von Wilde in
"Disquisitionss Quaedem de Ajcalibus per Urinam Excretis"
reported base determinations of urine of human subjects
before and after acid administration. He reported that
was no increase in base exeretion, and came to the same
conclusion as Eylandt, that it was impossible to extract
alkalis from the body. Bence Jones (1849) had also made
the observation that the exhibition of tartaric acid in-
creased thoe ucidlity of urine. These observations are of
historical intorest only, as the methods of analysis were
not such as would justify our meking any use of their work.

Salknwaki (1873) hold that aclds after absorption
combined with the alkall of biood and absorption took place
to such an exsent as they could combine with this alimli.
The alkalinity of blood was hardly affected in the process,
he explained, because the absorption took place slowly and
the kildney kept e;creting the absofbed acld as fast as 1t
was absorbed,

He believed the sulphur of food protein was first
oxidised to thiosulphuric acid, and 1ts further oxidation
to HpS04 did not take place until 1t got Into the kidney. And
tﬁe kidney passed it in the urine free, To substantiate
this hypothesis he exhiblted 4aurine CH2. NHQ

JHZ SOEH.

to rabbits and expected inereassed excretion of HoS04 in urine.
He did find this 4increase, but he also found marked increase

in the base excreted.
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One of his experiments,which gives figures both
for fore-period and acld-period, is quoted below to
" 1llustrate this.

Rabbit 1200 gus. welght.

Fore-period 48 hrs. - animal starved.

Acid (HgSO4) 29 cece O° 1 N ) excreted in

) urine in 48
Total base 70 ¢.c. 0* 1 N ) hrs.
(less chloride)l-

Acid period 48 hrs. - during which two doses
of 2 gms. each of Taurine were given,
the animal was starved during this
period also, but between this veriod
and the preliminary fore-period a day
of normal wheat feeding had intervened.

Antd (H2804) 119 c.c. 0L N

! 1'

Total hase (less chlorlde) 129 c.ce O°1L N.

Thus there 48 an inorease of 90 c.c. O*1 N acid
after baurine,equivelent to 644 c.c, of D1 N acid.
There is an increased exoretion of 70 c.c. 0°1 N fixed
base during the same period. Therefore 78% of the ine
creased acid was excreted combined with hase.

This experiment was at varlance with the experiment
of Gaethgens gquoted above, and the opinlion generally held
at the time. 1t showed dcfinite and marked excretion of

base from the body after acid administration. Salkowski

1., '™e reason for the subtracticn of chloride will
appear in the body of the paper later.



explained this discrepancy by the fact that he had
employed & herbivorous aninal, while others before him
had used dogs or experimented on human subjects. By
actual ash analysis of tissues he showed that the ratio

of base to acid in the tlssues of herbivora was much
greater than in that of carnivora. He attributed this

to the large quantity of base in the food of herbivora.
And on account of the large quantities of easily separable
base present in the tissues, it was omployed to neutralise
acld.

Vialter (1877) whiloe corducting experiments to
determine the nabturs of acid intexlication in rabbits and
dogs obsgerved that the total 002 content of blocd fell very
markedly in rabbits after the administration of 280 c.c.
O+« 1IN HCY per kilogram waisht - 1.e, from 40 vol. per cent
to 3 vol. ner cert, while the adminlstrationof 2 similar
dose to dogs did not have a noticeable effect on the 602
~content of blood. He surm’sed *ha$ in the case of carni-
vora the body must have a mechanisn other than the alkall
of the blood for the neutralisation of administered.acid;
it wust be producing a base from its own material. Such a
base, he thought, could only he Ammonlu. He sst out to
determine this by experiment. He employed Schmledberg's

method of Ammonia determination and obtained the following



results (all the results are given convertedinto terms
of N/ solutions).

Weight of dog - 1l kgm.

Daily food 500 gms. horse flesh.

Days. HC1 given NHz in Urine
c.c.0*1 R 6.c.0°1 N.
1 0 387 )
2 0 276 ; dally average
3 0 310 g 338.
4 0 378 ;
b 1000 710
6 1000 860
7 660 750
8 330 800
9 0 | 6960
0 0 298
Total Acid given - 290c¢.c. 0*1 N
Excasa of ammonia 2180c.c. O°1 N.,
{.0. 73% of the acid given.
Result exoressed hy days:. Inorease -
1st day - 1000 c¢.c. acid, i.s. S1 c.c.per kg&gssgéléﬁc. 154
2nd day - do. = 522 c.c. 52%
Srd.day - 880 1.e. 60 c.c.per kg.s 452 c.c. 68%
4th dey - 330 1.6. 30 ¢c.0. " " & 462 c.0.140%

Valter did not ohserve any increase in Ammonia

excretion after ndmindstratiorn of zcid to.rabbhits.



Gaethgens (1380) made determinations of both ammonia
and fixed base in urine of dogs after administration of
mineral acild. His figuresconverted into terms of decinormal

solutions are given below:-

4,



L. Dog, wt. 20 knz., Foocd: 300 gm. extracted flesh ner day.

Dﬂy Of Sl Caloe 6:LW CeCo CeCeo
Pariods. Expt. Q1M O°IN.
Vol.{ Na K | Caj Mg |Sum Eg? NH3 H2804 Hz PO, Cl.
Fore-perlod 7 700 - -1 14} 18 600 540 34Q . 96
8 693 80 |183 11} 17 |292 |1l61 740 620 430 130
—
Aacid pericd »
1430 c.o. O°1N 9 650 |163 |272] 13| 16 | 386 386 1210 1570 380 83
H,30
274
19 7¢0 62 1197 18| 18 {185 | 1856 1000 830 340 111
After-period
11 715 51 |205H 14] 21 | 163 | 163 960 650 290 128
Excess 250 950 1190

*T1



II. Pog., Wt. 20 kg., Foed: 407 gm. fresh meat nlus 50 gm. fat.
Day of} c.c. c.c, O+1N C.Co. CeCo
Periods Expt. 0+IM. 0-1N.
- - Vol. Na| K} Ca Mg |Sum) Sup| NHg | # S0, ds?O% Cl
4 860 £58 120 250 84
Pore«period 870 3 25 348 108 234 102
6 gseo | 86! 329] s o3} 243} 36¢| 259 121 246 74
820 c.c. 0°1 ” 830 | 72! 365} 14 332841 442 | 457 590 236 42
HoS04
1430 c.c. 0°1 8 700 | 981 35322 521545 494 756 | 1018 268 51
H,80
2574 |
1020 c.c. 0°1 9 geo | es{ 297l 21 19l 402 | 3071 925 900 280 96
HpS0,
10 945 | 20| 145} 15 12l1921 2 | 850 043 210 150
After-period 11 mas | 34| 183] 12 18i227{ 72 | =28 151 202 155
12 865 9 15 ] o8 0186 20
Excess 180 119802 22an

.

“
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Summary of the tablet-

lat Dog. ¥%eight:2C kgs. Doso poer kllo 71+5 cecC.
- Acld given 1430 c.c. O°*1 N H,S0,
Incresse in JHy lat day - 5207¢,6, 0-1 M, 1.e. 37°5%
' of the acid given.
IncreaseinNHz for the whole expt.-950c.c.0+1N,1.e.80%
2nd Dog. Welight: 20 kgs
nt dny €20 c.c. 0°1 F lip80,, 1.6 41 c.c. per kg.
Increase in "NHz 169 c.c. 0°1 N..1.6.21%

2nd day 1430 c.c. O*L N H 30,,1.e. 71°5 c.c. per kg.
Increzse ir NHz “462 c.c. G*1 N.,i.0.32%

3rd day 1020 e.c. O+1 N HopO4,1.0. Bl c.c. per kg.
Increase in N 3 837 c.c. 0°1 N., l.e. 62’

It 38 to be noted that there are probably seriocus
analytical errors in this work as reported. In Experiment I
the sum of the baées 13 sometimes less than the sum of the
acids determined., Tnhe figures for HgSO0, in Exporiment II
are evidently much too law, 4f judged by the ratic of N to

HoS0y in fasting animals, especlally cats,given below.

Corenda (1879) gives the resulta of an experiment
of ﬂéllervordan's cn a human subjact. ‘The subject was
kent on 2 ecnstant wnixed diot of flesh, milk and besr and
brzad. After a forae~period of five days, he gave dilute
hvdrochloris acid for two days and watcred the subject for
threoe days afterwarda, but stooved the experiment betfore
NHy excretilon had returncd tc nommal. [le doss not give any

figures tor fixe base excreted.
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His figures arete

Days. Acld given NHz in Urine
Ce0s O*1 N HCL. c.Cs O'1 K.
1 0 410
2 0 538
3 0 485
4 0 560
5 0 422
6 770 ’ 770
i 770 787
8 0 710
9 0 667
10 0 704,

Assuming the welght of the subject to be 70 kg., the
dose of acid per kg. 1s 11l c.c¢., O,1 N 7ACL. Average ammonia
excretion per day for the control period is 480 c.c. Ol N.
If 1t is assumed that Nil; would have been excreted at that .
rate for the rest of the period except for the aeld given,
incrensed ammonle exeretion works out at 1233 c.c., 0*1 N;
this 1s 80% of the acld given. BPut it s to be noted that
gven on the 10th cday, three days after the acid administra-
tion wes stopped, the ammonla exeretion had not returned to
normal. So the experiment ie incomplete for our present
purposs. |

Increased Nﬂs excretion on the lst day 1= 280 c.c. 0.1 N,
that 1s, 38% of the acid given.



NH3 excretion rises to its highest on the second dey
of atld adnministration, and amounts to 3.7 c.c. 2*Y N in
excess of the dally averare tor the control periond, It
15 39% of the acld given.

Dunlon (1896) studied amrmonia machanism 4n three
hum=n subjests - 21! three hospital nationts. Orly in
omg gase dif ho malia determinatione hath for ammionia and
fixo4d basa, Tala case of Wi 15 axtracted in full.

Subjcet a chromie case of syphllitfc paranlegla,
weiphned 626 kg, ‘Mwrouzthont the experiment he was placed

on a conitant diagt of:a-
Total Nitrowen in gms.

Oatmeal 100 gm. 235
Rice 100 1°24
Butter €0 *08%
Cheese 40 178
Nilk 100 R2°35
Biscults 225 2+99
Sugar 40 0°00
Vimbos 5 ‘89
Tea Tabloids - 0°00
Mince Callops 100 6°12 / 17.75

After a prelimirary period of three days he was
éiven 648 c.c. of 0'1 N HCl a day for two days. The

total dose for each day was given in three equal portions

Qe
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before each meal.
Author's figures converted into terms of decinormal
solutions are:-

c.Cpo O° Total N.
] 1 . og;%
¥Hz| K Na Sum

Daily average for)
the fore-period) 542| 417 | 1250 1667 12°23
of thres days )

lst day aoid given) 866

648 c.c. 01N ) i Dally Average.

HCl,i.e. 11 c.cJ

rer kg. wt. | s00 1635 18356 12°95
2nd day. do. 9355

No after~period.

Thus there was an excess of 323 c.c. of 0°1L N Ammonia
on the flrst day and an excess of 395 ¢.c. of 0*'L N ¢c.o.
Ammonia on thesecond dsy; that 1s 507 and 60% respectively
of the aeid given, and 55% for the “wo days taken together.
There is alao an incressed excretion of 336 c.c. 0*1 W fixed base
for the two davs, 1.o. 265 of the acid given.

The second subject was a2 case of dlarrhoea, and was
placed on a similar mixed dict as roported 2bove. After a
fore-period of three days he received 11 c.c. of 0°1L N
HCLl ner kg. weight for two dave., Increased Ammonia excretion |

amounted to 20% of the acld given.,
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The third subject was a case of cardiac disease,
placed on a constant mixed diet, received, after a
fore-period of four days, 14 c.c. O0*1 N HC1l per kg.
body weight. The increased ammonia exeretion amounted

to 100 € of the acid given.

Limbeck (1898) in & general paper om acldosis gives
the results of two experiments on human subjects of acid
administration - $n one case lactic acid was given and in
the second case HCl. Particulers of the second experiment
are as follows:-

Subject weighed 55 kg. and was kept on & cmstant dlet
of Bilk 600 c.c., white bread £00-210 gm., Ham(Tean)

150 gm., Roust Veal 100 gm., Beer 750 c.c., Rice 300 c.c.,
Soup 300 c.c. After a fore-perlod of three days, 1100 c.c.'s
of 0'L N HC1 was given Auring the next three days divided
Into three ejual portions. This was followed by an after-
period of t.o dsys.

The uuthor's figures for the experiment ere:~



Day;.ggign Total N N (NHz) | Kol 4 NaCY CaO (01 P205
.18 c.cd. gm. *1l N c.c. am . gm. | gm. gm.
1 0 11:94 500 25°43 | *21 | 7.12 233
2 0 11°05 550 20° 95 *1914°13 | 6°67
3 0 13°86 606 15°75 20 | 505 | 2°46
4 | 370c.0d 11°33 516 3483 *+146] 4°45 2°06
5 | 370c.cd 13°84 700 4428 052 577 2°53
6 | 370c.c) 15°28 720 28°20 ‘031! 6°89 2.87
/ 0 15°78 663 2071 -58 | 6-17 2+55
gl 0 ! 11-22 547 14°83 .49 | 2°79 2°12

I+t will be seen that for a dose of 7 ¢.0.0*1 ¥ HC1l per
ke. welght, there is no increase o NHz excretion on the
first aeid day, wvhile there 1s an increases of 54% of the
actld given on the 3rd day and a total increase for the
exneriment of 38%. It 1s to be varkicularly noted that
there 1is a;\increase in fixed hase equivalent to about 400%
of thoe dose of aciél ‘Ho ain Béfbro or sirce has reported
anything é;enrremotely resembling this.

The author comparing hlis results with results of experi-
ments on dogs by Gaethrens cgﬁéito the conclusion that in

men ammonia»nrbdﬁééion for neutralisation of acid 444 not

plaf”és important a role as in carnivora.

Camarer's (1902) subject was a youngmn cof 17, and to
him he gave, after a preliminary period of one day, 300 c.c.
of O* 1 N HC1i a day for two days. Thereafter follows an
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after-period of four days: The subject was on a
mixed diet to which he added an extra amount of potatoes
and green salad on the days on which he gave acid. His

figures are:-

Days. HEl T.N. NHz
0°1 N. am. cs0s O¢1 N
1 0 14°43 580
2 300 c.cq 13°10 610
3 300 c.c. 1368 710
4 0 11-88 545
g 0 1180 | 460
6 0 1255 600
7 0 1161 440

The aubthor comes to the concluslen that very little
of the avid was neutrallsed by emmonia. This i3 the case
if the increase 1s Jidged on tho very inadequats fore=-
périod of ore day; thus there 1s an increase of 30 c.c.
0°'1 ﬁ on the 1lst day of acid period and an inoresse of
120 ¢.c. on the seccnd aay, L.e. *664 and 40% respectively
of the acid given.  But if the increase be calculated
on the hasls of excretion cof smmonia in the after-period,
the axtra ermonia comes to about 60Y of the aseid fed.
Camerer olatmed Lls exneriment to corfirm the one
previously reportod Ly Limbeck. Yne two together evidently

form tha basis for the belief, long held and even now not
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entirely discarded,that ammonia production 1s less

important in man than in carnivora.

Bppinger (1806) experimented on dogs and rabbilts
to ascertain the effect of high and low protein diet
on ammonla excretion after acid administration. He
found that both dogs and rabbits smccumbed to acvid when
on low protein diet. But it is toc be noted that he
employed very large quentities of acid, as ruch as 250 c.c.
0*1 N per kg weight, He furthor found <that does became
immune to acid when given high protein diest, while rabbits
could stand much larger doses on food rich in protein. He
cdnoluded that there was very little, if any, difference
between carnivora and herbivora as regands thelr reaction
to acld administration, any apparent difference being due

to tha nature of the food.

Four of hies cxperiments sre uxtractod below:=

1. Dor, welght 4488, ou 380 gm. meat a day,
given 1228 c.c. 0°1 ¥ HCL (¢ by moutn 2nd $ subcutaneously)
1.0. 250 c.c. 01 N HCL per kilograw, on the 4kh day. The
experiment was continuod for a further pevriod of four days.
244 c.0, 0°1 ¥ NH5 was exorstad in excess of the average
daily excretion for the pericd on the 1lst day and 985 c.o.
0.1 N Nﬁs in excéss for the whole of the period; that 1s,
31% and 81% respectively of the acid given.



2. Dog weight 4'7 gms., fed on 90 gm. meat and 5
40 gm. lard daily. Fore-period three days. After-period
four days. Excreted 250 c.c. O*1N NH; on the first day,
and 570 c.c. O°LN NH, on the whole in oxcess of the average
daily exeretion for the fore-pariod, that is, 21% and
47% of the scld glven.

3 After 5 days of starvation, the dog received
215 c.c, 0¢1N HCl per kg, welght end this proved fatal.
A similar dose glven to rabbits undor siuilar conditions
also provsd fatal.

4, Aabblt welghing 2°48 kg, on a dlst of carrots

and hay, when glven 6285 c.c. of O*1N JICl (i.e. 260 c.c.
par kg. weight) plus 15 gm. glyeocol per day, could stand
the intoxication quite well, and excrosed 75 c.c. 01N
NHS in excess on the first dav, end 218 ¢,c. 0+1N in excess

on the whole; that is, 12f and 34°8% of the neid given.

Pohl und #lnzer (1606) repested Eppinger's experiments
on »abbits using his mode of eodministration and used glycocol
or urce with the acid but in every case their rabbits died.
They mer tion that me rabbit which had raceived only half
of tha dose usually used by rppinger and had recelved 15 gm.
glycocolvdied, vhile 2 conbtrol which received the acid but
no glyzocol survived. They denied that urea o1 glycocol
gave any protection agalnst ccid. But it 1s to De noted that

the7 gave urea by tne mouth, while Eppinger had given 1t
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it in every case suboutaneously. In their experiments

with glycoocol, though they did give glycocol subcutaneously,
they gave as much as 330 c.cs "1 N HCl per kg. weight, while
Eppinger nover gave more than 260 c.c. 0°1lN HC} per kg weight.

Eppinger and Tedesko (120¢) returned to the subject
again because Pohl had falled to confirm Efpinger's
results., Pohl had also pointed out that death of dogs in
EpPinger's previous work was due to starvation. In the
vresent work, he repeated hls previous experiments by keep-
ing his animals on a carbohydrate diet, and thus eliminating
the effect of mere hunger.

1. Dog, welght 9°'8 kg., on carbohydrate diet, after a
preliminary period of four days in which NI—I;5 exeretion
fell from 660 c.c. O‘1NNHg to 160 c.c. 0*1N oc.c. NHz, and
total nitrogen from 3°37 gm. to 1°97 gm., recelved 1500 c.c.
0°1N HC1, i.e. 160 c.c. per kg welght. The animal died, but
in the hour before it diod it produced 79 c.c. 0°1 N NH3 in
excess, 1.0, 2% of the acid given.

2., Dog on meat dlet, received 250 c.c. O0*1N HC1l per
kg. wolght, produced on the first day NHS’ in excess to
neutralise 51% of the acid given. Excess of NH; for the
whole experiment amounted to 63% of the aclid given. In-

croansed f£ixed base excretion smounted to 51% of the,,

glven. s




3.A sheep weighing 16 kg. received for the first four
days of the experiment carrots and bread, and its total
3 excretion and NH3z excretion for the fourth day was
4°7 gm. and 200 c.c. O°LN respectively. On the fifth
day it received 60 gm. plasmon in addition to 1ts usual
ration and for the next four days 120 gm. plasmon were
given with the usual rations. Exoretion for the ninth
day was T.N 12.23 and NHs 7656 c«.0. O0"1IN. The average
NH; excretion amounted to 440 c.c. O*IN. per day.

On the tenth day the animal received 4000 c.c. O°1N HCl
(8.is 250 coce O°IN HCL per kg). Increased ammonia excretion
amounted to 2000 c.c., 0*1¥ 1n excess of theg sverage fore-~
period excretion on the first day and 3720 c.c. O°1IN for the
whole period (f.e. including two days after-pertiod)., Thus
the increased NHS excrotion amounted to 50% on the first
dgy and 3% on the whole.

4. A sheep on purely cerbohydrate rations for a
period of six days, when it received 107 c.c. 0°I¥ HClL per
kg of 1ts weight, it died in seven - hours. During these
seven hours it produced an excess of Nﬁs amounting to
144 of the acid given.

The authars maintained that even undef conditions in
which hunger was excluded, but food lacking protein was
usod, acid considerably less than 2560 c.c. 01N per kg.

(150 ¢.c. in one case and 107 c.c. in another) proved

fatal both to herbivora and carnivora. But the addition



,fbf%pndtein to food definitely protected animals. They
gbonéluded that ammonla can be produced only from.
;circu@ating nitrogen derived at the moment from fopd
;pfotein; fixed tissve »rotein seems to be so 1mpc}tant
‘for lire that organism, even at the risk of its fuﬂfher
existence, draws by preference on the alkali of the blood.
" Pohl (1909) in view of Eppinger's cr1t¢cism regard-
ing the amount of acid used and the mode of adminiéfggtion
of ures in his previous woek, toolk up the question‘again,
and again failed to confirm Epplnger's work on rabbits.
An ililustrative example is gliven balow.

Rabbit welghing 1600 gm., roceived 367 c.c. O'lﬁ
Rcﬁfwith 8 gm. urea in three equal doses in twenty-four
hours. The animal died, although the dose of acid amoun?ﬁed
to only 221 c.c. O'IN HCl and the ureas wns given sub- |
cutaneously.

It ia pertinent here t0 mention the work of Loeww;
‘Who reported thet though 250 c.c. 0°1N HC1 per kilogram
wolght was fatal to a large oproportion of the sevoeral
ﬁundreds of rabblits he used, 1t was not fatal to all.

And both Eppinger and Pohl in thelr work did not use

more than three or four rabbits oach.

MeCollum and Hoagland (1913-14) employed pigs

bﬁdugbt to the lowest level of nitrogen excretion by
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several weeks of starch feeding, and studied the effects
of acid and alkaline salt mixtures, and free mineral acids
on endogenous nitrogen metabollism.

In a pig weilghing 18 kg. vhile fed on starch and
acid salts, NHxz excretion amounted to 320 c.c. O'IN and
T.N. to 1°66 gm. a day. Tne substitution of alka}ine
salts 12 gm. a day dropped T.N. to 1°09 gm. and NHz excretion
to 52 c.c. O'IN a day. Urea N and ereatinine N remained
censtant.

" They concluded that during the first period
additional amount of proteln had bLeen catabolised in respogoe
to the ascid character of the food. They made the ddduetion
that the organism was not able to utilise the nitrogen of
urea fraction to form ammonia to neutralise the acldity
and thus prevent an increased nitrogen elimination. To
demonstrate this point more fully they exhibited HCL.

To a young pig welghing 463 kg. they gave 2750 c.c. 01N
HCYL (1.e. 59+5¢8. per kg, weight) a day for five days. T.N.
excreticn increased from an average of 286 gm. to 4:03 gnm.,
while no chance was observed 4n Urea N and Cypeatinine N.

Protocol of this experiment is glven below:~
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Pig « wt., 46° 3 kg.

Daily
Ration Period Doy TN, Urea N. NH
gm. © gm. CeCO*1IN
Starch +
Benzoic IV Daily aver-| 2°'86 0°'58 274
Ac.16@m. age
3taroh +
2750 c.ch \' 28¢h 3+96 0°s7 8156
0+1N HC1
HBenzoic
Ac.l6gnm. 29th 506 0°*47 8856
30th 3°88 0°62 910
31lst 4+283 043 1275
Jand 409 083 1278
Daily aver-| 4°03 0°*54 1170
230
ncreased NHz as
Day Acid given Inorease in HH5 Pevcontage of
C.Ce O¢IN C.Cs O"IN aclid given
28 2760 @ 59°5c.c.per’lg’ 641 19+7%
29 2750 611 22+2%
30 2750 636 23°0%
31 2760 1001 36°4%
e | 2759 1001 36+4%
Total | 13750 3790 27.5%

It istolenoted that they used =2 growing n»nig and
have failed to consider the question of growth when drawing

conclusions from thelr observed facts,
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Secchi (1914) gives figures both for fixed bese
and ammonia in urine of dog uand man after administration
of a¢id:~

I. Dog, 14 kg. velight. Daily food: 400gn. horse
flesh, 150 gm. white bLroad, 2 gm. bone powder, 600 c.c.

water - diet rich in calcium.

Ny R¥¥n|  Cad Mgl
f C.Cos O<IN gm, fm. £m .
Fora-period 7 days - o
daily average 410 2+45} 0°085] 0.062
Acid period:
1st day 6350 c.c 01N
HCl, 1.e. 45 c.c.
per kg. 570 ) ' .
) avy 368 0°13 012
3nd day 630 c.c. do. 645 )
Af'tbr-period:
1st day 660 )
‘ Yavyg 2451 010 G°10
2nd day 720 )

Inorease in NHz on lst day 160 o.c. 0°IN, that is 25°'4% of
the acld given,

Increase in NH; for the whole experiment 955 c.c., that is 76%
of the acid given.

Increase of 2°5 gm. K+Na, CaC and MgO, roughlv about 18%
of the scld given on the first day.
1I. DOg_. 24 kﬂg Wto Datly fOOﬁ: 800 g;m. horse

flesh, and water ~ no bone nowder, Ca lov:i.



Fore-period: 3 days
‘ dally average

Aclid period:
1. 512 ¢.c. O°IN HCL
2.1024 do.
§3153§ do.

, Afte;bﬁeriod: '
I Y

P
3

Incredsed NHy excretion on the 1st acid day:

28.

NH; | Ki+Na] ca0 Ngo
CsCo O-1N gn. om ., gm.
045 3435 | 0-064 0+126
1043 5°95)
) o
2047 5+41)dv.0°073 0°20
)
2700 4:98)
1890
1270
1260

78 CeCoe 0"1“,

that is, 15 of the acld given.

Increased NH; excretion fcr the whole experiment 2630 c.c.
: (or more),that is 85.5% of the acid given.

IIrL. Man;,d case of gastric cancer, welght 65 kg. Daily

diet: 200 gm. milk, 2 oggs, 500 c.c. water.

Fove#geriod, 3 dnys
dally average

Acid psriod:

lst day 487 c.c.0«1N H1 560

2nd day 635 do.
3rd day 1000 do.

After porlod: 3 days
- dally average

c.cﬁgélhl izgﬁ 44%%8 REE.
850 o.l. 4°66 0+35 0°11
5°25 0+47 0°12
700 6°19 0°37 0°13
740 560 0°42 0°13
540 4.47 0°40 0.09

Incréased NHz excretion lst acld day: 115 c.c. 0°IN, that 1s

24%.

Increased N4, excretion for the whole oxperiment 2115 c.c. O.1IN,

that is 72%

of the acld given.

Base shows an increase of about 18% of tho acid given.




Secchi's experiments 1llustrate well the progressive
"rise in NH3 excretion. I+ is also to be noted that the
excretion of fixed base rises quickly, but subsides long
beforé the rise 4in NHS excretion. Oving to the fact that all
experiments were stopped before NH3z returned to the level

of the fore-period, the experiments are not very valuable.

Steenbock, Nelson and Hart (1914) studiad the
question of acidosis in relation to protein storage in
pigs and calves.

Animal Ho.4 - Calf: wt, 56.7 Rg.

Ratidn - 12 1bs. whole milk daily.

T.N. NH
3
£ . c.C. O0.1IN
Fore-veriod: 4 days,
dally average 9°10 203
lst day,Acld 1920 c.o. O°1IN
HCl @ 35°8 c.c. por kg. 11:38 75
2nd day do. 1725 1020
&
3rd day do. 8+85 1100
4th day do. 10°93 1260
5th day do. 10°99 1220
After-perlod:
1st day 8°43 1200
2nd day 934 1002
3rd day 1026 750
4th day 8+61 450
5th day , 10+68 470

6th day 9.28 451

1st day increase in NHz excretion 482 c.c., that is
25% of the“acild given.

Total increase in NHas excretlon 9600 c.c., that 1s
60 of the acid gilven.

[s]



Calf, wt. 587 kg

Low Nltrogen intake.

~—-- -

Dally Averagss.
HC1 Urinsry Urinary P P P S A
Periods ¢.C.0.IN{ Rations N KHS fed fasces Urine Balance
an CeCeOJINJCoCoO.IM} CeCeDIM]CCaQ.I¥] C.-C.OIM
FPore period , 3 1lbs Straw
0 2 1bs Starch

of 5 days and Salv 6.71 620

Acfd period 2 1lbs Straw
92 2 1bs Starch

6 days and. Salt 7.06 1100

Acid perilod 1 1b Straw
2000

7 days 1 1b Starcly 6.48 860 670 £9 253 ~+ 368

Acid period 1 1b Struw
3000 .

S days 1 1b 3tarch| 6.54 1070 670 70 332 -+ 168
21lst day 4000 doe. 694 1700 670 54 280 A 336
22nd day 4000 doe 7.43 1800 670 48 256 + 367
23rd day 4000 do. 6.90 1800 670 45 163 + 462




It will be ohserved that at this high level of
protein intake, the administration of acld causes a great
Increase in NHz excretion, but accompanying this there is
a fall 1A the ovtput of urea, and except in one case of
Steenbock's ex;e riments, there % nc increase in the total
N excretion. These observations are contrary to the find-
ings of McCollum and Hoagland. But of course thelr animals
were on starch diét for long périods before acid was given
and nitrogen excretion had fallen to the minimum, and again
the animals received large doses of acid for long periods.
Steenbock and others found nractically the same results
with herbivora as with omnivora. This 1s in “eeping with
the work quoted above, that herblvora on high nroteln intake
can control acidosis by Nz production like carnivora.

They also report experiments with calves on low
protein intake. Here, too, acid administration leads to
increased NHS oxcretion, though not to the same extent as in
the experiments cited above. WNo incresase In T.N. was observed,
;;::TIQ incroased NHz excretion was compensated by decreased
Urea ex on. Tnhey also determined amwonla content of the
feocos bé\fchue and after acid administration and found 1t to
be constant and came to the conclusion that ammonia on low
protein intake was forred in the body tlssues, though some
must be formed by putrefaction processes in the bowWwels when
the animals are on high protein intake.

Protocol is givon below:-



Animal No.3. Calf = 50 kg. wt.
R Daily Averages _ I
Date | Vol.| Intakq Facca] Urinary Urinally Urea |Fercenf VPercept Sum N W | Percent
Urin NH3 NH3 Ureal per |Execrg- Retaing N
N N N N R N R cent] ted ed Retalned
Ji Cele gm gm gn ge &n £ &n
14 1lbs whole milk.
NOV. .
17-22 4197 35.11 235 11.18 050 850 4-6 761 80-6} 13-53] 21+54 61-3
14 1lba whole milk -+ 216 c.c. NHC1 per 1lb milk.
23=-28 4454 55-11! 1.97 14.53 2-4({ 9.5 17.1 661 83.2] 16.50 18.61 53.0 -
14 1bs whole milk 4 16 ce.c. NHC1l per 1b milke.
Wov-Ded.
29«4 4581 351 1.46 12 .6C 3e3 7. 2646 6571 B83.7} 13.65 21.04 59.9
16 1bs whole milk —+4~ 16 c.c. NHC1l per 1lb milk.
Deco
5«12 5397 40.1 1.59 14.20 3¢50 8..3]1 24.7 58 .6 833 16.79 24.32 60.5

‘2¢e



Begun, Hermann and Hanzer (1915)givef¥mr&sﬁp NHSand P.
exoration in urine after acld administeation fortwo men.
In the first case a constant diet of bread 21dkg., butter 8dkg,
7 eggs, meat 16 dkg., rice, milk 250 c.c. 12 pieces sugar,3 cups
of tea & 2oranges were givenk after a fore-period of nine days
dilute HC1l was given for a period of ten days. Results

are glven below:=-
T.N. NH N (NH:) P

Fore=~poriod of ¢ days . c.c.oéniin_% of N. "IM c.c.
Dally average Ig-7§ 447 450 312

Acid veriod: 10 days

Daily dose of acid 576 c.c. 0*IN HCl, assuming wt. of
aubject to be 70 kg., about 8 c.c. per kg.wt.

Daily average 15-10 8556 789 3566

After-period:
Dally average 15°04 676 6°17 320

Increase of NHa exoretlon on the firat day 98 c.c. O°1 N,
" that 48 17% of the acid given,

Total incresse in NHz excretion 4430 c.c. 0°li, that is 61%.
Second subject -~ practically the same di~t as given to

the first subject:-

T.N. NH N (N3 ) P.
an. c.c.o§m “ of 1.
Fore=-paeriod of 3 davs
Dally average 15.560 541 5.65 270

Acld period, S days
7960 c.co O°IN HCLl daily, assuming wt., to be 70 kg., dose
per kg.welght about 14 c.c., C°*1k IiCl.

Daily average 13+65 835 9+58 303

Aﬁﬁer-period,s days

Daily average 13.59 800 876 211

Increase in NHx excretion on lst day, 189 c.c.0+1N, that is 20%
gf the acld glven.
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Increase 'n NHz excretion for the whole experiment 1860 c.c.
0.1N, that 18 68 of the acid given.

Stehle (1917) used dog for his exneriment to study the
effect of acid administration on bese excretion.

Dog: weight 9 kg. A conatant diet of 50 gm. soda
erackers, 150 gm. beef heart, 10 gm. agar-agar. After a
fore-period of threo days on thls dlet, & period of another
throe davys followed during which glycocol HC1l 9 gm. a day
was given. After this 4925 c.c. of O<1N HC1l were given during
the next twelve days - 1 gm. HCl dses for the first four days,
and 2 gm. HC1l doses during the rest of the poeriod with no
acid on one day. During the period cf mineral acid adminis-
tration 2910 c.c. O'1N Mz and 853 c.c. O°IN fixed base were
excreted 1n excess. In other words, lliz neutralised 57%
of the acid given and fixed tuse 17,5, For lick of after-
period and the varying dosage of ucld administration i1t is not

possible to arrive at any really accurate estimate of the base

excretion and above filgures are given for what they are worth.

Marriott and Howland (1918) used five hospital
patients. They were all on normal hospital diet, but the

composition and amounts of the diet are not given.



1st E;pe?iment:

T.N- }}HS Pt
gm. . O°IN c.c. 0°1IM,
Dally average for a
fore-period of 3 days 12°3 345 274
4th day 500c.c. 0°1N HC1 12°6 448 387
5th day,after-period 1346 350 264

Inoreased NH3 oxcretion a 103 c.c. = 20% acid.

T.N. NH, P.
2nd Experiment: £m. CeCoO%IN C.Co O°IM
Daily average for a

fore-period of 3 days 13°10 382 297
4th day 500 c.c.0°1N HCL 12°00 504 86276
5th day, after-period 12 -30 376 90290

Increased MHz excretion = 122 c.c. = 24% of acid.
Srd Experiment: T;ﬁ: c.c?g§ln c.c.P6°1M
Da%ggafggiigg g;rzadays i85S 6 a0
4th day 500 c.c. O-1N HCl1 16°9 566 420
5th day, after-psriod 5°5 560 400
Increased NHg oxcretion = 228 c.c. = 44% of acld.
4th Experiment: _géi:_ c.c.Ng§1N c.c?.O'IM
Dally average for a

fore-veriod of 3 days 122 431 330
4th day 500 c.c. O¢<1N HCl 12°4 596 300
5th day, sfter-period 9°5 460 - 329

Increased NH3 excretion = 194 c.c. = 38% of aéid.



7K. NH P.

| gm. c.c. OVIN C.C. O°IM.
5th Experiment:
Dally average forafore-
period of & days - 382 -
4th day 507 c.c.,0°IN HCL = 629 -
5th day, aftereperiod - 439 -

Increased NH. excretion = 204 c.c. = 41% of acid.

It s to be noted that after=-period of one day is
to0o short, as irn three experiments ocut of the five quoted
NHz excretion had not returned to normel when the experiments

were stonped,

Lamb and Evvard (1919) give the results of
experiments on plgs;these are interesting for the striking
progressive increase in NH‘.—3 excretion which they show.

1st Experiment: Pig, weight 27+*4 kg. on a feed rich in
calcium content « 1L°12% Ca.

TN, NHS
£ . CeCo Qe¢1N

Fore~period of 10 days
Daily average 10«37 1001
acid meriod, 10 days -
3009 cece O°IN HoS04
daily @ 110 c.c. perkg.

1. 9°603 1530
2. 9641 1757
3 10534 2240
4. 11259 2320
Se 11+647 2480
6. . L1203 2540
e 12012 3000
8. 12°139 3070
9. DTS 2600

10. 15°812 4680



T.N, NH
E!!!o c.c' .1N

After veariod - 8 days
Daily average

1 for N 3340
2 for after- 2730
period
3 11+61 1570
4 1520
5 1200 *
6 1112
7 1110
8 1140

Total Increased NHz exeretion = 21789 c.c. O'1X = 73% of
acld glven,

st day - ‘ncreased Ni, excrotion = 529 c.c. O°IN = 17% of
acid given.

10th day - incressed NHz excretion = 3649 c.c. = 121% of
‘acid given.

2nd Ekperiment: Pig vt. G5 kg., on a ration of low Ca
content = J°022 e

T, N
Zm. Colo 8-1N

Fore=-period- &6 days

Dally average 10°84C 1140
Acid period - 3000 ¢.c., O°1N
H"SOé dal 1y @ 625 c.c,

p2r kg.
1 12197 1670
e 10°533 2200
3 12567 3307
4 11883 *290
b 12.132 3240
6 10607 2910
7 12°678 5340
8 13°405 3510
9 10997 3260
0 13°35686 3730

-



8.

_gm. G c. 8 * 1N
After-period - 5 days
8 14°218 2270
2 11°970 1680
3 10°209 1300
4 11°02 1260
b 8°399 870

Increased Nqsexcretion for *he whole exparimenf = 21760 C.0.
O'IN = 73% of acid given.

Increased NH3 excretion lst day of experiment = 530 c¢c.c. O°IN
= 18]

kaximum Increasc in NHz excretion - 10th day of sxveriment -
2690 c.c. 01N o 86%.

Stenle and MeCarty's (1921) experliments designed to
glucicate ascne factas of Ca metabolism are quoted bhelow as
they give flgures for LH; and fixed bese excretion after
aclid udrinistration. They used themselves as the experi-
mental subjects and kept themselves on a constant diet of
rice, French fried potatoes, bananas, whecat bread, jam,
butter, apple-pies and figs.

1lst Experiment:

After a fore-period of four days - 1000 c.c. O°IN
HG1l was taken dally for threc duys - no after neriod.
Although the fore-period lasted four davs, determinations

were oarried out for the last two dawys only.



Fore-period

Acid period

1000 c.c. O°IN
HC1l daily

Day of T.N. Ng}] Na K Ca Mg P | pH
Expt. gm. lc.c.OR| ccOMN c.cOM c.c.OIN} c.c.0Mjc.c.0 1M

(3 685 173 610] 620 29 e 113 6°70
§ 4 6°59 150 430| 510 37 96 120 8°75
(5 7+95 328 890 1179 45 150 168 | 6-28
E 6 754 390 750{ 840 45 132 174 5°27
E 7 697 430 70c} 96D 56 154 173 5°05

{Original figures converted into terms o decinomal

solutions).

-
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Total acid given = 3000 c.ce O°1k HCL
- Total excess of NHS excreted o 662 c.c, O a 22

rd
y A
Total exeess of fixed base excreted « 2205 c.c.0°1N,l.e. 73%
' of acid glven.

18t day:
Acid given « 1000 c.c. O°1N HCL.

Txcess NHS = 166 c.c, O°WN, 1.0. 177,

3rd day:
Acid given = 1000 c.c. O°1M HC1

268 c.c. 0°IN, 1.e. 27%

a

Excess NHB

end Experimant:

The an~~e dist, and the same quantities of acid as
in the 1st Experiment. Fore-period of acid days also

the same.



Fore-period

Acid »H2riod
1’000 CeCe
O°IN HCl dally

Day cf TN NH Na K Ca Mg. P.

Expt. gm.{c.c.0*IN.{ coc. O°IN {cc.0*IN|C.Cc.O0*IN Cc.c.O°1¥ [c.c.0°1M! DH
(3 6°27 233 610 360 36 87 86 5-86

e 6°16] 177 630 550 50 70 99 e
(5 6°42 200 775 710 70 120 129 §~89
g 6 6°29 430 730 300 61 11C 156 5°08
g 7 6°292 446 560 800 85 100 167 500




Total acld given =3000 c.c. O°IN HC1.
Total excess NH, excreted = 561 c.c. O'IN = 17%

Total excess fixed base excreted « 1328 c.c.0*1N, that is
445 of the acid given,

lst day:
Aold given 1000 c.c. O°18 HCL.
Excess NH, oxercted = 95% = G°5%
2nd day:
Acid given 1000 c.c. O*1N HCL

Exceas NHy oxcreted = 241 c.c. 0°1V!, 1.a. 2473

Since *he arounts of the varicus articles composing
the d4iets used are not given, it 1s not possible to say
ﬂefinttely, hut fror low HH:5 excretior in the fore-period,
as compared with several human experiments guoted above, and
the high pH values for urine, suggest that the dlets had a
high alkall contert. This would explain the low NH

3
agxcretion after acid administration.

Zucker (1921) gives the following flgures for NHy

excretion after acid administration to a human subject:-

Days. NHS
Fors-pariod. c.¢c, O*IN,
1 1014
2 650
3 860
4 860
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Then followvs a period of three days during which 15 gmm..
of Na H Coz were glven per day.

Days . NHz
Acid perlod: c.Cs O°*1IN

7 300 c.c. OB HCL 435

8 300 c.c. 0°IN HOL 780

9 300 c.c. O 1IN HC1 1030

10 300 c.c. O*1N HCL 1180

If tne ucid day immediately following the NaH Coz Dbe
ignored the increased NHy excretion amounts to 520 c.c. 0°'IN
for 900 c.c. of O'1N HCl given for that perlod, that 1s 57%.

There is an inerease in NHz of 100% of the acid given
on the 4th day.

Thers is no after-period, so the figure for the total

excretion 1s only approximate.

feeton (1921} yuotes from Literature to show that
ammonia oxcretion is not a wechaniesm which 1s ealled into
play consistentiy by the human orgunism under 21l conditions
in which it might Le supposed in mason that every aveailable
means cf protecticn should he employed. He oontrasts the
high ammonia exc¢retion in diabetes, cholera and certain
diarrhoeal diseases of chlldren with the low ammonia excretion
.in uraemia acldosis. He observes that it is the production
of acetone bodles in disease which call forth Increased ammonia

excretion and these are believed to be formed largely in the
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liver. "If 1t be granted that the phenomenon of neutrali-
sation of acids by ammonia has been cbserved with the
greatest consistency and in the highest degree in two
conditions:(a) a typo of acidosis in which the acids are
largely hepatogenous in origir, end (b) a tyne following
the administration of acids, but that the phenomenon is
found to be less marked or entirely absent in other types
of aoidoéis, the yuestion would arise as to why the
ingestion of acid should produce en effect 1like that of one
type of acidosis and unlike that of other types. Could this
mean that in ordar to be neutralised to the highest degree
by ammonia the free acids involved must be formed within or
introduced into the liver?"

Keeton notes that in literature in all cases in which
increased excroetion of ammonia was obgerved, the acid had
been givén by the alimentary route. Keeton very rightly
rejects Winterberg's (1898) experiments as of 1little value.

He administered acid subcutaneously and noted increased ammonia
excretion. NHz increase noted ls comparatively insignificant,
and even as such NH'3 figures glven are mich too high. On a

NHz N

carrot diet the rabbits do not show ratio of higher than

about 0.1/, while Winterberg's results are s8ix times that
figure. Vinterberg's protocols are not reproduced because they
have no value,as &%t the time nc accurate method «f ammonia

determination,wvhen present in small quantities’was known.



45,

Keeton, therefore, undertook experiments for the
purpose of comparing the relative effect on the ammonia
excretion in urine of acid administration by the alimentary
route and by the peripheral vein. Allmentary adminlstration
should subject the liver to the effects of a relatively
large quentity of free ucid, while the latter would afford
opportunity for the neutralilsaticn of more acid In the blood
or tissubs outside the liver.

After acid by the mouth he €inds an absolute incroase
in ammonia nitrogen, without change in the total nitrogen
excretion. After acid by the vein the total N excretion rises
considerably, und the ammonia nitrogen though it follows the
rise of T.N. oclosely does not show an absolute increacse. The
r»ise in total N. after intravenous administration he inter-
prets to mean that there 1s a deofinite toxic destruction of
protein induced by acld injection, and increased ammonia
figure urder these conditions isshe holds,merely an acceleration of
normal proteolysis,

Resultd.

1. By the elimentary route.

Dog 1, wt. 16°17 kg. Diet: Milk L00-200 c.c., bread 5§0-100 gm

sodivm acetate, 1 gm. dally.

1. T.M. NH
C.C oo‘_h
Fore~period 3 days
Daily average - 5°43 228
4th day, acid glven
125 ca.0*1N HC1 587 368

Incr\eased NH5 SGCT'et'ion k- 130 CeCo = 100""%
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T.N. NHg
) gme. CesCo O.I.N
2. Fore~perlcd 3 days
Daily average 4£.66 196
4th day 200 c.c.0°*1N HC1 4.40 257

Increascd NHZ cxcretion = 61 c.c. = 30°57
Dog 5. wt. 17°8 kg. Same diet as above.

1. Fore-period 3 days

Daily average 4°41 179
4th day 180 c.c. 0O*1N HC1 472 244
Increased Ni, excrotior = £0 c.c. = 27% (authors)
2. Fora=period 3 deys
Daily averege 4°35 179
4th day acld 250 c.c. 0°1N HC1 4°53 283

Increased Nl excretion = 104 c.c. = 42%

11, Acid adminlstration by velin.

Dog 1, wt. 16°17. Same diet as befors.

T.N. NH (NHZ) N.
gm. . c.c.B-1 a3"F of T.N.

1. Fore-paeriod 3 days
Daily average 5°63 212 ‘68

4th day acld 125 c.c.0"1N HC1l 6°93 300 ‘62
Increased NH, = 88 c.c. = 70%

2. Fore-pericd 3 days
Daily averags 3°98 1656 *59

4th day 200 c.c. O 18 HC1 5°57 164 39
No increase in NH_, excretion,

3

3. Fore-period 3 days. .
Dally average 5°48 212 62

4th day 200 c¢.c.0"1N HCl1 6°94 210 46

No increase in NHz excretion.
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TN, NHyz (NH N,
gm.  ¢.c.0°1F as 9§ @f T.N.

Dog. 6. wt. 17°'8 kg.

1. Fore-period & days
Daily average 4,10 150 *53

ith day,180 c.e. O°lM HCL 6°70 212 ‘52
Increased NH, excretlon = 62 c.c. = 34%

2. Forew~period 3 days

Daily average 473 229 ‘67
4th day,250 c.c.0"'1N HC1 6°24 271 *60
Increased NI, excretion = 4% c.c. = 175

After alimentery administration, 1004 &, 319
27% and 42% respectively of the acid given is neutralised by
Klig.

After intravenous administration, 70%, 0%, 0%, 34%
and 42% respectively cof the acid given is neutralised by NHy.

The author argues that after intravenous administration
there is a rise in T.N. excretion and if allowance is made for
the increased NHS oroduction which would result from normal
proteolysis repraesented by the increased T.N. oxcretion,
there is no increased NH5 excretion for neutralisation. There
is no doubt that there 15 z definite toxic destruection of
protein induced by acid injecction. The secondary changes
thuis induced, so upret the corganism as & whole, that the
intravenous injection experiments of Keeton do rot afford any reliable
information on the subject of NHz production and the co~clusions

dram by hir are not valid.



Bayliss (1919), hafore Keoton, had noted that
however slowly ths acid was run into the vein (of a cat)
some degree of haemolvsis resulted. S1zili (1606) noticed
haemolysis 1n sheep after acld administration. There is no
doubt that free tb injures the kidney; 1t doms not matter
how témporary the injury 1t can not leave the functlon of
the kidney normal. Even 1f hasmolysis is not noticed, as
perhaps Keeton did not in the case of dogs, the increased
TN excretion i1s evidence of profound secorndary changes
{nduced by the acidAnd if the view of Nash and Benedict
(1921) be taken as accurate, that ammonia production takes
place largely in the kidney, it would be easy to see that
'1njury to the kidney must interfere with NH5 production

to. 2 great extent.
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rabbits for the first fortnight of the experlment§EWns an
increase of 55% on the fore-period excretion. Thtg\in-
crease was eventually followed by a period of dimﬁﬂiéhed
excretion, excretion falling below that in the fére—acid
pericd. This decrease they interpreted as stgnifying
exhaustion of the readily available phosphates(iﬁ the\ﬁgdy.
They put forward the conclusion that the phospnafes are %
intimately concerned not only with the neutralisation of.
acid within the body in experimental acidosis,'but also‘;.
in its removal from the body. Tnhe results of one of théir

exveriments are reproduced for further analysis,

Rabbit; welght 1585gmfed on a more or less constant

feed of 300 gw. cabbago per day:-
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Day of

Acid P.
Experiment. Welght. injected. 0° 1M
L 3.¢. O*IN HCL. CoCe
"1/ 1685 0 ,f'i:q'g
rz 0 90
'3 58 9°0
'g,' 1550 do. 12°0
!‘/'53 do. 9°6
.6 do. 1170
v 76 17°5
8 do. 20°0
9 do. 22°6
10 do. 10°8
| 11" 1530 do. 23°0
12 do. 10°0
13 123 200
A o14 do. 10°0
15 do. 160
16 do. 9°0
ﬁ17 161°5 lost
f'?le 1440 do., 40°0
19 do. 9'0
20 do. 19°0
21 1336 do. 32°0
;22 Died do.
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This ropresents an increase of 140 c.c. O°1¥ of P, that is
238 c.c. of the total vcid given (1837 c.c. O "IN} were
alininated Ly the kidney through increased phosphate eXxcrstion.
This amounts to about 12% of the acid glven.
It s unfortunate that tae authors do not gilve

figures for T.N. excretion, but it is to be noticed that
the weight of this rabbit fell from 1585 gm. to 1335 gn.
and it died on the 2¢nd day. Tho weights of the other
~ throc rabbits fell simllerly and they all died. There
can be little doubt that increased phosphate excretion is
due to increased breaking down of tissues of the body.
The repeated doses of 58 c.c. to 161 c.c. of O°IN HCl
given to rahblitz of 1°5 kg. welght are too big, and the
secondary results of acld administratlion leading to death
nust complicate resulta beyond nope of interpretation.

S8teenbock, Nelson and Hart (1914) found that acid
feeding to plgs and calves Increased phosphate excretion
in the urine. They nede determination of phesphate in food and
‘1n fooces, and in no case did they find a negative balance,
except when massive doses producing secondary results were

~ ‘given.



Calf wt. 56°7.For ration see page

n3.

Daily Av.
7 days

Daily Av.
3 days

21st day
22nd day
23rd day

HO1 P.in food} P.in fasces P.in Uring P.Balance
ceco O°WN| c.c.0'1M | c.c. O°1M CeCO'IM| CoclO°1IM.
2200 570 49 253 + 368
3000 670 70 352 + 168
4000 670 b¢ 280 4+ 336
4000 670 48 265 + 265
4000 670 45 163 + 163

Begun, Hermann and lMtnzer (1915) obtained the

following results on two human subjects on a constant diet of

bread 21 dkg., butter 8 dkg., 2ggs 7meat 16 dkg., Milk 250 c.c.;

oranges 2, tea 5 cups, sugar 12 pleces, and rice.

1. Daily average for a fore-

period of
teld period

9 days

117 days

576 c.c. D°IN HCL
daily, daily av,

Dally averasge - after-

period 3 days

TN, P, 0°'IM c.c.
13°78 312
16°10 256
16°04 320

exoretion of 464 c.c. O°M ¢c.c. P.

For 5760 c.c. of O0.1N HCl, there is an increased

of the acid glven wss neutralised by phosphate.

In other words, 13%



NDaily average for a
foree-period of & days

Dally averago -~ acla

veriod 3 days 960 c.c.

0+1N HCl dally

Dally average - after-
period 3 days.

54,

T .Il . P .
c.C, O°1N

13°50 270

13°65 303

1339 271

For 1920 c.c. 0°*1l. HECl, therse is an increased

of 66 ce.ce 0f O*1M P.

ohosphates.

5°74% of tho acid noutralised

excretion

by

G4vens and Mendal (1917) glve results cf experiments

on a4 dog.

Dog weigning 13°% kg.,constant dlct of weat, dried

bread, skimmed milk and aguar agar,

The conposition of the

dilet was N 10 gm., Fat 51 gme., carbohydrates 51 gm., Ca0 223

mge, Hgo 170 mge, P 194 c.c. 01N,

410 c.c. of 0"1h HCL were given daily for a pericd

of 3 days.
P.in Urine|P.in fmces| P. F.in Urind N.in feces | N.Ralence
CeC.O* 1K CoCad 1M Balance gm. in pgm. gm.
108 15 + 7L 8°99 642 4+ 0°56
2 148 16 L30]| 8's5 432 +1°10
3 72 26 + 96 839 592 + 1°12

Both P. balance and N. balance afe positive rlight

through the experiment.When determinations for P. content'are

done for both faeces and urine, it appears the increased
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cxeretion of P. in urine 1is due *to increased
absorption of P. from the intestines, because acid renders

the phosphates in the bowels more soluble.

totto (1918) ir an experiment on rabbits confirmed
thé increased excretion of phosphates atter acid‘éﬁmihistra-
tion as reported by Filtz, Alsbaurg and Hendérson. But they
suggested that such increase has two possible exalanatiéhs;
it EN be Aderived from the tisunes of the bedy to neutralisé
the acld, or 1%t rmay be due merely to increased absorpti@&
of Ca and Mg phosphates of the focd rendered more solublé
by the Inpested acid in the alimentanry tract. Gotto, |
therefore, undertook the determination of phosphates botﬁg
in urine and feeces. |
Rabblts used weighed from 140D gm. to 1530 gm,
P. 4n urire of normal rabblts, daily average, from
10°9 ¢.c. O°IM to 16'T c.c. O"1N.
P. in feecs of normal rabbits, daily averagse, from
4 c.co O°IM to 28 c.ce O°IM,
Acid eiver.: 125 c.c. 0O°IN HCLl por day.
P. in urine for acdd period, dally average, from
25 c.c. 0°1M to 44 c.c. O°IM, f)
P. in feeces for acid pe'niod,dail}} average, from

8°3 c.e. 0°14 to BO c.c. O*1M,



‘ne inoreased exceretion of P. in urine, 1s not sccompanied
'y a deecressse in the P.contonw of tho f=ees . Thev came
to the conclusion thet the urinary Increase indicated a
renuing negntive Lalance. This result is at variance

with Given and Hendal's work. Bot it is to be noted

that different sets of animals ware emploved for deter-
mining normel values and acid period values, as the author
desired to carry out analyvsis for tissue P. contents. Alsc
this author used very massive doses: 25 to 756 ¢.c. of

0. 25 N HCL a day for 13 to 38 dgys to rabbits weighing
ahout 1500 gms. Unfortunately, the author does vot give
firures for T.N. eacretion, tut from the fact that every
one of his expeprlmental animuls died from 7th to 358th

day, 1t 18 to be surmised thet secondary effectsz df his

acid doses wore profound.

From the work of karritt ané Howland {1918) quoted
on puge 34 , it will ve seon that in expsriments 2, 3, and
4, there 1s no increase of P, excretion In urine after acid
adninistration to human subjects, while in experiment 1,
there 1s an increase of 83 c.c. 0 1M P. for 50) c.c. of O'IN
HC1l given. A1l the subvjects were on diet, and no figures

are given for £. content of fwmsces .



in urine and feces for a human subject.

Zzucker (1921) gives figures for phosphate excretion

The subject was

Fept on a constant mixed dlet right through the exneriment.

P. in urinej P.in feecss | Total P. P
c.c.0*'I¥ 'ec.c.0°IM c.c.0°1¥| poercentagp
in Urine
Total for the last
3 ﬁava of a fcre-
period of 4 days 173G 1283 3013 57
Totab for the & days
on which 15 gm.
NquOs a day was
glven 1450 1620 2970 44
Total for the last &
days of a period of
4 days on which 300 ¢.c.
cf O.IN HC. was
given per day 1800 1150 2950 61

' the fescel P. and without Lloss to the body.

The P. ia increased in urine at the expense of

‘conPirms Givan nnd Mendel's work.

Haldsne (1921

This

reported that in exporimental

acldosie thepe is increase in urinary phosphatess

The

subject was kept on a cunutunt diet right Through tho

axperlment.
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¥

ﬁav ki Acid given P
Experiment CeCe O°1N HCL CaCo 1N

1 o 409
2 3740 4545
3 3740 662
4 2810 ‘ 660
B , 0 389
a 0 349
7 0 313

Thrps is 1 slight increase in P. excretion, but as
the subject was on diet, and no figures for P. content of
frecas are glven, the experiment quoted doss not help the

apolution of the »roblem.

 Tinldane, Hill and Iusk (1923) give the following

‘;figﬁves for NH; and P excretion in Calcium chloride acidoslis

Suhtect T.B. S.M. wb. 100 kilos,

c.C. O*LL c.0. 0°IM
Poﬂe pericd
464 59+8
gd pn”ird'

235 c.c. 0'1M CaCly 1558 50°5
°Vb c.c. O°1M CaCla 1684°+1 66°5
275 40 2056 N34

After-nariod:
- HHoe 554
- 235 3 344
- . 1623 20°1
- 112°2 20°9




' experiments are nol conclusive.

Ty

- I'irst there 18 ar 4increase of P exeretion, and
this*ls 8 opn follcwed by o diminishec exeretion which may
fallalower {har. the excreticn during the normal peridﬁ,
though tho Wig excretior moy atill be high. Haldane belleves
this%is dns to desletion of available phosphates, and when
thié hapﬁens the body *ends to nroduce morae ammonia for
neut&alisaﬁion. Gal durirge +he gfter-period +he exoretion
oﬁ'ﬁ romalina low until 14 has vade up the loss caused by
iﬁo;based srxeretion durdng reldosls.

‘ As the subjects voth fn this axuerimeﬁt'&nd the‘
one ﬁuoted oufore rex> roceiving food during the experiment,

and_{‘ns no flguvees for the fatecal P are given, the

Sokhey and Allan (1924) axperimenting with dogs to
dets’ ine the relationship of phosphates to carbohydrate
metaﬂolism found that the administration of acid to a
fasting dog d4d not increése the phosphate excretion in
urine, 3 é
100 c.c. of O"IN HgSQ4 were given to a dog welghing i
12°0 kg. on the ninth dajéof the fast. Average phosphate
excration for the foro-ﬁe;iod (3rd and 7th day - normal
fasting fays of the eXpériment) 71 c.c.0°1M and on the aciad

d&Y 70 c.c. OLJ1M. . . ”“‘:\m
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(2, Phosphate Excrction.

Gerhardt and Schlessinger (1899), as evidence that

there is an excretion of F‘ in excess of that accountable

3°0 = 4.4
100

the urine of two Alabetlcs ith szavere aclidosls, The

A $
by protein catabolism, report a_g» ratio of in

normal ratioc under similar conditions was estimated at %B%.
Feeding of sodium bicarbonate to the dilabetics reduced the
ratio tol%b' Pumpf (1£98) snd Mendal and Imsk (19204) report
'1n a fasting patient with severe diabetes §'ratios siinilar

to that of Gerhardt and Schlesinger. Folin and Snhaffer
30 = 44

rat c 1
100 atio common in normal

(1902), novever, found
%duits.

The experiments of Fitz, Alsburg and Honderson
(1997) on rabbits confirmed the bellef, which is still
widely neld, thuat increased phosphate excretion plays an
important role in the elimination of acids from the body.

They observed s marked increase in the phosphate excretion

by kidney aftor acid administration. The average for four

1. Thne figures for phosphate expressed in different ways in
the various works quoted have been converted anrd expressed
in terms of P, in this paper.

!



(L) pathological human subjects; that is, experiments
of Dunlop and Secchi;

(2) growing animals, that 18 experiments of ¥cCollum and
Hoagland, Steenbock ard others;

(3) raobits, that 1s experiments of Salkowski, Winterberg.

Among the still numerous acid administration
experiments on normal, adult animals belonging to spocies
with well=-developed ammonia mechanisms, from the greater
number it is impossible to determine with any certainty
how much of the ucid introduced has been neutralised by
ammonia, that is experiments of Stehle, Stehle and McCarty,
Marriob and Ilowland, Zuckor, Camerer, Limbeck, Coranda,
Eppinger and Tedrsko. The reason for thilsis that in some
cases tho diet was changsed in the course of the expsriment;
1d others the after-perliod was omitted, and occasionally
the after-period was too short and the ammonla excretion
fﬁiled ever to return to its original level ~ any one of
these defeqts is obviously sufficient to deprive an experi-
méent of any value 1t mipght otherwlse have for the present
purpose, It should be added, of course, that these
comments sre not necessarily o be regarded as adverse
eriticism, for some of the work referred to had been
planned with a totally different object in view,

0f the conparatively fow remaining investigations

of this subjoct, wmost have dealt with the fate of repeated

.



doses of acid over periods df frdm three to ten days. 1o
this group belong the érneriﬂenfs of thhgens and of
Walter on the dog; of uamb and Evvard on the pig; of
Begun, Hermann qu ﬂunaertw an . In the last mentioned
case, 1 tha bhody wéight 1s assuried to have been 70 kg.,
the Aally dose of aé}dSWaa equivalent on thechverage to
from © to 14 c.c. of 0°I¥ per.kg., the total amounf
administered being, in one of the two experiments done,
" 40 c.c., and in %he ofﬁar 95 c.C, of O'1N HC1 per kg. |
In the animal elperiments of this group the average daily
dose has hesr between 50 and 90 c.c. and the total between
160 and 880 ¢.c. of O°IN acld per kilogram. In spite of
such wide varlations in the exyerimeﬁta% qonditions{ in all
fhese cases between 6O end 80 per cent. of\the acid éiven
53 acoounted for by excess ammonia sxcreted in urine. This
fair degree of uniform!ty is in marked coAtvast to the
impression glven by an uncritical examination of all
experiments of this chaqacter that have been published.
As to the fate éf?single doses much yess is known.
This 18 in some respectsia special problem;ﬁror ordinérily
the composition of the‘:‘vtjurkfine is altered by the acld during
one 24-hour period onlyigyparticularly carerﬁl controi is,
therefore, necessary.. ‘Béfore giving acid, snd after 1ts

effects have disappeared, the ammonia excretion may, of



sourse, vary considerably, more or less in proportion to the
total nitrogen. In order that allowance may be made for this,
as 1t must be, it is essential that the ammonia co-efficient
be practically constant during the fore- and after-neriods.-
otherwise the result can be little more than a guess. Un-
fortunately, hardly anyone who has worked with single doses
of acid has presented experiments properly controlled by
total nitrogen determinations, with a satisfactory degree

‘of regularity in the compositionvof the urine during the
control peribds, and otherwise suited to the purnose. The
dnly ones, in fact, with any demblance of consistency among
themselves are Keeton's four recent experiments on dogs,
which were fed between 8 and 14 c.c. of D*IN hydrochloric
goid per kilo in one dose. In one of these, according to

the author's calculations, all.the acid was neutralized by
émmonia; in the other three; ammonia accounted for only

30 or 40 per cent of it. A somewhat lower figure (20 to

30 per cent) represents fairly well the ammonia nroduction

on the first day in most of the recorded experiments in which
the administration of acid has subsequently been continued
over a longer period. Here also the result 1s the same,

as far as we can detect, no matter what the species (always
excepting the rabbit). In short experiments, ammonia produc-
tion seems to be a less important factor, for the average

figure which we estimated from the best experiments of



several days' duration was 70 per cent. Two possible
explanationsfor this occur to us; one: that the effect
of acid is cumulative; the other that the body has at
its disposal a certain, though limited, supply of fixed
base which can safely be spared < between the two we are
at present unable to decide.

The apparently subordinate role played by ammonia on
the first day of two of acid administration 1s of consider-
able imvortance in connection with the view, for which we
can find no valid evidence at all, that man 1s inferior to
carnivorous animals in his capacity for producing ammonia.
This view is very largely based on Camerer and Limbeck's
works. Camerer came to the conclusion that very little
acid was neutralised by ammonia, but if the after-period.of
his experiment is used as the control, the extra ammonia comes
to about 60% of the acld fed. It is also to be noted that
Camerer added potatoes and other vegetables to the diet on
the day on which the administration of acid was begun.
Limbeck's experiment is quite worthless. He found an in-
crease 4in fixed base equivalent to about 400 per cent. of
the acid; no one,before or since,has reported anything even
remotely resembling this. To all th‘more racent statements
in support of the view - since they seem without excention
to be based upon comparisons of ghort experiments on human
subjects with the results.of prolonged acld feeding to dogs

we cannot subscribe, inasmuch as the duration of the experiment

‘18 to all appearances a vital factor.
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Except for the occasional, and certainly not typical,
instances in which administered acid is quantitatively neutral-
ized by ammonia, there are two other principal mechanisms to
be considered in order that the picture may be at all com-
plete. One is the excretion of acid by the kidney (1eading
to an increase in the titratable acidity of the urine); the
other the removal of fixed base from the tissues. The latter
18 well-known to be the chlef means of disposing of acid in
rabbits. To what extent it occurs in other animals has been
dehated at intervals for about fifty years, but so far with
“no wholly satisfactory answer. Several investigators (Secchi,
Limbeck, Eppinger and Tedesko) have been satisfied to deter-
mine the combined weipght of sodium and potassium in the form
of their chlorides; this can have no more than a qualitative
significance, as there is no way of expressing the result in
terms of equivalents. Refore the development of methods for
the determination of total fixed base, the desired information
could be obtained with éccuracy in one way only: 1.e., by
determining sodium, potassium, calcium and megnesium separate-
ly. Few have undertaken this, and of those few none has taken
the pains to secure a fore-period showing a fair degree of
uniformity in the base excretion for at least a few days,
with a return to the same level in the after-period - a very
necessary condition, and one which it 1s not at all difficult

to meet, as we have found.
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Here again it 1s only falr to say that many who have
been interested in the influence of acid feeding on the |
excretion of fixed base, although obliged to use guantitative
methods to attack the question, have sought only a qualitative
answer to it. I¢ 1s largely because we have tried to get
more explicit information than previous writers on the
subject that we find their data inadequate. What calcula-
tions we have been able to make show, in the great majority
of instances, that not far from 20 per cent. of the acid
fed has been neutralized by drawing on the body's supply
of fixed base.

In what appear to be the most reliable of the experi-
ments upon which this estimate is based, acid was fed for
several days in succession. Under similar conditions, as

stated earlier, about 70 per cent. of the acid is neutral-
ized by ammonia. Tnere remains, therefore, about 10 per cent.
to be covered by acid excretion and any other factors that
may be involved - among which may be mentioned especially the
neutralization of acid by calcium phosphate in the intestine,
and increased nhosphate excretion.

If acid were t0 be fed to a subject on a diet con-
taining a great abundance of phosphate, together with .
sufficient fixed base to make the urine approxd mately
neutral, there is no doubt that acid excretion could be

made to assume a far morenimportant role than is ordinarily

i
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the case., It is equally certain that an apparent depletion
of fixed base could be brought about by giving acid to a
subject on a diet having a strongly alkeline ash. In either
case, if carried to extremes, ammonia nroduction would
necessarily fall into the background, merely because substi-
‘tutes for it would be provided in the food. The result, how-
ever, could not be accepted as a valld criterion of the body's
capacity for producing ammonia. For any real test of the
‘ammonia mechanism, 1t 1s essentlal that the tissues shall not
be saturated with fixedbase beforehand, and also that the
factor of acld excretion shall as far as possible be sup-
pressed. When these provisions have been met, practically

the only alternative to ammonia production ‘s the withdrawal
from the tissues of fixed base that constitutes an integral
part of them; precisely the occurrence which the ammonia ~
mechanism is designed to prevent. Only under these conditions
is 1t possible to determine how effective that mechanism may
be for the work which it is intended to perform.

The foregoing discussion carries with it the implica~
tion that fixed base is capable of belng stored in the body.
To this objections may be raised, but at least in a limited
sense there can be no doubt of 1t, for the concentration of
bicarbonate in the body fluids is not a constant but a very
variable quantity. Vhen the reaction of the urine 1s equal

to that of the blood, the bicarbonate'content of the venous



plasma averages about 0°032 M., distinctly above that which -
is commonly taken as the normal range; hlgher levels still
would unquestionably be reached on a di~t capable of keeping
the urine persistently alkaline. Taking the alkall reserve
to be uniformly distributed throughout the body fluids - an
assumption that 1s at least roughly in accordance with the
facts - we have calculated the amount of fixed base that
wouid be "set free" if the bicarbonate concentration were to
fall from 0+032 M to the lower limit of normal. The result
is about 70 c.c. of O'IN base per kilo of body weight, a
very considerable quantity in relation to the doses of acid
that have ordinarily been used in experiments of the sort
now under discussion, especially those done with human sub-
jects. It is hardly conceivable that the result of acid
administration could fail to depend to some extent upon
whether or not the tissues contain some such quantity of
surplus base.

‘Everyone, as far as we know, who has pald any atten-
tion to fixed base excretion in experimental acidosis has
found at least some increase. All who have committed them-
selves to any interpretation at all have implied that there
has been a real depletion of base, But if acid administra-
tion doess no more than rob the tissues of part of a super-
abundance of fixed base, leaving its concentration within

the norral compass, depletion certainly has not occurred.
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It is entirely conceivable that the withdrawal of fixed
base can be less readily brought about if that event means
that the alkali reserve must fall below 1ts normal level.
As a corollary to this, the ammonia mechanism may perhaps
~not come into full play unless therelia danger of a real
shortage of fixed base.

It 41s clear, therefore, that the problem is still
unsettled in many of its aspects. Being convinced that
dietary influences have been a orolific source of confusion
in the past, we decided, in going over this ground which had
been covered so many times previously, to make one radical
departure from the conditions of previous exneriments.
fhat is to say, we have used fasting subjects. That many
of the uncertainties to which experiments of this nature
are liable are thereby at once eliminated will readily be
seen.

Besides removing all doubt as to the source of any
fixed base that may be appropriated, the fasting basis
does away to a very large extent with the disposal of acid
by rénal excretion - the titratable acidity of the urine in
fasting animals 1s nearly at its limit anyway, and écid
feeding cannot have much effect upon 1t unless the buffer
content of the urine is increased, and this under the con-
ditions of our experimentg does not occur, By the same

device one other complication, inevitable when ordinary food
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is present in the digestive tract, is neqrly, 4f not quite,
avolded; namely, the accumulation of calcium nhosphate

and other insoluble baslic material, whicg must necessarily
react with acid given by mouth and modify 1ts fate to same
extent.

This interaction would also explain the increased
phosphate excretion noted by several authors after acid
feading. But all the authors (Steenbock and others, Given
and Mendel and Zucker) who made phosphorus . determinations
both for urine and feces,found no negative phosphorus
balance. Fitz, Alsburg and Henderson's experiments on
rahbits, which gave rise to the bellef which is still widely
held that increased phosphate excretion plays an imvortant
" role in the elimination of acids from the body must be
reJected because: (1) the animals used were rabbits and
the results are not generally applicable; (2) acid was
glven in such large doses and for éuch prolonged periods that
profound secondary.effects resulted; (3) the agimals were
fed but no determinations for phosphorus in faglfes were made.
For the latter reasog%thé other work quoted from 1literature
is inconclusive.

Residual Fixed Base,

As o matter of convenience, the total fixed base

excretion may be considered as made up of two parts. One
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of these ~ often the larger fraction - is represented by
base combined as chloride; 1t 1s involved, of course, in
ordinary salt metabolism, and so is subject to independent
variaficns controlled br the salt intake, the exigencies of
osmotic pressure regulation,~etc. Of the second fraction
a part is combined with weak acids, being distributed among
them in a manner which will vary with the hydrogen ion con-
dentration. All, or nearly all, the rest is in combination
with sulphuric acid, which, although a strong electrolyte,
differs from hydrochloric acid in being almost wholly pro-
duced in the tissues from neutral, or at ieast, less acid
substances.

Hydrochloric acid, in other words, occupies a more or
‘less unique position among acids in metabolism. Under
~ordinary conditions it enters the body fully saturated with
base, and is eliminated in the same form. Temporarily, to
be sure, it may be separated from 1ts base ~ in the secretion
~of gastric julce, as well as in the adjustment of membrane
equilibrium in the blood (Zuntz phenomenon) and no doubt
elsewhere - and even permanextly in connection with the
related processes of growth and repair. But if due éllowance
is made for these special condltions, there are distinct
advantages in regarding the fixed base combined with all acids
other than hydrochlorilc as g separate entity.

In following the total fixed base excretion from

hour to hour during the post-absorptive period, no definite
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sfimple correlation with any other urinary constituent

car be detected. If, on the other hand, the fraction

combined with hvdrochloric acld is subtracted from the

total, a quantity remains which is unmistakably correlated
ﬁith the ammonia coefficient. To this (i.e. total fixed

base minus chloride, both expressed in c.c. of O*1N) it has
seeﬁed best to give the non-committal designation "pesidual
fixed base". The distinction which we have drawn between

base combined with hydrochloric acid and the rest becomes,
‘under certain conditions, an artificisl one. Thus, 1if
hydrochloric aci? 1s introduced into the body, or if fixed
base 1s withdrawn from circulation for any purpose (e.g.,
growth) , nepative values for the residual fixed base may
sometimes be found - meaning, of course, that some hydroch-
loric acid has been excreted as the ammonium salt. The con-
ception is, nevertheless, useful, and in fact essential, in
connection with the present problem. Even in the urine of
fasting animals, with its relatively low chloride content,
subtracting the chloride equivalent from the total fixed

base adds not a little to the information that may be obtained.
In the case of (fasting) cats, at least, the ratio of residual
fixed base to total nitrogen in the urine becomes fairly con-
stant after the firat few days of starvation, whereas the
ratio of total fixedbase to nitrogen may be distinctly less
80, rising and falling with the chloride output whén the
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latter is 4rregular. Acid administration mey, moreover,
affect the salt exeretion. If feeding sulphuric acid, for
example, should increase the chloride excretion, and to
exactly the same degree the excretion of total fixed
base - ss oonurﬁed in one of our erperiments - it would
be necessary to conclude that no fixedbase had been drawn
from the tissues for purposes of neutralization, for the
basa removed would actually have served no such purpose.
It will be obvious from what has boen sald that the
residual fixed base can have no definite significance in
animals which have been fed hydrochloric acid. There is
no’question, theréfore, that the role olayed by fixed base
in the neutralization of acid can be more accurately fol=-
lowed 1f some other acid than hydrochloric is used. This
will exﬁlain why we have‘chosen sulphuric aclid, which has
been oractically abandoned in experiments of this nature

since the work of Gaethgens in 1880.
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(2)  EXPERIMENTAL.

]

Cats were used for all the experirents to be reported.
For the reasons given above we had decided to starve the
animals righf through the experiments, and cats are par-
ticularly sultable for starvation experiments. They stand
starvation well and no acidosis results from such starvation.
Cats very seldom, if ever, urinate in the cage voluntarily
and 1f they do they select the time of the day at which thev
have become accustomed to having the bladder emptied. This
was a partlcularly important consideration with us, Since
amonia was to be the chief item for analysis, it was
important to get perfactly fresh samples of urine for
analysis. And to prevent any risk of decomposition even
for the few hours during which the urine had to stand between
¢ollection and analysis, chloroform was added to the samples,
and the samples stored in a cold room.

The cats which were used in the experiments were
obtalned from the animal room, where they had been fed on
meat and skimmed milk ad libitum. They were kept in
metabolism cages and starved right through each experiment.
To avoid catheterization, the bladder was emptied by com=-

pressing the abdamen about three hours before the end of
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each 24-hour period, and 100 c.c. of distilled waterﬁwas
given through a catheter used as a stomach tube. A%t the

end of the period the bladder was again emptied in tﬁe

same manner. The last fraction of the 24-hour urine was

in this way made very dllute, and the error, incurreé by-
leaving perchance a small amount of urine in the bladder,
was rendered insignificant. In fact, the giving of iOOéo.c.
of water three hours before the end of the neriod 1ncre§ses
the accuracy of separation inte 24-hour samples. The cits were
tied to animal boards specially deslgned for collection%of
urine by compression of abdomen when the urine had to be
cbllected or water to be given.

‘o the sample obtained at the 21st hour of the
period A few drops of chloroform were added and the sample
put away in a cold storage room until the second fréction
was collected at the end of the 24~hour period. The -two
éamples were mixed and the volume measured.

The armonia and titratable acldity determinations
were made as soon 8s the 24-hour sample had besen collected.
The rest of the determinations were curried out as tire
permitted. The samples were stored in cold storage room
auntil no longer required.

As stated before, the cats were starved for the totsal
duration of each experiment, but were given 100 c.c. of

distilled water each day as described above. Fasting had
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lasted, in each case, for at least six days before the acld
‘was administered. Yithin this time the relative composition
of the urine had become sufficiently constant, as will be

- 3een from the protocols.

In the experinents which will be discussed first,
the acid, (sulphuric) was given per 03, by means of a
cétheter of suitablo size used as a stomach tube. The
concentration of the sulphuric acid solution was in each
Instance so adjusted that the requislte quantity could be
introdvuced from a pipette in a volume of exactly 25 c¢c.c.,
‘and the catheter was then rinsed out with 5 c.c. of water,
To prevent variation ir urinary volume, as far as possible,
a correspondingly smaller amount of water was given on the
acid day at the 21st hour.

For reasons.already stated, we have for the nresant
fconfined our attention to the effect of single doses of
acld, Only comparatively small ones have been used in
the work comprising tbhis report. One of +he questions which
we had in mind wgqs whether any increase in fixad base‘
excretion would occu>» with the smallest doses of acid tapable
of yielding any Jecisive result. In choosing the maxiﬂym
dose, we were gulded by the normal dally acid productioh
in fasting cats. 12°5 to 30 c¢.c. of 0°IN HpSO4 wper kubgram
is the range within which all our present observations ite.
Thls correspords to the raénttude of ths excess acid nrdduc-

tion in phlorhizinized dogs and cats. Ve desired not to
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get away from the rate at which acid may be formed in tﬁe
tissues spontancously. Our results may be expected to
have more'bearing on the fate of acid produced under
natural corditions than is the case with some previous
work, especially that of Eppinger, in which very much
larger doses were used,
A still smaller dose (6°25 c.c. of O°IN per kg.)
was nlso tried on ore occasion, but the changes produced

in the composition of the urine were t00 nearly within the

14mits of exovcrimental error to be of much value.

To some enimals acid was given by the in%ravenous route.
3ulphur1c acid was used for these experiments also. %The ine
jections were plenned to approximate to ¢he rate of absorp=-
tion when aclid is given by mouth. To get a rough 1des of
fwhat thls might be, the urine excreted in the first 43 hours
after administration of acld in Experiment 4 was OOIiected
~and analysed separately ~ gbout half the ac%id had by that tine
" been absorbed and excreted, so that much more than half must
have entered *he circulation. An average rate of 6°05 c.c. of
0°1N seild per kilogram por minute was accordingly chosen for
the Intravenous injection. But after several unsuccessful
attempts to begln the Injection ut this rate, we evontually
discovered that, if still slower rate was used at the start
(0*015 ¢.c. per kilogram per minute), it could be gredually

increased at least six or seven times without hamm.



In order to secure a uniform rate of injection an
automatic injccting machine(illustrated below) was used. The
gkin over 2 vein in the leg was sheved and needle inserted
into tho vein and held in position with strips of sticking
plaster, !

Subcutaneous 1njeqtions woere given under the skin of
the abdomen. BSame dosage as given per os was used;

aamples.of urine were collected as described previously.
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(5) METHODS.

Total Nitrogen was determined by the Folin and

Wright's/%%zggzcation of the Kjeldahl methoc. In this modification
sulphurie <cid of the original method the followinr acid
mixture 1is substituted.‘ To 50 c.c, of a 5 per cent.

conner tulphate solution is added 307 c.c. of 85 ner cent.
phosvhoric scid. To this mixture is added 100 c,c. of con-
centrated sulphuric acid (free from the least traces of
ammonia) and mixed. This mixture gives a very much higher
temperature than sulphuric acid.

Details of WMethod. With a pivette transfer 2 to 3

¢.c. of urine to a Kjeldahl flask, capacity 300 c.c.; add

5 c.c. of the phosphoric sulphuric acid mixture and 2 c.c.
of 10/ ferric chlorid» solution; add 3 or 4 pebbles, to
prevent bumping. Fix the flask in a clamp (in a hood) so
that the bottom 1s only about 1 c.m. above the top of =
micro~-burner. Boll with a full flame until all the water

is driven of{ and the flask becomes filled with white fumes.
At this point cover the mouth of the flask with a watch
glass and note the times. Continue the hoeatinz (without
changing the flame) for two minutas. At the end of two

‘minutes reduce the {lame; the whltsa fumes should now be
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confined within the flask. Vith the small flame, the
heating is continued for two minutes, counting from the
tie the mouth of the flask was closed. Remove the flame
and let cool for not less thun four, ror more than five,
minutes and then add 50 c.c. of water, i!ithout addirg more
water to the hot acid solution in the Kjeldahl flask, intro-
duce 15 c.c. of saturated sod. hydroxide and connect nromptly
into the receivér, which contalns from 25 c.c. to 75 c.c. oOf
0°1N acld, and the total contents of the receiver are made
up of the total volume of 150 c.c. with distilled water. With
the bottom of the flask only about 1 c.m. from the top of
the micro-burner, boil vigorously for five minutes, counting
from the time the solution begins to boil hard. At the end
of five minutes,withdraw'the receiver, allowing 1t first to
rinse 1tself with steam for a few seconds. Cool the dis-
‘tillate, and titpate.

For calculating the nitrogen from the titration
figures, tho c.c. of 2°1N acid combined with the ammonia
are multiplied by 1°40land the result gives milligrams of

nitrogen.

Sulphate was determined by the method d~scribed
by Fiskef(%égilmethod denends on fhe precipitation of
sulprate with henzidine, and its #itration with alkali.
Benzidine is ar extremely weak base, and the benzidine
sulphate behaves in this titration as if it were an equi-

valent amount of sulphuric acid.
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Velume of urine containing between 10 and 20 mg.
" of sulphur as inorganic sulphate -is transferred to a
100 ¢.c. volumetric flask, and diluted to about 50 c.c.
with water. One drop of phenolpthalein solution is added,
followed by concentrated wmmonium hydroxide, drop by drop,
until the contents become faintly pink. 10 c.c., Of a
5% solution of ammonium chloride are added next, also
1.5 gm. of finely powdered basic magnesiwa carbonate.
Contents are made to the mark, flask stoppered, and
shaken for a minute, and allowed to stand for half-an-
hour, to allow of the precipitation of phosphates. Contents
are then filtered and the filtrate used for sulphur determinae
tion.

For inorganic sulphate determination, pipette 5 c.c.
of the filtrate into a 'large lipped Pyrex test-tube. add
2 droos of a 0°04 per cent, alcoholic solution of bromphenol
blue and 5 c.c. of water. Then add KX HCl, drop by drop, until
the solution is yellow. HRun in 2 c.c, Of Lenzidine reagent
(suspend 4 gm. of benzidine in about 150 c.c. of water in
a 250 ¢.¢c., vOol. flask. Add 50 c.c. of & HCi, dissolve, and
dilute to tne mark), and iet stand for two minutes.
Finally, add 4 c.c. of 95 per cent. ucotone freec of aldehyde,
and let stand for ten rinutes, Mkeanwhile, nrepasre a thin
‘mat of paper pulp in the bottom of the svnecial filtration
tube of the form illustrated in the diagram.
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On this mat, filter the benzidine sulphate}precipi-
tate with very gertle suction. Vash by rinsing dovm the
sides of the Pyrex test tube with 1 c.c. of 95% acetone
and transferring to the filtration tube; wash twice more
with 1lc.c. of acetone, and once with b c.c.

With the aid of a 1little water, poke the pricipitate
“and mat through the hole in the bottom of the filtration
tube back into the Pyrex test tube. Rinse off tha wire
with a few drops of water; and titrato the contents of the
test tube (hot) with 0°02 N NaOH, after adding 2 drops of
0°05 per cent aqueous solutlion of phenol read. In order
to be sure that all the precipitate is removed from the
filtration tube, the latter should be left suspended in
the mouth of the test tube until about 1l c.c. of alkall
has been run in through the filtratior. tube. The tube 1s
then rinsed.with 2 or 3 c.c. of watar fror 2 wash bottle, and
further washed by boiling the solutlmm urtll steam espapes
from the mouth. After another rinsing with a few c.c. of

water the filtration tube may he removed and the filtration
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completed, until J3°02 c.z2. of alkall produces a definite
pink color that remains or. boiling again.

The amount of irorganic sulphur in the 5 c.c. of
the flltrate aralysod is ontaincd (in mp.) b multiplying
the tithation flpgure by 0,32.

Total Sulphate. To 5 c.c. of the same fi{ltrate in a

100 c.c, beaker, add 1 c.c. of 3 ¥ HCl. Heat on a water
bath until tha solution has ev#poratod to d»yness and for

10 minutes longer, Trensfer the contents of the beaker +to o
lipped Pyrex test tube with five 2 c.c. nortions of water,
add 2 c.c. of berzidine reagent and proceed as for inorganic
sulphate.

Tﬁe author in prelinina»y exneriments with
this metjod obtained'results shoring an ervor not greater
than one ner cent. with known solutions.

Total Fixed E&g&fﬂas determined Ly the method des-
227

i
cribed by Fiske {t consists in the conversion of

[

fixed base into sulphate, and the -racipitation of the

sulphate so formed, with benzidine, and titration with alkali.

of the prscipitete suspendnd 4n water as desscribed above.
Measure into a lurge-lippnd Pyrex test tube (200 x

20 m.m.) a samnle of urine rapresenting about 0°1 hour.

(The sample should not contain more than 5 mg. of inorganic

phoaphorus, so leia than the amount 1nd;cated must be used

1f the phosphorus content is more than 50 mg. per hour or
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12 gm. per day.) Add 1l c.c. of approximately 4 N Sulphuric
acid,'0'5 c.c. of conc. nitric acid, and a quartz pebble, and
boil down until white fumes apvear. If the residue does not
soon become colcurless after this stage has been reached,

cool slightly, add a few droos more nitric acid and continue
the heating. When the remalning droo of sulphuvié acld has
become clear and colourless, let zool for a few minutes and
rinse into a test tube (aceurately marked at 25 c.c.) with
four portiqrs of 2 ¢c.c. portions of water, Add a drop of

\ satufatad alcoholic solution of methyl red. UWNeutralise with
powdared ammonium carbonate until the colour of the indicator
Just begins to change, and restore the pink color by adding

4 N sulphu;ic acid, one drop at a time. Heat to bolling

and again restore the pink colour, if necessary. Add a 10°5
per cent solution of ferric chloride crystals in O°IN HC1l in
the nroportion of 0°1 c.c. for each mg. of inorganic phosphorus
presént, shake, and run in 1 c.c. of a 5% solution of ammonium
acetate. add sufficient water to make the total volume 10 or
11 ¢c.c., heat again to bolling, and dilute to 25 c.c. mark with
cold water. Close the mouth of the tube with a clean, dry
rubver stopper, invert 2 or 3 times, and filter immediately
through a dry ¢ c.m. ashless paper into a dry test tube. The
filter should be kept nearly filled as long as possible, and
oﬂly sbout 20 c.c. of filtrat? should be collected. Stopper

the tube containing filtrate and cool.
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Transfer svc.c. of the filtrate to a small nlatinum
dishé g8dd 1 c.c. of 4 N }[2804, and evaporate on a water hath
until dry. Place the dish on a metal trianale and heat,
cautiously at first, gradually rising flame until fumes have
ceaaéd to cone of . Let cool, éppinkle over *he restfdue a
little povdered ammonlum carbonate and 1arite again, finally
raiéing the flame to 1ts maximur and movirg the triancle about
until each part of the dish nas been mcmentarlly subfected
to 2 dull red heat. 'mon the dlish has been cooled, add 2 c.c,
of water. ‘Agitute until the residue 1s dissolved using a
rubher-tinned rod to assist in dissolving it % f necessary.
Transfer the contente of the dish to n large pined Pyrex
tost tube ;nd rinag four tines with 2 c.c. of water. Deter-
mine the sulphate content of the solutlion by the berzidine
method deacribed above.

If 002 W Waldl is uscd in titrating the benzidine
sulohate vwrecipitate, the titration figure (after subtracting
a tempe ature correction of 1 ner cent.) gives the number of
of c.c. of N°IV¥ fixed base in the sample of urinc.

The order of accuracy of this method is that of the

(1722)

Inorganic ‘hosphate. was determired by Brigg'i/modifica-

‘sulphate determination nethod.

" tion of Bell and Dolsy's colorimetric method.



" This method depends on the reduction of phosphomolybdic
acid with the formation of & blue colour. If molybdic acid is
added to a solution of phosphoric acid (1.e., an acidifioed
solution of a phosnhate, phosphomolybdic acid is formed. If
the solution 1s reduced with hydrogulinone a blue colour is
formed, the 1ntansity of which 1s wroportional to the amount
of phosphate originally present. MNolybdates are not reduced
by hvdrogulnone. The addition of sod. sulphite deepens the
blue colour.

The method 1s applied as follows: Transfsar one to five c.c.
of urine, according to concentration of phosphate, into a 100 c.c.
flask; transfer 5 c,.c. of standard monopotassium ohosphate
solution coﬁtainipg 0°5 mg. of nhosphorus into another similar
flask. To ench flask add about 25 ¢.c. of phosphate free dis-
tilled wateor, 5 c.c. of molybdic acid solution (this is a
5% solution of ammonium molybdate in rermal sulphuric acid)
1 c.c. of *5% Hydroguinone solution and 1 c.c. of 20% Sod.
sulphite solution. J3olutlons are gentls mixed and allowed to
atand for 30 ninutes and mads o the mrk, and the color of the
standard solution 1s compared with that of the urine, setting
the standard at 20 m.m. reading of the colorireter.

20 divided by the raading for urine, multiplied by
the phosphorus in the standard pives the phosphorus
in urine taken,

This method gave result; with en erro» of less than

1°5%.,
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Ammonla was determined by the seration method of Folin
and McCollum.7<££§;:i%%hod depends on the liberation of free
armonia on the passage of stronz currvent of ~ir through urine
made strongly alkalins. The ammonla thus set free 4s received
In dilute acid; 1t 1s Nesslerized and the depth of the colour
resul®ing 1s comparad with the denth of colour of a standard
solukior of Ammonium Sulphate similarly Nesslerized.

Details of the wathod are: With an Ostwald pivette
measure 2 or 3 c¢.c¢. af urine into a laree Jera test tube (200 x
25 m.au.,s Choose the amount which contains nsarer 1 mg. of
Nitrogen. Ftt the test tube with a tw6~hole 1ubber stopper
caryrying an inlet tube, reaching to the bottOm,'and an outlet
tube. Connecct the former with the compresssd alr jet, and the
latter with an absorption tube having small holes drilled
through the wall at the end. Inpsert the absorption tube into
a 100 c¢.c. vol. flask containing 20 to 30 c.c. distilled water
and 2 c.c. O°IN HCl. Add 2 drOps kerosine and a few drops of
a solution containing notassium oxalste and notassiuvm carbonate
(157 of encan), quickly put the stopper Tirmly into the tube
and ptart the air current, gradually incroasing its speed for
about & minutes. 1In ten minutes all the ammonia should be
driver over into the rocéiving flask.

Kemove the absorptlion tube, rinse with water and
d41lute sontents in the flask to about 75 c.c. ripettld c.c. of

of standard ammonium sulphete (containing 1 mg. nitrogen) into



another 100 c.c. vol. flosk and dilute with water to 60 c.c.
Messlerize both solution and make colour comparison
with colori-eter.
"hon the current of air has been standardised by nre-
lirdinary exneriments, acration for ten minutes -ives resuvlts

with an error of less thar 1%,

Chloride Determinatimn ~reve considerable amount

of’troublc. Direct titration could not bs car-ied out. It
was found that e sddition of siivar nitrate and nitric
acid to the urine of cats, even during fasting, caused the
appearance of a davk coloured precipitate, indicaitive of the
presence of sulphur comoourds of *he nature of thiosulphate.
Removal of this intercering material became essential,

"o first employed 4 modified Volhard method after
destroving the organic matter by fusion with alkall.

Detaiis of the wmethod a3 employ~d aret-

Five e.¢c. of urine wara taken In a nlatinum dish and
to thie was added 1 c.c. of a saturated solutiocn of sodium
‘carﬁonate and 1 c.c. of a saturatzd sclution of Potassium
- chlorate. The rixture was evaporated to dryness o a water
hath. The dried ratcrial was ther 1gmilted. The ash was
dissolved in 2 c.c. of watsr and transferred to a large-

sized centricuge tube, .nd the dish rinsed four times with
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2 c.0, portions of water and the washings added to the
centrifuge tube.

To this was added ) c.c. {or as prequired) of 0°05 N
Ag NOz solution, a few drops of HNOz and a few drops of
ferric alum solution,as an indicator. The excess of silver
niﬁrate was titrated with a 0°01 N.solution of KCNS. KCNS was
added until the first signs of paramount reddish colour
appeared, The solution was then centrifuged and the precipi-
tdg; AgCl and AgCN8 thrown down, and tho ¢itration finished
ot the supernatant liquid.

The titration figure subtracted from 5 c.c. (as
AgNOz solution 4s 0°05 N) and the result divided by 10 gives
the o.c. of O*'IN Gi solution in the urine taken.

As ammonia determinations formed so important a part
of the investigation, it was dosired to run no risk of decom-
position even for the few hours during which the urine had to
stand between collection and analysis, and preservétion with
. ehloroform in the cold room was adopted as the means least
| likely to interfere with any of the analytical operations. We
relied upon statements in the literature, particularly Halverson
and Schuiz, that chloroform was without effect on this method.
After the chloride determinations for two experiments had been
carried out, ws found that chloroform did interfere with this
method of determination, and in consegudnce we have no reliable

figures for chloride in the first two axperiments.



- For the rest of the work the ashing was eccamplished
by boliling with nitric acid and permanganate,as suggested by
Koranyi. (! %47)

Detalls of this method ars as follows: 5 c.c. of urine
were téansferred to a large Pyrex test tube; tvo this a few
drops of nitric acid were added and the urine hrought to a
boil. Now saturated potassium psrmanganate solution was added
drgp by drop until the urine became colourless; boiling was
continued while permangansate was holiag added. Urinewas now
allowed to cool, and when cold 1 c.c. (or as required) of 0°05 N
AgliBz solution was added and titration with KCNS completed

as described above.

96.
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(4) RESULTS AND DISCUSSIOM,

l. Sulphuric acid pexr Os.

Analyses of the urine from (ur oral administration
experiments are presented in Tgqbles II to IV, while in Table
v will be found the results in summarized form, showing to
what extent ammonia and fixed bLase have partinipated in the
neutralization. From the 4th column of Table V. 1t will be
seen that we have in most instances failed %o recover all the
sulphuric acid fed; wusually only about 80 per cent. appears
in the urire as inorganic sulphate. Othors vho have worked
with gulphuric acid huve had a sgimilar oxperionce. While
the proecipitation of calceium sulphate In the intsatine, whioch
haa bgep'sugpested a8 &n explanation, is less likely to ocour
In fasting animels, we cannot say that 4% 4s impossible, for
" the large intestine after a week's starvation contains an
abundénce of fesocal material. Ip one case in which this
-was collected and analyzed, 27 mg. of calcium were found to
be presoent.

"hether the sulphurlic acid 1s incompletely absorbed,
or whether the absorption of the last fractlon of 1t is merely
dslayed, failure to reach the'oirculation promptly is almost
certainly the reascn for our 1pab111ty to find it all in the

urine - no such discrepancy has occurred in our experience



TABLE I.

Base~Nitrogen Ratioa.

an

Methed of
administ«
ration. ;

Per os. Subocutaneous.

Intravenous.

Dose of
Acid, ce.

0.1 N
oy
]

25 12.6 26

i

Experi-
mont
No. !

3 10 4 6 15 16

Day of
fast. ‘

frmenia (ec.0.1N) per gm. nitrogen.




TABLE I (Contd.)
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1 44 2y

2 41 28

3 34 46 25 21

4 28 32 20 47 25 2 5O 33 26
5 26 32 28 40 23 26 PU 26
6 24 26 23 34 27 26 50 28 28
" 50% 44% 50T 33 39T  40% 69t 31% 14t
8 g6 29 28 54T 30 e .61 19 v
9 22 26 26 40 27

10 28 43 24

11 45 24

12 34¢

13 22

Residual fixed base (ce.0.1 N) per gm. nitrogen.

1 20

2 26

3 42 56

4 35 22 34 ©8 34 23 24
6 | 35 29 29 32 34 31
6 39 36 35 30 35 36 36
7 62t 54 56t b4t 66% b4t 17et
8 se  set 30 30 34 36 8l
9 36 35 80
10 29 32

11 34
12 agt
13 37

T Day of acid administration.



TABLE 1I.
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Sulphuric Acid per 08 (30 c.0.0.1 N per kilo).

Experiment 2. Fasting Cat. 2.0b kilos.

Day Total { Inor- |Inorgsnic| Ammo-|Total
of Volume | X, ganic |Sulphate | nia (fixed Remarks
fagt P. base
CiCo BBe [CeCOIM 1cvc 0.1N BocsOIN {C,0.0.1N
2 101 1.74 42 45 71 54
3 120 L.77 45 an 61 63
4 102 4 B8 46 an 50 72
5 106 | 1.86 | 43 47 47 - 69
6 103 |1.97 | 48 5S 47 84
7 120 2408 | 46 208 1c4 115 25 C.sCe04245
%HQS°4 (equiva-
lent to 61<3c.¢,
Dol. No)
8 117 171 45 48 44 74




TABLE LII.

Sulphurice Aceid per 08 (25 Coe 0.1 N per Kilo.

Day Total Inor~ Inor- Amro- Total Residu=-
of Volume. N. genic ganie nia. fixed al fixed Cl
fast. P. sulphate. base. base.

Remarks

Experiment l. PFasting cat. 2.1l kilos.
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TABLE III (Contd.)

c. gm. oC . 6C. GC. GG. GC. GOC.

- oM TN O N OJLK O.I N Q.IN
3 86 1.45 40 38 66 62 ‘
4 97 167 40 46 54 68 |
5 98  1.54 37 43 50 60 :
6 101 1.61 38 58 39 62 |
: 2 060, '
7 107 169 43 86 76 95 232 .
8 105 | 1.86 44 59 55 70 =2 5‘%
. . CGCe
4 8'1§) ‘
0 81 1.37 37 38 36 69
10 97 1.6 40 46 44 665
Experiment S. Fasting cat. 2:55 kilos.
2 112 1,74 33 32 49 45  i1.7
3 106 1.4 35 30 36 60 13.8
4 92  1.23 2B 24 33 43 6.8
B 05 1.20 32 @ 23 33 42 5.1
6 105 1.13 27 24 26 44 4.4
13 2 57 | ggsco.géf
7 115  1.13 7 83 70 3.6)25 (!o'qui-
8 80 1.05 26 27 29 34 2. ggi ?§°f°
O
X- 87  1.02 23 21 27 36 2.9 -

- —— -

Bxporiment 10. Fasting cat. 1,12 kilos.

g@ﬁ)\lmm&

94 0.86 20 17 41 25 19 640
122 0.4 22 19 56 34 27 7.0
07 1.07 22 24 3 56 38 17.5
107 1.05 20 24 36 b2 36  16.1
. (25,000,
nomow o w ogop » o
e 0.80 21 Bl 68 81 25 7B(§iE) °




Sulphurdic Acid per Os (12.5 Qce 0.1 ¥ por Kilo).

102 .

Day Togal Incre Irors- Ampio»  hesidu-
of Voluria. 18 ganic ganie nia. al fixed C1 Remarks.
fast. Fe sulphato. basoe.
Experiment 4. TPasting cat. 2.35 kilos.
SCe Sme | CCo 84a. CGe CC. Ca.
OB} OTN | OYE | 0lIW U.1N
10 102 1.11 1 25 £o e e 2.9
) 25 c0.0.
il a2 1.06 | 28 P2 26 3€t 118 N Hp
804 Tequi-
1z 115 1401 | R4 B2 54 54 l.23| valant to
£9.5 cc.
15 96 1.05 | BB 25 23 39% CelN).
Lxperiment 6. Fasting cate 2.75 kiloa.
3 115<! l.17 ) 20,49 2% ] £25 42 B.0
4 125 ’ 1.1 ¢ 26 20 26 38 7.6
26 00.0.
5 £5 1.001 20 19 23 138 N H2
| 504 Tequt-
6 83 0.92 23 18 28 30 5.9} valent to
3445 CCe
7 03 1.09 | 20 49 a2 30 51} 0.1N).
8 04 0.9%4 | 22 17 28 28 6 o6

¥ Owing to shortage of maherial, the chloride in thesas two sampleas

was doterninad only by the fusion rethod.

The figures for residual

fixed base@are therefore too low, to the extent of 2 cce. of 0.1 N or

less.



TABLE V.

o s

1053.

Woutraliznasion of Julphuric Acid by Aumonie end Fixed Base.

I ‘
Dogse of | Method of ] kxperi [ Inorganic
, Neutralized by
acid per aﬂministi ment | sulphute | ) »
xilo. ration. Hoe. racovered d Ammo=-! Residu-
’ l’l’.& . al flxed S\m IS
: bese., .
gce O¢1 XN per_conk ey per per
coant oent cent
20 Per 0s. e 62 104 (0)¢ (104)
25 " L 83 64 | (46)% (110)
25 " 5 88 51 £S5 1086
25 o 10 ne &% 15 82
1245 " 4 109 o 42 74
12.5 A ¢ Vi 60 18 78
25 Subcuiue it 100 34 56 90
neous. ,
25 " 16 160 4n 70 117

1

.

¢ Approximate firures, hased on chloride dsterninations made by

the fusion mathod (see taxt).
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when sulphuric acid has been injccted parenterally. The
sulphate recovered frox the urins has, therefore, been ussumed
to be idaontical with the acount of sulphuric acid cbsorbed,
end upon this, »ather thar the total dose, we have based

our calculations (Téble V).

The method by which we have computed, from the urine
analyses, how rmch extre ammonin and fixed base have appeared i
in the urine will need ccme explavation, since 1t differs
from thoss ovrdinarily used. In festing animals, the chief
source of the urinary constituents #ith which we are ccncernedhen{
excepting,afcourse the period during which the enimal is
under the influence of zcid given - is muscle. As is well
known from observations on other animals, the amount of muscle
catabolized during stapvatior may vary considerably from day
to day; and cats, as a rather ertensive axperlence has taught
us, are no exception. The total nitrcgen excretion, in short
fasts ét least, 18 nesrly always =ither risirg or falling pro-
gresaively -~ and amonia, sulphate, phosphate and residual
fixed base, to mention only the things which now particularly
concern us, follow it in whichever direction it may be tending.
After tha Tirst few days of starvation they ¥l - barring
exceptional cases - bhecorms and remain oropcrtiornal to the total

nitrogen, within 10 per cent or lass.

That varfations in the level of nrotein metabolism should

ba taken into aceount in calculating ammonia production is quite



105.

beyond dispute, although usually this has not heen done in the
past. The method of calculation i1s identical in principle with
the familiar use of the G:N ratio in experiments on phlorhin--
4zed animals. The ratios required in the present case - ammonia
and residual fixed base respectivoly, to total nitrogen ~ have
been collected Into a separate table (Table V.), for it is only
by the examination of them that the reliability of the calcula-
tions may be Judged. In Experiment‘l, for example, the ammonie
ratio (c.c. of 0°IN ammonla por gm. of nitroger.) vas 26 on the
day before, and 22 on the day following that on which acid was
fed. The average of these two flgurss (27°5), we assunec, 18
what the ratlo would have been on the experimentel day if no
acid had been given; subtracting it from the ratio actually
found (44) lemves 18°5 c.c. of extra ammonia produced, per gm.
of total nitrogen excreted, in response to the sulphuric acld
adminfistered. The total nitrogen on that day (Table II.) was
1.69 gm., therefors the total extra ammorla exoreted was 1°69
2 18°5, or 28 c.c. of 0°1IN. Of the acid given, 44 c.c. of 0°1
N‘were recovered from the urine, as determined by a similar
calculation, 80 the fractlon neutralized by smmcnia was 28/44,
© op 64 per cent.

A1)l the other results in Table V. were computed by the
sameé method, Thev show, flrs+ of all, thet on the average sbout
60 per cent. of the sulphuric acid givern by mouth and subsequently

recovered from the urine hes been neutralized by ammonia. If
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bazed upon the entire dose of acid, ths average would come
to atout 50 pe» cent, - Aistinctly hirsher firure than the
general rmn of results that have heen reported with animals
which were fed during exnariments (P. 4f>). Tr this there
13 somp éupport for the view, expressed in the introductory
part of this paper, that a certain amourt of acid may be neutrall
ed by basic nonstituenta of the tood which huve sccurmulated in
the tlassues. There is certainly no me»it in the contention of
Eppinger tha% starving aninals are incanable of producing
ammonia to protect thermselves against admiristered acid. Eppin-
ger's contention was thut tissue nrotein cannot serve as a
aource of aimuonla. As far as Cagrnivorae are concermed, his
only basia for thls view was one improperly controlled
experiment}on a dog, intended to show that the lethal dose of
acld is leas during starvation; mno analyses were made, for the
dog did not survive. B4 ther Eppinger believed that acid
introduced into the body from without is a special case, or
else ho overlooked a number of well=known facts. Ammonia
production Tor the neutrallzation of acid metabvolic products,
formed ~1thin the body, is of course Inconteatable - the high
ammonia excretion in fasting man (with acidosis) is all the
proof that need ho ol ted.

In one experimwent(No.2) apvmpently the entire burden
of neutrallization fell on thq ammon ia mechenism. Occasional
rosul®s not unlike this may be found scattered through the

11 terature, but they are not at all typical.
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?t was in the first two experiments of the series thet
the chlorides determinations were done by the fusion method,
with results thnt are distinctly too high. In these two cases
we are, *herefore, urable to givae acourate figures for the
regidual fixed baze. The tota) fixed base was, nevertheless,
dstemiined, and in Experiment 2 1t was {ound to have risen
markedly on the dav of acid administration. Fron that fact
it mizht be inforred that a conalderable naxt of the acld
had been neutralized by fixea haseo, and wthat the to*al extra
base elﬁminated (1n61uding ammor.ia) was far more *han the
aquivalent of the aulpnuric seild absorbaed. Fortuwratsly, *the
two chloride methods - fusion snd the permangana’ke method which
we finally sdopted= were compared an more thean 50 samples of
urire, all of which were preserved with chiorcform. thile the
error in the former method 4s considerable, it 1s always about
the sane, and for comnarative purposes the results are not
entirely without value., On ths dny in guestion, the chloride
output as o matter of fact rose also, and to practicelly the
gameo oxtent as the total fixed base - by the nearest estimate
that we are able to make, there wes nc incresse in the residual
fixod base at 21}. This 4s perhaps the most striking evidence
vthmt we can pive to show the importance, really amounting to
indispensabliity, of chloride determinations in connection with
the present problem, It follows with equal force that hydrochlor-

1¢ acld is not s suitable substance tc use in such work.
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In Experimentl, as nearly as we can tell - since the
same inaccurate chloride mcthod .as used here also - the ine
crease in fixed base was fully enough %0 covear the fraction
of acld not neutralized by amronia.

One cf the objects ir mind in chooring fasting animals
as subjects was, as we have sald, %o exclvde the poscibility
of neutralization by fixed base derived from tw3 food ard
temporarily stored in the tissues. The fixed hard 18, rnever-
theless, increased in nearly every case ~fter the fsaoding of
sulphuric acld to fasting csts, but the quantity varlss
greatly. I Expariment 2, for reasons alrgady given, none
could be datected within the exnertisantal arr-o>, In thls case
comparatively lavge. In Exveridenta £ and 10 tho amount 1s
small -ejuivalent to 18 and 15 per ﬁaﬁﬁ respactively ol the
sulphate -~ but apparently well outside +the limit of error. In
the otner thres experiments (1, 3 and 4) sbout half the sule
phuric acid was neutralized by fixed base. T™e only emnlana=-
tion which we can see for these variable findings is that
the amourt of fixed base svallable Tor the neutralization
of acid iy not the same in different subjects. From this it
sooms ;o foilow that -~ at any rate with the comparativaly small
d oses whlah we huve uvsed~ if acld feeding deprives the body of
fixed base at all, it draws only on a supnly which 18 noh
particularly needed, and which is thersfore not tenaoious}y

.

rotained.
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From one atandpoint the amount of (ixed base lost,
sven in the most extreme irstancae, 48 small, 55 c¢.c. Of O'IH
basa, in a cat of 2°65 kilos (Exneriment 3), %15 only 22 o.0.
ner kile body wefght. If the "glkeld rererve” ray be nssumed
to he uriformly dlstributed throvighovt the body {lulds, a
losga of this wmagrnitude wonld dininish the corcentration of
pasa br only 0°003 Y., equivalent %0 £°'7 volvmes per cent.
carbor dioxide ~ a small fractiorn of the normal range of
variation in the blecarbonate cantent of »lasma,

Ye beslleve, therefors, that we have not succeeded, with
30 ¢.c. of G°1n acid or less par kilo, in withdprawiag from
%he‘tissues fixsd base that cannot well be Sparéa.

28 noted earlier, there is some uncertainty about the
caloulation of extra ammonia excretion in Experiment 10, because
the ammonia coefflicisnt rose slightly but permanently during
the last few deys = probably tie Plgure given for reydtralization
by amrnerin §s underestimated., Only with the smallest dose
tried (125 c.c. por kilo; do the ammonis and rasidual fixed
base tomather definitely fall short of covering all the
sulphuric acld abhsc»bed. (Experiments 4 ard 6). Presumably
the rest hag bBeen dlasposed of by the procesa'of acid excre-
tion, but the meat that we can say on this noirt is that a
sufficlent Lnarveasz in titvatable acidity to account for what

remains nmay have occourred. Acldity titrations wers done in



nearly all these experiments, but not inconsideradls vuriations
ware found in thoe control periods, and any slight changes due
to acid beding oennot readily bs datectsd. Evidehtly, by

the use of fasting subjects, we have oliminatad acld excretion
as 8 factor - as indeed we hwd rlanned to do - rob entirely,
but 30 nearly that no accurate astirate of 4t ragnltude can

be made.
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-

a. Intraverous Injectiors,.

)

As quoted ahove, Keeton (1921) had noticed from
literature that ammonla mechanism did not come iInto play
equally effectively in all forms of acidosis. He divided
the cases of acidosis reported into two categories: (1)
those in which ammonia excretion reached a high level,
and (2) those in which ammonia excretion did not seem
to be an irmportant factor. 1In the first category the
anid was always hepatogenous in origin, or was introduced
into the Yody by the alimantary routa and very largely
passed through the liver after absorntion. He enunciated
the hypothesisz, that amionia 13 nroduced to neutralise
asld only if the acid alther arises in the 1iver or enters
the 1£ver through the ﬁortal circulation, He undertook to
verify this hypothesis by experimental work. He gave acid
by the mouth and by the intravenous route, and found that
when the asid was administered per o8, a considerable
fraction of it nroved to have boen neutralised by ammonia,
while the game dosc vhen given intravenously produced little

or no increase in the ammonia oexcretion. He therefors



TABLE V1.

Sulphuri¢ Acid Intravenously (12.5c.c.0.1 N per Kilo).

Day : Potal | Inor= | Inor- Aunor- | Residu- |Chlorp
of | Voiumep N genic | ganic nia. al fixed{ ilde.| Remarks.
fast. ' Pe suliiate. bassee.
Experiment 8.|Pasting cet.2.14 kilos.Injection startad very slowly.no hype
CCo &gue §.C.0.1M GG CC GCCe U0 .
- 0L N 0.T ¥ )| O.IN |OJI'N
4 a7 Le0% 25 22 33 25 446
5 106 1.29 27 24 35 37 601
6 a8 QeSO 24 19 25 31 7.8
7 129 1.26% | 21 48 30 68 184 25.760.0.
IN H2S04.
8 90 1.26 ev 23 24 44 25 injected
i in 54 hows

-
Expsriment 1l. Feasting cat. 2.58 kilos. Alr hunger.

5 100 | 1.35 | 33 24 55 21 118

6 63 | 1.26 | 23 22 55 45 4.2

n 82 | 0.70% | 35 55 10 123 35.1 32 co.0.1N
HQSO4 .

g8 | 110 |o.90% | 28 51 6 "5 57.0 injected in
4 hours.

+ Non~protein nitrogen. The protein nitrogen was G2 mge

‘ " " " " ] t

79 ng., including 5 mg
in the form of lkemoglobin. pH 7.4.

¢ Non-protein nitrogen. " .o " 20 mg.

8 21 hour urine. The cat died btefore the end of the period.
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surmised that the liver was the seat of ammonia formation.
This contradicted the work of Ngsh and Benoedict whose
work tended to show that the kidney was the chilef seat of
ammonia production.

Bayliss (1919),before Keefion,had reported one
experiment on intravenous administration of acid to a
dog. He determined the armonis in the urine secreted
before the in jection was begun and for a period lasting up
to 77 minutee after 1t had been completed. He observed no
significant increase in ammonia production. He drew the
conclusicm that ammonia production does not appreciably
core intc play in short experiments. Bayliss thereby laid
stress on the time element, while Keeton emphasised the
route of gdministration. Bayliss made no attempt to control
his experiments by using other paths of administration
as was dane by Keeton.

Honing to b%a able to throw agme light on this
rather curions situation we undsrtook a number of experiments
of intravenous injection of sulphurlc acld. The task
proved {2 be far rors difficult than we hud antlélpated.
We noticed that acld infection Into a cet's veiln, no
matter how slowly done, always resulted in haemoglobinuria.
Bayliss had noticed the same difficulty. We found that
~ though the actual amount o{ hsamoglobin exoreited was small,

it was always accompanied by a much larger quantity of
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&lbumin, showing that the kidney was invariably damaged,
end the normal proportion between total nitrogen and other
waste products disturbeds. We were, in consequence, unable
to rely upon the method of calculation by means of which
we had followed the ratio of ammonla produced to the acid
given in the experiments of acld per os. Our results,
however, show: (1) that there is little or mo increase

in ammonia, and (2) that a sufficlient rise in residual
fixed base exsretion occurs to account for all the acid
injected and sometimes even mors than that. The first

of these observations confirmedKeeton's work; the second
furnished a clue to their interpreotation.

Judging by the facility with which haemolysis is
produced, cats are unusually susceptible to acld given
intravenously, for other species that have been tried
rérely show any effect. Sz11i in his experiments on various
specles notlced haemolysis in a few sheep. oré gave acid
intravenously to dogs and does not mention whether he noticed
eny change in the urine. Gutiman used rabblts in repeating
Oré's work, He also did not notice hauemoglobinuria,

Further evidence of abnormal behaviour of cats we
encounterad in dAlstressing abundance, for all our first
attempts terminated fatally. Ve shall not dvscribe all
the efforts that we wmade 0 surmount our difficultlies, but

we did finally find a way out.



115.

The injections were planned to approximate
the rate of absorption when acid is given by mouth.
To get a rough 3idea of whati this rate might be, the
urine secreted in the Tirst 47 hours after administration
of acid in Expsriment 4 had been collected and analysed
separately. We found that about half the aeid had by that
time been absorted and excreted, so that much more than
half must nave entered the circulation. An average of
0°05 c.¢s O*IN acid per kilogram per minute was accordingly
chosen £or the intravenocus injoectlons. ‘

Aftar several unsuccessful attempts Lo begin the
injection at this rate, we eventually discovered that
if still) slower rate was used at the start (0+015 c.c.
0"1N per kg. per minute) it could be gradually in-
creaasd at least 5 or 6 times without harm. An automatic
injecting machine had to be used for giving injections so
slowly. 1mis was the deviee adopted In Experiment 8
(Table V1,.) where wo vore not troubled even with hyperpnoea
which Bayliss was unable o avold except by the use of
moerphine. The respiratory rate verained below 40 per
minute «ith the excesptior of a very sanort period early
in the eoxporinert, vhern {% rose to 48,

By our usvel methed of cnleulation we {ind that
15 per cent, of the sulphuric acld was in this case
neutralised by emmonia, and S0% by fixed base. Whether

the ammonia production is real or only apparent, We can



ses no way of deciding, but at all events thts particular
experiment is not seriously inconsistent with Keoton's
observations.” The next one, however, gave verv different
results,

¥hen no spacial precautions wore taken to avoid
hvperpncea, the remnlts were very different. In Experiment
11 (Table VI.) we %ried to control the resplration by
making tho injection intermittent, the rate varying
between 0¢04 and 0°07 c.c. of O 1IN per kg. per minute.
But we did not sveceed. Vithin the first 20 minutes
pronounced air hunger appeared. Although the injection
was then entirely suspended for nearly an hour, the
respiratory rate remasined well above 100 for some time,
and was still about 80 (with no sign of falling further)
vhean the injection was resumed. Nevertheless, during the
last 140 minutes of the injection, when 75 vsr cent, of
é;e whole dose was introduced at thoe rote of 0°07 c.c.
per kg. vor minute, the resplratory rate was orly 46 - 57,

The snalytical resulis of this exverinent are very
instructive. It is porfectly clear that, in one sense;
the acidosis was more than Qompensatod for by over-
ventilation,for the extra residual base excreted was
" about 2°5 times the equlvelent of the acid injected.
With all this fixed base l?beratod, 1t 1s no wonder that

the ammonia excretion actually fell, or that +the urine
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beceme alkaline. We can not escape the suspicion that the
same ocmpensatory process, in milder form, is the real
cause of appareni absence of ammonia vroduvction when

no very serious respiratory disturbance takes plece.
Respiratory disturbance in our experiment 1s extreme, but

a Alzturbance iess mmrked wight essily remain unnoticed.
. Subcutaneous Injection.
"Having been thus led to doubt the soundness of

Keetonts explanation ~ namely, that scid entering the
systemic  circulation directly is not exoreted combined
with ammonia at all ~ we were able $0 settle the question
wdsr less severe conditions. Vary slow Intravenous
injagtions over very vrolonged periods were tried
unsuacessfully, Lor in ceis the vein 1s inclined to get
clogged by agzlutinated corpuscles. For the main point
at issus, tho precise rate éf entiunco to the ciroulation
is of no partliculur importance, und subeutansous injections
sorve the purpose quite au vell.

Acld given subcutaneously in doses of 20 c.c. of
0.1 per kilogrzm (Table VII and V.) is neutralised by
ammonia to the extant of about 40 per cent. No great
significance can be attached to the fact thet less ammonia
1s formed than when an equel quantity o? acid is given by
the mouth. With a larger number of experiments the
difference might concelvahly d4¢sappear. Purthermore, the

absorption of =2cid 48 no doubt more rapild from the subocutan-
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|

Sulphuri¢ Acid Suvcutaneously (25 Cc.0s)l N par Kilo).
Dy Tota)| Inor=- | Inore- Anmo=| Residu-|Chlor
of Volume. H. | ganic | ganic nia.|al fixed| ide. Remarks.
fast. Pe sulphste. basea. :
Bxperiment 16« Fasting cate 2.56 kilose
= = og‘ct‘ﬂ SaTon oo N| 0T _Q_%%:N
4 78 1.4% 30 20 39 41 Hed
b 90 1.50 30 20 38 44 B0
é 103 1.49 33 18 59 45 b.4
7 127 1.52 | 3 86 81 82 4.3
8 98 1.54 | 30 27 38 46 12.8 |
| ]
Experiment lGe. Fasting cat. 1.69 kilos. |
4 86 0.97 | @3 26 48 85 2.3
5 80 0.96 22 26 45 31 3.8
6 s0 | 0.91 | 23 26 45 a2 o4
7 89 0.93 o4 65 64 60 2.5
8 85 0.35 22 23 43 29 6.8
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dous site, and we can not be sure that the causes of

the peculiar results of intravenous Iinjection are wholly
o

absent hersa. The formatlon/ to neutrallse acid entering

‘A
the peripheral circulation is at all events unquestionable.
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5.The Influencé of Acid on Phosphate Excretion,

From the fact that phosphates played s very important
part in the regulation of reutrality of the body, the
question arose whether phosphates did not also assume an
importent rOle in the elimination of scids from the body.
1'i%z, Alsburg and fHenderson gave large doses ¢f acid to
rabbits for several days at a time. They observed marked
increase in phosphate exerstion and drew the conclusion
that phosphates 613 play a very lmpcrtant part in the
elimination or acld from the body. ‘Theolr vork has already
been adversely critlcised above on the grounds that they
used doses far too largse ©or the small animals used and
gavé the acid for very prolongsd perlods, the secondary
effects resulting, vitiasted thelr erperiments.

An Yncrease in chosphate axcretion by the kidney had
been observed, on nurmerous other occasions by various
authors, after the sdmirictvration of aecld +to verious specles,
especially to the humen subject. All this hrs contributed to
the bellef that increesed phesphete excretion played a
very lmportant part in tne elimination of acid. Rut
the workers - 3teenbock, itelson and Hart, Glvens und
Mendal and Zucker -~ who have determined phosphorus content

 }
of faeces and urine, before and after acid sdministration,
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have found the increase in phosphate excretion by the
kidney always acoompanied a corresponding diminution in
the excretion of phosphate by way of the Inteatines. The
work quoted from 1iterature 1s enocugh to show that the
belief so widely hald is not based on proved facts.

Though technical difficulties render 4t impossible to
nrove beyont doubt thut the faeces lose exactly to the
gace oxtent as the urine gains, 1t must be held ers
proven that diversion of phosphates from the intestine to
he urine core take place aftoer acid administration. There
1s in the abssnee ol actual analytical data, including both
urine und faecea, hardly any reason to doubt that tne
increase In nhoaphr1ta in urine after aocld administration
is due Bolely to ¢his facht. It sceems %0 us, therefore,
partizularly signiffcant that our fasting animals, 4including
those whizh recelved aclid by paths vther than the di gestive
tract, sheow nco bhanga ir pno:cphate excretion. The same is

confirmed by the ammonia and rasidual fixed base figures,




(5) SUMMARY.

Being convincod thet dietary Influences have been
-8 prolific source of confusion in the past, we decsided
to use fasting subjests, We had also some to the conzslu-
ston that the rdle played by fixed base in the neutralisa-
tion of acid can be mcre accurately studied, if some acld
other than hydrochloric acid is ysed. We chose sulphurioc
acid. In choosing maximum dose we were guided by the normal
dailly acid production in fasting cats « our experimental
subjects. This also corresponds to the magnitude of the
excess acid prcduction in phorhizinlzed dogs and cats. We
did not wish to got too far away from tho rate at which acid
may be formed in the tissues spontaneously, so that our
results may be sxpected to have nmore bearing on the fate
of acld vrecduced under natural conditions thar is the case
with some previous work.

scid per Os.

Sulphuric acld was givern from 30 ¢c.c. t0o 125 c.c.
per kilogram weighv in sInglc dosces to starving cats.
About BO% of the total amount of the acid glven was
recoverad from urins ss sulphats. t was found that
emmonia neutralised about 604 of the acid given by the
mouth and subsequently recé;eved from the urine, or 50%

of the total amount glven. Tuhis figure for ammonia is very



123

mich higher than (20 or 30%) had been observed in experi-
ments performed on animals that had beer fed during the
experiments.

Varying proportions of the acid were neutralised by
fixed base. Taking the extreme case noted by us, the amount
of fixed base lost is 55 s.c. of 0°1M¥ base in a cat of 2°556
kg, wolght. This corresponds to a loss equivslent to 6°7
volune per cent cavbon-dioxide, ~« & small fraction of the
normal range of variation in the biearbonate contenf of
plasma. If acld feading deprivas the body of fixed bace at
all, 1t draws only on a supply vwnich 18 not particularly
needed and which is, therefare, not tanaciously retained,.

No appreciable change in phosphate excration was

noted in any of the experiments,

Parenteral Adnminidstration of Acid.

intravenous injection.

Approximately the same dose of sulphuric acid was
given as per Os. To approxlirate the rate of absorption

when scid I8 given vy mouth, the acid was given at from
./
about 0°016 c.c. per kilogram per minute to shout 0°09 Cfbuper

kilogram per minute. It was noted that little or no in.

¢

ercase in smmonia took place, end that a sufficlent

!
/

rise in resliduul fixed base exoretion oocurred to aqéount
for all the acid injected. ‘But in every experiment pro-

found secandary changes occurrad, chief nmong Wwhich were
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¢

haemolysis interfering with the action of the kidney and
hyperpnoea. The latter alone would exolain tha apparent
absence of ammoniz production; over-ventilation evidently
setting free more than cnough fixedbase to neutralise the
acld, so that ammorla profuction was rendered urnecessary.
We were forced to the conclusion that this method of parent-
eral introduction of acid defsated the object we had in
view, 1,e. to see whether «cid entering the systerie circu-
lation directly is neutralised by awmmonia at £ll. Such
neutrelisation héd bean denied %y Keston. We therefore

tried parenteral aduinistraticrn undoer less severe con-

ditiong, i.G. Subcutanccuslx, end it served the purpose
well,

100 per cent, of the acid when administered by this
route was recovered from the urine. Increased ammonia pro-
duction neutralised about 40 of the acid. This average 1is
based on two expariments only, rhile tné everase for ali-
mentary route cdministrution is based on a very much larger
nunber of experdments, and we ore not sure the causes of
the peocullar results of intravencus 1njéct10na apre wholly

absent here. :
1

No Increase in phosohate excretion in urine was \

noticed in resnonse also to the paramtéral administration |
\
of aﬂido ‘
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CONCLUSION.

1. The principal means that the organism possesses
for neutralising acid i1s Ammonia production.

2. '™e mechanism of Ammonia production is independent
of the mode of entry of acid into the cireulation, i.e.
Whethep via the liver or directly into the blood-stream,
and 1s consistently brought into play, even after the
exhibition of comparatively small single doses of acid.

3. If acid administration in small doses, comparable -
to those produced spontaneously by the tissues, deprives
the bo§y of fixed base at all, it draws only on a supply
which the tissues do not need, and can, therefore, easily
spare., This loss corresponds to a small fraction of the
normal variation in the blcarbonate content of the plasma.

4, Administration of acid per os, or parenterally,
does not cause any increase in the phosphate excretion
in the urine.

The author wishes to aclmowledge hié indebtedness
to Dr. C. H. Fiske‘for his advice and interest in this
investigation.
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