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P R E F A C E . 

CLAUDE BERNARD'S postulation concerning the 

presence of a constant internal environment in the 

higher animals serves admirably to explain the 

nature of this essay. Speaking of this environment 

he said, "The constancy of the environment presupposes 

such a perfection of the organism that at every 

moment external variations are compensated and 

equilibriated ". 

This essay attempts to describe the nature of 

those substances responsible for the maintenance 

of a constant hydrogen ion concentration in the 

body fluids, or, in other words, the buffers in 

these fluids. A buffer is a substance capable of 

producing either H or OH ions, but which is so 

weakly ionised in solution that changes in its conc- 

entration make very little difference to the total 

amount of whichever ion it produces. Of such a 

nature are the salts of weak acids and bases, or 

mixtures of weak acids or bases with their salts, 

and the proteins. How these effect their buffering 

action is best demonstrated by an example of one in 

action. Supposing we add to the buffer NaA the 

strong acid HC1. The result is: HC1 NaA= NaCl -BHA 



This HA is so weakly dissociated that the pH of the 

solution shows little change. 

In view of what we have said, the measure of 

the strength of a buffer must be its power to resist 

change in hydrogen ion concentration. Van Slyke 

has suggested the following expression of the power 

of a buffer 

= dB 
d pH . 

the buffer value. 

d B = the amount of acid or base added ( in gm 

equivalents per liter.) 

d pH = the resulting change in pH. 



The exact mode of secretion of hydrochloric acid 

by the oxyntic cells of the stomach is still 

undecided. Since we know:_that hydrochloric acid 

appears in the tubules of the glands, we can say 

that something of this nature occuics. 
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How this result is bought about is as yet 

unknown, and the above diagrams merely indicate 

the ions that are finally concerned, and do not 

represent in any way the mechanism of this secretion 

The oxyntic cells seem to have the property of 

passing the hydrochloric acid into the lumen of the 

tubule as fast as it is formed. 

The main result,then,from our point of view, 

is an increased concentration of HCO in the blood. 

The extent of this inrcease in the alkali reserve 

can be gauged from the fact that gastric secretion, 

in malt ,in the four or five hours after a meal may 

amount to 500 ccs of 0.13 N,hydrochloric acid. 
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This represents 65 milliequivalents of acid,and the 

increase inAalkali reserve must correspond to this. 

As the total amount of bicarbonate in the blood is 

about 10 grans, or 120 milliequivalents, this 

represents a large increase within a few hours. 

How the blood buffers this increase is 

explained in the chapter on blood, and we will not 

repeat it here, but rye naturally expect that the 

kidney will be called on to excrete some of this 

excess alkali. This does not occur, though earlier 

workers explained matters by saying that it did 

occur. This morning , alkaline tide has now been 

shown to follow after the shallow ventilation of 

sleep, and to have no connection with food. 

There is then, some mechanism for balancing this 

tendency to alkalosis. We naturally think of the 

alkaliriepancreatic secretion, occurring roughly 

simultaneously. That these two secretions finally 

neutralise each other is assured by the secretin 

mechanism, for this hormone, while stable in acid 

solution, is rapidly destroyed in a neutral or 

alkaline reaction. The hormonal secretion of 

pancreatic juice must therefore cease when the 

gastric acid is neutralised, for secretin is 

produced by the action of acid upon the mucous 

membrane of the duodenum, the jejunum, and most 

of the ileum 



Further investigation into the behaviour of 

secretin shows that it causes the secretion of a 

fluid considerably more alkaline than the vagal 

( psychic) secretion, which is rich in enzymes. 

From observations on dogs it has been shown that 

there is an acceleration of any vagal secretion 

already present when the acid chyme enters the duod- 

emum. 

It therefore seems probable that the main 

function of secretin is to ensure the secretion 

of an alkaline pancreatic juice before the acid 

gastric secretion has any noticeable effect 

on the alkali reserve of the blood. We must, of 

course, consider the possibility of the pancreas 

being affected by a slight alkalosis due to gastric 

secretion. This is however unlikely, as alkalosis 

results from other causes than gastric secretion. 



M U S C L E . 

As the changes occuring in a muscle during 

contraction are constantly modified by the continued 

supply of oxygenated blood, we will consider the 

muscle's metabolism firstly under anaerobic conditions 

and then we will study the effect upon that 

metabolism of a conbtant blood supply. 

ANAEROBIC 

Up to date, our knowledge of anaerobic 

contr4ion recognises the following reactions. 

1. Phosphagen breaks down to creatin .:and phosph- 

oric acid, and some of this is resynthesised in the 

20 seconds or so after contraction. 

2. A proportion of the phosphoric acid becomes 

combined with hexose, forming hexose monophosphate. 

3. Glycogen is hydrolysed, the hexose forming 

hexose monophosphate, which breaks down to lactic 

acid. 

4. Ammonia is formed from adenyl- pyrophosphate. 

5. Adenylic pyrophosphate gives pyrophosphoric 

acid, which then formU orthophosphate. 

6. The lactic acid is neutralised partly by 

alkaline protein salts and partly by inorganic 

phosphates. 
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The relative effects of these reactions vary 

with the amount and the duration of the work 

performed. Reaction nu:ber k. is comparatively small 

in extent, and reaction number 5. only occurs when 

anaerobosis and fatige have been carried to a 

pathological extent. While recognising the existence 

of these two reactions, our main interest is in 

the first three reactions. 

Until recently it was beleived that muscular 

contractions resulted in acidity, though this might 

be too slight to be measurable, and that this 

acidity was due mainly to lactic acid production. 

Lipmann and Meyerhof, using a method based on 

Warburgs manometric technique, have lately shown 

that for a time after work has commenced there is 

an increased alkalinity in the muscle. fig. (3. 

Moreover, we now know that until there has been a 

considerable breakdown of phosphagen, there is 

only a sl?.t production of lactic acid. 

The muscle,it seems, shows no inclination to comlete ly 

resynthesise its phosphagen until there is no longer 

a plentiful supply of this substance present. It 

waits,in fact, until there is only sufficient 

phosphagen for about ten more contractions before 

producing a hundred per cent reversal of its 

breakdown. These facts are shown somewhat crudely 

in fig.2 . which figure is merely to be taken as an 

indication of the type of action taking place, and 

not as a strict representation of the facts. 
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The above statements indicate tha t an acid 

reaction is not to be expected immediately after 

contraction, but we have still to explain the definite 

alkalinity. As the breakdown of phosphagen is the 

main reaction occurring during this period, we will 

investigate its behaviour during its hydrolysis. 

Consideration of the titration curves of (04 1.A) 

phosphagen before and after hydrolysis show that 

the pK of the solution shifts from about 4.5 to 6.2 

or so during the process. The curve further shows 

that while phosphagen does not buffer at the pH of 

the muscle, the products of its hydrolysis do. 

There is also a small amount of ammonia'produced, 

and this will have a slight effect in producing 

this alkalinity. These processes,then,explain the 

small alkaline shift in the early stage of muscular 

work. 

After stimulation has continued for a short time, 

actually two 3 minutes tetani in Fig. tB. there 

commences a shift towards an acidic reaction. This 

acidic tendency is the one we have known for so 

long, and is due mainly to lactic acid production. 

Proof of this has been obtained in two ways. Firstly, 

if we poison a muscle with iodoacetic acid, so that 

there is no production of lactic acid, stimulation 

causes a steady rise in pH until death results, at 

which time it will be found that there is no 

phosphagen remaining in the muscle. 



Secondly, direct estimation of the amount of lactic 

acid, and phosphagen breakdown, made at the time when 

the muscle has just returned to its resting pH after 

its alkaline excursion, gave the following figures. 

Acid equivalents 

( lactic acid ) 

0.59 x 10 

rasic equivalents 

(: phosphagen breakdown) 

0.5 x 10 

The slight discrepancy between these two is almost 

accounted for by the ammonia present, which was also 

estimated, giving a figure of 0.06 x 10 equivalents 

of ammonia. 

These two processes do not represent a true 

buffer action, but can be regarded as a balancing 

mechanism. 

When we continue this anaerobic stimulation of 

the muscle beyond the point where this balancing 

mechanism exists, we meet further buffering actions, 

this time of an orthodox type. The most important 

of these due to muscle proteins, namely, myogen 
A 

and myosin. These proteins have isoelectric points 

of pH 6.3 and 5.1 respectively. ( These figures 

of course, vary slightly with the salt concentration. 

They therefore exist in the blood as alkaline salts 

and we can imagine some reaction 

occurring on the production of an acid in the 
muscle. 

such as the following 

H A Pr = NaA,+ HPr (weakly ionised), 



The inorganic phosphate, which seems to appear 

so conveniently on the breakdown of phosphagen, 

will also resist any change in hydrogen ion concent- 

ration 
. The phosphate system is used so widely 

throughout the body, that a detailed description 

of its action is worth while. The system consists 

of the two salts, NaHzPOÑ and NazHPOO . In a dilute 

solution of NaHzPO , the following ions are present. 

Na' HZPC;µ ; H' and HPO4 , and also the H and the OH 

from the water. The H'ions are in a greater quantity 

here, so the reaction will be acid. Actually, the 

pH of this solution is about 4.3. A dilute solution 

of NatHPO4 contains these ions, Na: Na and HP0' 

together with the H and OH ions from the water. The 

HPO,, unites with some of the H ions to form H2P0,,, 

thus leaving an excess of OH ions. The pH of this 

solution is about 9.2. As the conversion of one of 

these salts into the other requires the addition 

of one gram molecule of acid or base, we see that 

it forms a very powerful buffer. When NaHzPO 
NazHPO4 

equals 1/2.5 the reaction is neutral. 

These are the buffering activities in 
operation during 

the anaerobic contraction of a muscle, but when a 

muscle is'in situ', the changes are profoundly 

modified by the continuous blood supply. Ap Y 

The blood affects these activities 
mainly in 

two ways. These are: - 

1. The provision of oxygen 

2. The reioval of waste products (especially 

lactic acid.) 



The oxygen exerts its most beneficial action by 

the oxidation of one fifth of the lactic acid, 

thus providing energy for the resynthesis of the 

remaining four -fifths back to glycogen. The most 

important waste product which is removed is again 

lactic acid, but this removal is apparently only 

necessary on severe exercise. We will deal with 

this last phenomenon under another heading. 



U R INE . 

(E - bodying the results of some research. ) 

Leathes, in the B.1R.J. of Aug. 1919 ,in publishing 

the results of his investigations into the 

connection between nephritis and the character of 

the urine,pointed out a weakness in the existing 

method of measuring the 'acidity' of urine. This 

was to titrate the urine with sodium hydroxide to 

the turning point of phenolphthalein (pH 9.7). 

Such a method does not distinguish between acids 

of different strengths, and therefore gives no 

direct indication of the pH of the urine. 

He introduced an additional titration with 

hydrochloric acid to the turning point of methyl 

orange (pH 4.1). As a theoretical justification 

for this he pointed out that at pH 4.1 all the 

phosphate present is in the form of the monobasic 

salt (NaH2_PO4) , whilst at pH 9.7 all is present 

as the dibasic salt (NazHPO4); then'elince the 

principal constituents of the urine that determine 

its reaction are the phosphates,the reaction of 

the urine may be expressed in the same way as that 

of a pure phosphate solution , in acidity or 

alkalinity percent ', 



This has been interpreted to mean that the 

buffering of the urine over this range is due to 

phosphate. For instance , Starling (Principle: of 

Human Physiology,1933.),after describing Leathes' 

method,(p.c61) states that "the ratio of the first 

to the second titration gives us the ratio NaaHPO4 ." 

NaH:PO4 
Further, in 1932, a class exercise was introduced 

to the second year Biochemistry Medical Class at 

Edinburgh University , in which this method of 

measuring the phosphate was compared with Brigg's 

colo)tlrimetric method of phosphate estimation, and 

it was found that in general the amount of alkali 

required to change a urine from pH 4.1 to 9.7 

was two to three times as great as was to be expected 

from the amount of phosphate that it proved to 

contain.Moreover , titration against a pure phosphate 

solution would give sharp end points, but the 

actual end point in this case is very indefinite. 

This titration method,therefore,is measuring more 

than the phosphate in the urine. 

A subsequent investigation ,infact showed that 

Leathes' method, though very suitable for the 

valuable work he undertook, and a great advance 

on the previous method, cannot be correctly 

interpreted in terms of the buffering action of the 

phosphate. Indeed if the phosphate in a urine is 

removed by precipitation as barium phosphate in 

neutral solution, the urine is found still to contain 
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a considerable amount of substance capable of 

combining with acid or alkali, and thus bringing 

about a buffer action. An experiment was performed 

by the writer in which the electrometric titration 

curve of a urine was measured before and after thus 

precipitating the phosphate, and it will be seen 

from the results,(fig.5 ), that between the limits 

of pH 5.8 and pH 8 the acid and base combining 

power of the urine was by no means compltely 

abolished. 

In an endavour to gain some knowledge of the 

nature of these non -phosphate buffers, we plotted 

the full titration curves of several normal urines, 

hoping to find therm some inflexions, the positions 

and magnitudes of which might give some indication 

of the nattage of the principal substances concerned. 

A normal urine, however, turned out to be an excellent 

example of a universal buffer giving practically 

a straight line titration curve. (fig. ). 

It was now quite clear that the buffering action 

of a urine is due to a number of substances of 

approximately equal importance, their combined 

actions giving a titration curve displaying no 

obvious inflexions. Reference to tables of the 

composition of a normal urine indicated the following 

substances, in addion to phosphate, which might be 

expected to combine with acid or alkali, namely, urea, 

creatinine,uric acid, ammonia,and hippuric acid. 



A brief discussion of the properties of each 

of the$e substances might be profitable at this 

stage. 

UREA 

This is such a weak base that at first 

sight it would seem of little importance. There is, 

however, so much in the normal urine, (25 -)5 grins. 

per day,or roughly 2 grms.per cent.) that although 

it only combines very incompletely with hydrochloric 

acid, it might still make an appreciable contributio: 

to the buffering power. 

Reference to literature in order to find the pK 

gave very unsatisfactory results. 

A titration curve carried out by myself save a value 

of 0.75. This result, however, is uncertain because 

of the error unavoidable in such acid reaction:: 

Assuming a value of roughly 0.75, urea will exist 

50 per cent in the form of the hydrochloride at pH 

0.75, and may contribute quite considerably,in the 

extremely acid region,to the buffering power . 

At pH 2.75, only 1 per cent of the urea will be 

combined, but even so the total quantity present is 

relatively so large that even this 1 per cent may 

form a significant proportion of the buffering 

power of the urine at this reaction. 



CREAT ININE 

This occurs in urine in a concentration 

of about 70 mgms. per cent . It is monovalent, has 

a pK of 4.7, and a molecular weight of 97. This 

means that the creatinine in 10 ces. of urine, when 

in the above concentrtion will be combined with 

0.035 milliequivalents of HC1 at pH 4.7. 

URIC ACID 

Uric acid is very insoluble, and its 

concentration in the urine seems frequently to 

reach saturation, an average concentration being 

50 mgms. per cent.It forms three orders of salts, 

namely, the neutral urates, (Nazi.) , the biurates, 

(NarT.), and the quadriurates,(H UNaHÚ,), but in 

practice its titration curve between the usual 

limits reveals only one inflexion corresponding to 

a single pK value of 5.8 . This value suggests uric 

acid to be a suitable buffer for urine. 

The comparatively high molecular weight, however, 

(158), means that its acid or base combining power 

will be low. Actually a concentration of 50 mgms. 

per cent represents a base combining power of a 

little less than 0.032 milliequivalents in 10 ces. 

of urine. 

AMMONIA 

In the slightly acid reaction of a normal 

human urine, free ammonia connot exist. The 
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concentration of ammonium salts found by making the 

urine alkaline and aspirating off the ammonia,is 

50 mgms. per 100 ccs., in terms of NH3,but this 

is very variable. This great variability is due to 

a physiological buffering mechanism, which though 

not strictly relevant to the title of this chapter, 

is far too important to be omitted. 

The amount of ammonia in the urine is determined 

by the relative amounts of acid and base requiring 

elimination by the kidney. If the acids being 

excreted are equivalent to the fixed alkalies from 

the food, then the reaction of the urine will be 

neutral. In this case the endogenous nitrogen is 

almost wholly excreted as urea and only a very 

small proportion , if any at all,as ammonia. If,on 

the other hand,owing to excessive exercise, or lack 

of carbohydrate in the diet,etc., there is an excess 

of acid radicals requiring excretion, ammonia is 

utilised to neutralise this excess. 

The amount of ammonia in the urine can, 

therefore, be regarded as an indicationof the acid - 

base equilibrium of the diet. The pK value is 9.4, 

and the equivalent weight 17. This last enables it 

to exert a considerable acid - combining action, 

actually 0.3 milliequivalents per 10 ccs., when in 

the concentration previously mentioned 00 mgms. 

per loo cos). 
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HIPPUR3Ç ACID 

This is of interest as it is formed 

in the kidney as a detoxication product, the amount 

depending upon the amount of benzoic acid in the food. 

It is difficult to estimate, but can be isolated, 

and figures suggest that 0.7 gm. per day is erceted. 

The pK value of 3.71shows it to be a suitable buffer 

for a urine, but the high molecular weight renders 

it, in its normal concentration, almost negligible 

as such. 

On the basis of the above figures it might be 

expected to contribute to the base - combining power 

of a normal urine to the extent of 0.026 

equivalents of the base in 10 ccs of the urine. 

Half of this base will be absorbed at pH 3.7. 

PHOSPHATE 

This is the main substance responsible 

for the buffering of the urine,if one can give any 

one substance more importance than any other. 

About 2.5 gms.of phosphoric acid are excreted 

daily, this containing approximately one third 

by weight of phosphorus. This represents almost 0.8 

S4s. of phosphorus per day, or a concentration of 

a little over 50 mgms. per cent. The phosphorus 

in 10 ccs. of urine, therefore, ?ould have an acid 

or a base combining power of 0.16 milliequivalents, 

as the molecular weight is 31.In urine 
two salts 

only are of interest ,NaHzPO, and 
Na2HPO ,,,having 
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having respective pK values of 2.11 and 7.10. 

The relative importance of these two values is shown 

in the following table. 

This information is now given, for Öbnvenience, 

in tabulated form. The acid or base - combining power. 

is measured as milliequivalents in 10 ccs. as that 

was the amount of urine used throught the experiments 

Substance. 

Urea 

Creatinine 

Uric Acid 

Ammonia 

Hippuric 
Acid 

Phosphoric 
Acid (P.) 

Concentration 
in gms. /litre 

20.00 

0.70 

3.50 

0.45 

0.45 

0.50 

PK. M.W. m.equivs 
in 10ccs 

0.75 60 3.3 

4.7 97 0.07 

5.8 168 0.027 

9.4 17 0.30 

3.7 179 0.026 

2.1 31 0.16 
& 
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;Total 21.60 3.800 
Ç oncentration, 

If these substances we have considered represent all 

the buffering power in a normal urine they will 

satisfy the following conditions. 

1 The total of their concentrations would account 

for all the acid -or basecombining power in a urine. 

12 Their various pK values, together with their 

various concentrations would result in a titration 

curve precisely similar in shape and extent to that 

of the urine they were derived from. 

0.36 
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In order to prove these conditions satified; 

we would require an actual urine containing the 

same concentrations of these substances. Absolute 

proof cannot, therefore, be obtained from these 

figures, but by plottingthe titration curve of each 

substance, and combining these into one curve we 

can observe whether these substances produce a 

buffering action somewhat similar to that of a 

normal urine. 

This artificially composed curve is shown in 

fig. 4 ,and it will be readily seen, by comparing 

it with figures 3 and 6 , that it is of the same 

nature as that of a normal urine. ( Allowance must 

be made for the difference in the strengths of the 

acids and bases used for each titration.) 

Conclusive evidence that these substances 

represent the buffering power of a normal urine 

would be their production of a titration curve 

precisely similar to that of a urine, when in the 

same concentrations as they are in that urine. 

Exact similitude of the two curves, one the curve 

of the urine, the other the curve due to these 

substances in the concentrations in which they 

,exist in the urine, would mean that these substances,, 

and these substances alone,represent the buffering 

power of that urine. 

Accordingly, the analysis of an actual specimen 

IWas undertaken, recognisedly competent estimation 

methods being used, and the following concentrations 

of these substance:. W 1e obtained. 
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buffering power of the artificial urine is equal to 

that of the natural. We may conclude, therefore, 

that the substances we have considered, having a pK 

value of more than 5 or so, represent the buffering 

power of a normal urine above pH 5. 

Between pH 4.5 and pH 2.5, however, the artificial 

urine shows 

the 

per 

extent, 

40_:ccs. 

a distinct loss of buffering power, to 

around pH 3, of roughly o:3 milliequivalents 

Thus our analysis has not included all 

the substances having a significant acid- or 

base -combining power in a normal urine. 

We attempted to ascertain the nature of this 

missing substance (or substances)by positive means. 

Plotting the difference curve of the two titrations 

gave us fig. . This is seen greatly to resemble 

the titration curve of a single substance having 

a pK value of 3.5, and a concentration of 0.30 

milliequivalents per 10 ccs. 

Search for further knowledge of the missing 

substance revealed a discrepancy between the urine 

nitrogen as estimated directly and the total of 

the nitrogen of 

unaccounted for 

two figures are 

the substances analysed. This 

nitrogen is 0.16 gms per cent. These 

far too large to be accounted for 

by a normal concentration of hippuric 
acid (pK 3.7), 

so our omission of this substance does 
not explain 

the loss of buffering power. 

At this stage, for the time being, our 

investigations must cease, as there is no more time 



available. For as much as we have done our 

conclusions are as follows. 

A normal urine is a remarkably good example 

of a universal buffer, giving a straight line titration 

curve from pH 2.5 to pH 9. This buffering power is 

due to the following substances: - 

Urea 

Creatinine 

Uric Acid 

Ammonia 

Hippuric Acid 

Phosphate 

There is also another substance ( or substances ) 

as yet unidentified, but we know that the pK value 

of this substance, or the mean of the values if 

there are more than one, is roughly 3.5 . The acid - 

or base - combining power of the normal urine varies, 

of course, with its concentration,but an average 

figure is 6.0 milliequivalents per 100 ccs. of urine, 

between pH 3 and pH 9. 

The application of tìis knowledge , is , 

apparently very limited. The difficulty of producing 

either a very acid or a very alkaline urine is well 

kncwn.Tt is,infact,very difficult and usually 

unpleasant to raise the pH above 9 , or lower it 

below 5. It was once thought that these alteratins 

in the hydrogen ion concentration of the urine 
were 



sufficient to cause a bactericidal effect. There 

is no doubt, often a benificial result from such 
. 

treatment, but this can also be explained by the in- 

cident diuresis. 

Dr. Dunlop, et.al. ( Proc. Royal Soc. of Med 

Jan. 1933 Vol.XXVI ) have recently shown that 

B. coli flourish admirably in urine from pH 5 to 9, 

but a definite bacteriostasis resulted when the pH 

rose above 9 or fell below 5. A pH above 9 is hard 

to obtain, but one below 5 may be obtained with 

sufficient doses of ammonium chloride. 

By using a ketogenic diet, however, marked 

benefit often resulted in cases of urinary infectiai 

This ketonuria was in itself effective, but the 

best results were obtained when the pH of the urine 

was below 5.6 . This level was not always produced 

by the ketogenic diet alone, but it can be assured 

by also giving ammonium chloride say 20 grains 

three times a day. 



METHOD AND __422ARATUS 

There was nothing unusual about either the 

methods or the apparatus used in these experiments, 

and this description is merely included to make 

the essay complete. 

Gold quinhydrone electrodes were used in the 

electrometric titrations, as these have been proved 

suitable for use with urine. (See Grant, The 

easurement of Hydrogen Ion Concentration.) 

Potassium hydrogen phthalate was used as the 

standard, and the difference in potential was 

measured with the Cambridge Instrument company's 

portable potentiometer. Although N. acid and alkali 

were used in the earlier titration curves, 2N. 

were used for the final curves tominimise the error 

due to the addition of water. 

The estimation of the chlorides was also effected 

electrometrically, the sharp change of pH at the end 

point of titration with silver nitrate being measured 

with a sensitive galvanometer. Trichioracetic acid 

was used as the standard. 

The aeration method, as previously mentioned, 

was used for the estimation of the ammonia, urea, 

and total nitrogen. 

A Zeiss photometer was used in estimating the 

phosphate, the uric acid and the creatinine. Briggs' 

method was used for preparing the phosphate solution 

Benedict's cyanide method for the uric acid, and the 

picric acid was used for the creatinine solution. 



B L O O D . 

During any one cicuit round the body, from the 

left ventricle to the right auricle, the blood 

loses oxygen to the extent of about 10 volumes per 

100 volumes of blood, and gains carbon dioxide to thé 

extent of about 6 volumes per 100 volumes of blood. 

The reverse of these changes occurs in the lungs. 

The loss of oxygen and the gáia of carbon dioxide 

take place simultaneously, but even so it is 

remarkable that the normal variation in the pH of 

the blood, is, according to van Slyke, from 7,5 

to 7.3. 

The buffers responsible for this extraordinary 

accomplishment are the protein salts and the 

bicarbonate content of the blood. We will first 

give an account of the normal action of these 

substances as buffers, and then we will try to 

explain how they acheive a more perfect buffering 

action by a mechanism peculiar to blood. 

THE PROTEINS 

The proteins present in blood are 

1. Serum albumin (2.8% ), 2. Serum globulin (0.95 %), 

3. Filrinogen (0.25 % ), and 4. Haemoglobin (14.5%). 



In the slightly alkaline reaction of the blood 

these exist as the salts, the haemoglobin mainly 

as the potassium salt, the rest mainly as the sodium 

salts. The addition of CO to the blood will then 

result in the following reation. 

KPr f 1-12CO3 = HPr r KHCO3. 

Hardy has shown that the serum globulin forms 

combinations with acids, alkalies, or neutral salts. 

The acidic or the alkaline salts are ionised in 

solution, so that the whole mass of protein moves 

in an electric field. The globulin in these salts 

shows rather strongly acidic characters, and can thus ! 

be dissolved in a weak base like ammonia almost as 

well as in strong alkali. 

The most important of these protein buffers 

is the haemoglobin, not merely because of its greater 

concentration, but also because of its extra action 

in forming oxyhaemoglobin and carboxyhaemoglobin. 

How this property affectsthe acid -base equilibrium 

will be explained later in this chapter, but we may 

say here that without the aid of haemoglobin , the 

difference between the hydrogen ion concentrations 

of arterial and venous blood would be almost ten times 

its actual figure. 

THE BICAUONAAE 157451 

This is a very efficient 

buffer system, and its increased perfection over 

other creak acid systems depends upon the presence 

of a constant partial pressure of carbon dioxide 
in 



the atmosphere, and upon thelare solubility of this 

gas in water. The atmospheric carbon dioxide dissolves 

in water to an extent proportional to the constant 

partial pressure of the gas, and forms the weak 

acid I,V03 . Thus HzO i COa HzCO3 H HCO3 , and 

this, with the highly dissociated sodium salt, tends 

to stablise the hydrogen ion concentration. 
A 

In the body these conditions are modified, as 

there is a constant passage of CO from the tissues 

through the blood to the lungs. The amount passing 

out from the lungs can be regulated to suit the re- 

quirements of the individual. There is normally 

about 0.2 gms per cent of NaHCO3 in the blood, the 

ratio of the acid to the salt being 1:20, and 

alteration of this ratio leads to either excretion 

of alkali by the kidney, or increased loss of carbon 

dioxide by the lungs. 

In order to demonstrate the functioning of this 

system let us imagine the addition to the blood of 

a quantity of strong acid . This results in the 

displacement of HzCO from its base, and an increase 

of the ratio H2CO3. This slight rise of hydrogen 
NaHCO3 

ion concentration, however, stimulates the respiratory 

centre to increase the ventilation of the lungs and 

expell the excess of carbon dioxide. Further, the 

increased ventilation does not cease when the quantity 

of carbonic acid has returned to its normal 
value, 

but the lowering of the pH is still sufficient 
to 

produce increased respiration until the 
ratio 

N CO. a 



To SHOW THE EFFECT Op VA4y/rV4 1-Cn/S/oN5 or coz vPoN THE 

OKy4[-:N C!4/aAciry or TH,f eLOUO, gTvA2iau5 oáyçC/v TENS/oNS, 
qkço EFFECT Or v/]/(v/vg TENSion/S vFv,ryçEn/ uPo,v 7NE Co 
CRPgGTy OF TNE aL_oao A7 v4 21,912.S Col 7-r.n/SiON.l, RENOCy(SarV) 

oz in,Ç Ng. 
30 Sd Gb ')O SO' 0100 

ToTA OZ 
(VOL,UME S PLK C/,NT.) 

2 
TE v 

1,,,\,,,, 



has returned to normal. 

This type of action, however, is rather abnormal 

let us consider the buffering mechanisms occurring 

during the carriage of oxygen and carbon dioxide 

by theblood. The important point here is the 

reciprocal action of the two functions. This is 

beautifully demonstrated in a chart used by Hendersor_ 

while giving three lectures at the University of 

London in 1925. This chart is reproduced in fig. 
7 

. 

and shows that the increased pressureof carbon 

dioxide favours the dissociation of oxyhaemoglobin, 

while increased oxygen pressure favours the loss 

of carbon dioxide by the blood. It has been shown that 

these dissociations are actually due to increased 

hydrogen ion concentration, but the exact mechanism 

by which alteration in the pH affects the oxygen 

binding power of haemoglobin is still a matter of 

dispute. The point remains, however, that oxyhaemog- 

lobin must be a stronger acid than haemoglobin. 

Now we reach the buffering action due to these 

phenomena. As the sténgth-of the bicarbonate as 
A 

an acid comes between that of oxyhaemoglobin and 

haemoglobin, we see that loss of oxygen is not going 

to alter the pH so much if it occurs simultaneously 

with the gain of carbon dioxide. What happens,is 

something like this: 

KHbOz t H aCO3 = HCO3 K -r HHb r Óa 

The factors governing this change are of course the 



relative pressures of oxygen and carbon dioxide. 

This leads us to another problem, for owing 

to the large proportion of the protein formed by 

the haemoglobin , the amount of base released in 

the corpuscles is about ten times that released 

in the plasma. This leads to a greater concentration 

of bicarbonate in the corpucless and we therefore 

expect diffusion to occur into the plasma. The 

cell membrane, however, is impermeable to these 

kations, and diffusion of the HCO ions would lead 

to a disturbance of electrical neutrality between 

the cells and the plasma. The blood ,as it were, get 

over this difficulty by replacing the bicarbonate 

ions by chloride ions from the plasma, thus 

preserving the electrical balance between this 

and the corpuscles. 



THE BTJ FFI ING ACTIVITY OF THE BODY AS A WHOLE. 

For our own convenience we have so far considered 

each substance in its own anatomical or physiological 

compartment. Using such a method, it is impossible 

to give a full, or even a correct picture of any 

but the simplest physiological process, for as 

.Claude Bernard says "It is as if there existed a 

pre- established design of each organism ando(each 

organ such that, though considered seperately, 

each physiological process is dependent upon the 

general forces of nature, yet taken in relation 

with the other physiological processes, it reveals 

a special bond, and seems directed by some invisible 

guide in the path which it follows and towards the 

tt 

position which it occupies. 

This,then,is a division of the essay devoted 

to the processes by which the body as a whole 

preserves the constancy of the hydrogen ion 

concentration of its internal environment. 

Most of our vital processes are oxidative, 

and the products of these oxidations are nearly 

always acidic in character. There would seem to 

be then,in the body, a constant tendancy towards 

acidity, the main substance causing it being 

carbon dioxide. This is countered by the constant 



loss of c..rbon dioxide thruogh the lungs,and, as 

we saw in the chapter on blood, the amount so lost 

is regulated to the needs of the animal with an 

extraordinary degree of accuracy . This regulation 

is accomplished mainly by nerve endings in the 

carotid sinus and the aorta, which have been said t 

be sensitive to oxygen lack and to carbon dioxide 

excess, but not to the change of pH which usually 

accompanies the later. In excessive excercise we 

get lactic acid in the blood, owing to its failure 

to be resynthesised, and there is a danger to 

dirlinution in the alkali reserve of the blood. 

Here, however, there is a second line of defence, 

for the kidney excretes the excess of acid. 

There are, of course, certain conditions in 

which the buffering activity does not act so 

perfectly. These conditions are of the type which 

the body so seldom meets that evolution has not 

resulted in a defence against them . As examples 

of these conditions we may mention electric currents,, 

high nitrogen pressure, etc. Yet the body is often 

able to combat unusual conditions. When exposed to 

[the low atmospheric pressures of high altitudes, 

the loss of carbon dioxide through the lungs is 

rather excessive. The body meets this by excreting 

alkali by the kidney. 


