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Renal excretion of fluid, electrolytes and hydrogen ions before and 
during diamox administration in healthy Nigerians 
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Summary 

Twenty-four urine specimens of eleven healthy 
Nigerians taken during the cool rainy season, were 
examined before and during diamox (acetazolamide) 
administration. Mean control volume-output was 
1-4 litres containing 109-5 mEq N a + , 46-6 mEq K * 
and 120 mEq CI" ions. Total renal acid excretion 
was 36-82 partitioned as 14-72 mEq titratable 
bufTer-acid and 22-1 mEq ammonia . 

During diamox intake, volume-output increased 
to 2-56 litres with N a + and K * contents of 222-4 and 
107 mEq respectively, whilst C I " ions, fell to 2-6 
mEq. Daily renal acid excretion was reduced by 25% 
and titratable buffer acid was absent in most samples 
but ammonia excretion showed a wide scatter with a 
range of 6-5-60-8 mEq. 

The probable explanations for the lower potassium 
and total acid excretions during the control period as 
well as the pattern of ammonia excretion during 
diamox therapy are discussed. 

The pattern of fluid and electrolyte cxcrction of man 
in the tropics of necessity differs f rom that in 
temperate environs, one major difference being 
greatly increased losses of fluid and electrolyte due to 
increased sweat rate. Even in the absence of overt 
sweating, at ambient temperatures lower than 30"C 
or 86'F, insensible fluid losses via pulmonary and 
cutaneous channels may account for as much as 
1-7 I in the tropics as compared to 1 1 in temperate 
zones (Tinckler, 1966; Elcbutc, 1969). However no 
clcctrolytcs arc lost with insensible perspiration 
which is a physical process, essentially beyond 
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physiologic control and governed mainly by changes 
in ambient temperature and relative humidity. 

The kidney as the chief custodian of the constanc> 
of the millcur interne, ensures that the volume and 
composition of urine normally represent what needs 
to be extracted from this internal environment to 
keep its composition constant irrespective of obliga-
tory extra-renal losses. Therefore the characteristics 
of normal urine vary with dietary habit and external 
environmental factors such as temperature and 
relative humidity. Yet in tropical clinical practice, 
fluid and electrolyte therapy is usually based on 
figures obtained in temperate environments. Aware-
ness of the attendant dangers associated with this 
practice has led a few workers in this environment to 
try and fill the gap. 

This present study was carried out in Lagos, which 
for most part of the year is hot and humid. In order 
to minimize the effect of climate-induced sweating, 
this investigation was carried out during the coolest 
part of the year, in the months of June-September 
when ambient temperature ranged between 70 and 
84 F and the relative humidity was between 80 and 
95%. This paper is therefore designed to examine 
renal handling of fluid, electrolytes and hydrogen 
ions under these environmental conditions and to 
evaluate the effects of administration of acetazola-
mide, a carbonic anhydrase inhibitor, on the charac-
teristics of normal urine. 

Materials and methods 

Eleven healthy Nigerian male subjects aged between 
20 and 40 years were investigated. Eight of these were 
medical students (age ranged 20-24 years), whilst the 
remainder were members of the Department of 
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Physiology including the author. Each subject 
provided 24 h specimens of urine on at least six 
different occasions throughout the investigation. 
None of the subjects suffered from any form of 
urinary infection and only samples that contained 
neither glucose, albumin nor casts were included in 
this survey. N o restriction was placed on fluid intake 
or diet, but alcohol was not allowed during any 24 h 
period of urine collection. Each subject completely 
emptied his bladder at 0700 on the morning of each 
urine collection period and this sample was dis-
carded. All samples passed subsequently were col-
lected in large brown Winchester bottles (containing 
3 ml of toluene as preservative) until 0700 the follow-
ing day when the bladder was again completely 
emptied, this time into the collection bottle. Every 
subject provided three 24 h specimens during the 
control period, and after a break of 7 days, the same 
procedure was repeated, except that in addition each 
subject was made to take 250 mg acetazolamide (one 
tablet of diamox) at 0800, 1400 and 2000 respectively 
on each day for another 3 days of urine collection. 
The medical students who constituted 75% of the 
subjects, being on institutional diet, virtually had the 
same items of food before and during diamox intake. 

All 24 h urine specimens were analysed immediate-
ly at the end of each urine collection period. Volumes 
and specific gravities were accurately measured with 
glass measuring cylinders and simple hydrometers. 
The pH was determined with a model 23A direct 
reading pH meter whilst urinary sodium and 
potassium concentrations were estimated with an 
EEL flame photometer. Urinary chloride was esti-
mated as for plasma chloride by the modified 
method of Schales & Schales (1941).* Titratable 
acidity was obtained by titrating 20 ml aliquot 
of urine against 0 1 N NaOH using 1 ml phenol-red 
as indicator (modified from Henderson & Palmer, 
1914).* Ammonia excretions were estimated by the 
Conway microdiffusion technique using the Conway 
unit (Conway, 1950b: Conway, 1957a).* 

The value of each urinary constituent was cal-
culated in mEq/1 and then converted into total 24 h 
excretion by multiplying by the appropriate 24 h 
urine volume. 

Results 

Each subject's average 24 h renal excretion of the 

• All analyt ical me thods used above arc obta ined and 
c o r r e s p o n d i n g references quo ted f r o m Varley (1967). 

various ions over the 3 day period before and during 
diamox intake are plotted in the scattergram in Fig. 
1. Table 1 is a grand summary of the mean, standard 
deviation (s.d.) and range of-each 24 h urinary 
constituent for all the subjects (thirty-three speci-
mens in each series) also before and during diamox 
administration. During the control period (i.e. 
before diamox intake), the mean 24 h urine volume 
was 1-4 1 with a specific gravity of 1010. Total daily 
renal excretions of sodium, potassium and chloridc 
ions were 109-5, 46-6 and 120 mEq respectively. The 
mean daily urinary pH was 6-46 with a range of 5-8-
7-4. Total 24 h renal excretion of hydrogen ions camc 
to 36-82 mEq, partitioned as 14-72 mEq of titratable 
buffer acid and 22-1 mEq of ammonia. 

During the 3 day period of diamox administration, 
the mean 24 h urine volume was 2-56 1 which is 
almost double the control value while the specific 
gravity fell to 1007. There were considerable altera-
tions in electrolyte contents of urine. Daily sodium 
and potassium excretions rose to 222 4 and 107 mEq 
respectively whilst chloride ions virtually disappeared 
from the urine, the mean daily excretion falling to as 
low as 2-6 mEq (Table 1, Fig. 1). Twenty-nine out of 
the thirty-three specimens of urine were on the alka-
line side of blood pH, the mean value being 7-89 with 
a range of 7*35-8-37 pH units. Only four urine 
specimens with pH lower than 7-4 had any titratable 
acid component and the highest daily excretion of 
this acid in these specimens was 4-97 mEq. The 
pattern of ammonia excretion showed a remarkable 
change, rising f rom a control daily output of 22-1-
27-8 mEq during diamox intake. There was also a 
wide scatter in the amounts excreted by the individual 
subjects (Table 2, Fig. 2). The overall effect of this 
was that total 24 h hydrogen ion excretion fell from 
36-82 mEq at control period to 28-14 mEq during 
diamox intake, a percentage reduction of approxi-
mately 25%. 

Discussion 

The months of June-September when this study was 
carried out fall within the heavy rainy season of the 
southern belts of Nigeria. During this season, the 
weather is generally cool and humid so that extra-
renal fluid and electrolyte losses are reduced to 
minimal levels. Thus in the control period, our 
subjects' mean 24 h urine output of 1 -4 I containing 
109 and 120 mEq of sodium and chloride ions 
respectively does not differ much from figures quoted 



Diamox and renal excretion 

600 r 

5 0 0 

2 4 0 0 

o 3 0 0 

2 200 

100 
x 9 ° 

o I 

Control 

During diomox 
odmimstrotion 

x 
o 

t I 

8 
o o 

X 

• ! • » ( - « — l - l 
8 - 0 8 - 5 5 - 5 6 - 0 6 - 5 7 - 0 7 - 5 

24 h urinory H* concentration (pH units) 

FIG. I. Sca t te rgram of e lec t ro ly te excret ion in th i r ty - th ree 24-h ur ine spec imens of eleven heal thy N ige r i ans before 
and during d i a m o x a d m i n i s t r a t i o n . N o t e H C O J a r c a p p r o x i m a t e es t imated values only a n d are t h e r e f o r e 
excluded f rom the text , Y, K 4 ; • , N a 4 ; C , H C O J ; • . C I " . 

r 6 0 

- 5 0 

4 0 l 

• • 

o 

8 * ' 

3 0 

20 

- 10 

5 - 5 6 - 0 6 - 5 7 - 0 

2 4 h urine acidity (pH units) 

^ - 0 - 0 0 0 6 — O — C D - 1 — 
7 - 5 8 - 0 8 - 5 9 - 0 

FIG. 2. Shows the re la t ionsh ip be tween u r ina ry p H a n d excre t ion of t i t r a t ab le b u f f e r ac id a n d a m m o n i a in the 
subjects, also before and d u r i n g d i a m o x a d m i n i s t r a t i o n (O , t i t r a t ab le a c i d ; • , a m m o n i a ; b e f o r e d i a m o x in t ake ) 
(0, t i tratable ac id ; • , a m m o n i a , d u r i n g d i a m o x in take) . 



66 G. Olaniyun Ojo 

TABLE I. S u m m a r y of 24 h ur ine d a t a in eleven hea l thy N ige r i ans 

24 h ur ine spec imens 
( th i r ty - th ree in each series) 

C o n t r o l D u r i n g d i a m o x adminis t ra t ion 

V o l u m e (litres) 
Specific gravity 
T o t a l N a + ( m E q ) 
T o t a l K * ( m E q ) 
T o t a l C I " ( m E q ) 
U r i n e p H 
T o t a l t i t ra tab le acid ( m E q ) 
T o t a l a m m o n i a ( m E q ) 
T o t a l acid excret ion ( m E q ) 

M e a n s .d . R a n g e M e a n s .d . Range 

1 40 + 0-37 0 - 8 3 - 2 - 2 6 2-56 ± 1 1 9 1-29-4-86 
1010 + 5-12 1001-1020 1007 ± 2 - 8 2 1003-1012 

109-5 + 42-3 37-4-161-0 222-4 ± 1 1 1 - 8 107-2-426-7 

46-6 + 15-3 19-95-76-2 107-2 ± 2 7 - 3 2 51-3-138 

120-0 + 36-6 62 -7 -216 2-6 ± 1 0 7 1 2-4-82 

6-46 + 0-42 5-8-7-4 7-89 ± 0 - 3 1 7 35-8-37 

14-72 + 6-62 0 - 2 5 - 7 3 0 -26 ± 1-49 0-4-97 

2 2 ! 4-96 13-2 ± 29-4 27-8 ± 1 9 8 6 - 5 ± 6 0 8 

36-82 10-47 17-6-50-1 28-14 ± 19-2 8 -4± 60 75 

TAULE 2. Individual m e a n 24 h ur ine vo lume. p H a n d N H 3 va lues b e f o r e a n d d u r i n g d i a m o x admin is t ra t ion 

Con t ro l D i a m o x 
Sub jec t s 

Volume p H uni t s N H 3 ( m E q ) V o l u m e p H un i t s N H 3 (mEq) 
(litres) (l i tres) 

1 0-830 5-8 20-1 1-592 7-35 9-3 
2 0-930 6-2 18-2 1-290 7-50 8-4 
3 1-340 6-2 23-5 1-470 7-65 8-5 
4 2-260 6-2 2 9 0 2-580 7-80 20 6 
5 1-283 6-3 19-7 4-471 7-80 40-3 
6 1-357 6-3 29-4 2-590 7-85 6-5 
7 1-620 6-4 18-4 2-193 7-90 36-2 
8 1-832 6-7 25-0 1-465 8 0 0 18-2 
9 0-896 6-8 13 2 2-731 8-20 4 2 1 

10 1-648 6-85 2 4 0 2-915 8-35 60 8 
II 1 -640 7-4 22-6 4-860 8-37 54-3 

for temperate environs (Pitts, 1968). However the 
daily potassium excretion of 46-6 mEq in our sub-
jects is comparatively low, and this is probably a 
reflection of their lower dietary intake of fresh fruits 
and vegetables. (These dietary items are very expen-
sive in the city of Lagos, where the bulk of the food 
requirements of its inhabitants is brought from the 
hinterlands, for economic reasons fresh fruits and 
vegetables arc given the lowest priority.) 

Badoe & Osafo (1971) in neighbouring Ghana 
reported in the subjects studied by them a mean 
daily urinary output of 1 -441 with a total sodium and 
potassium excretion of 114 and 47 mEq respectively. 
From the ambient temperature range of 65-86 F 
during their study, it may be inferred that their 
investigation was also carried oul during the rainy 

season. Lagos and Accra, capitals of Nigeria and 
Ghana respectively lie on the same latitude, 6 N of 
the Equator, with Accra 0* and Lagos 3 E of the 
Meridian of Greenwich. These two capital cities are 
most likely subjected to the same dietary restrictions, 
thus establishing a common basis for the relatively 
low potassium excretion in the two groups of 
subjects studied. 

The mean daily urine pH of 6-46 in our subjects 
during the control period is slightly more alkaline 
than the average pH of 6 quoted in most textbooks of 
physiology, and the total daily renal acid excretion of 
36-8 mEq is also on the low side of 'normal'. 'A 
healthy individual on a mixed diet excretes through 
the kidneys 40-80 mEq of non-volatile acid as 
titratable buffer acid and ammonium salts' (Pitts, 
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1968). This acid is derived f rom the metabolism of 
protcin-rich foods which yield high acid residues. 
However the typical Nigerian diet is essentially 
bulky carbohydrate food with little supplement of 
meat and fish proteins. In the developed countries, 
the daily intake of protein per capita was estimated 
to be 90 6 g of which animal protein consti tuted 48-9 
g; comparable figures for developing countries were 
564 and 11 4 g respectively (F.A.O. Report , 1970). 
Therefore the lower intake of protein particularly of 
animal origin seems the most plausible explanation 
for the lower renal acid excretion in our subjects. 

The kidneys play a major role in the regulation of 
normal acid-base balance of body fluids mainly by 
secreting hydrogen ions into urine. It is this tubular 
secretion of hydrogen ions in exchange for sodium 
ions in luminal fluid that is the key mechanism 
underlying the reabsorption of bicarbonate, the 
generation of titratable buffer acid and the excretion 
of ammonium salts. The cells of proximal and distal 
convoluted tubules contain the enzyme carbonic-
anhydrase (Pollak et al.y 1965). This enzyme greatly 
accelerates the reaction between carbon dioxide and 
water to form carbonic acid, the ionization of which 
provides hydrogen ions secreted into tubular lumen. 
The administration of acetazolamidc, a potent 
inhibitor of carbonic anhydrase (Pitts, 1968) to our 
subjects may be expccted to considerably rcducc the 
formation of hydrogen ion within the tubular ccll 
and therefore its availability to the luminal exchange 
system. 

In most mammals, acetazolamidc lowers H + and 
NH4* excretion producing the general pattern of 
increased renal excretion of H C O s , Na + , K + and 
osmotically obligated H 2 0 (Marcn, 1967). In 
consonance with the general effects of acctazolamidc 
in mammals, the volume output of o u r subjects 
during the administration of this d rug almost 
doubled, while sodium and potassium ion excretion 
increased considerably and the mean urine p H rose to 
7 89 units. Also the negligible excretion of chloride 
ions in our subjects agrees with the observation of 
Wcinstein (1968) that in acctazolamidc infused rats, 
the final urine was virtually chloride-free and that 
proximal and distal tubular cells remained capable of 
absorbing sodium with chloride. 

The titratable buffer acid excretion dur ing accta-
zolamidc administration was virtually zero though 
ammonia excretion showed a wide scatter f rom 
individual to individual ranging f rom 6-5 to 60-8 
mEq per day (Table 2, Fig. 2). Consequently the 

total daily renal acid excretion fell only by 2 5 % f rom 
control levels. During carbonic anhydrase inhibit ion, 
hydrogen ions secreted into the lumen in exchange 
for sodium, would combine with H C O J left behind 
to form carbonic acid, which in the absence of lumi-
nal brush-border carbonic anhydrase would not 
dehydrate as rapidly as before. Its accumulat ion in 
the tubular lumen would thereby lower the pH in this 
segment of the nephron. This is the mechanism 
claimed to be responsible for the generation of a 
disequilibrium pH observed by Rector et al. (I960), 
in the proximal tubular lumen of rats infused with 
acetazolamidc. Since the diffusion of free base 
( N H j ) is in the direction of a high hydrogen ion 
concentration (Pitts, 1968) then ammonia may be 
expcctcd to diffuse rapidly f rom tubular cells into 
proximal tubular lumen, where it will be t rapped as 
non-diffusible ammonium ions. It is our belief that 
most of the ammonium salt excreted in our subjects 
during diamox administration was formed in this 
way. It is pertinent to note at this junc ture that 
Hayes, Owen & Robinson (1966) observed that 
acetazolamidc administration did not decrease 
proximal ammonia sccrction in the rat . 

Another possible contributing factor to the high 
ammonia excretion in our subjects may be the high 
rate of urine flow during diamox adminis t ra t ion. 
Pitts (1968) declared that when urine pH is low, the 
gradient of free base is high and rate of diffusion 
little affcctcd by urine flow. If the pH of the urine is 
only slightly below that of blood, the rate of diffusion 
becomes dependent on urine flow. The higher the 
flow rate, the greater is the diffusion of the free base, 
merely because the free base is continually removed 
in the urine and fresh filtrate is supplied into which 
further diffusion can occur. Thus in our subjects, the 
higher urine flow rate in the distal convoluted 
tubules consequent on unabsorbed bicarbonate may 
compensate for the expcctcd slow rate of difTusion of 
N H j usually associated with alkalinization of 
tubular fluid. It would therefore appear that despite 
considerable alkalinization of urine, during diamox 
administrat ion, the kidneys may still excrete large 
amoun t s of ammonium salts. Figure 3 illustrates an 
at tempt to correlate 24 h urinary pH with volume 
output and total ammonia contcnt . It will be seen 
that below the pH of blood, total 24 h ammonia 
output was in the range of 10-30 mEq despite urine 
flow rates of less than 21; whereas at abou t the pH 
of 8, total ammonia excretion rose correspondingly 
with volume output . 
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