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Summary 

Red blood cell carbonic anhydrase activity was studied in 
three children with distal renal tubular acidosis, the parents of 
one of these patients, and in control subjects. Although each 
patient had distal renal tubular acidosis as defined by a n  inap- 
propriately high urine p H  in the face of a systemic metabolic 
acidosis, hyperchloremia and a low (U-B)pCOp, they differed in 
that two had deafness. The deafness was inherited as  an autoso- 
ma1 recessive mode in one and by an autosomal dominant gene 
in the other. 

Red blood cell carbonic anhydrase activity was determined in 
hemoglobin-free hemolysate by the esterolytic action of the 
enzyme on  the substrate p-nitrophenyl acetate. The  two isoen- 
zymes, B and C, of carbonic anhydrase were identified using 
polyacrylamide disc gel electrophoresis. The red blood cell car- 
bonic anhydrase activity of nine control children aged 2-10 years 
was 3.8 (3.2-5.0) units/g Hb. The values obtained from the 
three patients were 3.0,3.7, and 4.36 unitslg Hb. These did not 
differ from those of the control subjects. No abnormalities were 
found in the ratios of the B and C peaks or  in their electropho- 
retic mobility. 

Speculation 

Although carbonic anhydrase appears to  have a n  important 
role in the acidification of the urine, and although an abnormal- 
ity in red blood cell carbonic anhydrase has been described in a 
patient with renal tubular acidosis and deafness, no abnormali- 
ties could be defined in red blood cell carbonic anhydrase activ- 
ity in our  three patients with renal tubular acidosis, two of whom 
were deaf. 

Patients with renal tubular acidosis (RTA) havc reduced hy- 
drogen ion secretion o r  bicarbonate reclamation which results in 
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hyperchlorcmic metabolic acidosis and an inappropriately alka- 
line urinc pH. Although the pathogcncsis of R T A  is incom- 
pletely understood, two main forms of RTA havc been defined 
(10): distal RTA (type I),  in which there is reduced secretion of 
hydrogen ions into the urine, and proximal R T A  (type II), in 
which there is incomplete reclamation of filtered bicarbonate by 
the proximal tubule. 

Carbonic anhydrase (CA) is an enzyme which has a role in the 
regulation of the acid-base status of the body. There appear to 
be two major isoenzymes of C A  (12): C (high activity) and B 
(low activity). C A  can be demonstrated in two main sites in the 
nephron: in the proximal and distal tubular cells themselves and 
in the brush border of the proximal tubular cells (1 1).  Shapira et 
01. (14) found abnormal red blood cell C A  activity in three 
members of a kindred with R T A  and deafness. This abnormality 
was described as an inactive mutant form of C A  B. Since there 
does not appear to be tissue specificity for C A  (6), these workers 
postulated a similar defect in the renal tubular cells of their 
patients. Although this could be an important observation about 
the pathogenesis of R T A ,  these findings have'not bcen verified. 

We have studied red blood cell C A  activity in three children 
with R T A ,  two of whom were deaf, but were unable to  demon- 
strate any abnormality in the red blood cell C A  isoenzymes. 

MATERIALS AND METHODS 

CA ACTIVITY O F  HEMOGLOBIN-FREE HEMOLYSATE (HFH) 

H F H  was prepared from heparinized fresh blood after deter- 
mination of the hematocrit (14). Red blood cell C A  activity is 
present in both the raw hemolysate and in the H F H .  The  latter is 
used as the C A  activity is not stable in the raw hemolysate. 
Unfortunately, it was not possible to  remove all the hemoglobin 
from the H F H  and this accounted for the prescnce of small 
amounts of residual hemoglobin. C A  activity of reconstituted 
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lyophilized HFH was measured by the esterolytic activity of C A  
on p-nitrophenyl acetate (PNPA) (Sigma Chemical Co.,  St. 
Louis, Mo.) (14). This substrate produces a chromogen, p- 
nitrophenol (PNP), when hydrolyzed. Although the absorp- 
tion maximum of PNP occurs at  405 nm, the wavelength 348 nm 
(Unicam 11 spectrophotometer, Canadian Laboratory Supplies, 
Montreal, Canada) was used to monitor the reaction in order to 
reduce absorbance from residual hemoglobin in the HFH.  The 
molar extinction coefficient of PNP at 348 nm was determined 
as 5400 cm-I using a standard solution of PNP. A fresh 0.003 M 
solution of PNPA was prepared for each analysis. 

A unit of C A  activity is defined as that amount of enzyme 
which catalyzes the formation of 1 pmol PNP/min under stan- 
dard conditions of incubation. Incubation mixtures contained 
0.03 M NaPO, (pH 7.4), PNPA 1 mM, and varying amounts of 
H F H  in a total volume of 3.0 ml. The reaction was initiated by 
the addition of PNPA. A blank without the enzyme was used as 
a control for spontaneous hydrolysis of the substrate. The mix- 
ture was incubated for 20 min at room temperature. The rate of 
hydrolysis was linear with time between 2 and 20 min (Fig. 1).  
The reaction was also linear with concentrations of HFH be- 
tween 1 and 20 pl .  

Specific activities are reported as units/g hemoglobin (units/g 
Hb). In order to relate the enzyme activity of the H F H  to the 
hemoglobin concentration in the original blood sample, the 
hematocrit value was divided by 3 and expressed as  grams of 
hemoglobin/ml blood. Lyophilized HFH was reconstituted to 
one-fifth of the volume of the raw hemolysate used in its prepa- 
ration. Using these two procedures, an empiric formula incorpo- 
rating the extinction coefficient could be calculated: units CA/g 
hemoglobin = OD/min/pI HFH x 667. 

ELECTROPHORESIS 

Electrophoresis of HFH was carried out by polyacrylamide 
disc gel electrophoresis (3). CA activity in the gel was quantitated 
by eluting 1.7-mm cross-sectional slices in 200 pl buffer at 4" 
overnight. Since recovery of enzyme activity was variable the 
results could only be interpreted qualitatively. The volume of 
running gel was 1.2 ml and that of spacer gel, 0.1 ml. A 50-p1 
sample of HFH bi th at least 0.2 units (pM/min) of CA activity/ 
ml H F H  was applied to the gel together with 2-4 sucrose crystals 
and 2-5 p l  bromphenol blue tracking dye. Parallel samples were 
electrophoresed to compare protein bands stained with amido 
black to areas containing enzyme activity (Fig. 2). Electrophore- 
sis was done using a constant amperage (4 ma/gel) with a voltage 
limit of 300 V. Electrophoresis was continued for 1.5 times the 
time taken for the tracking dye to reach the end of the gel (1.5 x 
8 0  min). Under these conditions residual hemoglobin in the 
sample served as an internal tracking dye. The slices of gel were 

minuter 

Fig. 1. Activity of red blood cell carbonic anhydrase hemoglobin-free 
hemolysate in volumes of 2 pl and 5 p1 with times ranging from 2-20 
min. Linear relationships were obtained with both concentrations at OD 
348 nm between 2 and 20 min. 

Fig. 2. Polyacrylarnide gels stained with amido black from a control 
patient and patient DB. The heavy band represents residual hemoglobin 
which serves as an internal tracking dye. 

obtained by cross-sectional slicing of the gel using a device with a 
series of razor blades alternating with metal washers and 
mounted on two metal bolts to provide sections of 1.7 mm 
thickness. Each slice was placed in a small tube containing 200 
pI buffer and was kept overnight a t  4' to elute the enzyme. Each 
eluant (200 pl)  was added to buffer (1.0 ml), substrate (1 ml), 
and water (800 PI), and allowed to remain at  room temperature 
for 20 min after which the O D  at  348 nm was recorded. A blank 
without eluant was used. 

The ethical aspects of this study were approved by the Com- 
mittee on Medical and Dental Evaluation of the Montreal Chil- 
dren's Hospital and informed consent was obtained. 

PATIENTS 

Clinical and laboratory features of three children with RTA 
are shown in Table 1. Each was diagnosed as having distal RTA 
for the following reasons: a hyperchloremic metabolic acidosis; 
an inappropriately alkaline urine pH (above 6.0) in the face of a 
very low serum bicarbonate concentration (less than 13 mEq/ 
liter); (U-B)pC02 less than 12 mm Hg (7,8); maintenance of 
normal acid-base balance and growth with sodium bicarbonate 
therapy of 1-3 mEq/kg/day; radiologic evidence of nephrocalci- 
nosis (in DB and DR). 

CA activity was measured in HFH from control subjects and 
from the parents of DB. The C A  activity of their H F H  was also 
studied by polyacrylamide gel electrophoresis. 

RESULTS 

The red blood cell CA activity of nine control subjects aged 2- 
10 years was 3.8 (3.2-5 .O) unitslg Hb.  The values of one of these 
repeated on two occasions from different samples of blood were 
4.0 and 3.9 units/g Hb.  C A  activity of seven adult control 
subjects was 4.8 (3.2-6.4) unitslg Hb.  Determinations were 
repeated on two separate occasions on freshly prepared samples 
from three zdult control subjects and were 6.4 and 5 .7 ,4 .8 ,  and 
4.9, and 4.7 and 5.6 units/g H b ,  respectively. 

The results of C A  activity of HFH of the three children with 
RTA did not differ markedly from those of the control subjects: 
DB 3.0, D R  3.7, and BN 4.36 units/g Hb. Similarly, the mother 
and father of DB had values of 3.79 and 5.50 units/g Hb.  There 
was a simi!ar increment in C A  activity of a patient and control 
subject when the assay was done at  20" and 37". The C A  activity 
of BN was 3.8 units/g H b  at 20' and 5.9 units/g H b  at 37", and 
the control r ~bjec t ' s  values were 3.5 units/g H b  and 8.1 units/g 
H b  at  20" and 37". 
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Table 1 .  Clinical and laboratory features o f  three patients with renal tubular acidosis 

Patient 

Sex M F F 
Age at diagnosis 1 month 1 month 3 months 
Present age 7 years 18 years 2 years 
Nephrocalcinosis + + - 
Deafness Autosomal recessive Autosomal dominant (mother) - 

Family history - Father has renal calculi - 

Serum creatinine (mgldl) 0.7 0.9 0.5 
Serum chloride (mEq/liter) 128 126 130 
Serum pH 7.17 7.21 7.14 
Serum HC0,- (mEq/liter) 10.3 13.0 9.6 
Serum pCO, (mm Hg) 24 24 18 
Urine pH when acidotic 6.8 6.3 6.9 
(U-B)pCO, (mm Hg)' 12 1 0 

After loading with NaHCO,, urine pH >7.2. 

DISCUSSION 

Polyacrylamide gel electrophoresis resolves the H F H  C A  ac- 1.00- c 

C A  catalyzes the hydration of carbon dioxide and the dehy- 
dration of bicarbonate ions (2) and has been demonstrated in red 
blood cells, kidney, the gastrointestinal tract, and other tissues 
of the body. Two major isoenzymes of C A  have been identified 
in red blood cells and have been designated C A  B and C A  C .  
Although C A  C is widely distributed, the B isoenzyme appears 
to  be limited to the medulla of the kidney and the gall bladder 
mucosa (6).  

Since C A  C isolated from dog kidney resembles dog red blood 
cell C A  C (6), this had led to  speculation that a deficiency or  
absence of renal C A  activity could be reflected in a similar 
change in the red blood cell. Therefore, Shapira et 01.  (14) 
studied red blood cell C A  activity in a patient with R T A  and 
deafness. They found reduced activity of C A  B and defined this 
as a n  inactive mutant form of C A  B. Evidence implicating an 
abnormality of C A  in the pathogenesis of proximal R T A  has 
been provided by Donckcrwolcke et a / .  ( 5 ) .  who found no 
inhibition of C A  after acetazolamide administration to  an infant 
with proximal RTA. The conclusion from this study was that if 
C A  were active, administration of acetazolamide should have 
increased the patient's acidosis. 

We reasoned that if the finding of Shapira et 01. (14) could be 
confirmed in additional patients with R T A ,  this might be impor- 
tant in providing further understanding about the pathogenesis 
of R T A .  Although our three patients have distal R T A  they are 
not identical to  the case of Shapira et  al., case who has been 
defined as  an example of type I11 R T A  (13). Patients with Type 
I11 R T A  have distal R T A  but in addition exhibit marked wasting 
of bicarbonate (13). 

R T A  associated with nerve deafness has been described in a 
number of reports and may represent another genetic variant of 

tivity into two peaks. The relative concentration of enzymes in 
these peaks can be estimated by integration. The fast moving 
peak was designated CA C and the slower moving peak, C A  B . 8 0 -  

(12). The  results of electrophoresis of H F H  from a normal adult 
are shown in Figure 3. c . 60 -  

slice n u m b e r  (1.7 m m  in thickeners) 

Fig. 3 .  Electrophoresis of red blood cell carbonic anhydrase hcmoglo- 
bin-free hemolysate by polyacrylamide gel electrophoresis from a normal 
adult. Two peaks, designated B and C, are shown. The cathode is on the 
right. 

t 

MOTHER FATHER PROBAND 

Electrophoretic studies did not reveal an abnormal ratio of 
C A  B to C A  C in the patients when compared to control . 4 0 -  

subjects. The ratio of the B to C peak in control subjects was 
0.45-0.49. The ratio in the patients was D B  0.48, D R  0.27, and . 2 0 -  
BN 0.42. In Figure 4 the electrophoretic patterns of C A  B and C 
activity of patient D B  and his parents are shown. Please note 
that the B and C peaks d o  not differ from those of the control .o- 

subject shown in Figure 3. Furthermore, there were n o  differ- r l l l l l l l l l l l l l l l l r l l l l l l l l l m l l l l l l l l l  

ences in electrophoretic mobility. 4 8 12 16 2 0  2 4  2 8  3 2  3 6  

slice number 

Fig. 4. Electrophoretic patterns of red blood cell carbonic anhydrase 
in hemoglobin-free hemolysate. Carbonic anhydrase (CA) activity of 
isoenzymes B and C of patient DB and his parents are shown. Each slice 
is 1.7 mm thick. The mother has an additional peak designated A;  this 
may represent degradation of CA B and/or C. 

distal RTA (4). Thus, primary distal R T A  may be inherited as 
an autosomal dominant gene, as an autosomal recessive gene, in 
association with several genetically transmitted syndromes, o r  in 
association with nerve deafness (4). Patient D B  appears to  be 
another case of distal R T A  and nerve deafness; D R  may have an 
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autosomal recessive form of RTA,  but had strong vertical family 
history of deafness; the third child had normal hearing. 

No abnormalities in total CA activity, isoenzyme distribution, 
o r  in electrophoretic mobility could be demonstrated in our 
three patients with RTA. This may be due to differences in 
methodology, genetic heterogeneity, o r  the appearance of the 
two findings may have been fortuitous. Although we used a 
different method for demonstrating CA B activity, no abnormal- 
ity of CA B could be shown. 

The finding of almost complete absence of CA B in the red 
blood cells of patients with thyrotoxicosis (15) and the demon- 
stration that CA in rat renal cortex can be inhibited by parathy- 
roid hormone (1) is further evidence that many different factors 
can influence C A  activity. Therefore, a reduction in CA B 
activity in the red blood cells of a patient with RTA may not be 
the cause of the RTA but may be related to other factors, for 
example, secondary hyperparathyroidism which occurs in some 
patients with RTA (9). 

CONCLUSION 

Red blood cell carbonic anhydrase activity and the two isoen- 
zymes, B and C, of carbonic anhydrase were normal in three 
children with distal renal tubular acidosis; two of these patients 
were deaf. Therefore, although defective red blood cell carbonic 
anhydrase B activity has been demonstrated previously in a child 
with renal tubular acidosis and deafness, this finding cannot be 
demonstrated in every patient with these two associated abnor- 
malities. 
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Summary that of controls. Newborn and 17-day-old rats whose mothers 
received the steroid showed a decreased content of brain pro- 

16-p-Metilprednisone was administered in the last week of teins. Total lipids, cholesterol, and phospholipids were reduced 
pregnancy in order to study its effects on postnatal brain devel- in the brain of  treated rats at 4 5  days of life. Brain phospholipids 
Opment the litters. groups pregnant inbred rats were were also decreased in 17.day-old rats. These results show that 
used for the experiments. Group I received 1.25 mg/kg/da~ 16- 16-P-metilpredniwne administration to pregnant rats produces P-metilprednisone. Group I1 served as untreated controls. The long lasting changes in brain chemical composition. 
litters were killed either within 2 4  hr after birth, at 1 7  days, or at 
4 5  days of age. Treated litters (animals whose mothers received Speculation the steroid) had a decreased body weight at 17 days of age. Wet 
brain weight was decreased in the same group. At  1 7  and 45 The brain lipid deficiencies observed may interfere with the 
days of life treated rats showed a dry brain weight lower than myelination process. Further studies are needed to test whether 
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