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INTRODUCTION

In contrast to its role as poison, hydrogen sulfide (H2S) 
is recently considered as a gaso- transmitter which 
mediates important physiologic functions in humans.1 The 
physiologic concentrations varies from 1 nmol/g to 100 
nmol/g of  tissue.2 In vitro experiments have validated the 
generation of  H2S from sulfide salts (Na2S and NaSH) 

which inhibits cellular damage and intracellular pro tein 
oxidation.3 NaSH is also reported to inhibit lipid peroxides, 
expression and activity of  NADPH oxidase and enhancing 
hepatic glutathione (GSH) synthesis.

In the central nervous system, H2S functions not only as 
a neuro-modulator, but also as a neuroprotectant against 
oxidative stress.4
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Background: In contrast to its role as poison, hydrogen sulfide (H2S) is recently considered 
as a gaso-transmitter which mediates important physiologic functions in humans. Evidence 
is accumulating to demonstrate that inhibitors of H2S production or therapeutic H2S donor 
compounds exert significant effects in various experimental models. Carbonic anhydrases 
(CA) are a group of zinc-containing metalloenzymes that catalyse the reversible hydration of 
carbon dioxide. CAs activity in erythrocytes (CAI and CAII) has recently been observed to be 
associated with various pathological conditions especially in diabetes mellitus, hypertension and 
lipid disorders. Alteration of this enzyme activity has been reported by the effect of advanced 
glycation end products methylglyoxal and reduced glutathione. Aims and Objectives: As H2S, 
being a mediator of many physiological functions and synthesized in vivo, may affect functions 
of many intracellular proteins like carbonic anhydrase, the objective of this study is to find 
out if there is any change in the carbonic anhydrase activity under the effect of H2S- donor 
NaHS in dose dependant manner using RBC model in vitro. Materials and Methods: Blood 
sample was collected from forty (40) numbers of healthy volunteers of 18-40 years of in 
heparin containing vials and packed cells were prepared immediately by centrifugation The 
packed erythrocytes were washed three times with normal saline and diluted (1:10) with 
the normal saline. One ml each of diluted packed cells was taken in eight test tubes. Serial 
dilutions of NaHS (1to 250 µMol/L) was added to all the test tubes except for the first test 
tube where only normal saline was added and incubated at room temperature for one hour. 
Haemolysates was prepared from the erythrocytes with equal volume of distilled water 
in each tube and the CA activity was determined in the haemolysates using standardized 
method.Results: There is significant increase of CA activity in dose dependent manner under 
the effect of NaHS and also compared to the activity of hemolysate prepared without NaHS.
Conclusions: Our study for the first time demonstrated that the Carbonic Anhydrase activity 
of erythrocytes is significantly increases by the effect of NaHS and this study reveals some 
important biological role of H2S and carbonic anhydrase.
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Recent reports suggest that H2S play an important role 
in pathophysiology of  many diseases including diabetes 
mellitus, Alzheimer’s disease, hypertension, and cardiac 
infarction.5-8 Pharmacological and molecular biology 
experiments suggest important roles of  H2S as a 
vasodilator gas in regulation of  blood pressure, cardiac 
response to ischemia/reperfusion injury and inflammation. 
Furthermore H2S has additional pharmacological targets. 
It activates KATP and transient receptor potential (TRP) 
channels, but inhibits big conductance Ca2+ sensitive K+ 
(BK(Ca)) channels, T type Ca channel and L type Ca 
channel. H2S inhibits the closure of  K +

ATP and release 
of  insulin. Thereby it prevents exhaustion of  β cells and 
regulates β-cell survival. All of  the current studies prove 
that H2S as an endogenous gasotransmitter which draws 
supreme attention to the research personals in relation to 
new pathophysiological, biochemical and pharmaceutical 
aspects worldwide.

On the contrary, carbonic anhydrases (CAs; EC 4.2.1.1.) 
are a group of  zinc-containing metalloenzymes that 
catalyse the reversible hydration of  carbon dioxide.9 The 
great diversity in both cellular distribution and biological 
functions and the catalytic activity of  these isoenzymes 
is remarkable. Since this enzyme produces and uses 
protons and bicarbonate ions, carbonic anhydrase plays 
a key role in the regulation of  pH and fluid balance in 
different parts of  our body. Carbonic anhydrase activity in 
erythrocytes (CAI and CAII) has recently been explored 
to link the various pathological sequels in diabetes 
mellitus, hypertension and lipid disorders. Alteration 
of  this enzyme activity has been reported by the effect 
of  advanced glycation end products, methylglyoxal and 
reduced glutathione.10-12

Recently research proved that CA inhibition represents 
an effective therapeutic approach towards mitigation 
of  hypertrophic cardiac myocyte growth.13 CAs also act 
on medullary chemoreceptors at two sites. Outside the 
blood -brain –barrier it acts as plasma buffer, whereas 
inside the barrier it accelerates CO2/pH equilibrium.14 

The enzyme also has definite role in neuromuscular 
transmission.15 So in recent years, study of  carbonic 
anhydrases, one of  the fastest enzymes of  biological 
system, draw attention in medical research not only for 
its physio-biochemical action, but also for its association 
with different pathological processes as discussed above. 
Carbonic anhydrase inhibitors are already in use to as a 
pharmacological agent in some diseases. The modulation of  
Carbonic Anhydrase might also be a potential therapeutic 
strategy for other diseases. Considering the viewpoints and 
relationship of  hydrogen sulfide and carbonic anhydrase, 
the current study was designed to establish whether any 
changes in carbonic anhydrase activity occurs with the 

effect of  H2S- donor NaHS in dose dependant manner 
using RBC model in vitro.

MATERIAL AND METHODS

The study was conducted in the department of  
Biochemistry, NRS Medical College, Kolkata. Forty (40) 
healthy volunteers, aged ranging 18-40 years were included 
in the study after pre-informed consent. The study was 
pre-approved by the Institutional ethics committee. Five 
milliliters of  blood sample was collected aseptically from 
the superficial veins of  the study subjects in heparin 
containing vials and packed cells were prepared immediately 
by centrifugation. The packed erythrocytes were washed 
three times with normal saline and diluted (1:10) with 
the normal saline. One ml each of  diluted packed cells 
was taken in eight test tubes. Serial dilutions of  NaHS 
(1 to 250 µMol/L) was added to all the test tubes except 
for the first test tube where only normal saline was added. 
These were incubated at room temperature for one hour. 
Haemolysates was prepared from the erythrocytes with 
equal volume of  distilled water in each tube and the CA 
activity was determined in the haemolysates.

Serum carbonic anhydrase activity was measured using the 
method used earlier with some modification.16 The assay 
system consisted of  20 μl of  sample (hemolysate) with 
800 µl of  0.05 M Tris-SO4 buffer (pH 7.4) and 200 µl of  
3 mM p-nitrophenyl acetate. The change in absorbance 
at 348 nm was measured over a period of  3 min, before 
and after addition of  sample using a semi-autoanalyzer 
(Chem 5 Plus, Transasia). One unit of  enzyme activity was 
expressed as 1 μmol of  released p-nitrophenol per minute 
at room temperature.

Statistical analysis was done using Excel for Windows 2007 
and SPSS 16 software. The values were expressed as mean 
± standard deviation (SD). P-values <0.05 was considered 
statistically significant.

RESULTS

Our results show that there was a significant increase in 
carbonic anhydrase (CA) activity under the effect of  NaHS 
compared to the activity of  hemolysate prepared without 
NaHS (Table 1). Further there was significant increase of  
the CA activity by NaHS in dose dependent manner as 
depicted in Figure 1.

Tables 2 and 3 refers to the ANOVA and ANOVA with 
Bonferoni tests to determine the test of  significance of  
CA activity compared to the normal hemolysed RBCs and 
NaHS treated ones.
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DISCUSSION

This present study was designed to observe whether 
any change in the activity of  the erythrocyte carbonic 
anhydrase occurs under the effect of  NaHS. Erythrocytes 
were incubated with different concentrations NaHS (0 to 
300 mMol/L) and the activity of  CA was determined in 
the hemolysates.

Evidence from previous study demonstrates that inhibitor 
of  H2S production or therapeutic H2S donor compounds 
exerts significant effects in various experimental models.17 
In vitro experiments have shown that H2S generated from 
sulfide salts (Na2S and NaSH) inhibits cellular damage and 
intracellular pro tein oxidation. NaSH is also reported to 
scavenge lipid peroxides, inhibit the expression and activity 
of  NADPH oxidase, increases hepatic glutathione (GSH) 
synthesis and decreased lipid peroxidation.

The exuberance over potential clinical applications of  
natural and synthetic H2S “donating” compounds is 
understandable and a number of  these function-targeted 

drugs has been developed which shows promising clinical 
results. However, the concentration of  H2S in tissues and 
blood, and the unknown factors that affect these levels, 
have not been resolved and therefore it is imperative to 
address these points in order to distinguish between the 
physiological, pharmacological and toxicological effects 
of  this molecule.3,18

Sodium sulfide (NaHS) and sodium sulfide (Na2S) have 
long been used to generate H2S. While these are frequently 
called “H2S donors”, and have even been reported to slowly 
release H2S. They are sulfide salts and when placed in water 
their dissociation and subsequent H2S formation is nearly 
instantaneous.18

The current study reports revealed for the first time, the 
carbonic anhydrase activity in erythrocytes is significantly 
increased by increasing concentration of  NaHS in a dose 
dependent manner (Table I and Figure 1). Tables 2 and 3 
refers to the ANOVA with Bonferoni tests to determine 
the statistical significance of  CA activity compared to the 
normal hemolysed RBCs and NaHS treated ones. In the 
current study revealed that, the CA activities do not exhibit 
significant change upto 10 μMol/L concentrations of  NaHS. 
Significant changes occurred when concentrations of  H2S 
were increased to 100 μMol/L and above. The overwhelming 
majority of  studies and reviews on the biology of  H2S refer 
to “physiological” concentrations of  20-40 μM H2S in blood 
(with some reports of  plasma H2S approaching 300 μM). 
In turn, 20-300 μM H2S has been used to validate many 
“physiological” experiments. However, reports of  plasma 
H2S >1 μM have been relatively recent, prior to the year 2000 
most reported values were <1 μM and these early studies 
were largely ignored by those that followed.19

In recent years, study of  carbonic anhydrases, one of  
the fastest enzymes of  biological system have drawn 
attention in medical research not only for its physio-
biochemical action, but also for its association with 
different pathological processes as discussed above. 
Carbonic anhydrase inhibitors are already in use to as a 
pharmacological agent in some diseases. The modulation 
of  carbonic anhydrase may also be a potential therapeutic 
strategy for other diseases. CAs activity in erythrocytes 
(CAI and CAII) has recently been observed to be associated 
with various pathological conditions especially in diabetes 
mellitus, hypertension and lipid disorders. The enzyme 

Figure 1: Mean carbonic anhydrase activity of human erythrocyte 
under different concentrations of NaHS

Table 1: Mean±SD of carbonic anhydrase (CA) activity (IU/ml) of hemolysates from RBCs incubated 
with different concentrations of NaHS (µMol/L)
Conc. of NaHS 
added (µmole/L)

0 10 25 50 100 150 200 250 300

CA activity in 
IU/mL (mean±SD)

25.71±24.88 25.14±21.51 41.33±22.48 50.36±29.51 76.17±24.48 102.57±25.46 143.29±30.99 183.52±47.69 216.09±34.56

Table 2: Comparisons carbonic anhydrase 
activity of human erythrocyte under different 
concentrations of NaHS by ANOVA test
All values Sum of 

squares
Df Mean 

square
F Sig.

Between groups 1671108.354 8 208888.544 231.108 0.000
Within groups 333523.476 369 903.858
Total 2004631.831 377
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activity is also altered by advanced glycation end products 
methylglyoxal and reduced glutathione.20

H2S donors like NaHS may effectively increase the activity 
of  the CA enzymes and may be a therapeutic target in 
the above diseases. Moreover, by changing the activity of  
these enzyme H2S may cause the alteration of  H+ and 
HCO3

- concentrations and may also influence the redox 
status of  the cells. However, large scale study in this 
direction is needed to understand the proper biological 
implications and pharmacological potentials of  changes 
in CA activity by NaHS.21-24

What this study adds?
The carbonic anhydrase activity of  erythrocytes is 
significantly increased by increasing concentration of  
NaHS in a dose dependent manner.

CONCLUSIONS

The carbonic anhydrase activity of  erythrocytes is 
significantly increased by increasing concentration of  
NaHS and this gives a clue that CA activity in erythrocytes 
is linked to H2S in its optimum activities. Further large 
scale study in this direction is needed to understand the 
pathophysiological implications and pharmacological 
potentials of  changes of  NaHS on CA activity.
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