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    Intracellular pH (pHi) plays a vital role in the regulation of many cell functions. Apart from active transmembrane pHi 
regulators, passive intracellular buffering power acts in the fi rst line to attenuate the impact of pHi changes. Moreover, the 
quantifi cation of the total intracellular buffering power (βtot) is essential for calculating transmembrane acid-equivalent 
fl uxes from pHi recordings. The βtot has two components: intrinsic buffering power (βi) and CO2-dependent buffering 
power (βCO2). By microspectrofl uorimetry with a fl uorescence probe BCECF (2’,7’-bis(carboxyethyl)-5(6)-carboxyfl uo-
rescein), we calculated the buffering power in human monocytes. 
    Experiments were performed under conditions free of Na+, Cl- and high K+ to prevent the operation of active trans-
membrane pH regulators. Small stepwise reductions of external NH4Cl (from 30 to 0 mM) resulted in stepwise reduc-
tions of pHi. Similar procedures were performed either in the CO2/HCO3

-- or the HEPES-buffered solution. The results 
showed in the pHi ranges of 6.9~7.5, under the CO2/HCO3

--buffered condition, the values of βtot can be described 
as βtot=1403.1[pHi]

2-19169.7[pHi]+65538 (R2=0.81). Under HEPES-buffered condition, the values of βi can be de-
scribed as βi = -1293.2[pHi]

2-18539.6[pHi]+66519.9 (R2=0.64). Note, the factor of βtot becomes more important while 
in the alkaline direction. In addition, the magnitude of intracellular βCO2, derived from βtot -βi, has been described as 
βCO2=745.7[pHi]

2-9832.1[pHi]+32306.3 (R2=0.99). This demonstrated the CO2-dependent buffering power in the hu-
man monocytes was not consistent with a fully open cell-system for CO2, i.e. βCO2 is not equal to 2.3×[HCO3

-]. In other 
words, CO2-permeation and –hydration/dehydration reaction are not rapid enough to behave as an open system. In con-
clusion, our present study, for the fi rst time, quantifi es the buffering power in human monocytes.

Key words: intracellular buffering power, human monocytes, intracellular pH, microspectrofluorimetry, fluorescence 
probe-BCECF

INTRODUCTION

The regulation of intracellular pH (pHi) is important 
because many cellular processes are sensitive to pHi 

changes. These pH-sensitive changes include enzyme 
activities, transporters/channels conformational states, 
signal transduction and regulation of cellular growth and 

differentiation.1-5 In general, it has been demonstrated 
the pHi in mammalian cells is kept within a narrow range 
(7.2±0.1) through the combined operation of active 
transmembrane pHi transporters and the intracellular 
buffering power (βtot).

6-7 Buffering occurs within a rapid 
time course but will not restore pHi to its original valued 
following an acid-base perturbation. The total restoration 
requires operation of active transporters with a slower 
time course (mins).8 Therefore, the ability to maintain 
optimal pHi is an essential requirement for all cells.

Given the considerable role of βtot in minimizing pHi 
changes, the quantification of βtot is essential for cal-
culating sarcolemmal acid equivalent fluxes from pHi-
recordings. The total intracellular buffering power (βtot) 
has two components: the intrinsic buffering power of the 
cell (βi) and the CO2-dependent buffering power (βCO2) 
caused by intracellular CO2/HCO3

-.9 The βi is principally 
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due to physicochemical buffers, such as the weak acid/
base moieties of cytoplasmic proteins and phosphate. 
The human atrial myocardium cell βi has been shown to 
vary approximately linearly with pHi in accordance with 
the equation:

βi = -212.1 pHi + 1931.9 (R2=0.026) in the pHi ranges 
of 7.1~7.5.  Note, there is not a signifi cant correlation be-
tween βi and pHi.

10 
In the absence of CO2, βtot is simply equal to the βi. 

In the presence of CO2/HCO3
-, βtot equals the sum of 

βi and βCO2. CO2-dependent buffering power occurs 
through the chemical reactions:

CO2+H2OH2CO3H++ HCO3
-

Therefore, in mammalian systems, the magnitude of 
intracellular βCO2 depends on whether a cell behaves 
as an open or a closed system to CO2. Koppel & Spiro 
initially suggested cellular CO2/HCO3

- could serve as a 
buffer in a closed CO2- system.11 This would mean all 
reactions occur within a single compartment with no ex-
change of the buffer species (CO2) with the surroundings. 
In such a system, the total buffer concentration always 
remains constant and exerts its maximum buffering pow-
er at a pH equal in value to the pKa of the buffer. In an 
open system, it is assumed two compartments exist, with 
the outer compartment acting as a reservoir of uncharged 
buffer species (CO2) that freely enters and equilibrates 
with the inner compartment. Van Slyke demonstrated 
the contribution of CO2/HCO3

- to the buffering of blood 
tends to operate as an open CO2 system.12 In previous 
study, the results indicated applying and removing CO2/
HCO3

- have effects on steady-state pHi in anoxia. For 
instance, acute anoxia elicited a small pHi decrease of ~ 
0.06 in mouse CA1 hippocampal neurons bathed in CO2/
HCO3

-, but a considerably larger pHi increase of 0.46 in 
the neurons bathed in the absence of CO2/HCO3

-.13-15 Our 
previous study in human atrial myocardium cells showed, 
in the CO2/HCO3

--condition, the values of βtot can be 
described as βtot = -1633.3 pHi+12544.9 (R2=0.86) in 
the pHi ranges of 7.1~7.5. This implies the buffering of 
blood tends to operate as an open CO2 system.10

In human THP-1 monocytes, systematic measure-
ments of intracellular βtot have not so far been made. 
Knowledge of βtot is essential to calculate transporter-
mediated membrane fluxes of acid-equivalents, apart 
from the indispensable basic database of the physiologi-
cal parameters of cells. Therefore, in the present study, 
our aim is to estimate βtot, βCO2 and βi in human mono-
cytes.

MATERIALS AND METHODS

Culture of human monocytes (THP-1) cell lines 
The human monocytes cell line (THP-1) was obtained 

from the European Collection of Cell Cultures (Salisbury, 
UK). The cells were cultured in RPMI-1640 medium 
(Sigma, Poole, UK), supplemented with10% FCS, 4mM 
l-glutamine, 50 U/ml penicillin, 50 μg /ml streptomycin 
in a humidifi ed atmosphere of 95% air with 5% CO2 at 
37 oC (Sigma).16

Measuring pHi

The pHi of human THP-1 monocytes were measured 
using a pH sensitive dye BCECF and as described in our 
previous reports.17-18 In brief, the monocytes were loaded 
with BCECF for 30 min by incubating in the standard 
HEPES-buffered solution containing 10 μM of the cell 
permeant acetoxymethylester (-AM) form of the dye, 
BCECF. The cells were then secured in a fl ow-through 
chamber, which is in a temperature-controlled situation. 
The chamber was mounted in the excitation light path of 
the spectrofl uorometer. The emitted light fi ltered at 510 
nm from 490-nm excitation is pH sensitive, whereas that 
from 440-nm excitation is relatively pH insensitive. The 
ratio of the 510 nm emission at 490 nm and 440 nm exci-
tation (F490/F440) is calculated and converted to a linear 
pH using the following equation:   

pHi = pKa + log [(Rmax- R) / (R-Rmin)] + log (F440min/ 
F440max)

w h e r e R i s t h e 510 n m e m i s s i o n a t 490 n m 
excitation/510 emission at 440 nm excitation ratio, Rmax 
and Rmin are, respectively, the maximum and minimum 
ratio values from the calibration curve (pHi 5.5~8.5; data 
not shown), and pK is the dissociation constant for the 
dye, taken as 7.05. F440min/F440max is the ratio of the 
fluorescence measured at 440 nm of Rmin and Rmax. 
The overall sampling rate for the recorded fluorescent 
ratio (440nm /490 nm) is 0.5 Hz in the experiment. Thus, 
the fluorescence–ratio (F490/F440) is predominately a 
function of pH. Throughout the whole experiment, the 
change in resting pHi induced by the tested drug was 
compared at the steady-state after treating the drug, un-
less otherwise stated.  

Calibration of the BCECF fl uorescence ratio signals
Normalized ratios were converted to pHi values us-

ing the in situ calibration curves.10,17 Intracellular pH 
was estimated as an E490/E440 ratio of fl uorescence and 
calibrated as follows: Human THP-1 monocytes were 
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exposed to high K+-nigericin calibration solutions, which 
equilibrate the pHi with the known extracellular pH. The 
E490/E440 ratios were obtained during perfusion with 
fi ve pH standard solutions (pH 5.5, pH 6.5, pH7.0, pH 7.5 
and pH 8.5). Because the response ratio was linear in the 
pH range from 7.5 to 6.5, a simple transformation was 
performed to obtain the corresponding pHi values with 
the linear range. All experiments were performed at 37 
oC.

Method for Determining β
In the present work, pre-pulsing a cell with a permeant 

weak base NH4Cl was used to induce an intracellular 
acid load. The magnitude of the intracellular acid load, 
in combination with the size of the pHi-change was used 
to compute intracellular buffering power. A detailed de-
scription of utilizing weak acids in estimating β was 
given by Roos and Boron.9 In brief, β can be defi ned as:

β(mM)=[H+]i / △pHi    (e.1)

where [H+]i is the concentration of acid introduced 
to the cell and △pHi is the resulting change in pHi. For 
experiments with the NH4Cl prepulse technique, the ap-
plication of NH4Cl externally induces an intracellular 
alkalosis. This is due to the rapid diffusion of NH3 into 
the cell and its subsequent hydration to form NH4

+. Upon 
removal of extracellular NH4Cl, NH4

+ exits the cell as an 
uncharged NH3, leaving behind an equal concentration 
of H+ and causing an intracellular acidosis. If [H+]i is as-
sumed to equal the intracellular concentration of NH4

+ at 
the moment of their removal from the external solution, 
then equation 1 can be expressed as: 

β(mM)=[NH4
+]i / △pHi   (e.2)

According to the Henderson-Hasselbalch equation, the 
relationship between internal and external NH4

+ concen-
tration is as follows: 

pHo-pHi = log ([NH4
+]i / [NH4

+]o)  (e.3)

Equation 3 can then be re-arranged: 

[NH4
+]i = [NH4

+]o × 10 (pHo-pHi)  (e.4)    

In the extracellular solution, pHo = pKa + log ([NH3]o/
[NH4

+]o) (Henderson-Hasselbalch equation). Therefore, 
re-arranging:   

[NH4
+]o = C/(10 (pHo-pK) +1)  (e.5)

where C is the total extracellular concentration of the 
NH4

+ and pK is the dissociation constant of the NH4Cl [9].
Combining equations 4 and 5, we can derive [NH4

+]i 

at a given pHi:
 [NH4

+]i = [C/(10 (pHo-pK) +1)]× 10 (pHo-pHi)          (e.6)

In an open system, the theoretical βCO2 = 2.3 × 
[HCO3

-]i               (e.7)

Similar to the calculation procedures above for NH4
+ 

and, the [HCO3
-]i

can then be calculated as 

[HCO3
-]i = [C/(10 (pK-pHo) +1)]×10 (pHi-pHo)         (e.8)

Experimental Protocol
The addition of NH4Cl induces a rise in pHi due to the 

entry of the membrane-permeant form of the weak base 
NH3, which then associates with H+ thus raising pHi. 
Removing NH4Cl induces a fall of pHi as [NH4

+]i rapidly 
dissociated into H+ and NH3, the latter diffusing out of 
the cell.18 In the study, Na+-free, Cl--free, and high K+ 
conditions are used to prevent the effects of pHi regula-
tors. It is desirable to prevent the effects of pHi regulators 
when quantifying intracellular buffering power.20 Pro-
cedures are performed in a stepwise and in two kinds of 
solutions which are buffered with the CO2/HCO3

-- condi-
tion or the HEPES- condition, respectively.

Solutions
Standard HEPES-buffered Tyrode solution (air equili-

brated) contained (mM): NaCl, 140; KCl, 4.5; MgCl2, 1; 
CaCl2 2.5; glucose, 11; HEPES, 20; pH adjusted to 7.4 
with 4N NaOH. Unless otherwise stated, pH adjustments 
of all HEPES-buffered solutions (including those where 
ionic-substitutions are made; see below) are performed 
at 37 oC. Standard bicarbonate-buffered Tyrode solution 
(equilibrated with 5%CO2/22 mM HCO3

-) is the same as 
above, except the NaCl concentration is reduced to 117 
mM, and 22 mM NaHCO3 is added instead of HEPES (pH 
7.40 at 37 oC).

Ion-substituted solutions: In Na+-free, HEPES-buff-
ered Tyrode solution, NaCl is replaced with 140 mM N-
methyl-D-glucamine (NMDG), and the pH adjusted to 7.4 
with HCl. Cl--free, CO2/HCO3

--buffered Tyrode solution 
contained (mM): sodium gluconate, 117; potassium glu-
conate, 4.5; calcium gluconate, 12; NaHCO3, 22; MgSO4, 
1; glucose, 11. When 10 mM ammonium chloride is 
used, it is added directly as solid to solution without os-
motic compensation. 

Nigericin calibration solutions contained (mM): KCl, 
140; MgCl2, 1; 10 μM nigericin; buffered with one of 
the following organic buffers: 20 mM 2-(N-morpholino) 
ethanesulphonic acid (MES, pH 5.5), 20 mM HEPES 
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(pH 7.5) or 20 mM 3-(cyclohexylamino)-2-hydroxy-1-
propane-sulphonic acid (CAPSO, pH 9.5), and is adjust-
ed (37 oC) to the correct pH with 4N NaOH. All drugs 
mentioned above are ordered from Sigma-Aldrich (United 
States). 

Statistics
Data are reported as mean±standard error of the 

mean (SEM), where n refers to the number of experi-
ments. Signifi cance in means was assessed using either 
the paired or unpaired Student’s t-test, and P < 0.05 is 
considered significant. Univariate linear regression is 
carried out to explore the determinants of variability in 
β value as the dependent pHi variable.  

RESULTS 

Determination of βtot by ammonium removal
To determine total buffering power (βtot), we used 

CO2/HCO3
--buffered Tyrode solution in the present ex-

Fig. 1 Experiment to determine pHi dependence of βtot 
using NH4Cl removal in 0 Cl-, 0 Na+, 150 mM K+, 
bicarbonate-buffered Tyrode solution. A: External 
NH4Cl is added and then removed stepwise as indi-
cated. B: The trace shows the changes in intracellu-
lar pH (pHi).

Fig. 2 βtot increases as pHi becomes more alkaline. A: 
Each value of βtot is plotted versus pHi. (pHi is 
taken as the mid-point of each stepwise acid load 
followed by NH4Cl reduction; see Fig. 1). Line is 
fi tted by linear regression and drawn according to 
the equation: βtot = 1403.07 [pHi]

2 - 19169.66[pHi] 
+ 65538.02 (R2 = 0.81). B: Histograms show the 
total intracellular buffering power (βtot) averaged 
over three groups of pHi (6.9~7.1; 7.1~7.3; 7.3~7.5). 
**: p < 0.01 vs. pHi 6.9~7.1.
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periments. Moreover, to rule out the possible affection of 
pHi recovery from all active pHi regulators following an 
internal acid-load, acid extrusion is inhibited by superfus-
ing a Na+-free, Cl--free, solution (Na+ replaced isosmoti-
cally with N-methyl-D-glucamine) and high potassium 
solution (150 mM K+) as shown in the top bar of the 
fi gure 1A.20 Figure 1A shows the protocol of small step-
wise reductions of external NH4Cl from 30 to 0 mM (the 
mechanism please see material and method for details).18 
The stepwise reductions of pHi caused by small stepwise 
reductions in external NH4Cl in CO2/HCO3

--buffered are 
shown in fi gure 1B.  

Figure 2A shows the calculated values of βtot plot-
ted versus pHi (See Material and methods for detail of 
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β tot = 1403.07 [pHi]
2 - 19169.66[pHi] + 65538.02 

(correlation coeffi cient R2 = 0.81).

This means the values of βtot increase as pHi rising. 
Figure 2B shows the comparisons of βtot in three dif-
ferent pHi ranges of 6.9~7.1, 7.1~7.3 and 7.3~7.5. The 
former pHi range from 6.9 to 7.1 represents the acid 
intracellular condition. The pHi range from 7.1 to 7.3 
represents the normal physiological resting condition and 
the latter pHi range from 7.3 to 7.5 represents the slight 
alkali condition. From the statistics bar of fi gure 2B, we 
demonstrated an averaged βtot in a mean of 263.5±20.8 
mM (n=6) in the normal physiological resting condition 
which was elevated to 425.6±35.5 mM (n=3) when rest-
ing pHi shifted to a slightly alkaline condition (~0.2 pH 
unit). On the contrary, averaged βtot was decreased to 
108±7.3 mM (n=10) when resting pHi shift to a slightly 
acidic condition (~0.2 pH unit).

Determination of βi by ammonium removal 
To estimate βi, the present experiment is derived 

from the pHi-fall and followed by stepwise of NH4Cl 
reduction from 30 mM to zero in the superfusate of 
HEPES-buffered Tyrode solution. Each fall of pHi then 
can be used to estimate βi, as the active acid extru-
sion is inhibited by superfusing a Na+-free, Cl--free, 
solution (Na+ replaced isosmotically with N-methyl-D-
glucamine) and high potassium solution (150 mM K+) 
HEPES-buffered -buffered solution, as shown in the top 
bar of the fi gure 3A. Figure 3A shows the protocol of the 
experiment for determination of βi in human monocyte. 
Figure 3B shows an original pHi record of 8 similar ex-
periments. Figure 4A shows the calculated values of βi 
that plotted versus pHi. The relationship is not linear and 

Fig. 3 Experiment to determine pHi dependence of βi us-
ing NH4Cl removal in 0 Cl-, 0 Na+, 150 mM K+, 
HEPES-buffered Tyrode solution. A: External NH4Cl 
is added and then removed as indicated. B: The 
trace shows the changes in intracellular pH (pHi).

Fig. 4 βi increases as pHi becomes more alkaline. A: Each 
value of βi is plotted versus pHi. (pHi is taken as 
the mid-point of each stepwise acid load follow-
ing NH4Cl reduction.) Line is not a good linear 
regression and drawn according to the equation: 
β i = 1293.23[pHi]

2 – 18539.63[pHi] + 66519.88 
(R2=0.64). B: Histograms show the intrinsic buffer-
ing power (βi) averaged over three groups of pHi 
(6.9~7.1; 7.1~7.3; 7.3~7.5). **: p< 0.01 vs. pHi 
6.9~7.
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can be described by the equation: βi = 1293.23[pHi]
2 – 

18539.63[pHi] + 66519.88 (linear regression, correlation 
coeffi cient R2=0.064). It shows the tendency of a bipolar 
increase of βi in both the acid and alkali direction. Fig-
ure 4B shows comparisons of three groups of βi in pHi 
ranges of 6.9~7.1, 7.1~7.3, and 7.3~7.5. The means of 
βi are 98.2±9.8, 85.3±11.4 and 135.1±28.5, respec-
tively (p>0.05). The mean of βi elevated as pHi becomes 
more alkali versus the acid group (pHi 6.9~7.1), but this 
result is not signifi cantly different, though the tendency 
has been well observed.

Characterization of βCO2 
To characterize βCO2, we can simply derive from the 

value of βtot and βi shown in Figure 2A and Figure 4A, 

respectively. As prediction, the pHi changes in each steps 
associated with the addition and removal of NH4Cl are 
considerably larger in HEPES-buffered conditions than 
in CO2/HCO3

--buffered conditions, as shown in Figure 
1B and Figure 3B, respectively. These results indicate 
the intracellular buffering capacity is considerably in-
creased in the presence of a CO2/HCO3

- buffer system. 
In Figure 5A, the βCO2 (filled triangle) is derived as 
(βtot-βi) (filled circle and filled rectangle). Note, the 
theory βCO2 has also been plotted in Figure 5A (filled 
diamond). Figure 5A pools the results of βCO2 versus 
pHi. The relationship is good linear and can be described 
empirically by the equation: βCO2 = 745.71[pHi]

2 – 
9832.11 [pHi] + 32306.34 (linear regression, correlation 
coefficient R2=0.99). For comparisons of the values of 
βtot and βi, two kinds of β are grouped into three pHi 
ranges of 6.9~7.1, 7.1~7.3 and 7.3~7.5 as shown in Fig-
ure 5B. There is a signifi cant difference in the pHi ranges 
of 7.1~7.3 (p <0.01) and 7.3~7.5 (p <0.01). However, in 
the pHi ranges of 6.9~7.1, there is no signifi cant differ-
ence (p > 0.05). This means, in the alkali condition, βCO2 

becomes more important in the intracellular buffering 
power of human THP-1 monocytes.

DISCUSSION 

In our study, for the fi rst time, we quantify the buffer-
ing power in human THP-1 monocytes and present an 
important tendency of pHi-dependent buffering power 
in human monocytes. Moreover, our result shows CO2-
permeation and CO2-hydration/dehydration reaction are 
suffi ciently rapid to behave as an open system for CO2 in 
human monocytes, i.e. βCO2 is not fi t to the equation of 
2.3×[HCO3

-]i (see below for more details).

The clinical implication of pH dependent values of 
buffering power  

The pHi in mammalian cells is kept within a narrow 
range (7.0-7.2) through the combined operation of active 
sarcolemmal transporters and passive intracellular buffer-
ing power.6-7 The membrane transporters can be divided 
into two main categories: acid extrusion carriers and acid 
loading carriers. Acid extrusion carriers such as Na+/H+ 
exchanger (NHE) and Na+/HCO3

- cotransporter (NBC) 
can be activated when cells are in an acidic condition (pHi 

< 7.1).17-18 On contrast, when the cell was in an alkalized 
direction (pHi > 7.2), the acid loaders such as Cl-/OH- 

exchanger (CHE) and Cl-/HCO3
- exchanger (AE) will be 

triggered.21 
The function of human monocytes is subject to regu-

Fig. 5 βCO2 increases as pHi becomes more acidic. A: 
Each value of βC02 is the result of the mean βtot 
mean βi over four ranges of pHi. Line is fitted 
by linear regression and drawn according to the 
equation: βCO2 = 745.71[pHi]

2 – 9832.11 [pHi] + 
32306.34 (R2=0.99) B: Histograms show the sig-
nifi cant difference between βi and βtot in the pHi 
ranges of ( 7.1~7.3, 7.3~7.5). **: p < 0.01.
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lation by pHi. This is not only because the diameter of 
vessel is very sensitive to the change in phi which further 
affects the blood flow and related functions of mono-
cytes, but also due to the changes in pHi infl uence mono-
cyte migration and adhesion.22 Kaloyianni et al found the 
activation of NHE-1 in high glucose solution stimulated 
an increase in the expression of CD36 receptors on the 
surface of monocytes22. The adhesion of circulating 
monocytes to endothelial cells and smooth muscle cells 
are thought to be early events in the development of ath-
erosclerosis.23  

The present study demonstrated the buffering power, 
either βi or βCO2, is pHi dependent (Fig. 5A and Fig. 
5B), larger in the alkaline direction while smaller in 
the acid direction. In other words, it implies the human 
monocyte has more protection in alkaline conditions. 
Whether this is related to its patho-physiological func-
tion waits for further experiments. Intrinsic, CO2/HCO3

-- 
independent, buffering power is non-liner and bipolar 
increased in the acid and alkali direction.

As the intrinsic buffering power plays a major and 
direct role in the impact of pHi change through moieties 
of cytoplasmic phosphate and protein, therefore the char-
acterization of it is very important for clinical therapy as 
well as basic understanding. We have found, in human 
monocytes, the relationship is not linear and shows the 
tendency of bipolar increase of βi in both the acid and 
alkali direction (βi = 1293.23[pHi]

2 – 18539.63[pHi] + 
66519.88; R2=0.064), as shown in figure 4B. In other 
words, our results imply human monocytes possess high-
er intrinsic buffering power when cells meet the server 
conditions, i.e., at more alkali or more acid surroundings, 
such as under infl ammatory or infection challenge.  

CO2/HCO3
--dependent buffering dose is not consistent 

with an open CO2-system
Apart from intrinsic buffering power (βi), the main 

component of the value of βtot is the contribution of 
CO2/HCO3

- to cell-buffering, i.e. βtot. In an open system, 
it is assumed CO2 freely enters and equilibrates with the 
inner compartment. If one considers the intracellular & 
extracellular spaces as the two compartments and as-
sumes the cell is open to highly membrane-permeant 
CO2, then the intracellular concentration of CO2 should 
remain constant, even during changes in pHi. In such a 
system, intracellular buffering power is increased, even 
when the pH values are very different from the apparent 
pK. In an open system, providing CO2-permeation and 
CO2 hydration/dehydration reaction are suffi ciently rapid, 
βCO2 = 2.3×[HCO3

-]i .
24 

As shown in the fi gure 5A, the equation of βCO2 we 
derived in human monocyte is 745.71[pHi]

2 – 9832.11 
[pHi] + 32306.34 (linear regression, correlation coef-
fi cient R2 = 0.99). It strongly suggests βCO2 signifi cantly 
differs from that of theoretical βCO2 = 2.3×[HCO3

-]i . In 
other words, the present result shows the model of CO2-
dependent buffering power is not consistent with an open 
CO2- system fully. We find as pHi increased, βCO2 de-
creased. This means the factor infl uencing [HCO3

-]i  may 
not simply come from free CO2-permeation. The activity 
of carbonic anhydrase may be involved. This result is the 
same as what we found in our previous study in human 
atrial myocardium cells10, while differing from studies in 
early sheep Purkinje fi ber25, human smooth muscle cells9 
and rabbit single pulmonary vascular smooth muscle 
cells.26 For example, in the sheep cardiac Purkinje fi ber16, 
a component of βtot due to CO2/HCO3

- buffer was mea-
sured experimentally and was very similar to that pre-
dicted for an open, fully equilibrated system for CO2. In 
short, our results demonstrate, in human monocytes, ex-
tracellular CO2 can infl uence βCO2 through hydration and 
further equilibration of H2CO3/HCO3

- in the same way as 
a non-open (fully) equilibrated system. 

In conclusion, our study suggests, in human mono-
cytes, (1) CO2/HCO3

- makes a clear contribution to in-
tracellular buffering power, especially in the intracellular 
alkaline condition, (2) the human monocyte behaving as 
a buffered compartment does not fully open to CO2.  
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