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ABSTRACT: In human platelets, the presence of one an acidifying Cl - / HCO3 exchange mechanism has not been previously reported. This paper focuses on the regulation of this exchange after stimulation with thrombin. On resuspension of BCECF-loaded platelets in a chloride-free medium (gluconate replaced) that contains bicarbonate, pHi increased and stabilized after 10 min at an alkaline value (7.65 ± 0.02, n=14). After addition of 50 mM NaCl, pHi fell rapidly reaching steady state in the succeeding 5 min. The recovery from the alkaline load produced by NaCl was similar to the recovery in the presence of one inhibitor of the Na + /H + exchange or when 50 mM LiCl was used. The recovery in chloride-containing solution was in contrast to the effect of the addition of 50 mM sodium gluconate that not produced a significant variation of pHi. The addition of NaCl after 5 min in high gluconate reproduced the pHi fall in the control experiment. The rate of recovery of pHi after alkalization with 25 mM TMA was increased when platelets were previously stimulated with 0.1 IU of thrombin in a bicarbonate-containing solution, but no significant change was produced by thrombin in the recovery of pHi in a bicarbonate-free solution. The increase in the rate of recovery produced by thrombin was similar to in the presence or the absence of an inhibitor of the Na + /H + exchange. It is concluded that thrombin, in addition to its stimulatory effect on Na + /H + exchange, activates an anion exchanger by a direct regulatory pathway.
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Ab breviations :

AE: Anion exchanger

BCECF-AM: 2´7´bis(carboxyethyl)-5(6) carboxyfluorescein tetra-acetoxymethyl ester.

DIDS:4,4- diisothiocyanatostilbene-2,2’ disulfonic acid.

EIPA: Ethyl Isopropyl amiloride.

HEPES: N-(2-hydroxyethylpiperazine)-N’-(2-ethanesulfonic acid

NHE: Na + /H + exchanger

PKC: protein kinase C.

TMA: Trimethylamine hydrochloride

Tris: 2-amino-2-hydroxymethyl-1,3 propanediol.

INTRODUCTION:

As a result of the growing awareness of the importance of the mechanisms by which mammalian cells maintain and regulate their cytosolic pH (pHi), several alkalinizing and acidifying solute carrier proteins have been identified. The best characterized alkalinizing mechanism up to date is the Na+ /H+ exchange (NHE), which is present in almost all cell types investigated, including the human platelets (1,2). Lately, the importance of the transport mechanisms of the platelets that utilize HCO3 - has been considered (3,4,5). Accordingly, our laboratory characterized an alkalinizing sodium-bicarbonate symport in human platelets (6), but the presence of one acidifying Cl- / HCO3 - anion exchanger (AE) in platelets has not previously been reported. This paper focuses on the regulation of this exchange after stimulation with thrombin, with special emphasis on the concept that the effect is a direct stimulation on the transport protein rather than an indirect coupling, secondary to the stimulation of Na + /H + exchanger produced by thrombin (7).

MATERIALS AND METHODS:

Tris, HEPES, TMA,  EIPA and the acetoxymethyl ester of the fluorescent indicator BCECF were purchased from Sigma (St. Louis, MO.). All other chemicals were reagent and analytic grades.

Experimental media:

The bicarbonate-buffered medium with chloride (control solution) contained (in mM): 115 NaCl, 5 potassium gluconate, 1 MgSO 4,1 calcium cyclamate, 10 glucose and 25 NaHCO3. NaCl was replaced by sodium gluconate in the chloride-free media (gluconate solution). In the bicarbonate-free media, NaHCO3 was replaced by 20 mM HEPES, increasing the NaCl concentration to 140 mM (HEPES solution). Adjustment and maintenance of pH 7.5 in bicarbonate-containing solutions were performed by equilibration with an appropriate CO2-O2 mixture, and HEPES solution was adjusted with Tris to the same value.

Determination of pHi changes.

Blood was obtained from healthy volunteers, mixed one-sixth volume of

anticoagulant (2.5 g of sodium citrate, 1.5 g of citric acid and 2.0 g of glucose in 100

ml of water) and centrifuged at 200 x g, during 15 min. The supernatant (platelet

rich plasma) was incubated during 45 min at 37 (C with 1 mM aspirin and 10 (g/ ml

BCECF-AM. A first pellet that could contain contaminating erythrocytes was

eliminated by a short centrifugation and then a second platelet pellet was collected

by centrifugation of supernatant during 15 min of. The platelets were dispersed and

maintained in the bicarbonate-buffered solution or in the HEPES solution.

BCECF was excited at 503 nm and 440 nm and the emitted fluorescence

was collected at 535 nm. pHi was calculated in each preparation by calibration of

the fluorescence ratio 503/440 performed using a high potassium-nigericin solution

(135 mM KCl replaced the same concentration of NaCl in the HEP ES solution, with

5 (M nigericin). Adding Tris base was added in steps of 25 mM to increase pH was increased from 7 to 8.  The relationship between the ratio of fluorescence and the pH value obtained in each step was linear over this range.

Intracellular alkalosis in chloride-containing media was imposed by application of 25 mM trimethylamine hidrochloride (TMA). The initial rate of pHi recovery (dpHi/dt) was measured as the slope of a regression line between the peak of alkalosis and after 100 sec of after recovery in TMA. It was assumed that the buffer power calculated in HEPES solution is the intrinsic buffer power ( (i) and that in bicarbonate media the theoretical total buffering power was the sum of (i and (CO2 (8). Where (cO2 = 2.3 [HCO-3]i and [HCO 3 - ] i = [HCO 3 - ]o.10 (b-a) ). The other equation used was: (i= (([TMA] 0.10 (a-b) )/ (1+10 (a-c) )/(pHi where [TMA]o was 25 mM (the total TMA added), (pHi the measured change in pHi produced by this addition, a=7.5 (the extracellular pH), b= the final pHi after TMA addition, and c= 9.8 (the pK of TMA).

Statistics:

Data were expressed as means ± SEM. Statistical tests were performed using a commercial package. P< 0.05 was considered significant. After the parametric ANOVA all pairwise comparisons were made with the Student-Newman-Keuls test.

RESULTS

Effect of chloride removal and reintroduction:

On resuspension of platelets in a chloride-free medium (gluconate replaced) that contained bicarbonate, pHi increased and stabilized after 10 min at an alkaline value (7.65 ± 0.02, n=14). After addition of 50 mM NaCl, pHi fell rapidly, reaching steady state in the following 5 min. The recovery achieved by imposing an inward directed chloride gradient was more reproducible than the alkaline load and was further used for experimental comparisons. The recovery in chloride-containing solution was in contrast to the effect of the addition of 50 mM sodium gluconate that did not produce a significant variation of pHi. The addition of 50 mM NaCl after 5 min in high gluconate reproduced the pHi fall in the control experiment (figure 1A).

When 165 (M EIPA was present in the solution used for platelet resuspension, the recovery from the alkaline load produced by 50 mM NaCl was similar to the recovery in the absence of the inhibitor of the Na+ /H+ exchange. The recovery occurred also when 50 mM LiCl was used instead of NaCl. (fig 1,B). The change in pHi after chloride salts addition could not be imputed to the increase of osmolarity in the solutions, since it was not produced by 50 mM sodium gluconate (fig 1, C). 

Evaluation of the effect of thrombin on Cl -/ HCO3 - exchange

In spite of the fact that the Although contamination with other cells was avoided by a careful centrifugation protocol, we were aware of the fact that the alkalization by the reverse mode of operation of Cl - / HCO3 - exchanger in the chloride-free medium and the recovery after the increase of extracellular chloride could be have been due to the presence of erythrocytes. The r Responsiveness to an specific platelet agonist, such as thrombin, excluded would exclude this possibility.

To test the stimulatory effect of thrombin, a bicarbonate load was produced by intracellular alkalization with 25 mM TMA. The nondissociated form of the amine diffuses though the cell membrane, increasing the amount of bicarbonate and buffer bases in the cytosol. This increase in the bicarbonate driving force stimulates the operation of the anion exchanger in the direct mode in the bicarbonate-buffered medium with chloride (control solution). The activity of the exchanger was evaluated by the initial rate of recovery from the alkaline load, estimated by a lineal fitting linear fit to the values of pH acquired during the first 100 sec following TMA addition. The recovery of pHi evoked by TMA was increased in the bicarbonate containing media when platelets were previously stimulated with 0.1 IU of thrombin, but no significant change was produced by thrombin in the recovery of pHi in HEPES solution (fig 2).

In the nominally bicarbonate-free media the recovery was low but not completely inhibited. This could be due to a rather low bicarbonate in equilibrium with the atmospheric and endogenous CO2, or to the existence of other acidifying mechanisms. It also should be noted that a similar rate of recovery of pHi in HEPES solution than in bicarbonate solution indicates a lower increase in acid equivalents due to the greater buffer capacity when the physiological CO2/HCO3 - buffer system was present. The intrinsic buffer power of platelets in the HEPES solution was estimated in 34 ± 4 mM / pH unit and the theoretical total buffer capacity in bicarbonate was more than four times greater.
Effect of inhibitors on thrombin stimulation of Cl -/HCO3 - exchange:

When 330 (M EIPA was present in the solution used for platelet resuspension, the increase in the rate of recovery produced by thrombin was similar to the increase observed in the absence of the inhibitor of the Na+ /H+ exchange (fig 3).

The increase of recovery produced by thrombin did not show significant changes in the presence of the carbonic anhydrase inhibitor
 trimethazolamine (1mM final concentration, results not shown).

The dDisulfonic stilbene DIDS inhibits Cl- /HCO3- exchange in a variety of cell types. In the case of platelets the drug produced artifacts, quenching of fluorescence and aggregation of platelets that made it difficult to have obtain acceptable results.

DISCUSSION:

This paper describes a transport governed by the relative concentration gradients of Cl - and HCO3 - across the cell membrane. It The mechanism is activated by cellular alkalization and normally acts as a Cl- influx mechanism (the exchange of intracellular HCO3 - for extracellular Cl-, direct mode). However, under experimental conditions of external Cl- removal, this antiporter can be reversed. Previous studies have suggested that the exchange in reverse mode of Cl- by HCO3 - would allow the recovery of pHi in acidified platelets (3). However we are unaware of published accounts concerning the contribution of transporters to pHi recovery from intracellular alkalosis in platelets.

The present study shows that the recovery from alkalosis depends on an inward directed chloride gradient: When Cl- -depleted cells were reexposed to a Cl- -containing solution, there was a rapid fall in pHi. Replacement of Na+ for
 Li+ have
 no affect
 on the decline in pHi when the cells were reexposed to a Cl- -containing solution.  The decline in pHi was observed whether the Cl- was delivered to the solution in the form of LiCl or NaCl.  The acidification, that
 which is independent of the sodium gradient, was unaltered by EIPA, an amiloride derivative that blocks Na + /H + exchanger. The functional characteristics of the Cl-/HCO3 - exchanger activity in platelets were consistent with the properties associated with members of the AE gene family; although the study of some characteristics of this transporters i.e., electroneutrality, Na-independence, and DIDS-sensitivity, have not been demonstrated here. The properties of the AE activity found in platelets were similar to those previously described for AE1–AE4, members of the SLC4A gene family. Of these, AE2 is expressed in most tissues, whereas the expression patterns of AE1, AE3, and AE4 are restricted.

Many humoral factors have been reported to modulate the activity of the anion exchanger, including extracellular ATP (9 ,10), adrenoceptor agonists (11), aldosterone (12), vasopresin (13), endothelin (14) and angiotensin II (10,15). The stimulation of the exchanger could be either indirect, when the agonist operates other channels or carriers changing the driving force for the transported ions, or direct when the structure of the exchanger protein is modified by the agonist. 
Under normal physiological conditions, the AE and NHE exchanges exchanger is said to be almost inactive. In lymphocytes, the activation of Na+ /H+ exchange (i.e. by osmotic shrinking) induced a cytoplasmatic alkalization. Concomitantly, the rate of the anion exchange also increased, but this stimulation was eliminated by amiloride derivatives, indicating an indirect coupling between the exchangers (16). In the case of platelets the stimulatory effect of thrombin was direct. We are unaware of studies in which the regulation of anion exchange has been investigated in platelets. The current studies were therefore performed to provide a better understanding of the regulation and function of Cl- /HCO3 - exchangers in this cell type. After thrombin receptor stimulation, the primary signal for activating aggregation, there is a significantly enhanced activity of the AE. Thrombin receptor stimulation activates phospholipase C, generating inositol 1,4,5-trisphosphate, and diacylglycerol, which activates protein kinase C (PKC) and triggers alkalization by Na+ /H+ exchange (7). This raises a possibility that the magnitude of the increase in acidifying AE activity observed during stimulation may have been underestimated before. It is somewhat surprising that a physiological agonist activates simultaneously two antiports working in opposite directions to regulate pHi, but this pattern of double direct stimulation appears to apply for other cells as well (14,15). Likewise to the NHE, the AE is stimulated by PKC (15), phosphatase inhibitors (17) and is inhibited by drugs that raise intracellular cAMP (18).
The chloride activity of the cytosol may vary with the regulatory state of the cells. The activity of the antiporter described here could account for such differences. On the one hand, activation of the Na+ -independent anion antiporter would tend to increase the internal Cl- concentration at the expense of HCO3-. It has been reported that epinephrine-mediated increases in intraplatelet chloride concentration contribute, in part, to epinephrine-dependent aggregation (18). On the other hand, the net result of stimulation of NHE and AE will be that NaCl enters the cells, which results in cell swelling. This volume increase would be a signal to induce or facilitate aggregation. The increase of intracellular sodium could be coupled through the Na + /Ca 2+ exchanger to the increase of calcium. It is also possible that in the platelets the activation of the anion exchanger participates in other transport processes. AE1 has a higher affinity for nitrite than for Cl - and has also been shown to transport other anions. Transfection studies with AE2 have also shown that it is capable of transporting a number of different ions. It has been suggested that HCO3 - /Cl - exchanger mediated peroxynitrite transport into the platelets (20).
The paucity of studies assessing the platelet function using CO2/HCO3 - media possibly reflects methodological difficulties, but as it has been suggested (21), anion mobilization would play a mayor major role in the receptor-mediated activation of platelets functions.

LEGENDS FOR THE FIGURES:

Fig 1: Recovery from Intracellular pH changes induced by an outwardly

directed Cl - gradient .

A) Platelets were maintained in a bicarbonate medium before assay. At the beginning of traces, an outward gradient of Cl - was imposed by suspending platelets in a medium with low concentration of Cl - (3.5 mM). Omission of chloride was not complete, since concentrated platelets were added in a small volume of control bicarbonate solution. In the thin trace, 50 mM NaCl (final) was added to cuvette at arrow. Observed decrease in pH is not an osmotic artifact, since it was not observed when an osmotic equivalent of gluconate was added: In the thick trace, 50 mM Na gluconate (final) was added to cuvette at fist arrow and 50 mM NaCl at second arrow. The traces are representative of four similar experiments B) After alkalization as in (A) 50 mM NaCl (thin trace) or LiCl (broken trace) was added to cuvette at arrow to create an inward directed Cl - gradient. Note that the decrease in pH was not modified by the replacement of Na + for Li + or by inhibition of the Na + /H + activity, since it was observed in the presence of EIPA (thick trace). The traces are representative of three similar experiments. C) Mean and SEM of the change in pH after 5 min produced in each group. Asterisk indicate P< 0.05, ANOVA followed by the Student-Newman-Keuls test for all pairwise comparisons

Fig 2: Recovery from Intracellular pH changes induced by TMA is

accelerated by thrombin in the presence of bicarbonate.

Left panel shows a representative experiment. Platelets were maintained in a HEPES medium before assay. At time=0 the platelets were suspended in HEPES or Bicarbonate media as indicated by the labels. In the thick traces, 0.1 IU thrombin (final concentration) was added to cuvette at the first arrow. The second arrow indicates the addition of 25 mM TMA. R ight panel shows the mean and SEM of the initial rate of pH change produced in each group (n=4).

Fig 3: The thrombin-stimulated recovery was insensitive to NHE inhibiti on.

Left panel shows a representative experiment. Platelets were maintained and assayed in the control bicarbonate medium. The platelets were incubated in the absence (thin traces) or in the presence ( thick traces) of 330 (M EIPA. At the first arrow, 0.1 IU thrombin (final concentration) was added to cuvette. The second arrow indicates the addition of 25 mM TMA. R ight panel shows the mean and SEM of the initial rate of pH change produced in each group.(n=4).

This is a nicely done and well-controlled study of the Cl-/CO3- anion exchange mechanism in platelets.  The author first demonstreates that NaCl will restore the intercellular pH (pHi) for platelets that have been alkaline-loaded.  He then systematically eliminates other possibilities (e.g. that the Na+ pump is involved) to arrive at the final conclusion.  While it would have been nice if the CO3- inhibition studies had been possible, the set of experiments that the author describes are convincing.

My specific comments are purely editorial in nature.

Abstract:  the presence of one acidifying Cl - / HCO3 exchange has not previously reported. -> the presence of AN acidifying Cl - / HCO3 exchange MECHANISM has not BEEN previously reported.

Material and Methods -> MaterialS and Methods

p. 5, second line from bottom: during 15 minutes of. -> during 15 minutes.

p. 6, line 5: Adding Tris base in steps of 25 mM pH was increased from 7 to 8.  -> Tris base was added in steps of 25 mM to increase pH from 7 to 8.

p. 6, line 11: and after 100 sec of recovery -> and 100 sec after recovery

p. 6, lines 14 and 16: were -> where

p. 7, line 3: contain bicarbonate -> contained bicarbonate

p. 7, line 4: rapidly reaching -> rapidly, reaching

p. 7, bottom 3 lines: In spite of the fact that the contamination with other cells was avoided by a careful centrifugation protocol, we were aware of the fact that the alkalization by the reverse mode of operation of Cl- / HCO3- exchanger in the chloride-free and the recovery after the increase of extracellular chloride could be due to the presence of erythrocytes.

Although contamination with other cells was avoided by a careful centrifugation protocol,the alkalization by the reverse mode of operation of Cl- / HCO3- exchanger in the chloride-free medium and the recovery after the increase of extracellular chloride could have been due to the presence of erythrocytes.

p. 8, lines 2-3: The responsiveness to an specific platelet agonist as thrombin excluded this possibility. -> Responsiveness to a specific platelet agonist, such as thrombin, would exclude this possibility.

p. 8, line 6: membrane increasing -> membrane, increasing

p. 8, line 10-11: lineal fitting -> linear fit

p. 8, line 11: fist 100 sec -> first 100 sec

p. 9, line 8: The disulfonic -> Disulfonic

p. 9, line 10: difficult to have -> difficult to obtain.

p. 10, line 2: It is activatged -> The mechanism is activated

p. 10, lines 12-14: Replacement of Na+ for Li+ have no affect on the decline in pHi when the cells were reexposed to a Cl- -containing solution. ->

The decline in pHi was observed whether the Cl- was delivered to the solution in the form of LiCl or NaCl.

p. 10, line 14: that is independent -> which is independent

p. 11, line 7: exchanges -> exchanger

p. 11, line 11: a indirect -> an indirect

p. 12, 4th line from bottom: assessing the platelet function -> assesssing platelet function

p. 12, 3rd line from botton: as it has been suggested -> as has been suggested

p. 12, 2nd line from bottom: mayor -> major
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