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Despite a large volume of literature con-
cerning platelet aggregation, very few at-
tempts have been made to control the acid—
base environments of platelet-rich plasma
(PRP) during such studies (1, 3-6). A
method to control the pH of PRP using
CO, gas was described from this labora-
tory recently (2). In this study it was
demonstrated that platelet aggregation in re-
sponse to a threshold challenge with epi-
nephrine was greatly enhanced by alkalosis
and inhibited by acidosis within clinical
ranges of pH change. Since the pH was
controlled by varying pCO, in these experi-
ments, the question remained as to whether
this was a property of pH change per se
or of changes in the pCO,. Accordingly, in
the present studies, platelet aggregation in
response to threshold challenge with epi-
nephrine, and with ADP, was measured in
samples of PRP in which the pH was
altered while the pCO, was maintained con-
stant. The results indicate that the impor-
tant determinant in platelet response is pH
rather than pCO..
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Materials and Methods. Preparation of
platelet-rich plasma. Whole blood was col-
lected in plastic syringes from fasting
healthy human volunteers by venipuncture
and transferred immediately to siliconized
conical centrifuge tubes containing 3.8%
sodium citrate in sufficient quantity to pro-
vide a final sodium citrate concentration of
0.38% . Platelet-rich plasma was prepared
by centrifugation at 280g for 10 min at
20°. The upper layer of PRP was removed
by aspiration and respun at 325g for 3 min
to remove any remaining leukocytes and
erythrocytes. The remainder of the initial
sample was centrifuged at 2100g for 12
min to provide PPP (platelet-poor plasma).
The PRP was adjusted to 12% transmit-
tance at a wavelength of 600 . (Beck-
man DU Spectrophotometer) using autol-
ogous PPP as diluent and blank. At 12%
transmittance, the PRP sample contained
approximately 2 X 10°® platelets/ml.

Stabilization of plasma pH. Three-milli-
liter aliquots of PRP were transferred to
siliconized 25-ml Erlenmeyer flasks, and
CO, (5% ) in compressed air (95% ) from
a tank was delivered through small rubber
tubing to each flask for 3 min. The flasks
were then sealed with parafilm and allowed
to equilibrate for at least 5 min prior to
use. Each time the PRP samples were trans-
ferred to aggregation cuvettes, re-equilibra-
tion was done in the same manner with the
5% CO,. The temperature of samples was
maintained at 22° (room temperature) be-
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fore aggregation.

Aggregation studies. Epinephrine (aque-
ous epinephrine hydrochloride 1:1000,
Parke, Davis and Co.) was diluted with
normal saline immediately before use.
Equine muscle ADP (Sigma Chemical Co.)
was kept frozen in 20 mM stock solution
and was diluted 1:1000 with normal saline
immediately before use. Various stock con-
centrations of HCl and NaOH were also
prepared to provide the final plasma pH.
Aggregation studies were performed using
a Chronolog Aggregometer (Model No.
S201, Chrono-Log Corp.) The recorder
was adjusted so that the photocell signaled
less than 10 with unaltered PRP and greater
than 90 with PPP (total theoretical aggrega-
tion). The temperature of the samples was
maintained at 37° during aggregation and
the sample magnetically stirred with a
2-mm siliconized metal flea (used once and
discarded) at 1000 rpm.

The 1-ml aliquots of PRP equilibrated
with 5% CO. were transferred to silicon-
ized aggregometer cuvettes containing 0.1 ml
of a specified concentration of HCl, NaOH
(0.1-0.03 N), or a saline control. The
samples were then re-equilibrated with 5%
CO. and sealed with parafilm. The pH was
recorded immediately after aggregation
using a Radiometer pH meter (Model 26
Copenhagen) calibrated frequently using a
commercial standard (Thomas Buffer Solu-
tion, pH 7.000). Each sample challenged
by injection through the parafilm of 0.1
ml and the diluted epinephrine concentra-
tion in the PRP was 10 or 50 uM. The
final ADP concentration was 2 M. Both
concentrations of epinephrine consistently
gave a clear-cut biphasic aggregation re-
sponse. All aggregation studies were per-
formed within 3 hr of venipuncture.

Results. Figure 1 exhibits the pH de-
pendency of platelet aggregation in response
to 10 uM epinephrine challenge. Aggrega-
tion became maximal with increasing pH
(curves A and B, Fig. 1). It can be seen
that in comparison to curve C (pH 7.43),
aggregation at more alkalotic pH values is
associated with a greater magnitude of
aggregation that is reached earlier. Acidotic
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Fic. 1. Epinephrine 10 uM. Aggregometry

tracings obtained with citrated human PRP after
challenge with epinephrine, final concentration
10 zM. Each sample was equilibrated with pCO:
of 40 mm Hg, and varying concentrations of HCl,
NaOH, or a saline blank (curve C) were added
prior to aggregation. The pH values were mea-
sured in each sample immediately after aggrega-
tion and were as follows: (A) 7.82, (B) 7.57,
(C) 7.43, (D) 7.29, (E) 7.16.

pH values (curves D and E, Fig. 1) were
associated with failure of biphasic aggrega-
tion and the initial slope was depressed
also.

Figure 2 demonstrates a similar response
with 50 uM epinephrine. In general, the
slope of the initial wave of aggregation was
depressed, total aggregation decreased, and
biphasic aggregation inhibited at acidic
pH values.

Figure 3 shows the response to pH dif-
ferences when ADP was used as the chal-
lenge. Over a pH range of 7.43-7.92 (curves
A-C, Fig. 3) the initial wave of aggrega-
tion was similar and monophasic. Maximal
aggregation was obtained at the more alka-
lotic pH levels achieved in this range; as
the pH decreased to 7.34 (curve D, Fig. 3),
a significant decrease in maximal aggrega-
tion can be seen. At more acidotic values
(curves E and F, Fig. 3), the slope and
extent of initial aggregation decreased and
disaggregation occurred.

pCO. values in equilibrated samples
(after aggregation) varied from 33.6 to
36.3 with a mean of 35.03 mm Hg. Two
of the PRP samples that were allowed to
equilibrate with room air had a pCO, of
5.0 and 6.1 mm Hg, respectively. The os-
molality of 5 samples of varying pH were
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Fi1G. 2. Epinephrine 50 uM. Aggregometry
tracings under the same conditions as Fig. 1
except final epinephrine concentration was 50
uM. The pH values after aggregation were as

follows: (A) 7.78, (B) 7.67,
7.34, (E) 7.24, (F) 7.17.

(C) 744, (D)

measured. The values ranged from 287 to
293 mOsm/liter.

Repeated experiments have shown that
these findings are easily reproducible (pro-
viding pCO, remains constant in the PRP
samples). The results depicted graphically
are a composite of 6 separate experiments.

Discussion. The present studies confirm
the observations of Rogers that platelet
aggregation in response to epinephrine is
enhanced by alkalosis and inhibited by
acidosis (2). They further establish that
the important variable is pH per se rather
than pCO,. Accordingly, any relevance to
human acid-base disorders would appear
to pertain to metabolic as well as respira-
tory acidosis and alkalosis.

The method employed to control pCO,
was quite simple and fairly satisfactory.
However, the necessity of re-equilibrating
samples when they were moved from one
container to another introduced an awkward
manipulation. If, as would seem to be indi-
cated, rigorous control of pH is to become
an important factor in other studies of
platelet aggregation, new methodology al-
lowing easier control of both pH and pCO,
would be advantageous. Attempts to de-
velop such methods are now in process in
this laboratory.

As previously noted (2), the basic mech-
anism whereby pH modifies platelet aggre-
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gation remains to be elucidated. However,
pH-dependent functions are characteristic
of most biologic systems, and the modifica-
tion of platelet behavior by pH changes is
not surprising. Since platelet aggregates are
found in the pulmonary vasculature in some
conditions characterized by alkalosis and
abnormal capillary permeability (7, 8), this
phenomenon may have clinical relevance.

An inhibitory effect of acid pH on ADP-
induced aggregation has been observed by
Skoza et al. (9) and McLean and Veloso
(10). These studies did not address them-
selves to epinephrine-induced aggregation,
however.

Summary. Platelet-rich plasma undergoes
pH drift in the alkaline direction when ex-
posed to air. A technique for maintaining
pH in vitro using 5% CO. from a constant
source is described. This technique is used
further to elucidate the effect of metabolic
(exogenous) pH change on in vitro platelet
aggregation. It is seen that platelet aggre-
gation in response to epinephrine or ADP
challenge is inhibited by acidosis and en-
hanced by alkalosis produced by pH
changes while maintaining a constant pCQ..
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Fic. 3. ADP. Aggregometry tracings were ob-
tained under conditions identical to Fig. 1 except
ADP (final concentration 2 ¢M) was used as
challenge. The pH values measured just after
aggregation were as follows: (A) 7.92, (B) 7.64,
(C) 7.43, (D) 7.34, (E) 7.24, (F) 7.18. As in
Figs. 1 and 2, the sample depicted by curve C
represents the pH of unaltered citrated PRP (no .
HCl or NaOH added) aggregated while main-
taining pCO. constant at values approximating
in vivo conditions.
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