
Bulletin of Experimental Biology and Medicine, Vol. 118, Ne I0, October, 1994 1 0 9 9  

Effect of Hyperbaria on Acetylcholinesterase of 
Human Erythrocytes 
& Yu. Tyurin-Kuz'min UDC 616.155.1-008.931-02:615.835.12]-07 

Translated from Byulleten" Eksperimental'noi Biologii i Meditsiny, Vol. 118, No. 10, pp. 399-401, October, 1994 
Original article submitted December 29, 1993 

It is shown that a hel ium pressure of 100 kgs/cm 2 (9.81 MPa) inhibits acetylcho- 
linesterase of erythrocytes within nonsaturation concentrations of the substrate and has 
no effect within saturation conditions. This effect is assumed to be one of the pos- 
sible mechanisms of biological action of hyperbaria. 
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The study of acetylcholinesterase (ACE) in eryth- 
rocytes (acetylcholine hydrolase EC 3.1.1.7) under 
hyperbaric conditions is very promising for a num- 
ber of reasons. First, since ACE is a membrane 
enzyme, its kinetic characteristics may be related 
to the membrane surrounding, some parameters of 
which change considerably under  hyperbaric con- 
ditions [6]. Second, the mechanism of action of 
the enzyme has been studied at length, and an 
important  part in the formation of the enzyme- 
substrate complex is known to be played by ionic 
and hydrophobic  interactions [2] which among 
other weak interactions are the most pressure-sus- 
ceptible [8,12]. Therefore, the kinetic properties of 
ACE may be considered an appropriate test object 
for studying the effect of hyperbaric conditions on 
biological systems. Third, since the biochemical 
properties of ACE in erythrocytes and in the brain 
of mammals  are very similar [1], the study of 
ACE from human erythrocytes (much more acces- 
sible for experiments than the brain) makes it 
possible to assess the effect of hyperbaric condi- 
tions on ACE in the brain. The fact that acetyl- 
choline is an inhibitory transmitter in the brain, 
and that the role of inhibitory synapses in the de- 
velopment  of the high pressure nervous syndrome 
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(HPNS) is now being widely discussed [9] makes 
studies of the properties of ACE under hyperbaric 
conditions more  and more  important .  Here we 
studied the effect of hyperbaria on ACE of human 
erythrocytes. 

MATERIALS AND METHODS 

The activity of  ACE was determined as described 
earlier [10]. Heparinized whole blood from finger- 
tips was centrifuged in a hematocrit centrifuge; 20 
Ixl erythrocyte mass was added to 2 ml 0.01% sa- 
ponin solution, incubated at 20~ during 5 min, 
and placed in the cold (0-4~ the obtained 
hemolysate was used within one working day. One 
hundred microliters of hemolyzed erythrocytes were 
added to 1600 Ixl working solution of 5,5'-dithio- 
bis(2-nitrobenzoic) acid (DTNB), containing 0.33 
mM DTNB, 0.0003% quinidine sulfate, and 0.1 M 
phosphate buffer, pH 8.0, and incubated at 37~ 
during 10 rain, after which the reaction was initi- 
ated by adding 100 ~d of the substrate acetylcho- 
line iodide. The changes of transmission of the 
solution were recorded in a 1-cm cuvette at 410 
nm during 1-2 min. 

The study was performed in a high-pressure 
chamber equipped with quartz lamps, a thermostat, 
mad a magnetic stirrer. The test sample was placed 
in a standard 1-cm cuvette and constantly agitated. 
Helium compression was carried out during the 10- 

0007-4888/94/001 O- 1099512.50 �9 1995 Plenum Publishing Corporation 



1 1 O0 Bv.lletin of E.xperimental Biology and Medicine, N. o I0, 1994. BIOPHYSICS AND BIOCHEMISTRY 

V 

10 

8-t- 

6 

0 
0 

1 

* 2  

I I I " 1  

0.2 0.4 0.6 0.8 
[S l  

Fig. 1. Effect of hel ium pressure on ACE activity in h u m a n  
erythrocytes. Here and in Fig. 2: ~. rate of reaction, Xl06 ce l l s /  
sec; [5"]: concent ra t ion  of substrate, raM; I) control; 2} hel ium 
pressure 100 kgs /cm 2 (9.81 MPa); an  asterisk denotes p - 0 . 0 2 .  

min incubation (from the 2nd to the 5th rain), 
the temperature of the sample being increased by 
no more than I~ and returned to 37~ 1-2 rain 
after termination of the compression. The reaction 
was initiated by the addition of the substrate solu- 
tion using a built-in magnet-operated sampler. The 
control experiments were carried out in a sealed 
helium-ventilated chamber at atmospheric pressure. 
The experiments at normal and elevated pressures 
were randomly alternated. The results were com- 
pared using the Student t test. 
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Fig. 2. Lainuiwer--  Burke linearization. 

RESULTS 

For evaluation of the effect of helium pressure on 
the kinetic parameters of the ACE-catalyzed reac- 
tion, the rate of hydrolysis of acetylcholine iodide 
was measured for 5 concentrations of the substrate 
(to 0.85 mM). The reaction rate without and un- 
der pressure was compared for each concentration 
independently. As is seen from Fig. 1, 100 kgs/ 
cm 2 helium (9.81 MPa) slows down the reaction 
within nonsaturation concentrations and has no 
effect as saturation is approached. The linear ap- 
proximation in the Lainuiwer-Burke coordinates 
reveals a competitive type of inhibition under the 
elevated pressure, the Michaelis constant being in- 
creased 1.5-fold (from 0.33 to 0.5 raM) and the 
maximal reaction rate being unchanged (17.5x106 
cells/sec). 

Helium pressure leads to inhibition of the 
ACE-catalyzed reaction within nonsaturation con- 
centrations of the substrate, while at high concen- 
trations the rate of the reaction remains unchanged. 
The active center of ACE consists of two sites: an- 
ionic and esterase. The substrate binds specifically 
at the anionic site by ionic bonds between a posi- 
tively charged nitrogen in a choline group of ace- 
tylcholine and hydrophobic interactions due t o  
translocation of three methyl groups of acetylcho- 
]me to a hydrophobic surrounding of the anionic 
center of ACE. The acetate group specifically 
bound in the anionic center acetylcholine resides 
at the esterase site responsible for the cleavage of 
the ester bond. 

A reduced specificity of acetylcholine binding 
with ACE, for instance, due to replacement of one 
or more methyl residues in the choline group of 
acetylcholine with hydrogen, resulted in a consid- 
erable inhibition of the reaction within nonsatu- 
ration concentrations of the substrate, the maxi- 
mal reaction rate in excess of the substrate being 
unchanged [2]. Analogous changes of kinetic pa- 
rameters of ACE were also observed in our experi- 
ments, and therefore we assumed that the helium 
pressure lowered the reaction rate within nonsatu- 
ration concentrations of the substrate due to weak- 
erring of the hydrophobic and ionic interactions 
between acetylcholine and the anionic site of 
ACE. Since the volume is known to increase by 
12 ml/mol due to the formation of ionic bonds 
and by 22 ml/mol due to the transfer of meth- 
ane to the hydrophobic phase [4], we can evalu- 
ate the decrease of the binding constant of ace- 
tylcholine and ACE corresponding to a hydrostatic 
pressure of 100 kgs/cm 2, i.e., we can verify our 
assumption. 
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The effect o f  pressure on the equilibrium con- 
stant (in our case, on the binding constant) is de- 
termined by the formula: 

where -/~1 and /4~ are equilibrium constants at pres- 
sures P~ and t)2, respectively, A V is the change in 
volume, R is the gas constant,  and T the absolute 
temperature. 

The maximal increase of  the volume due to 
the formation of  one ionic bond  and the transfer 
of  three methyl groups to a hydrophobic surround- 
ing accounts  for 70-80 ml/mol .  The actual  esti- 
mate  may  be somewhat  lower, since the methyl 
groups are bound  with nitrogen (i.e., shielded on 
one side from interaction with the solvent). Nev-  
ertheless, under  the hydrostatic pressure of  100 
kgs/cm 2 (9.81 MPa) the maximal possible decrease 
of  the binding constant is 25-27% and, taking into 
account the actual estimates of  volume change, this 
value is consistent  with the obtained decrease of  
the reaction rate (15-20%). 

Thus, the most  likely cause of  the reduced 
activity of  ACE within nonsaturation concentrations 
of  the substrate under  e levated pressure is the 
weakened binding of  the substrate in the active 
center  of  the enzyme.  There appears to be no 
need  to invoke speculat ion on the effect of  pres- 
sure on the membrane  lipid phase for interpreta-  
tion of  the observed phenomenon.  

The biological  significance of  the observed 
changes may  be viewed in the light of some clini- 
cal effects of  A C E  inhibitors. The mechanism of 
act ion of  some anticholinesterase compounds ,  so- 
called reversible A C E  inhibitors,  resembles  the 
disturbance of  A C E  functioning under hyperbaric 
conditions, and consists in hindered binding of  the 
substrate at the anionic site of  the enzyme,  the 
esterase site of ACE being unaffected. It would  be 
interesting to compare  the specific effects o f  re- 
versible ant ichol ines terase  c o m p o u n d s  wi th  the 
clinical manifestat ion of  symptoms under  hyper-  
baric conditions.  However ,  the clinical effects of 
reversible and irreversible anticholinesterase com-  
pounds are usually n o t  distinguished. Nevertheless, 
the compar ison of  symptoms of  poisoning with 
anticholinesterase compounds and clinical manifes- 

tations of  H P N S  [7] reveals a n u m b e r  of com-  
mon features,  among  them myoc lon ia ,  nausea,  
dizziness, sleep disturbances,  sleeplessness, slow- 
wave activity on the encephalogram, m e m o r y  im- 
pairment,  and respiratory and gastroenterological  
disorders. 

The functional significance of  A C E  has been 
definitely determined only for synapses and neu-  
romuscular terminals, where ACE utilizes the trans- 
rnitter released during the previous pulse. It is 
possible that the t ime of the drop of  miniature 
current of  the end-plate on the postsynaptic mem- 
brane of  the frog neuromuscular  joint  [5] may be 
attr ibuted not only to increased miscoviscosity of  
membrane  lipids, which  prolongs the life-span of  
membrane  channels, but  also to A C E  inhibition. 
Moreover, the abundance of  ACE in the organism 
(it is present  in erythrocytes,  the lens, and in 
membranes of the axon and body  of neurons [11]) 
points to other, as yet unknown functions. In this 
context, the reduced activity of  ACE under  hyper- 
baric condit ions may  be considered to be a pri- 
mary effect of one of  the primary mechanisms of  
action of  hyperbaria. 
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