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EFFECT OF REVERSIBLE INHIBITORS ON THERMAL
DENATURATION OF CHOLINESTERASES

V. D. Tonkopii and E. P. Padinker UDC 577.152.311'1.043 : 536

The ability of reversible inhibitors (galanthamine and tacrine) to protect mouse and rat brain
cholinesterase from thermal denaturation when the temperature is raised to 56 and 58°C was
demonstrated. The protective action was exhibited when the reversible inhibitors lowered
cholinesterase activity. The resistance of the cholinesterases to heat was greater when
galanthamine-was used than when tacrine was used.
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Investigations have shown that certain ligands which interact with active centers of cholinesterase
(CE), including acetylcholine and tetraethyl- and tetramethylammonium ions, increase the thermostability
of the enzyme [1, 3].

This paper describes the results of a study of the effect of the reversible inhibitors galanthamine and
tacrine on thermal denaturation of rat and mouse brain CE.

EXPERIMENTAL METHOD

Two series of experiments were carried out. In series I,rat brain homogenate was used as the source
of CE. To prepareit, the brain (without the cerebellum) was removed and homogenized in a Teflon—glass
homogenizer with physiological saline in the ratio of 1:19. To 1 ml homogenate 1 ml of aqueous solutions
of the reversible inhibitors was added in appropriate concentrations and the mixture was incubated at 58°C
for 20 min. In parallel experiments by Hestrin's method [5] the anticholinesterase activity of the prepara-
tions was determined on incubation with the homogenates at 20°C. Acetylcholine iodide was used as the sub-

strate.

In the experiments of series II, galanthamine and tacrine were injected intraperitoneally into the mice
in a dose of 4 mg/kg. The animals were killed 30, 60, 120, and 180 min later; the brain was removed (with-

TABLE 1. Protection of Rat Brain CE against Thermal De-
naturation in Presence of Galanthamine and Tacrine in Various
Concentrations (M + m)

Concentration Inhibition of CE activity (% of normal)
of preparations galanthamine tacrine
M) at 20° at 58° at 20° at 58°
— —_ 90,0=1,7 — 90=%=1,7
1,25.10—* 33,0=2,1 24,0==3,8 —_ —
2,5.10—8 18,0+=1,7 45,0+4,2 — —
1,25- 10§ 16,0=1,2 56,0-=2,9 60,0=1,8 24,00,9
5-10—7 12,021 60,0-=4,1 42,0=2,3 30,0=1,5
2,5: 107 10,0==0,9 72,0%=3,7 34,0=1,7 42,0%=3,2
b 10—8 0 91,0=2,5 19,0=2,5 63,0=2,3
2,5-10—38 — — 9,0=1,2 82,0==4,2
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TABLE 2. Protection of Mouse Brain CE against Thermal Denatura-
tion at Various Times after Injection of Galanthamine and Tacrine in
a Dose of 4 mg/kg (M m)

Inhibition of GE activity (o of normal)
Time after in- galanthamine tacrine
jection of prepa-| o ¢
rations (min) true inhibition at 56° i;lll;biti on at sg°
Control — 80,0%=1,8 — 80,0=1,8
30 77,5%2,1 52,8+1,7 70,0=2,8 62,0=2,6
60 62,0=1,8 56,0=2,3 47,5%2,1 73,6%=3,1
120 53,0=2,3 60,0=3,2 24,0=1,3 82,022
180 20,317 67,0=1,8 0 80,0227

out the cerebellum) and placed intact in test tubes containing physiological saline heated on a water bath at
56°C for 20 min. The residual enzyme activity was then determined in the homogenates. The degree of in-
hibition of brain CE activity in the animals after injection of the preparations also was determined by a
special method designed to assess the true inhibition of CE activity after treatment with reversible inhibi-
tors [2].

EXPERIMENTAL RESULTS

Elevatlon of the temperature led to inhibition of the rat brain CE activity by 90.0+ 1.7 % and mouse
brain CE activity by 80.0+ 1.8 %. Preliminary incubation of the enzyme with the reversible inhibitors was
followed by a much lesser degree of denaturation of CE and preservation of its activity (Table 1). Galan-
thamine was better able to protect the rat brain enzyme than tacrine. For instance, with identical inhibition
of CE by the reversible inhibitors (by 33-34%) the increase in inhibition caused by thermal denaturation was
24.0 + 3.8 % in the presence of galanthamine but 42.0+ 3.2 % in the presence of tacrine (P < 0.001). A similar
pattern was found when the effect of the denaturing factor on mouse brain CE was studied. Inhibition of
brain CE activity 30 min after injection of the preparations was almost identical, but the resistance of the
enzyme to heat was greater after galanthamine (Table 2). The increase in thermostability of the CE coin-
cided in time with the inhibition of enzyme activity induced by the inhibitors.

Protein denaturation is accompanied by structural changes in ‘the protein molecule involving a dis-
turbance of its secondary and tertiary structures {4}, Interaction between reversible inhibitors and CE
creates a more stable and orderly structure and stabilizes the enzyme, This is evidently the reason for
the increased thermostability of the reversible inhibitor—enzyme complex.
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