1076 Vol. 21 (1973)

[5%65%‘1';0?613{51719(]139%}315 | UDC :547.814.5.09 ::577. 15.04

Studies on the Inhibitors of the Sodium-Potassium Activated Adenosinetriphos-
phatase. I. Effect of Phlorizin and Related Natural Products

Jun’icmr Hase, Kyoicat Kosasai, and Reiko KoBAyASHI
Faculty of Phavmaceutical Sciences, University of Toyama®
{Received November 11, 1972)

Investigations were performed on the correlation between the inhibitory power on Nat,
K+-ATPase activity of phlorizin, asebotin, coreopsin, naringin- and hesperidin-chalcone
and their chemical structure.

Both chalcone and dihydrochalcone inhibited Na*, K+-ATPase activity, depending
upon the number and position of phenolic hydroxyl group in their carbon skeleton. Free
hydroxyl group at 4’ position of phlorizin played an important role in the inhibitory power.

Skou? reported that the sodium-potassium activated adenosinetriphosphatase (Nat,
K+-ATPase, E.C. 8.6.1.3) purified from beef brain was inhibited by sulfhydryl blocking rea-
gents such as p-chloromercuribenzoic acid and the inhibition was reversed by the addition
of cysteine. It is clear from these facts that sulfhydryl groups of the enzyme are involved
in its activity.

Through the studies on the inhibitors of thiol-enzymes and the properties of sulfhydryl
groups of enzymes, 2-methyl-1,4-naphthoquinone (K;) (I) was found in our laboratory®? to re-
act easily with the sulfhydryl groups of the enzyme protein under mild conditions. The re-
activity of K, with sulfhydryl groups was probably due to the presence of o,f-unsaturated
ketone in its chemical structure. Ethacrynic acid (2,3-dichloro-4-(2-methylene-butyryl)
phenoxy acetic acid) (II), which is diuretic and contains o,f-unsaturated ketone in the
structure, was found to be inhibitory on the membrane-bound ATPase activity of kidney
cortex of guinea pig.»

Our present investigations were performed on the effect of the chalcones, f-phenylacrylo-
phenone (III), whose structure resembles K; in a sence of a,f-unsaturated ketone having
electron negative groups at its both end. Robinson® reported that phlorizin, one of the dihy-
drochalcones, p-phenylpropiophenone (IV), inhibited Na*, K+-ATPase activity, It has
been the subject of great interest that the inhibition of membrane-bound ATPase is intimately
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involved in the inhjbition of transport mechanism across animal membrane.” In our present
study, we examined the effect of derivatives of III, IV and flavanone chalcones on Na*, K+-
ATPase activity of outer medulla of pig kidney with a view toward the correlation between
the inhibitory power and the chemical structure of these compounds.

Material and Method

Nat, K+-ATPase Preparation The enzyme was prepared from pig kidneys according to the procedure
of Jgrgensen and Skou.® The outer cortex and the outer medulla were dissected, placing the transverse
sections of the kidney on a frozen block of 0.03M histidine, 0.25M sucrose solution, pH 7.2 (h~s). The homo-
genates (10 w/v 9%, in h-s) were centrifuged at 7000 g for 15 min and the sediment was resuspended by
homogenization in h-s and centrifuged again at 7000 x g for 15 min. The combined supernatants were
centrifuged at 48000 X g for 30 min to obtain the microsomal fraction. The pellet was suspended by homo-
genization in h-s to a concentration of 2.5 mg protein per ml, which was divided to 2.0 ml aliquots in
test-tubes and was stored at —20°. Before use, the aliquot of the microsomal fraction was incubated with
1.2 mg sodium deoxycholate per ml, 2 mm EDTA and 25 mwu histidine, pH 7.0 at 20°, for 30 min. Deoxy-
chlolate treatment was stopped by lowering the mixture solution to 0° and by diluting it with h-s. Na*,
K+-ATPase from beef brain was prepared according to the method of Schwartz, et al.910)

Enzyme Assay: The reaction mixture contained 3 mm MgCl,, 130 mm NaCl, 20 mm KCl, 3 mm ATP
(sodium. salt), 30 mM histidine (pH 7.5) and the enzyme in a final volume of 2.0 ml. After 30 min at 37°,
the reaction was stopped with 1 ml of 10% TCA to remove the protein by centrifugation. The inorganic
phosphate in the supernatant was measured by the method of Martin-Doty.' The Nat, K+—ATPase
activity was calculated as the difference in activity in the presence and in the absence of sodium and potasium
ions.

Measurement of Apparent I, Value The compounds tested was dissolved in 0.1~ sodium hydroxide
before the measurement and diluted to the desired concentration. The apparent I, value was measured from
the graph of the observed inhibition percentage versus the inhibitor concentration in duplicate assays. Pro-
tein concentrations were determined by the method of Folin-Ciocalteu!® with a minor modification, using
bovine serum albumin as a standard protein. '

Coreopsin, naringin, hesperidin and their chalcones were kindly provided by Dr. N. Morita and asebotin,
asebogenin and their derivatives by Dr. H. Meguri. All other chemicals were of analytical reagent grade.
Solutions were prepared in distilled water from an all-glass apparatus.

Result and discussion

The results obtained were summarized in Table I on the chemical structure and the
inhibitory powers of phlorizin, asebotin, coreopsin, naringin- and hesperidin-chalcones, and
some of their aglycones and derivatives on Nat, K+-ATPase activity. Apparent I, value
of phlorizin was measured to be 4.5 105w and that of its aglycone, phloretin, was almost
the same. This I, value agreed well with that of phlorizin obtained by Robinson® on the
Nat, K+-ATPase prepared from rat brain. He also reported that the phlorizin stimulated
Kt-dependent p-nitrophenylphosphatase activity, which we will investigate in the succeed-
ing paper.

The most striking results obtained was the marked difference of inhibitory power between
phlorizin and asebotin which is 4’-methyl derivative of the former. It is clear from this finding
that free hydroxyl group at 4’ position plays an important role in the inhibition of the enzyme
activity. This observation was equally true of the corresponding aglycones, phloretin and
asebogenin. -~ As far as these two dihydrochalcone derivatives are concerned, aglycones were
more inhibitory than their glucosides. Acetyl or methyl derivatives of asebotin and of ase-
bogenin showed little inhibitory effect, because of their low solubility in water.
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" Tasie I. Chemical Structure and Inhibitory Power of Phlonzm
. and Related Natural Products

: Chemical structure

Materials " Formula / Inhibitory powder
Substituted group - Skeleton (a)

Phlorizin CyyH,,0,  4,4/,6'-trihydroxy-2’-O-4-n- v apparent Iy 4. 5 x 105

o . ‘ . glucosyl- ; ‘ o
‘Phloretin .. o CyHL 05 - 4,274 6’—’cetrahydroxy— Iv apparent Iso 4 0 >< 10-3
Asebotin NI . CpaH 04y 4,6’-dihydroxy-4'-methoxy- IV no inhibition (1,0 X 10-8)
C : 2’-Q—ﬁ-,D—glucosy1< : ’ v e

Asebotin diacetate CyeH,0, 4,6’-diacetoxy-4’-methoxy- IV 119 inhibition (saturated)
‘ o 2’ O-f-p-glucosyl-

Asebogemn © 0 CyeHyO5  4,2,6-trihydroxy-4’-methoxy- IV 40% 1nh1b1’c1on (1.2%x 1079
Asebogenin triacetate Cpot,0Q5  4,27,6'-triacetoxy-4’-methoxy- IV  no 1nh1b1t10n (saturated)
,Asebogemn dunethylether CysH,y005  2°-hydroxy-4, 4’,6/-trimethoxy- IV 159 1nh1b1t1on (saturated)
‘Coreopsm CyH 05 3,4,2 "-trihydroxy-4"-O-f-p- I apparent Iso 1.7% 10t

I ~ glucosyl— '

Dehydroacebegenin CpHyOy 4,2,6'-triacetoxy-4"-methoxy- I 4% 111h1b1t10n (saturated)
triacetate » ‘ : :

N armgm chalcone . Cy,H ;3,05 4,27,6%trihydroxy-4"-O- i apparent 150 2. 0 >< 10"3 o

: rutinosyl- :
Hespendm chalcone C28 34O15 3,2’,6/-trihydroxy-4-methoxy- I 10 1nh1b1t1on (2 X 10 8.
- : 4’ Q-rutinosyl- :

Narmgm C27H32OM 5,4’-dihydroxy-7-O-rutinosyl- V 199% 1nh1b1t1on (t.ox 10—3)
Hesperidin CysH,,0,5  5,8’-dihydroxy-4’-methoxy- 'V . ~no inhibition (8.3 10™%)
PR : '7—O—rutinosyl-‘ : _
Quabain . . . . : apparent Iﬁ.1 8. 8 X 107
Chlorpromazine. - .apparent Iz 1.5 X 10-3

Ethacrynic acid appraent Iy, 8,3 104

~Coreopsin, one of the plant chalcone plgments, showed moderate mthltory effect Hy-
droxyl group at 4’ p051t10n, which may be of importance as mentioned above, was substituted
with a glucose moiety in this case. The inhibitory power of coreopsin may be attributable
to the effect of the other three phenolic hydroxyl groups.

The chalcone derivatives containing 2’,6-dihydroxyl group, in general, are chemically
isomerized with ease to the corresponding flavanones, but the chalcones containing 2’ or
6’-monohydroxyl group are difficult to isomerize to the flavanones. = Shimokoriyama'®
investigated the effect of pH on the isomerization reaction of naringin- and hesperidin-chalcone
and reported that both chalcones converted to the corresponding flavanone, and in the case
of naringin chalcone the ring-closure reaction was completed within twenty minutes at pH 7.0,
and the reaction rate reduced in the more acidic medium and such an isomerization was not
observed -at pH 3.0. "Naringin chalcone showed a weak inhibitory power and hespendm
chalcone showed no inhibitory action. A part of both chalcones may be isomerized to naringin
and hesperidin because pH of the incubation m1xture\was 7.5. Both of these flavanones were
not inhibitory. Therefore, naringin chalcone which was still remained without isomeriza-
tion during the incubation period was considered. to be inhibitory on the Na+ K+-ATPase
act1v1ty
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The studies on the correlation between the chemical structure of flavanone related com-
pounds and their inhibitory power on Nat, K*-ATPase are now in progress.
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