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Summary

Diphosphonates are known to inhibit bone resorption in tissue culture and in
experimental animals. This effect may be due to their ability to inhibit the dis-
solution of hydroxyapatite crystals, but other mechanisms may be important.
Since lysosomal enzymes have been implicated in the process of bone resorp-
tion, we have examined the effect of several phosphonates and of a polyphos-
phate (P, ;) on lysosomal hydrolases derived from rat liver and rat bone. Di-
chloromethylene diphosphonate strongly inhibited acid f-glycerophosphatase
(EC 3.1.3.2) and acid p-nitrophenyl phosphatase (EC 3.1.3.2) and to a lesser
degree (in descending order) acid pyrophosphatase (EC 3.1.3.-), arylsulfatase A
(EC 3.1.6.1), deoxyribonuclease II(EC 3.1.4.6) and phosphoprotein phospha-
tase (EC 3.1.3.16) of rat liver. Inhibition of acid p-nitrophenyl phosphatase and
arylsulfatase A was competitive. Ethane-1-hydroxy-1,1-diphosphonate did not
inhibit any of these enzymes, except at high concentrations. Neither dichloro-
methylene diphosphonate nor ethane-1-hydroxy-1,1-diphosphonate had any
effect on -glucuronidase (EC 3.2.1.31), arylesterase (EC 3.1.1.2) and cathepsin
D (EC 3.4.23.5). Of several other phosphonates tested only undec-10-ene-1-
hydroxy-1,1l-diphosphonic acid inhibited acid p-nitrophenyl phosphatase
strongly, the polyphosphate (P,0;) had little effect. Acid p-nitrophenyl phos-
phatase in rat calvaria extract behaved in the same way as the liver enzyme and
was also strongly inhibited by dichloromethylene diphosphonate, but not by
ethane-1-hydroxy-1,1-diphosphonate.

It is suggested that the inhibition of bone resorption by dichloromethylene
diphosphonate might be due in part to a direct effect of this diphosphonate on
lysosomal hydrolases.
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Introduction

Various diphosphonates, characterised by P-C-P bonds, inhibit bone resorp-
tion in tissue culture and in experimental animals {1—3]. These effects may be
due to the ability of such compounds to inhibit the dissolution of hydroxy-
apatite crystals [2], but it is possible that other mechanisms might be impor-
tant. There is evidence that lysosomal enzymes might be involved in bone
resorption [4]. Thus, when bone resorption is stimulated by parathyroid hor-
mone in tissue culture, an increase occurs in the production and release of lac-
tate and of lysosomal enzymes [5,6]. This increase in lactate production and in
lysosomal enzymes is blocked by dichloromethylene diphosphonate {7].

It is possible that diphosphonates may not only inhibit the system but also
the activity of certain lysosomal enzymes, particularly acid phosphatase, because
diphosphonates are related to pyrophosphate, and pyrophosphate is a substrate
for acid phosphatase. We have therefore studied the direct effect of several
diphosphonates on lysosomal hydrolases in vitro. In particular we have compared
dichloromethylene diphosphonate, the diphosphonate which strongly inhibits
bone resorption, with ethane-1-hydroxy-1,1-diphosphonate, a diphosphonate
which inhibits bone resorption less strongly [2,8]}. The majority of studies were
done with enzymes obtained from the light mitochondrial fraction of rat liver,
because liver fractionation is more easy than bone fractionation, but confirma-
tory experiments were done on acid phosphatase from bone.

Materials

Animals. Young female Wistar rats weighting 180—245 g and from our own
breeding stock were used for the preparation of the light mitochondrial frac-
tion of liver. 1—2-day-old Wistar rats were used for the preparation of an extract
of calvaria.

TABLE I
LIST OF THE COMPOUNDS STUDIED

For structural formulae, see ref. 9,
lTO3H2
UHDP is CH, = CH(CHg)g—(.I‘,—OH.

PO3H,
Name Abbreviation
Inorganic polyphosphate (n = 20) Prg.i
n-Pentanemonophosphonic acid PMP
Ethane-1,2-diphosphonic acid E-1,2-DP
Methylenediphosphonic acid MDP
Methylenehydroxydiphosphonic acid MHDP
Dichloromethylenediphosphonic acid Cl, MDP
Ethane-1-amino-1,1-diphosphonic acid EADP
Ethane-1-hydroxy-1,1-diphosphonic acid EHDP
Undec-10-ene-1-hydroxy-1,1-diphosphonic acid UHDP
Ethane-1-hydroxy-1,1, 2-triphosphonic acid E-1-HTP
Propane-1,1,3,3-tetraphosphonic acid PTeP

A polyester chain condensate of EHDP with acetic anhydride Condensate 1
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Chemicals. DNA (from calf thymus; mol. wt. 1 200 000) and nitrocatechol
(1,2-dihydroxy-4-nitrobenzene) and bovine serum albumin were obtained from
Fluka AG, Buchs, Switzerland; Dowex 50-WX4, 100—200 mesh, pract. from
Serva, Heidelberg, W. Germany. The polyphosphate (n =20) was chromato-
graphically pure and was a gift from D.G. Berg, Rochester, N.Y., U.S.A. The
phosphonates (Table I) [9] were from the Procter and Gamble Comp., Cincin-
nati, Ohio, U.S.A. All other reagents were of analytical grade from E. Merck
AG, Darmstadt, W. Germany.

Methods

Preparation of lysosomal enzymes of rat liver

The rat livers were fractionated according to the method of de Duve et al.
[10]. Table II shows the distribution of protein and acid phosphatase onto the
different fractions. The light mitochondrial fraction (containing the lysosomes)
was lysed by adding 1 ml distilled water per g of original liver weight, followed
by freezing and thawing five times. After centrifugation at 37 000 X g,, for 20
min (100 000 X g,, for 30 min when the supernatant was used to measure acid
phosphatase with p-nitrophenyl phosphate as substrate), the supernatant was
taken and stored frozen, before use as the enzyme source. Esterase activity is
known to occur on lysosomal membranes (pH optimum 5.0) as well as in the
microsomal fraction (pH optimum 8.5) [11]. In this study both esterases were
assayed in homogenates from which the nuclei and the heavy mitochondrial
fraction had been removed.

Extract of rat calvaria

The calvaria were obtained from 50 1 to 2-day-old rats. They were washed in
cold 0.9% NaCl, 10 mM Tris - HCl, pH 7.4, and homogenized in a 1.0 ml glass
homogenizer (0.8 ml distilled water per five calvaria). It was centrifuged at 600
X g for 15 min and the pellet extracted twice. The collected supernatants were
frozen and thawed five times, centrifuged at 100 000 X g,, for 30 min and the

TABLE II
FRACTIONAL DISTRIBUTION OF PROTEIN AND ACID PHOSPHATASE

Acid phosphatase was measured using p-nitrophenyl phosphate as substrate. The enzyme was preincu-
bated for 15 min at 37°C and 0.1% Triton X-100 was used as releasing agent. The mean 1 8.E. of four
experiments is given. E, cytoplasmic extract; N, nuclear fraction; M, heavy mitochondrial fraction; L, light
mitochondrial fraction; P, microsomal fraction; S, final supernatant. Relative specific activity means: per-
cent acid phosphatase /percent protein.

Fraction Percentage of Relative specific
activity
Protein Acid phosphatase
E+N 100 100 1.0
N 24,5+ 1.4 18,6+ 1.6 0.76 + 0.06
M 14.1+ 0.6 25.0 1.4 1.78 + 0.13
L 3.3+ 0.5 17.7 + 0.2 5.78 + 0.88
P 17.6 = 2,0 18.7+ 1.0 1.09 £ 0.08
S 36.9 + 1.3 23.1 + 0.8 0.63 + 0.003
Recovery 96.4+ 2,1 103.2 + 0.6
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supernatant dialysed overnight against 10 mM acetate buffer, pH 5.0. Precipi-
tated protein was removed by centrifugation. The 10 ml supernatant obtained
was diluted to 20 ml (0.05 M acetate buffer, pH 5.0) and incubated for 20 min
at 37°C to destroy glucose-6-phosphatase. This extract was used to make the
Lineweaver-Burk analysis in Fig. 4.

Enzyme assays

Acid phosphatase (EC 3.1.3.2). When p-nitrophenyl phosphate was used as
substrate, 50—100 ul enzyme were incubated in 1.0 ml final volume, 0.2 M
acetate buffer, pH 5.0, at 37°C for 15—30 min [12]. To destroy glucose-6-
phosphatase, the enzyme solution was preincubated in acetate buffer, pH 5.0,
at 37°C for 15 min. Absorbance was measured at 405 nm.

When f(-glycerophosphate was used as substrate, 20 ul enzyme were in-
cubated in a medium containing 50 mM (-glycerophosphate in 50 mM sodium
acetate buffer at pH 5.0. After 30 min the reaction was stopped by adding 1 ml
10% (w/v) trichloroacetic acid and the release of phosphate was determined by
the Elon procedure [12].

Acid pyrophosphatase (EC 3.1.3.-). 20 ul enzyme were incubated with 0.5 ml
medium containing 1 mM tetrasodium pyrophosphate (PP;) and 5 mM ascorbic
acid in 0.1 M acetate buffer at pH 5.2. After 30 min the reaction was stopped
by adding 10% (w/v) trichloroacetic acid containing 5 mM CuSO,; the phos-
phate released was determined by the method of Woltgens and Ahsmann [13].

Phosphoprotein phosphatase (EC 3.1.3.16). 100 ul enzyme were incubated
with 1 ml of 0.1 M sodium acetate buffer at pH 5.8 containing 5 mM ascorbic
acid and casein (Hammarsten) equivalent to 7 umol total P; and dissolved ac-
cording to Revel and Racker [14]. After 60 min the reaction was stopped by
adding 1 m! 20% (w/v) acetic acid. About 2560 mg Dowex 50-WX4 was added
and mixed on a Vortex mixer. After centrifugation 1 ml of the supernatant was
added to 1 ml water and the P, released determined by the Elon procedure
[12].

Deoxyribonuclease II (EC 3.1.4.6). This was determined by the method of
Barrett [12]. 40 ul enzyme were incubated with 1 m! of incubation medium
for 30 min.

Arylsulfatase A (EC 3.1.6.1). The method described by Barrett [12] was
used. 75 ul enzyme were incubated for 30 min with 0.6 ml incubation medium
containing 2-hydroxy-5-nitrophenyl sulfate (nitrocatechol sulfate).

B-Glucuronidase (EC 3.2.1.31). 10 pl enzyme were incubated in 0.5 ml of
0.075 M acetate buffer at pH 5.2 containing 1.25 mM 4-nitrophenyl-3-D-
glucopyranosiduronic acid. After 10 min the reaction was stopped by adding 2
ml of 0.1 M NaOH and the absorbance was measured at 405 nm.

Cathepsin D (EC 3.4.23.5). This enzyme was determined by the method of
Barrett [12]. Haemoglobin was used as substrate and the liberated peptides
measured with the Folin Lowry reaction. 20 ul enzyme were incubated with
0.5 ml of substrate solution at 45°C for 30 min.

Arylesterase (EC 3.1.1.2). This enzyme was measured at pH 5.0 and 8.5: 20
umol 2-naphthylacetate dissolved in 2 ml (1 ml for pH 8.5) acetone were rap-
idly mixed with 18 ml 0.1 M citrate/phosphate buffer, pH 5.0, or 199 m1 0.1 M
barbital buffer at pH 8.5. Aliquots of 0.5 ml were taken as incubation medium.
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10 ul of homogenate (1 : 15 diluted with water for pH 5.0) or 20 ul of homog-
enate (1 : 100 diluted with water for pH 8.5) were incubated for 15 min. The
reaction was stopped by adding 0.5 ml ice-cold ethanol. After cooling for 5 min
it was centrifuged. 0.5 ml diazo blue BB (4 mg/ml) were added to 0.5 ml super-
natant. After 1 min, 1 ml of 5 mM KOH ethanol was added and the absorbance
measured at 530 nm after 10 min [11].

All enzyme reactions except for cathepsin D were done at 37°C. Changes of
the usual substrate concentration and of the usual incubation time are de-
scribed in the text. In all cases the enzyme reaction was shown to be linearly
proportional to time and the amount of enzyme added.

Protein determination
This was determined according to Lowry et al. [15] using bovine serum
albumin as standard.

Results

The effect of ethane-1-hydroxy-1,1-diphosphonate and dichloromethylene
diphosphonate on enzymes from rat liver lysosomes
Fig. 1 shows the effect of ethane-1-hydroxy-1,1-diphosphonate and dichloro-
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Fig. 1. The effect of ethane-1-hydroxy-1,l-diphosphonate and dichloromethylene diphosphonate on
hydrolases of liver lysosomes. The relative activity is expressed as a percentage of the values found in the
absence of diphosphonates. a, acid p-nitrophenyl phosphatase; b, acid §-glycerophosphatase; ¢, acid pyro-
phosphatase; d, phosphoprotein phosphatase; e, DN Aase II; £, arylsulfatase A. O, ethane-1-hydroxy-1,1-
diphosphonate; 8, dichloromethylene diphosphonate. Each experiment was done two or three times. Only
one point is shown when the values were indistinguishable graphically.

Fig. 2. Lineweaver-Burk plot for lysosomal acid phosphatase of rat liver. The enzyme solution had been
preincubated in 0.05 M acetate buifer, pH 5.0, at 37°C for 15 min. The activity was determined by in-
cubating 50 ul enzyme solution (0.95 mg protein/ml) in 0.4 M KCI, 0.1 M acetate buffer, pH 5.0, using
0.25—2,0 mM p-nitrophenyl phosphate as substrate in the absence of diphosphonate (0), at 0.5 mM
ethane-1-hydroxy-1,1diphosphonate (&) and at 0.5 mM dichloromethylene diphosphonate (®). v, veloc-
ity; S, substrate concentration. The experiment was done three times. The mean value + 2 S.E. is given. 2
S.E. smaller than 1.0 umol~! - min - ml are not drawn.
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methylene diphosphonate on various lysosomal enzymes. Dichloromethylene
diphosphonate inhibited the acid phosphatase when p-nitrophenyl phosphate
or f-glycerophosphate was used as substrate. In the case of §-glycerophosphate
inhibition was detected at 0.05 mM dichloromethylene diphosphonate. Ethane-
1-hydroxy-1,1-diphosphonate had no effect on acid phosphatase except at high
concentrations. The effects of dichloromethylene diphosphonate and ethane-1-
hydroxy-1,1-diphosphonate were studied using various concentrations of p-
nitrophenyl phosphate as substrate. The results are shown in Fig. 2 as a Line-
weaver-Burk plot. Ethane-1-hydroxy-1,1-diphosphonate showed no significant
inhibition whereas dichloromethylene diphosphonate inhibited competitively
(Km for p-nitrophenyl phosphate, 0.37 mM; K; for dichloromethylene diphos-
phonate, 0.20 mM).

When PP; was used as substrate both dichloromethylene diphosphonate and
ethane-1-hydroxy-1,1-diphosphonate inhibited the enzyme to about the same
extent at 0.05 mM, although at higher concentrations dichloromethylene di-
phosphonate was the stronger inhibitor of the two (Fig. 1).

Dichloromethylene diphosphonate and ethane-1-hydroxy-1,1-diphosphonate
inhibited deoxyribonuclease II activity and the phosphoprotein phosphatase
with casein as substrate only at concentrations above 1 mM; with dichloro-
methylene diphosphonate having the stronger effect (Fig. 1). In order to see
whether these inhibitory effects might be more obvious at lower concentrations
of substrate, the assays were repeated using lower concentrations of casein and
DNA. As seen from Table IIIa and IIIb, 0.1 or 1 mM ethane-1-hydroxy-1,1-
diphosphonate had little or no inhibitory effect even when the substrate con-
centrations were lowered 10—12 times. Dichloromethylene diphosphonate in-

TABLE III

THE EFFECT OF ETHANE-1-HYDROXY-1,1-DIPHOSPHONATE AND DICHLOROMETHYLENE
DIPHOSPHONATE ON PHOSPHOPROTEIN PHOSPHATASE AND DEOXYRIBONUCLEASE II AT
DIFFERENT CASEIN AND DNA CONCENTRATIONS

The activity (mean * S.E.) is expressed as a percentage of the values found at different substrate concen-
trations in the absence of diphosphonates. Number of experiments shown in parentheses.

(a)

Casein Activity as percent of control
(uM total Py)
1 mM Ethane-1-hydroxy-1, 1 mM Dichloromethylene
1-diphosphonate diphosphonate
0.6 98,101 (2) 84, 85 (2)
0.2 96.5 £ 2.9 (4) 80.0 = 3.6 (6)
0.05 94.8 + 3.8 (4) 77.7 £ 4.1 (8)
®)
DNA Activity as percent of control
(mg/ml)
Ethane-1-hydroxy-1,1-diphosphonate Dichloromethylene diphosphonate
0.1 mM 1.0 mM 0.1 mM 1.0 mM
1 98, 99 (2) 95, 98 (2) 88, 97 (2) 91.9 £ 2.9 (3)

0.1 98.2 + 2.6 (6) 92.0 + 2.7 (6) 81.2 £ 5.4 (6) 82.3 + 3.1 (6)
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Fig. 3. Lineweaver-Burk plot for liver arylsulfatase A. The enzyme was incubated for 20 min in 0.6 ml
medium containing 0.375—1.5 mM nitrocatechol sulfate as described under Methods. O, no diphos-
phonates; 4, 0.78 mM ethane-1-hydroxy-1,1-diphosphonate; 8, 0.78 mM dichloromethylene diphospho-
nate. v, velocity; 8, substrate concentration. Each experiment was done twice and the individual values
are given. If they coincided, only one point is drawn,

hibited to a somewhat greater degree at the lower substrate concentrations.

Dichloromethylene diphosphonate also inhibited arylsulfatase A, again to a
greater extent than ethane-1-hydroxy-1,1-diphosphonate. Fig. 3 shows a Line-
weaver-Burk plot derived from assays at different substrate concentrations. Di-
chloromethylene diphosphonate inhibited competitively (K., for nitrocatechol

TABLE IV

EFFECT OF POLYPHOSPHATE AND PHOSPHONATES ON LYSOSOMAL ACID PHOSPHATASE OF
RAT LIVER

2.0 or 0.5 mM p-nitrophenyl phosphate was used as substrate. The activities are expressed as percentage
of the control obtained when no polyphosphate or phosphonate was added. The mean * S.E. of three
experiments is given.

Phosphonates * Substrate concentration

2.0 mM 0.5 mM

Phosphonate concentration

0.1 mM 1.0 mM 0.1 mM 1.0 mM
Cly MDP 827+ 1.1 37.0+ 0.4 55.6 * 0.2 13.7 ¢ 0.2
UHDP 83.2 + 0.7 45.9+ 0.2 56.3 * 0.5 17.8 ¢ 0.1
MHDP 97.8 + 0.9 94.0 0.8 97.4+ 0.4 80.9 0.5
Pyg.i ** 97.0% 0.3 95.5+ 1.0 96.6 * 0.8 88.2 + 0.5
Condensate 1 98.4+ 1.2 96.9 + 0.3 97.8 + 0.8 86.6 + 0.3
EHDP 98.4 + 0.8 97.2+ 0.3 98.0 0.9 88.2t 0.4
E-1-HTP 98.8 £ 0.5 98.3+ 0.1 98.7 £ 0.8 88.3 + 0.8
EADP 99.7 + 0.7 98.4 + 0.8 98.4 + 0.7 94.2+ 1.0
PTeP 98.1+ 0.6 98.6 + 0.7 99.1+ 0.8 95.6 + 0.5
MDP 99.1* 0.9 99.9 * 0.4 100.0 + 0.9 96.8 + 0.5
E-1,2-DP 99.0 + 0.8 100.2 £ 0.6 99.3 * 0.7 98.6 £ 0.5
PMP 98.4¢ 0.8 99.9 + 0.2 99.1 + 0.9 97.7 + 0.7

* Abbreviations, see Table I.
** The polyphosphate P2q ; was added at 0.01 and 0.1 mM instead of 0.1 and 1.0 mM. This corre-
sponds to phosphorus concentrations of 0.1 and 1.0 mM diphosphonate.
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Fig. 4. Lineweaver-Burk plot for acid phosphatase from rat calvaria extract. 50 ul of the extract (0.265
mg protein/ml) obtained as described under Methods, were incubated for 20 min at 37°C in 1 m10.1 M
acetate buffer, pH 5.0, 0.4 M KC} and 0.25—2.0 mM p-nitrophenyl phosphate in the absence of diphos-
phonates (©) and in the presence of 0.5 mM ethane-1-hydroxy-1,1-diphosphonate (4) and 0.5 mM di-
chloromethylene diphosphonate (®). v, velocity; S, substrate concentration. The experiment was done
three times, The mean value * 2 S.E. is given. 2 S.E. smaller than 1.2 umol™! - min - ml are not drawn.

sulfate, 0.75 mM; K, for dichloromethylene diphosphonate, 0.92 mM), where-
as the weaker inhibition by ethane-1-hydroxy-1,1-diphosphonate appeared non-
competitive.

Neither dichloromethylene diphosphonate nor ethane-1-hydroxy-1,1-diphos-
phonate had any effect on S-glucuronidase, cathepsin D and esterase.

The effect of a polyphosphate and phosphonates on acid phosphatase

Table IV shows the effect of a polyphosphate of chain length n = 20 (Py;)
and of various phosphonates on acid p-nitrophenyl phosphatase of rat liver
lysosomes. Dichloromethylene diphosphonate and undec-10-ene-1-hydroxy-1,1-
diphosphonate inhibited when added at 0.1 and 1 mM in the presence of either
0.5 or 2 mM substrate concentration. The greatest effect was seen with 1.0 mM
diphosphonate and 0.5 mM substrate. Methylenehydroxydiphosphonate, poly-
phosphate, condensate I, ethane-1-hydroxy-1,1-diphosphonate and ethane-1-
hydroxy-1,1,2-triphosphonate all inhibited slightly but only when added at 1
mM in the presence of 0.5 mM substrate.

The effect of ethane-1-hydroxy-1,1-diphosphonate and dichloromethylene
diphosphonate on acid phosphatase of rat calvaria

Dichloromethylene diphosphonate strongly inhibited the acid p-nitrophenyl
phosphatase activity of an extract of rat calvaria as shown by the Lineweaver-
Burk plot in Fig. 4 (K, for p-nitrophenyl phosphate, 0.32 mM, K, for dichloro-
methylene diphosphonate, 0.54 mM). Ethane-1-hydroxy-1,1-diphosphonate
had no effect.

Discussion

Dichloromethylene diphosphonate inhibited several acid hydrolases more
strongly than did ethane-1-hydroxy-1,1-diphosphonate (Fig. 1). In particular
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both acid phosphatase and arylsulfatase A were inhibited competitively by di-
chloromethylene diphosphonate (Figs. 2 and 3). In contrast, ethane-1-hydroxy-
1,1-diphosphonate had little or no effect on any of these enzymes. In the case
of acid phosphatase, the difference between experiments which showed no ef-
fect with ethane-1-hydroxy-1,1-diphosphonate (Fig. 2) compared with those
in which slight inhibition occurred (Table IV) may be explained by the use of
high ionic strength (0.4 M KCl) in the former.

These results suggest that the ability of dichloromethylene diphosphonate to
inhibit bone resorption may be explained in part by a direct effect on lysoso-
mal hydrolases.

Since dichloromethylene diphosphonate causes competitive inhibition of
acid phosphatase and arylsulfatase A, any inhibition in vivo will be most pro-
nounced when substrate concentrations are low and dichloromethylene concen-
trations are high. In order to know whether inhibition is likely to occur in liv-
ing bone treated with diphosphonates one needs to know what the relative con-
centrations of dichloromethylene diphosphonate and substrate are likely to be.
Apatite crystals in bone of dichloromethylene diphosphonate-treated animals
are probably coated with dichloromethylene diphosphonate [16]. During re-
sorption of this bone the diphosphonates may be released to produce relatively
high local concentrations of diphosphonate. Bonucci [17] has suggested that
crystals released from bone during resorption are phagocytosed and dissolved in
the secondary lysosomes of the osteoclast; this could mean that relatively high
concentrations of diphosphonates might be present in secondary lysosomes
where the final dissolution of crystals occurs. The specific effect of diphos-
phonates on the skeleton may be related to their binding to crystals.

Of the various phosphonates tested on the acid phosphatase, only dichloro-
methylene diphosphonate and undec-10-ene-1-hydroxy-1,1-diphosphonate pro-
duced strong inhibition, whereas the other compounds had little or no effect. It
may be significant that dichloromethylene diphosphonate and undec-10-ene-1-
hydroxy-1,1-diphosphonate are the two diphosphonates which most strongly
inhibit bone resorption measured by the rise of plasma calcium induced by
parathyroid hormone in fasting thyroparathyroidectomized rats (ref. 2, un-
published work). Dichloromethylene diphosphonate is also the most inhibitory
of the phosphonates against bone resorption in mouse calvaria in vitro [2].
There is some degree of correlation between the ability of individual phospho-
nates to inhibit acid hydrolases and bone resorption, suggesting that at least part
of their effect in vivo may be explained by a direct effect on acid hydrolases.

Although the majority of these studies were done on enzymes obtained from
the light mitochondrial fraction of liver because liver is much easier to fraction-
ate than bone, very similar effects were obtained with dichloromethylene di-
phosphonate and ethane-1-hydroxy-1,1-diphosphonate on acid phosphatase
from rat calvaria (Fig. 4).

An acid pyrophosphatase from potato was not inhibited by either dichloro-
methylene diphosphonate and ethane-1-hydroxy-1,1-diphosphonate (not
shown).
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