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Summary 

Pure human arylsulfatase A (EC 3.1.6.1) was found to hydrolyze ascorbic 
acid 2-sulfate to ascorbic acid and inorganic sulfate at rates from 200 to 2000 
pmol/mg per h depending on the method of  assay. This rate was lower than that  
observed with the synthetic substrate 4-nitrocatechol sulfate, but higher than 
that  seen with the physiological substrate cerebroside sulfate. Extracts of cul- 
tured fibroblasts from normal subjects were also shown to hydrolyze ascorbic 
acid 2-sulfate; extracts of fibroblasts from patients with metachromatic leuko- 
dystrophy,  known to be deficient in arylsulfatase A, did not. Similarly, hydro- 
lysis of ascorbic acid 2-sulfate was not observed when a partially purified prep- 
aration of human arylsulfatase B was tested under a variety of conditions. 
Thus, in the human, arylsulfatase A appears to be the major, if not the only, as- 
corbic acid-2-sulfate sulfohydrolase. 

Introduction 

Ascorbic acid 2-sulfate appears to be a widely distributed metabolite of as- 
corbic acid. It was initially discovered in cysts of the brine shrimp A r t e m i a  sali- 

na  where is was first believed to be the 3-sulfate [1,2]. It was then identified 
in human urine where it constituted up to 25% of the excreted ascorbic acid 
metabolites [3]. Subsequently, it has been found in rat liver, spleen, adrenal 
gland and urine [4]. In the liver it represented about 20% of the total ascor- 
bate. While its biological significance has not  been established, ascorbic acid 2- 
sulfate has been suggested as a storage form for ascorbic acid, as a transport de- 

Abbreviation: DCIP, 2,6-dichlorophenolindophenol. 
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rivative, or as a direct sulfate donor  for sulfate ester biosynthesis. 
Reports in abstract form from Tolbert 's group [5,6] have indicated that  

arylsulfatase A (EC 3.1.6.1) fractions from beef liver exhibit ascorbic acid-2- 
sulfate sulfohydrolase activity. The established physiological substrates for this 
enzyme are sulfated galactolipids [7--9] which are found only in a limited 
number of tissues while arylsulfatase A occurs ubiquitously. The wide distribu- 
tion of  ascorbic acid 2-sulfate parallels that  of arylsulfatase A. We have recently 
purified arylsulfatase A from human urine [10],  and it appeared propitious to 
test the ability of the pure enzyme to hydrolyze ascorbic acid 2-sulfate. 

Human arylsulfatase A hydrolyzed ascorbic acid 2-sulfate at rates compara- 
ble to those for other substrates, while partially purified arylsulfatase B was in- 
active. Fibroblast extracts derived from patients with metachromatic leukodys- 
trophy,  unlike extracts of normal fibroblasts, did not  hydrolyze this vitamer, 
suggesting that  arylsulfatase A is the principal if not the only enzyme capable 
of hydrolyzing this substrate. 

Experimental 

Ascorbic acid 2-sulfate (dipotassium salt) and ascorbic acid 2-[3SS]sulfate 
(barium salt) were supplied by the Department of Chemical Research, Hoff- 
mann-La Roche Inc. 2,6-Dichlorophenolindophenol (disodium salt) (DCIP) and 
ascorbic acid, U.S.P., were obtained from Calbiochem. The liquid scintillation 
cocktail consisted of 50 mg POPOP and 4 gm PPO per 1 of an equivolume mix- 
ture of toluene and 2-methoxyethanol  [11].  Counting was done in a Packard 
TriCarb spectrometer. Human arylsulfatase A was isolated from urine and was 
essentially pure [10].  Dilute enzyme solutions were stabilized by bovine serum 
albumin (1 mg/ml) and showed 800--4000 4-nitrocatechol sulfate units/mg en- 
zyme. Activity measurements toward 4-nitrocatechol sulfate, 4-methylumbelli- 
feryl sulfate and cerebroside sulfate were carried out  as previously described 
[101. 

Fibroblast cultures were initiated from skin biopsies by the explant tech- 
nique and maintained in the usual manner [ 12]. Extracts were prepared by sus- 
pending cells in an equal volume of 0.2 M Tris • HC1, pH 7.4 and subjecting 
them to six cycles of freezing and thawing. After removal of cell debris by 
centrifugation for 2 min in the Brinkman Microfuge (14 000 X g), the super- 
natant  fluids were dialized overnight against 1000 volumes of 25 mM Tris • HC1, 
pH 7.4. Arylsulfatase A activity was determined by the procedure of Baum et al. 
[13] as employed in this laboratory [10].  A unit  of activity is defined as 1 
pmol of  4-nitrocatechol sulfate hydrolyzed per h. Protein was determined by 
the procedure of Lowry et al. [14] .  

Four methods were developed for monitoring the hydrolysis of ascorbic acid 
2-sulfate based on: continuous decrease in ultraviolet absorbance of the sub- 
strate; continuous reduction of  DCIP by ascorbic acid; reduction of DCIP by 
accumulated ascorbic acid; and determination of  radioactivity of  accumulated 
sulfate (Stevens et al., unpublished). The present studies were conducted 
largely with the latter two methods. 

In the reduction of DCIP by accumulated ascorbic acid, the reaction mixture 
consisted of 20 pl of  20 mM ascorbic acid 2-sulfate in 0.1 M acetate, pH 4.0, 
and 20 pl of  enzyme solution. Following incubation at 37°C for 15 min the 



510 

reaction was stopped with 0.4 ml of 0.15 mM DCIP in 0.5 M sodium phos- 
phate, pH 8.0 (freshly prepared by dilution of  a 10 mM DCIP stock solution). 
The absorbance at 600 nm was determined within 30 s after the addition of the 
DCIP reagent. In the control, enzyme was replaced by bovine serum albumin (1 
mg/ml). "No substrate" and zero time controls were also evaluated but  were 
not  significantly different from the albumin control. 

In the determination of radioactivity of  accumulated sulfate, the reaction 
mixture consisted of 50 pl of 2 mM ascorbic acid 2-[3ss] sulfate (approx. 5000 
cpm) in 0.2 mM sodium acetate, pH 4.5, and 100 pl of either pure enzyme or 
fibroblast extract preparation. Following incubation at 37°C for 30 min the 
reaction was stopped with 0.1 ml of 50 mM Na2SO4 in 0.2 M Tris • HC1, pH 
8.0; then 10--20 mg of Celite, 9 ml of water, and 0.08 ml of 30 mM BaC12 were 
added. The Celite-aggregated BaSO4 was centrifuged, washed, and counted. In 
the control the extract was replaced by bovine serum albumin, 1 mg/ml in 25 
mM Tris • HC1, pH 7.4. 

Results 

Human arylsulfatase A hydrolyzed ascorbic acid 2-sulfate at rates in the 
range of 200--2000 pmol/mg per h depending on specific assay protocol uti- 
lized and the history of the enzyme sample. Under optimal conditions, this ac- 
tivity was about one-half that  obtained with 4-nitrocatechol sulfate and 10-fold 
greater than with 4-methylumbelliferyl sulfate or cerebroside sulfate. 

The pH optimum for the reaction was between 4.0 and 4.5 and was indepen- 
dent of the method of assay. The rate of reaction was proportional to enzyme 
concentration and the initial rate was linear. However, the reaction slowed and 
stopped at around 40 min, well before complete hydrolysis occurred, as shown 
in Fig. 1 for the radioactivity method. The reaction ceased between 20 and 60 
min in the other methods (Stevens et al., unpublished). 
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Fig. 1. T i m e  course  o f  ascorbic  ac id-2-sul fate  su l fohydro lase  react ion.  R e a c t i o n s  w e r e  carried o u t  w i t h  
100  ng o f  arylsul fa tase  A b y  the  rad ioact iv i ty  assay.  

Fig. 2. L ineweave r -Burk  p l o t  o f  ascornic  ac id-2-sul fate  su l fohydro lase  act ivi ty .  Assay m e t h o d :  o,  radioac-  
t ivity assay; ~ and  0, decrease  o f  u l traviolet  absorbance  o f  substrate (S tevens  e t  al., unpubl i shed) ,  t w o  in- 
d e p e n d e n t  dete]cminations;  and ~ ,  r e d u c t i o n  o f  DCIP by  ascorbic  acid. 
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When examined by the accumulated ascorbic acid DCIP method the ascorbic 
acid 2-sulfate hydrolysis reaction yielded a linear Lineweaver-Burk plot be- 
tween 1 and 10 mM substrate with a K m of 2.5--3.0 mM. Methods which oper- 
ate at lower substrate concentrations also yielded linear kinetic plots, but Km 
values were less than 1 mM. When results from the four assay methods were 
combined, as in Fig. 2, there was curvature of the double reciprocal plot at 
lower substrate concentrations. Data from low (~ 1 mM) substrate levels extra- 
polates to a K m value of about  0.5 mM. 

Ascorbic acid 2-sulfate hydrolysis could not  be demonstrated with crude tis- 
sue extracts despite the presence of adequate arylsulfatase A activity. Prelimi- 
nary tests suggested that  this might be due to an inhibitor, the destruction of  
ascorbate, or hemoglobin interference with the dye reduction. Therefore, ex- 
tracts of  cultured human fibroblasts, which are free of blood elements, were 
tested with the radioactive sulfate method for investigating ascorbic acid 2-sul- 
fate hydrolysis in crude systems. Hydrolysis could be observed with dialyzed 
fibroblast extracts, but it was less than that  expected from the arylsulfatase A 
activity. Substrate dependence, pH optimum, and the time course of  the reac- 
tion were similar to those for the pure enzyme. When the protein dependence 
of the fibroblast extracts was examined, it was found that  activity failed to in- 
crease with protein above about 0.2 mg per assay (cf. Figs. 3 and 4). The radio- 
active sulfate released in the linear range did not  exceed the zero time blank by 
more than 2--3-fold, so the confidence level of  individual determinations was 
not  high. Therefore, dialyzed fibroblast extracts were subjected to several puri- 
fication steps in an a t tempt  to separate the enzyme from material interfering 
with the assay. Chromatography on DEAE-cellulose and then on concanavalin 
A-Sepharose was only partially effective in relieving this apparent inhibition. 
Further purification was not  pursued since the objective was to be able to assay 
activity in crude fibroblast extracts. 
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Fig, 4. Ascorbic  acid-2-sulfate  su l fohydro lase  ac t iv i ty  of  n o r m a l  and m e t a c h r o m a t i c  l e u k o d y s t r o p h y  
(MLD)  f ibroblas t  ex t rac t s  m e a s u r e d  by  the radioact iv i ty  assay. 

Repeated trials with dialyzed extracts were carried out  at several different 
protein levels and the results were reasonably reproducible. The data collected 
from dialyzed extracts were compared to similar data from pure urinary aryl- 
sulfatase A and enzyme preparations from partially purified fibroblast extracts 
(Fig. 3). Ascorbic acid-2-sulfate sulfohydrolase activity levels of extracts were 
obtained by extrapolation to zero enzyme concentration. With this approach 
extracts of fibroblasts from a patient with late infantile metachromatic leuko- 
dyst rophy were compared with extracts of normal cells (Fig. 4). The extracts 
of  normal cells showed ascorbic acid-2-sulfate sulfohydrolase activity nearly 
commensurate with its arylsulfatase A activity while no hydrolysis could be 
detected with extracts of metachromatic leukodystrophy cells at any level. The 
arylsulfatase A activity of the latter was at the limits of detection, less than 5% 
of that  in the normal control. When the deficient extracts were supplemented 
with pure arylsulfatase A to normal levels the ascorbic acid 2-sulfate hydrolysis 
was identical to that  in control cells showing that  the lack of  activity was not  
due to an excessive level of  inhibitor in these cells. 

Arylsulfatase B, partially purified from human placenta [15],  was incubated 
~¢ith ascorbic acid 2-sulfate. It did not  produce any detectable level of hydroly- 
sis, even at a 500-fold excess of 4-nitrocatechol sulfate units. Adjusting either 
the pH or the substrate concentration or both to those for optimal hydrolysis 
of 4-nitrocatechol sulfate were of no avail. The conditions for hydrolysis of 
UDP-N-acetylgalactosamine 4-sulfate, a recently described physiological sub- 
trate for arylsulfatase B, are quite different from those for synthetic substrates 
[15]. Ascorbic acid 2-[3SS]sulfate hydrolysis by arylsulfatase B under nucleo- 
tide cleavage conditions were also ineffective. The minor "B-like" sulfatase 
components [ 16] retained by DEAE-cellulose and eluted before arylsulfatase A 
by salt gradients likewise failed to show any ascorbic acid-2-sulfate sulfohydro- 
lase activity. 

Discussion 

The present results using pure human arylsulfatase A, confirm the tenet that  
arylsulfatase A catalyzes the hydrolysis of ascorbic acid 2-sulfate. A similar ob- 
servation has been made with pure ox liver enzyme by Roy [17] who kindly 
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provided a prepublication copy of his studies. The possibility that  arylsulfatase 
A and ascorbic acid-2-sulfate sulfohydrolase are identical was originally sug- 
gested by Tolbert 's group [5,6] from observations on co-purification. 

Ascorbic acid-2-sulfate sulfohydrolase activity has also been observed in liver 
extracts of  a marine gastropod by Hatanaka et al. [18].  They have purified the 
enzyme and found that  it co-purified with arylsulfatase [19].  There is appar- 
ently only one arylsulfatase in the gastropod liver and it is not  certain whether 
it corresponds to the mammalian A or B enzyme, or whether it is functionally 
unrelated. Nevertheless, its ascorbic acid-2-sulfate sulfohydrolase activity is of 
teleological interest. 

Human arylsulfatase A hydrolyzed ascorbic acid 2-sulfate almost is effective- 
ly as it hydrolyzed 4-nitrocatechol sulfate and more effectively than 4-methyl- 
umbelliferyl sulfate, cerebroside sulfate, or testicular sulfoglycerogalactolipid. 
It thus appears unlikely that  this is an adventitious side reaction, but rather an 
operative metabolic activity. The affinity of  the enzyme for ascorbic acid 2-sul- 
fate as deduced from an apparent K m value around 1--2 mM is consistent with 
a physiological role for this reaction. 

The cessation of the ascorbic acid-2-sulfate sulfohydrolase activity after the 
initial reaction is reminiscent of the anomalous kinetic behavior of arylsulfatase 
A with 4-nitrocatechol sulfate [21].  The latter has been shown to be due to a 
reversible modification of the enzyme by this substrate to an inactive form. Ox 
liver arylsulfatase A also exhibited similar behavior with ascorbic acid 2-sulfate, 
and Roy [17] has provided evidence that  substrate modification may occur. 

With pure human arylsulfatase A we have shown that  varying either the en- 
zyme or substrate concentration does not  appreciably affect the time depen- 
dence of  the inactivation; however, the possible inactivation by the product,  as- 
corbic acid, could not  be disregarded. Ascorbic acid, particularly in the pres- 
ence of  Cu 2÷, inactivates arylsulfatase A [21] ;ye t ,  including 0.1 mM EDTA in 
reaction mixtures or in dialysis media of cell extracts did not  alter the time-de- 
pendent  inactivation. Conducting the reaction in the presence of  DCIP, which 
continuously oxidized the ascorbic acid as it was formed, was also ineffectual. 
Our findings appear to preclude inactivation by ascorbic acid per se. 

The specificity of ascorbic acid 2-sulfate hydrolysis for arylsulfatase A was 
somewhat unexpected. We had presumed that  ascorbic acid 2-sulfate and 4- 
nitrocatechol sulfate were isosteric analogs since they are both esters of  reso- 
nance-stabilized cyclic enediols. Consequently, we had predicted that  ascorbic 
acid 2-sulfate, like 4-nitrocatechol sulfate, would be hydrolyzed equally well 
by arylsulfatase A and arylsulfatase B. Roy [17] found that  ox brain arylsul- 
fatase B had only 1% of the activity of  ox liver arylsulfatase A. Similarly, we 
were unable to show any activity with human placental arylsulfatase B. Both 
studies indicate that  there must  be finite but subtle differences at the substrate 
binding site of  arylsulfatase A and arylsulfatase B. On the one hand, both en- 
zymes react with synthetic substrates like 4-nitrocatechol sulfate and 4-methyl- 
umbelliferyl sulfate [16] ; yet  in stark contrast, they exhibit a high degree of 
specificity toward natural substrates. The structures of substrates acted on by 
both arylsulfatases are presented in Fig. 5 in a manner emphasizing the similari- 
ties in electron distribution around the putative reaction center, the ester sul- 
fate. It is paradoxical that  ascorbic acid 2-sulfate and 4-nitrocatechol sulfate are 
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Fig .  5. Structures of  substrates h y d r o l y z e d  by  axylsulfatase A and arylsulfatase B. A A S ,  ascorbic acid 
2-sulfate; CS, cerebroside sulfate; NCS,  4-ni trocatechol  sulfate; MUS,  4 -methylumbel l i fery l  sulfate.  U D P -  

G 4 S ,  uridine d iphospho-N-acety lga lactosamine  4-sulfate.  

acceptable at the site which recognizes galactose 3-sulfate (arylsulfatase A), 
while 4-nitrocatechol sulfate but not ascorbic acid 2-sulfate is acceptable at the 
site which recognizes N-acetylgalactosamine 4-sulfate (arylsulfatase B). The ba- 
sis for the stereochemical specificities of  the active site of  sulfatases remain un- 
clear at present. 

The present results and those of Roy [17] suggest that arylsulfatase A may 
be the major mammalian enzyme for the hydrolysis of  ascorbic acid 2-sulfate. 
However, the biological relevance of  the reaction is difficult to assess, largely 
due to the uncertainty of  the function of  ascorbic acid 2-sulfate. If it is a stor- 
age form of ascorbic acid, as some have suggested, its hydrolysis would serve to 
maintain cellular levels of  the vitamin. Such a role for arylsulfatase A is com- 
mensurate with its ubiquitous occurrence, as opposed to its rather limited role 
as a sulfogalactolipid sulfohydrolase. The failure of  ascorbic acid 2-sulfate to 
serve as an anti-scorbutic agent in guinea p igs  [22] and monkeys [23] has 
dampened enthusiasm for such a role, however, the latter failing may simply re- 
flect an inability of  the compound to cross cell membranes, as appears to be 
the case with cultured cells (Fluharty, A.L. and Churlik, C.A., unpublished re- 
sults). 

There have been reports which suggest that ascorbic acid 2-sulfate may func- 
tion as a sulfate donor. Verlangieri and Mumma [24] reported that incorpora- 
tion of  label into cholesterol [3s8] sulfate by rats was more efficient when the 
label was administered as ascorbic-acid 2-[sSS]sulfate rather than inorganic 
[sss] sulfate. Hatanaka et al. [25] found that radioactivity from ascorbic acid 
2-[3ss] sulfate was incorporated to almost the same extent as that from inor- 
ganic [sss] sulfate by embryonic chick cartilage epiphyses into chondroitin sul- 
fates. However, the direct involvement of  ascorbic acid 2-sulfate as sulfate do- 
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nor in such systems has been questioned by Shapiro and Poon [26] who found 
that incorporated radioactivity was mainly derived from a decomposi t ion pro- 
duct, possibly inorganic sulfate. If ascorbic acid 2-sulfate does in fact function 
in biological sulfation reactions, then the sulfohydrolase activity of  arylsulfa- 
tase A would be relegated to an ancillary "house-keeping" role. 

We have found a profound deficiency of ascorbic acid-2-sulfate sulfohydro- 
lase activity in cultured human fibroblasts derived from patients with meta- 
chromatic leukodystrophy.  This deficiency is commensurate  with the lack of 
arylsulfatase A activity in these fibroblasts. This disease state is characterized 
by an over accumulation of  cerebroside sulfate in peripheral and central ner- 
vous tissue and associated myelin degeneration. Pathological features do not  
implicate abnormal ascorbic acid metabolism and no metachromatic leukodys- 
t rophy patients have ever been diagnosed as scorbutic. However, now that  this 
enzyme deficiency has been reported in fibroblasts, investigation into enzyme 
deficiency in tissues and any possible pathology must  be considered. 

Ascorbic acid is particularly rich in neural tissue: in brain, its concentrat ion 
is 2--3 time~ higher than that of  glucose. Just  how much occurs as the sulfate 
ester is uncertain, since brain was not  included in the s tudy of  the distribution 
of  ascorbic acid 2-sulfate in rat tissues [4] .  If the ratio of  ascorbic acid to as- 
corbic acid 2-sulfate found in rat liver is typical of  other  tissues, the amount  oc- 
curring in brain would be highly significant. Ascorbic acid has been implicated 
in a variety of  hydroxylat ion reactions. Such reactions are important  in neural 
tissue for the synthesis of  adrenergic and cholinergic transmitter substances, 
fa t ty  acid hydroxylat ion and fat ty  acid chain elongation. Despite the absence 
of  overt ascorbic acid deficiency in patients with metachromatic  leukodys- 
t rophy,  the deficiency of  arylsulfatase A could cause local perturbations which 
might affect synthetic reactions. Such subtle compromises could contr ibute  to 
the severe neuropathy in metachromatic  leukodys t rophy which is not  fully ac- 
countable by over accumulation of  cerebroside sulfate alone. 

Acknowledgements 

This investigation was supported in part  by N.I.H. grants NS-11665, NS- 
9479 and HD-4612. We wish to express appreciation to Drs. R. Markezich, R. 
Muccino, C.W. Perry and Messrs. G. Bader and G. Vernice for the ascorbic acid 
2-sulfate and ascorbic acid 2-[3sS] sulfate and to Dr. A.B. Roy  for a prepublica- 
tion copy of  his work. 

References 

1 Mead, C.G. and Finamore,  F.J. (1969) Biochemistry 8, 2652--2655 
2 Bond, A.D., McClelland, B.W., Einstein, J.R. and Finamore, F.J. (1972) Arch. Biochem. Biophys. 

153, 207--214 
3 Baker, E.M., Hammer,  D.C., March, S.C., Tolbert,  B.M. and Canham, J.E. (1971) Science 173, 826--  

827 
4 Mumma, R.O. and Verlangieri, A.J. (1972) Biochim. Biophys. Acta  273, 249--253 
5 TolberL B.M., Bullen, W.W., Downing, M. and Baker, E.M. (1973) Fed. Proc. 32 ,931  
6 Carlson, R.W., Tolbert,  B.M. and Downing, M. (1975) Fed. Proc. 34, 884 
7 Mehl, E. and Jatzkewitz ,  H. (1968) Biochim. Biophys. Acta 151 ,619 - -627  



516 

8 Fiuhaxty,  A.L.,  Stevens, R.L.,  Miller, R.T. and Kihaxa, H. (1974)  Biochem. Biophys.  Res. Commun .  
61,  3 4 8 - - 3 5 4  

9 Harzer,  K. and Benz, H.U. (1974)  Z. Physiol. Chem. 355,  74-~--748 
10 Stevens, R.L.,  Fluhaxty,  A.L.,  Skoku t ,  M.H. and Kihaxa, H. (1975)  J. Biol. Chem. 250,  2495 - -2501  
11 Fra tan ton i ,  J.C.,  Hall, C.W. and Neufeld,  E.F. (1968)  Proc.  Natl. Aead. Sei. U.S. 60,  6 9 9 - - 7 0 6  
12 Por ter ,  M.T., F luhar ty ,  A.L. and Kihaxa, H. (1969)  Proc. NatL Acad.  Sci. U.S. 62, 887- -891  
13 Baum, H., Dodgson,  K.S. and  Spencer ,  B. (1959)  Clin. Chim. Acta  4, 4 5 3 - - 4 5 5  
14 Lowry ,  O.H.,  Rosebrough ,  N.J. ,  Farr ,  A.L. and Randall ,  R.J.  (1951)  J. Biol. Chem. 193,  2 6 5 - - 2 7 5  
15 F luha r ty ,  A.L.,  Stevens, R.L.,  Fung,  D., Peak, S. and Kiha~a, H. (1975)  Biochem. Biophys.  Res. Com- 

mun.  6 4 , 9 5 5 - - 9 6 2  
16 Stevens, R.L.  (1974)  Biochim. Biophys.  Acta  370,  249 - -256  
17 Roy ,  A.B. (1975)  Biochim. Biophys.  Acta  377,  356 - -363  
18 Ha tanaka ,  H., Ogawa,  Y. and Egami,  F. (1974)  J. Biochem. T o k y o  7 5 , 8 6 1 - - 8 6 6  
19 Ha tanaka ,  H., Ogawa,  Y. and Egami,  F. (1975)  J. Bioehem. T o k y o  77, 353 - -359  
20 Baum, H. and  Dodgson,  K.S. (1958)  Biochem. J. 69,  573 - -582  
21 Roy ,  A.B. (1970)  Biochim. Biophys.  Acta  198,  76--81  
22 Kuenzig,  W., Avenia, R. and K a m m ,  J .J .  (1974)  J. Nutr .  104,  9 5 2 - - 9 5 6  
23 Brin, M., Machlin, L.J. ,  Kuenzig,  W. and Garcia,  F. (1975)  Fed. Proc. 34, 884 
24 Verlangieri,  A.J. and  Mumma,  R.O. (1973)  Atherosclerosis  17, 37 - -48  
25 Ha tanaka ,  H., Yamagata .  T. and  Egami,  F. (1974)  Proc. Jap .  Acad. 50, 7 4 7 - - 7 5 0  
26 Shapiro ,  S.S. and Poon,  J.P. (1975)  Bioehim. Biophys.  Acta  385,  221 - -231  


