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- A STUDY OF SLOW REACTING SUBSTANCE FROM CAT PAWS
s £ | BY b R :
- JOEL E. HOUGLUM

~ (under the supervision of Professor Charles J. Sih)

| 'Thé optimum conditions for the release of SRS from cat
' paws induced by 48/80 ﬁnd'the calcium ionophore A23187 have
been defined. The release of SRS was affected by agents
known to alter cAMP and cGMP lgve1s. Both epinephrine and
aminophj]line inhibited SRS release and a synergistic effect
was observed when thése agents were used together. Further,
this synergism was revefsedaby propranolol and carbachol.
These data suggest that cyclic nucleotides modulate SRS_ 
release. Arachidonic acid and indomethacin had no effect,
but 5,3,11.l4-eicos§tefraynoic acid (TYA) inhibited SRS
release. _' G ' AR :

L A four sfep method of purify1n§ SRS was develbped which
utilized XAD-7 resin, efhyi acetate extraction, disposable
J_silica gel_column, and preparative uC]8 HPLC. These suc- .
cessive steps affofded 716,800 fold purification as deter-

14

mined by C-methylation of the sample with a recovery of

14%. However, éven at this stage of purity, a radiochromat-
ogram scan of an 80,000 unit sample (methylated ﬂith_lac-
diazomethane) did not reveal a radioactive peak coinciding
with the bioactivity. This purified material lost 97% of

~its bioactivity in two days at -250C.

Y




It is weil'knoﬁn that sulfate estecs are raadily sol-
' voiyzed by.ref1uxing in anhydrous tetrahydrofuran or diox;
'.ane.' However, SRS bioactivity was retained under these con-
ditionc. which raised the possibiiity that SRS is devoid of
a sulfate ester function cr that SRS sulfate is surrounded
by neighboring hydroxyl groups. Although various crude
| arylsulfatase preparations inactivate SRS, commerc1a1 aryl-
suifatase preparations also contain phosphatase activ1ty.
Using alkaline disc gei electropharesis, the sulfatase and
phosphatase activities were partia]ly separated and it was
._ clearly shown that SRS inactivation was associated with the
sulfatase activity. |
~ An SRS 1nactivat1ng enzyme was discovered in various

crude phosphatase and phosphodiesterase preparations and

this activity could not be attributed to the phosphatases or

phosphodiesterases themselves. ~ The SRS inactivating enzyme
was characterized by a molecular weight of approximate1y
100,000, a pH optimum of 7, and inhibition by cysteine but
not by KZHP04,'Ha2504, MgClz or EDTA. A comparison of the
~ properties of fifteen other enzymes did not reveal the iden-

tity of this SRS inactivating en
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I. INTRODUCTION

",,in 1938 Feldberg and Kellaway (1) first described a
substance that contracted thé guinea pig ileum more slowly
and with more sustaihed action than histamine, and named the
- compound slow reacting substance (SRS). Their source of
this smooth muscle contractiné substance was the effluent of
guinea pig‘1ungs treated with cobra venom. Kellaway and
Trethewie (2) reported in 1940 that the effluent of sensi-
tized guinea pig'1ungs also ﬁroduced slow reacting sub-
~ stance when challenged with a specific antigen. SRS has
since been released from many types of tissues and cell sus-
~pensions including guinea pig, ;abbit, monkey, bovine, and
human lungs (3-5), cat paws (6,7), isolated rat mast cells
(8); human leukocytes (9), nasal polyps (10), human and rat
Teukemiq basophils (11,12), and rat peritoneal fluid (13,
14). RRER

Un]ike'Histamine. SRS has not been detected in tisSues
prior tb challenge with antigens or releasing factors. This
suggests that SRS exists in a precursorial state within the
tissue (5,15). There are tﬁo standard methoﬁs used to
release SRS: treatment with releasing factors (Figure 1)
like compound 48/80 (6,16) or ionophore A23187 (11,12,17-19),
and antigen-antibody interaction (2-4,9,13). To distinguish

immunological from non-immunological release of SRS,
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Brocklehurst (5) suggested that SRS released by antigen-
antibody interactions be designated as SRS-A. Orange and

Austen (20) 1ntr6duced a suffix designation to denote the

origin of the SRS so that SRS released immunologically from
the rat peritoneal cavity, for example, is designated as
sRs-A"2t, | o

The role of SRS in human physiology is not yet clear,
but evidence indicates that SRS plays a significant role as
a mediator during immediate hypersensitivity reactions such
as asthma (21,22). When either whole segments or sliced
tissues of an asthmatic human Ihng were brought in contact
with sensitizing antigen, SRS-A was released. Prior to the
addition of antigen..SRS-A could not be detected, even
though other mediators such as histamine were detectable.
When a tissue uas'challenged with antigen, SRS release was
slower but more sustained than either histamine or eosino-
phil chemotactic factor of anaphylaxis (ECF-A) (5,10,21).
In the sensitfzéd guinea pig, lung tissue produced by far

%he greatest amount of SRS-A than any other of the nineteen

‘tissues tested (5). Human bronchioles cut into rings and

- placed in an organ bath also produced a strong and sustained

contraction when challenged with a single dose of SRS._ When
exposed to the appropriate antigen, bronchiole riﬁg prepara-
tions from human asthmatics produced a similar prolonged

contraction and released SRS-A into the suspending medium



.~ (5). When asthmatic patients inhaled crude SRs-A9P as an

aerosol spray, a reduction of vital capacity resulted which
.was ndt appﬁrent.in the cpntfol subjects (23).° Also, anti-
histamines are of very little value in the treatment of
asthma which suggests the involvement of other botent
bronchiole-constritting medfators. | |
During anaphylactic reactions, mﬁny other mediators are

released, including histamine, prostaglandins, bradykinin,
rabbit aorta contracting substance (RCS), ECF-A, and 5-
hydroxytryptamine (5-HT). SRS was distinguished from these
mediators through the use of 1ﬁh1bitors, enzymatic degrada-
tion, pH stability profiles, and differential bioassays.
The contraction of guinea pig fleum by histamine and 5-HT,

for example, was inhibited by.antih1stam1ne§ and atropine,

respectively, although these inhibitors had no effect on the

action of SRS. The ascending gerbil colon and estrous rat
utefus wefe Sensitive to bradykinin, but insensitive to SRS.
Prostaglandins E, and E, relaxed human brbnchial smooth mus-
cle, whereas PGan contracted the muscle and caused associ-
ated tachyphy1axis. SRS contracted bronchial smooth muscle
without tachybhy]axis (20). SRS was distinguished from RCS (now
identified as thromboxane Az) by its ability to cohtract
rabb1t.éorta and its greater instability (24). RCS-RF did
not affect smooth muscle organs directly and, unlike SRS,

was inactivated by carboxypeptidase (25). ECF-A was




identified as two tetrapeptides and was inactivated by

: _dfgestion with pronase (22,26). SRS was resistant to tf}p;
" sin, chymotrypsin, pepsin, activated papain (20,27), car-
boxypeptidase, leucine aminopeptidase, phospholipases A, B,
c, b (20,28), pronase (20,29), and 15-hydroxyprostaglandin

dehydrogenase (30). | '

- SRS was soluble in water, methanol, .and ethanol, |
slightly soluble in pfopanol (27), but was insoluble in e
chloroform or acetone. However, upbn acidification of |
SRScatland SRS-Agp to pH 2-3, they could be extracted into
.diethyl ether or éthyl dcetgte and the activities could be
partitioned back into aqueous alkali (28,30). SRS-A9P was
unstable at room temperature and lost 50% of its activity
“within-twenty-four hours at pH 7.5-915. So1utions of SRS-

AP, srs-AT2%. and srs-aNY

were reported to be less stable
in acid than in base (20,31). Hydrogen peroxide rapidly
destroyed the bioactivity. 1In the presence of 0.005% of

| H202, 50% of the bioactivity was lost in 30 minutes at 220
(14).

 sps-aTat

"~ was inactivated by two arylsulfatase prepara-
tions k32). Partially purified arylsulfatases from human .
lung (33) and human eosinophils (34) were shown td inacti- -
vate SRS-AT3% and srs-APY. " This suggested a regulatory

~ mechanism by which_SRS-A was inactivated at the site of =

immediate hypersensitivity.




-7
When administered intraperitoneally to sensitized rats

_Before challenge with antigen, prostagliandin Ey and E2

_inhibited the release of SRS-A (35). Other prostaglandins

(Ays Ays Bys Fyos Fyp » and FZB) were less effective. Since
SRS-A was reported to stimulate the release of RCS and pros-
taglandins (24,36), a negative feedback by prostaglandins on
SRS-A release was suggested. This contention is supported
by the finding that in some tissues, a decrease in prosta-
glandin production and an increase in SRS release were noted
upon the administration of 1ndomethacin (36-38). This
effect was suggested as a contributing factor in the aspirin
sensitivity syndrome (characterized by bronchospasm)
obseived.in some asthmatics after exposure to nonsteroidal
"antiinflammatory aéents (38).

A potent SRS antagonist, FPL 55712 (Figure 1),
inhibited the SRS response on the guinea pig fleum by 50% at
10.8 M (39) Other mediators, such as PGE1 and PGan were
also inhibited by FPL 55712, but at a concentration 1000
times greater than that required to antagdnize the effects

of SRS-A9P and SRS-AMY. In the intact animal, FPL 55712 had

a very short half-l1ife and was therefore unsuitable for in

vivo studies. Inactivation by ary1su1fatase, and antagonism
by FPL 55712 are often used as characteristic properties of
 SRs. |

'Manyliﬂ vitro systems were used to study the release




mechanisg of the mediators of immediate hypersensitivity
including SRS-A. Most of thesé studies were conducted using
| "human lung (4,40), human basophils (11), human nasal polyp
fragments (10), or rat peritoneal fluid (41). Evidence
indicated that IgE was the major immunoglobulin responsible
fbr SRS-AHfg1ease in humans (4) and that mast cells and
'basophi1§ were the primary cell types involved (9,13,42).
The release appeared to be noncytolytic (43-45).

The release of SRS-AMY

was shown to be modulated by
cyclic nucleotides (10,46) and various agents known to alter
cyclic nucleotide levels (4,43). These experiments indi-
cated oppoéing effects between cyclic 3',5'-AMP and cyc]ié

. 3',5'-GMP upon the release of SRS-A (Figure 2). Drugs which
were known fo increase cyclic AMP levels (g-adrenergic |
agents) decreased the amount of SRS-A released, whereas
drugs known ;o decfeasehcy;11c AMP levels. (a-adrenergic
agents)-incfeased the amount of SRS-A released. Synergism
ua§ obsérved when methylxanthines (phoéphodiesterase inhibi-
tors) were used with g-adrenergic agents. Beta-adrenergic
blockers also increased SRS-A levels. When cyclic GMP
levels were increased either by the use of cholinomimetic
agents (aéetyIcho]ine or carbamylcholine) or by the addition
of 8-bromo-cyclic 3',5'-GMP, they caused an increase in

ﬁ SRS-A levels. The effect of the cholinomimetic agents could

be blocked by the muscarinic blocking agent, atropine.

T 7 T
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IOther b1bchem1ca1_requirements for the release of SRS-A
were also determined. Calcium ions, an intact glycolytic
-pathﬁay,'and serine esterase activatioﬁ were all required
for SRSfAh" release. Kaliner and Austeh (40) reported the
- biochemical sequence by which these factors modulate SRS-A
release. They terminated the biochemical sequence, then
started it again after certain inhibitors were added or
removed. In genéral. the sensitized tissue was cha]ienged |
with a specific antigen in the presence of an inhibitor, and
then washed with a buffer containing a second inhibitor.

The antigen and the first inhibitor were washed away at the
same time. If the tissue subsequently released SRS-A, then
the sequence had to have already progressed past the point
of inhibition by the second inhibitor. The first inhibitor
must therefore follow the second inhibitor in the biochemi- L,
ca]-sequencefﬂ If, after washing with the second inhibitor,. E
the SRS-A release was blocked, the second inhibitor must :
follow the first in the sequence. The cascade of events
leading to SRS-A release was determined by this technique to
be as shown in Figure 3. ThiS modulation of SRS-A release
Lwas reviewed recently (22,47).

The purification and structural elucidation of SRS were
attempted (14,30,31), but the instability and limited quan-
tities of SRS hampered the undeftaking. The peritoneal

fluid from 280 sensitized rats, challenged with antigen, was
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- reported to produce 308,000 units of SRS-A activity (one
_unit was defined as that amount which produced a contraction
of the guinea pig ileum equal in amplitude to that produced
by 5 ng of histamine). A partially purified sample of this
material containing 100,000 units was estimated to weigh
only 10-50 yg (14). Further, a decrease in SRS Stability
~ was observed with increased purification (14,27,31) even at
low temperatures (14,31). | |

- The different sources and ways of SRs.generation have
raised some question as to whether SRS is the same from all
sources;' Some physiochemical differences were reported, and
the possible existence of more than.one bioactive structure, i
even from the same source, was suggested. For example,

hu

acidified samples of SRS-A did not extract into diethyl

ether (31), whereas SRs®?%, srs™@%, and srs-A9 4id (28,30,

48). - On the other hand, the same factors modulated the
release of SRs-AT3t and SRS-Ahu, which suggested that both

were derived from a common precursor.: Takahashi (31)
_reported the separation of SRS-A" into four biologically
active peaks. Althoﬁgh only one peak was inactivated by
arylsulfatase, evidence was given for the existence of an
arylsulfatase inhibitor in the other bioactive peaks. Using
high pressure liquid chrdmatography,:Morris (48) found that
SRs-A9P cou]d-be separated into two bioactive peaks, but

Suggested that these merely‘represented the protonated and



unprotonated forms of SRS. Rechromatographing of the
original unprotonated sample under acidic conditions pro-
| duced an elution péttern which corfesponded to the pro-
tonated bioactive sample. The original protonatéd sample,
however, was not rechromatbgraphed under the acidic condi-
tions. |

~Another stumbling block in the structural elucidation
of SRS is researchers' inability to obtain a gas chromato-

gram or mass spectra with either chemical ionization or

15

b

electron impact techniques (32). It was suspected that the

existence of a sulfate ester on the molecule caused this
pbob]em. B

This investigation wa;lundertaken to examine the.para
meters affecting SRS release in the cat paﬁ by compound
48/80; to compare the effects of various agents on the
release of SRS in the cat paw and other systems; and to
develop a purification scheme that would generate purified

SRS to allow chemical structural studies.

'
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11. EXPERIMENTAL

A.;.Materials and Methods | H

| | N,O-Bis-(trimethylsily1)triquoroacetamidé (BSTFA)
(Pierce Chemical); trimethylchlorosilane (Tri-Sil), hexa-
| methyl disilazane, pyridine (Pierce Chemical); N-methyl-N-

14, MNTSA

nitroso-p-toluene-sulfonamide (MNTSA) (Aldrich);
(New.Eng1and Nuclear); tris(2-hydroxypropyl)amine (THPA) or
1,1',1"-nitrilotri-2-propanol (Eastman Kodak); atropine sul-
fate (Mallinckrodt); mepyramine maleate (ICN-K&K); FPL 55712
(Eisons. Ltd.); 5,8,11;14-¢1co§atetraynoic'acid (TYA)
(Roche); ionophore A23187 (E1i Lilly); PGE.I and PGE2 (Miles
Labs), L-epinephrine bitartrate (Hinthrop), sotalol hydro-
chloride (Mead-Johnson); theophylline ethylenediamine
“ (Merck); propranolol (Ayerst Laboratory); and indomethacin
(Herck) were purchaséd from the.manufacturers-as indicated.

| ‘The'follﬁwing compounds were obtained from the Sigma
Chemical Co.: butylated hydroxytoluene (BHT); hydroxy-
stearic acid (HSA); p-nitrophenyl sulfate (p-NPS); p-nitro-
catechol sulfate (p-NCS); p-nitrophenyl phosphate (p-NPP);
 glucose-6-sulfate (G-6-S); hexokinase; glucose-6-phosphate

= dehydrogenase (G-6-PDH); adenosine triphosphate (ATP); 8-

nfcotinamide adenine dinucleotide phosphate (NADP+); 2-
- deoxy-D-glucose (2-DG); L—phenyTephrine hydrochloride; com-

pound 48/80; arachidonic acid; histamine dihydrochloride;
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glucose oxidase (type V, Aspergillus niger); o-dianisidine.

AI] enzymes discussed under "Enzymatic Studies" were
obtained from Sigma except‘ﬁorse.radish péroxidase. grade B
(CaTbidchem)‘and purified venoﬁ phosphodiesterase

(M. Laskowski, Sr., Roswell Park Memorial Institute).

A Model M-6000 pump, equipped with UBK injector (Waters
Assoc.) was used for high pressure liquid chromatography
(HPLC) equippéd with a Model 77 double beam UV detector
(Waters Assoc.). The analytical prepacked microparticulate
(10 u) HPLC columns (4 mm i.d. X 30 cm) that were used were
uPorasil, uBondapak CN, and uﬁondapak C:]8 (Waters Assoc.).

A micropartfculate preparative column (9.4 mm 1.d. X 50 cm),
M9 0DS and 0DS-2 (uC;g) was also used (Whatman). Other HPLC
materials used were.stainless steel columns (7 mm i.d. X 61
cm) containing Bondapak C,g/Corasil, 37-50 u, and Bondapak
618/Porasil B, 37-75 u (Waters Assoc.) and precolumns (2 mm
X 7 cm) éont51n1ng Co:Pell 0DS, 25-37 u (Whatman).

Othef chromatography materials used were: 7.5% poly-
acrylamide gels (Bio-Rad); silica gel (70-270 mesh) and
cellulose powder (Brinkmann); neutral alumiﬁum oxide (Waters
Assoc:); Amberlite XAD-2 and XAD-7 (Mallinkrodt); LH-20 and
Sebhadex G-200 (Pharmacia); silica gel thin Taygr ﬁhromatog-
raphy plates, 0.25 mm (Brinkmann); and Cls.and 5111ca gel
'Sep-Pak éartridges ("disposable columns") containing 40 ﬁg

and 70 mg of packing material, respectively (Hafers Assoc.).
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| Radioactivity was detected with a Model 2002 scintilla-~
~ tion sbectrometer (Packard) and a Model 930 autoscanner
(vangard). |
Enzymes were assayed by the use of a Model 14 recording
shectrophotometer (Cary).
 Cat Paws were perfused by the use of a Minipuls II
peristaltic pump (Gilson Medical Electronics).

Al soivénts were redistilled from AR grade. Those
used for HPLC were degassed either by filtration under
vacuum or by warming and then qooTed to room temperature.

; Ail chromatographic solvents utilizing methylene
chloride (or chloroform):methanol:water mixtures refer to
the use of only the organic phase after equilibration at 40,

Unless otherwise specified, evaporation to dryneés
refers to rotary evaporation in vacuo at 40°-459, Room

temperature was 220,

B. SRS Assaz | | |

" SRS bioactivity was assayed by a modification of the
;rocedure reported by Chakravarty (49). Guinea pigs (300-
__506 g) were killed by a blow to the head aﬁd ileum strips of
approximately 2.5 cm were removed at approximately 10 cm
from the terminus. The tissue was rinsed free of debris and
the mesenteric tissue removed. The ileum sections were

Placed in water-jacketed 10 m1 isolated tissue baths at 350.




_The.tiesue wes attached at the bottom to a hook on a glass
rod, and at the tob to a horizontal level counterbalanced
with a 500 mg weight. The lever was on a fulcrum which
allowed it to swing freely.' Due to the position of the ful-
crum, the t155ues"centractions were magnified approximately
twelve-fold and recorded isotonically on a_smoked drum by a
- ﬁire ettaehed to the end of the horizontal lever. .The tis-
'sue bath and Tyrode s solution were cont1nuous1y gassed with
5% €0, in 0,. - | |

Histamine was assayed in the presence of atropine
(IOTG'M) and an antihistamine Imepyramine, 10"6 M) was added
during SRS assays. :The tissue became'mbre responsive fo |
histamine after successive histamine doses, and eventeally
consistent contractions were obta1ned After sensitization
- in this manner, the tissue more readily produced cons1stent
._contractions to SRS. One unit of SRS was defined as that
amounf of SRS which caused a contraction with a peak height
equal to that of 5 ng of histamine base. : After determining
the log-dose response curve for histamine, a similar curve
of a laboratory standard of SRS was determined from which
other SRS samples were quantitated. To obtain a higher
- degree of accuracy, SRS samples under comparisen were
- assayed on'the same 11ea1 strip and the closed bracket type '

assay (50) was used, in which the standard SRS 'sample was

assayed before and after the assay of unknown samp1es -




Samples of SRS were periodically assayed in the presence of

8 M FPL 55712, a reversible SRS inhibitor (39),

2-4 X 107
which was ?dded 30 seconds before the addition of.the SRS.
This was done to give added asshrance that the contractions
wére due to SRS.

‘ _ After each SRS samp]e,‘the tissue was rinsed at least
twice with‘fresh Tyrode's solution. The_interval between

~ samples was 6-10 minutes; Tyrode's solution was also added one

minute before each sample. The ileums maintained their con-

tractility for 2-8 hours, partly depending upon the regularity -

~of use and quantity of SRS per ﬂosé.

Only aqueous samples were bioassayed. Samples that had
been evaporated to dryness were redissolved in 0.1% NH40H |
because water did not always completg]y dissol&e the sample.
Large quantities (O.S_ml} of this NH40H concentration alone -
had np efféct on the ileums' fesponse. .

'Hﬁen varidus chemical égents were perfused through the
cat paws, the effects of the agents themselves on the assay -
system were determined. In the concentrations used, these
“chemical agents did not interfere with the accuracy of the
bioassay except epinephrine which was assayéd-in the presence
of 10" M sotalol. This g-adrenergic blocker inhibited the
‘effect of epinephrine on the ileum. Compound 48/80 was
'( previously reported to have no effectron the ileum at

<2 ug/ml (49). B




"buffer-salt" solution was maintained at 25° and was simul-
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€. Cat Paw Perfusion

Cat paws were perfused by a modification of the proce-
dure reported by Hogberg (51). Cats of either sex (1;5-5
kg) were obtained through the University animal care system.
A1l were examined by a veterinarian, treatéd prophylactically
for infectious rhinotracheitis and distemper, and quarantined
for ten days. The cats were anesthetized with approximately
50 mg/kg of sodium ﬁentobarbital (intraperitoneally) and
subsequently killed with an intravenous injection of 1 ml of
saturated KC1. Immediately after the death of the animal,
;he main artery of each paw was cannulated with polyethylene-
tubing (0.023" 1.d.). The paws were cut off above the ankle
joint aﬁd hung from a hook in a water-jacketed jar which was
maintained at 259C by a water circulating pump. (This tem-
perature was previously shown to promote optimum SRS release

in the cat paw (7).) The paws were perfused with a salt

solution containing 154 mM NaCl, 0.9 mM CaCl,, 2.7 mM KCI, |
and 10% (v/v)'67 mM S8rensen phosphate buffer (pH 7). This

taneously perfused through the.set of 4 paws from each cat
with a 4-channel peristaltic pump. The paws were perfused
for 45 minutes to remove most of the b]ood._ Any drugs to be
Perfused through the paws were added to the buffer for the

last 30 minutes of this 45 minute period, unless otherwise

Stated. A stock solution (1 mg/ml) of the releasing facfor,
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~compound 48/80, was diluted in buffer for administration to
~ each ﬁau. The 48/80 was administered either by constant
pérfusion (0.1-10 ug/ml1) in the buffer or as a single, 1 ml
dose (25-250 ug). The sﬁock solution of releasing factor
A23187 was made at 10 mg/ml in dimethylsulfoxide (DMSO).
This stock solution was either added to the buffer (5 ug/ml)
or giveh as a single dose (5-50 ug/ml). As reported by
others (6,7), no significant SRS activity could be detected
in any samples prior to the administration of a releasing
factor. A1l samples were coT{ected on ice as they dripped
from the paw. The.v01umes from individual paws were moni-
tored to ensure consistent flow rates. The 5amp1es of per-
‘fusate were either assayed on the same day or stored-at -250
until assayed, usually the next day. -
When the influence of various factors on the release of

SRS were studied, either one paw or the average SRS (units/
ml) of twd péws from the same cat were used as the control.
Similarly, another paw or the average SRS (units/ml1) of two
Paws from the same cat were used as the experimental sample.

The results were calculated as

SRS units/ml perfusate in experimental

SRS units/ml perfusate in control X 100

to give the data as "% of control®.
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D. Stability of SRS
._ . The stability of SRS was determined under various con-

difions. First, the stability of SRS extracted with 80%

ethanol was determined. A portion of l1yophilized perfusate

was dissolved in water (20 m1) at a concentration of 1500 U/
“ml. Ethanol (95%) was added to make the final concentration

of ethanol 80%. The solution was filtered through Whatman

#2 filter paper as reported previously (30), and the fil-

trate wa§ evaporated to dryness. Samples dried in this

manner and reassayed repeatedly showed no loss of biocactiv- :

ity. The residue was redissolved in water, and two equal
1500 unit quaﬁtities Eemoved before the residue was again
evaporated to dryness. Samples were stored at -250. Eéch
‘samp1e.was redissolved in water at various times and assayed
to determine'the loss of bioactivity.

_ Tﬁe stabilit} of stage 5E (see section II.E.) SRS at
-250 anﬁ -196°'ﬁas.compared.' The semi-purified samples were
dissolved iﬁ methanol, divided equally, and then dried by a
- Stream of nitrogen.' Three such sémples were assayed and the
-average (97 units) was used as the amount of activity
existing on day one. After 68 days, the average SRS from
three samﬁles at_each temperature was determined, and the
Percent of bioactivity remaining was calculated from these
averages. 5 ﬂ

The stability of stage 1 SRS at -250, 40, and 229 was
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cohparﬁd. Perfusate (250 units/ml1) from one cat was . .
divided equally, and several-samples were stored at each
'temperature. \ |

The stability of stage 5B SRS stored under nitrogen was
compared with SRS stored under air at -250., SRS was placed
in four tubes (300 units each) and evapdréted to dryness.
Two tubes were flushed with air and two with Ny. A1l four
were immediately stoppered wrapped with aluminum foil, and
_assayed after 62 days. W | .
- The stability of Stage 1 SRS at 100° for 20 minutes and

at 229 for 2.5 hours at various pH's was determined. In

three‘experiments. perfusate was divided_equa]]y and adjusted

to various pH values using HCI or NaOH.' Each was assayed to
~ determine the SRS (units/m1) and then divided into two equal
samples of 4 ml each. One sample at each pH was incubated
at 1009 20 minutes, while the other was at 229 for 2.5
hours. The units/ml of each sample was again determined by
bioassay and the percent of the original activity c&lcu-

lated. | o1

E. Purification of SRS

XAD-7 was washed after each experiment with water, ace-

toné, methanol, and again with water (1 volume X 3) to pre-

-Pare it for reuse. Ice cold perfusate (4-4.5 liters) from 2

cats were passed over an XAD-7 column (2.2 X 17 cm). The
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column was suctessively eldfed with 100 m1 of water, 20 ml
Imethano1, and 125 m1l methanol. Samples were evaporated to
dryness énd stored at -250. ' |
" A column containing XAD-2 (1.5 X 28 cm) was w&shed with
water. After the sample was applied, the column was suc-
~ cessively e]uéed at 4% with 200 ml each of_water,'BO%
ethanol, and butanol. _ ' _ | :
. Diethyl ether was pfepared immediately before use by
ﬁashing three times with 1 M sulfuric acid (saturated with
~ ferrous sulfate) énd then distilling. The SRS was acidified
to pH 2.5 with 0.1 M HC1 and extracted 4 times with equal
volumes of ether;- The organié layer was extracted in a
simi]af manner with 10% NH40H and evaporated to.drynés§.
SRS was prepared in the same manner for extraction with
ethyl acetate. The acidified SRS was extracted with ethyl
acetate (1 volume X 4), the'organ%c phase evaporated to dry-
ness éhd then-fedissolved in 0.2% NH40H for bioassay.
"Columns packed with Sephadex LH-20 (1.5 x 28 cm) were
eluted at 49 with 250 m1 of one of the following solvents:
- -methanol, 80% methanol, 802 ethanol, 80% isopropanol, and

n-buténo] saturated with water.

Silica gel (25 g) was washed with solvent and poured
into columns (1.5_x 30 cm). Samples‘were dissolved in the

solvent before their application to the column. Elution was

' -
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done at 40 with'efther chloroform:methanol (1:1) or chloro-
form:methanol:water (65:35:10).

. Cellulose columns (50 g) were prepared similarly,
except that the solvents used were either ethanol:water (1:
1) or chloroform:methanol:water (5:4:1, 7:2:1, 8:1:1, or
65:35:10).

A11 HPLC was conducted at room temperature and all

~columns were équilibrated with at least 20 column volumes

of solvent before sample injection. Stainless steel columns |
were.fifled by the "tap-fill" method with either Bondapak | ; 
C]BIPorasi1 B (fully pbrous) or’Bondapak CIBICorasi1 (pel-" j“
licuiar). After the column was equilibrated, SRS was '
injected onto the column and eluted at 2 ml/min with either
50% methanol in water or a gradient.of increasing methano1
concenfration (30% to 60%). uv absorbing impurities were
monitored at 254 nm; and SRS was monitored by bioactivity.
Elution from u-silica gel was with methylene chloride:
methanol:water (65:35:10 or 65:30:10). A gradient of
fncreasing methanol concentration (45% to 60%) was used to
Eiate'the ”518 column. A stepwise gradient of 0.1% NaCl and

uater'ﬁas used with the uCN column. The flow rate from

these analytical columns was 1 ml/min. The “C18 preparative
HPLC column was eluted with either a gradient of increasing
methanol - (40% to 95%) or with 50% methanol at a flow

°f 3 m1/min. The “CTS columns were protected from insoluble

}
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-materials by the use of a precolumn packed iith (;]8
material. In addition, disposable silica gel or C,g columns
were used to clean up crude“sampies for reverse phase HPLC.
A stepwise gradient of water (1 ml), 50% methanol (5 ml1),
and methanol (5 m1) was used for the 018 column. A stepwise
gradient of methylene chloride:methanol:water was used for-_
the silica gel column as follows: 65:20:10 (3 ml1), 65:30:}0
(4 m1), and 65:40:10 (5 ml1).

Unless otherwise specified, the SRS used for routine

experiménts was designated as follows:

-y : '

Stage Purification Sequence

1 Cat paw perfusate
2 XAD-7
3 : Ethyl acetate extraction
4 Disposable column
A Cig OF
Silica gel’”
5 HPLC U LE

u-Silica gel or

uCN or

“°13 or |
Preparative uC,g or
C,g (37-50 u)

-
MmO O o >
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F. Derivatization ' -

- The SRS used in these experiments was partially puri-

fied through a stage § column.

The acetylation of SRS was carried out by the addition
of pyridine and acetic anhydride (0.5 ml1 of each) to 1500
~units of SRS. The mixture was incubated for 30 minutes at
220, and the excess reagent and solvent were then removed in
vacuo. |

To prepare the trimethylsilyl derivative of SRS, 200-
300 ul of éither TlesIL. BSTFA, or BSTFA plus pyridine (1:
1) was added to a ves§e1 contain%ng SRS. The mixture was
allowed to stand for 15 minutes at 229, and the solvent and
unreacted silylating agent were theh evaporated in vacuo.
The existence of any unreacted SRS was determined by the
addition of 0.1% NH40H to a portion of the silyl treated

SRS,.which was then assayed immediately.

| Methylation of SRS was attempted by diazomethane
(CHZNZ) and by dimethyl sulfate (DMS); The method of
!'generating CH2N2 was that reported by Schlenk for the
methylation of fatty acids (52). Three vessels of 2 ml -
caﬁacity were connected in sequencé. Vessel A contained
2 ml of diethyl ether which was passed over a 1 X 9 cm
column of neutral alumina immediately before use, vessel B
contained 0.25 ml1 of 1 M KOH-in 95% ethanol, and vessel C
contained the SRS dissolved in 0.5 ml of 10% methanol in
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ethyl acetate. Nitrogen was.bubbTed through vessel A which,
after the addition of MNTSA to vessel B, carried the CH,yN,

~into the reaction vessel. After bubbling with nitrogen for

15 minutes, vessel C was removed, covered, and allowed to | A
- stand for 15 minutes at 220. The excess CH,N, and solvent
were evaporated with a stream of nitrogen under hood. The
SRS used for methylation was prepared either by acidifica-
tion to pH 2.5 with 0.1 M HCL and evaporat1on to dryness or
by acidification, extraction into ethyl acetate (1 volume X
3), and evaporation to dryness. -

Methylation by DMS (distilled under vacuum) was that
reported by Stodola for the methylation of carboxylic acids
(53). The SRS was dissolved in 1 ml of methanol and, | o
depending upon the amountrof SRS being methylated, 1-4 ul of ;
DMS and 19-76 ul of THPA (10 mg/ml1) were added. The solu- '
tion was placed on a steam bath for 15 minutes and then _ y
evaporated to dryness. | ' I

To methylate SRS (stage 50) with ‘4c labelled CH,N,,
‘the sample was dissolved in 1 ml of water, acidified with
0.1 M HC1 to pH 2.5, extracted 3 times with 1 ml of ethyl
dcetate, evaporated to dryness, and redissolved in 50 ul of
methanol and 450 ul of ethyl acetate. The methylation pro-
Cedure was the same as that described above, except that

- vessel B contained 13 uCi (0.93 umoles) of 14C-Iabe11ed
MNTSA. After methylation, the sample was evaporated ﬁith a |
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stream of nitrogeh and redissolved in ethyl acetate. Two

‘percent of the sample was added to 10 ml of Bray's solution

to determine fhe amdunt of radfoactivity. The remainder was

spotted on a silica.gel thin layer plate and developed in

methylene chloride:methanol:water (65:15:10). The plate was

scanned for radioactivity and then sections were scraped,

extracted with methanol (2 X 4 m1), evaporated to dryness, |

and hydrolyzed with aqueous KOH as described below. "
Aftef methylation by DMS or CHZNZ, the percent methyla-

tion was determined by adding 0.1% NH40H to a portion of the

methylated sample and assaying for activity. Complete loss

of biocactivity was considered to be 100% methylation. | , o

G. Hydrolysis of Methylated SRS

- After methylation, the solvent was evaporated and

varioJ§ concentrations of KOH were added. When aqueous base

was used, the solution was neutralized with HC1, and then
slightly alkalized 1n the NH40H. Neutralization of the KOH
_was necessary to avoid ileum contraction due to the base
alone. When alcoholic KOH was used, the base was neutral-
~ized before evaporation. The percent regeneration of SRS
bioactivity was calculated as the percent biocactivity after
base hydrolysis, minus the percent biéactivity remaining
after methylation. In this way, unreacted SRS was taken

into account.
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- The hydrolysis of sulfate methyl esters by pyridine was
done at 220 for 30 minutes by the use of 0.4 ml of pyridine.
The pyridine was femoved under vacuum. The products were-
spotted, along with standards, on TLC and developed in
methylene cﬁloride:methanol:water (65:15:10). Visualization
of the sulfate compounds was attained by the use of ceric
sy1fate spray, UV light, or by scanning the plate for radio-
activity. The ﬁethyIated SRS was treated with pyridine in '
the same maﬁner aﬁd was spotted on TLC next to a control
sample which had been incubated for 30 minutes with 0.4 ml
o% water instead of pyridine. fhe bioactfvity-from the TLC
was determined by scraping the plate at 0.1 Rf intervals,
extrécting each fraction twice with 4 ml of methanol, and
dividing each sample in half. The methanol extracts were
evaporated, and one of each pair of fractions was dissolved
~in 0.1% NH40H."The other was ;ydrolyzed with 0.1 M aqueous

KOH for 30 minhtes at 229 and then ﬁeutra]ized before assay

as described above.

"H. Dioxane and THF Solvolysis

Samples that were refluxed with either tetrahydrofuran
(THF) or dioxane were prepared either by evaporating.to dry-
ness and adding 1 ml1 of the cyclic ether or by adding 1 ml
of the cyclic ether to a small volume (10-30Iu1) of the

aqueous sample. The samples were refluxed in THF or dioxane

r
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~ under N, for 15 minutes with constant stirring. BHT. _
(0.025%) was added to the dioxane where indicated. The THF
already contained 0.025% BHT when purchased. The THF with-
odt BHT was prepared by refluxing with Na and benzophenone

until a deep blue color pérsisted and then distilling it
-1mmed1ate1y before use. The THF and dioxane containing BHT
were passed over a 1 x\9 cm column of neutral alumina imme-
diately beforé use to remove peroxides and water. The BHT
was not retarded by the column. The presence of peroxides
was tested by adding an equal volume of 10% (w/v) KI to the
solvent. A yellow color indicated the_PresenEe of
peroxides.

Following refiux, the solvent was evaporated-and the
percent so]yo]ysis determined. The extent of solvolys1s.of
the sulfate esters of dodecyl alcohol, cholesterol, and 12-
hydroxy stearate were estimated by TLC. The plates were
developed along with standards in methylene chloride: _
- methanol:water (65:25:10) and sprayed with 3 N ceric sulfate
.in concentrated sulfuric acid. The solvolysis of p-NPS and
b-NPP was estimated by TLC (65:15:10) along with standards
and visualized by UV. The solvolysis of SRS was followed
biologically. The following assay for glucose was used to

determine the solvolysis of G-6-S (54).




hexokinase

glucose TP — glucose-6-phosphate
+
ADP
glucose-6-phosphate E;Q;Egﬂ_* 6-phosphogluconate
NADP :
+
NADPH + H*

A standard curve of Ag,o (0.09-0.95) vs. umoles glucose
(0.05-0.5 umoles) was used to determine the percent of G-6-S
solvolyzed. Each 3 ml volume ass;y contained 30 uymoles

" MgCl,, 1.6 umoles ATP, 2 umoles NADP', 0.6 umoles citric
acid, 3 units G-6-PDH, 3.2 units hexokinase, .and 360 umoles
tris/HCllbuffer (pH 7.5). The substrate was either glucose
(0.05-0.5 umoles) or G-6-S (0.5-5.0 umoles). After reflux,
the THF or dioxane was evaporated and the above mentioned
assay éomponénts were added directly to the vessel con-
taining the refluxed products. Refluxed G-6-S (1.6 umoles)
was also developed, along with standards, on cellulose TLC
n 1-butanol:ethano1:water:NH40H (40:12:20:1), sprayed with
acidic anisidine (3% in butaﬁo]), and heated to 1159 for 10
minutes (55). |

I. Preparation of Sulfate Esters

The sulfate esters of cholesterol and 12-hydroxy
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stearic acid wére prepéred by using pyridiné—sulfur trioxide
according to the method of Sobel (56,57). Pyridine-sulfur
tribxide (250 mg) was added to 1 g of cho]esteroi in 10 ml
of methylene chloride and heated for 20 minutes at 670,
Forty ml of petroleum ether was édded and the mixture cooled
to 00 overnight. After filtration, 290 mg of white material
was dissolved 1n'4.mllof cold (0°) chloroform and then fil-
.tered. Three volumes of petroleum ether was added to the
filtrate aﬁd caused the pyridinium salt of cholesteryl sul-
fate to precipitate. After filtrﬁtion, cholesterol could
not be detected by TLC when developed in chloroform:
methanol:water (65:25:10). Sodium and ammonium salts of
cholesteryl sulfate were prepared from the pyridinium salt
by dissolving in 10% aqueous NaCl or NH4CT, filtering, and

- washing with water (56). <Cholesteryl [26-]40] sulfate was
prepared. in a simi]af ﬁanner from [26-140] cholesterol. The
final product yielded a specific activity of 0.23 uCi per
: umole.of cholesteryl_[26—14c] pyridinium sulfate.

J. Enzymatic Studies

“ Except where indicated, incubations of SRS with the
Ehzymes were in 0.1 M buffer at the pH .and tembera-
ture which defines the unit of enzyme activity. Units of
- enzyme activity are as defined by Sigma. The units of

énzyme activity expressed for alkaline and acid phosphatases,
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spleen and venom phosphodiesterases were determined experi-
mentally (see below). The units for other enzymes were
assumed to be those indicated on their respective labels.
Assays for p-nitrophenol were made at 400 nm and for p-
nitrocatechol at 515 nm (molﬁr extinction of 1.9 X 104 and
1.24 X 104. respectively). Incubations were in 1 ml total
volume and were terminated by adding 5 ml of 0.1 M NaOH.

Arylsulfatase, type V from Patella vulgata, was assayed

at pH § (0.1.M acetate buffer) at 359 using 2.5 umoles of p-

NCS or p-NPS. To check for phosphatase activity in the type
v ary]suifatase, 2 units of sulfatase was incubated with 2.5
umoles of p-NPP for 30 minutes at 350, '

Alkaline phqsphgtase. type 1 (;crude") and type VII
("purified"), was assayed at pH 10.4 (0.1 M glycine/NaOH) at
350 using 2.5 umoles p-NPP. To check for.su1fatase activity
in the type I phosphatase sample, 10 units of this prepara-
tion ias'incubatéd for 30 minutes with 2.5 umoles of p-NPS.

Acid phosphatase, type I from wheat germ ("crude") and
‘type III from potato ("purified“), was assayed by incubation
with 2.5 umoles of p-NPP at pH 5 (0.1 M acetate buffer) at
350, Sulfatase activity was determined by incubating 1 unit
of type I acid phosphatase with 2.5-umoles of p-NPS for 30
minutes at 350. | |

Alkaline disc gel electrophoresis was performed at pH
8.9 (0.188 M Tris/glycine buffer) and acid disc gel

1]
!
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~ electrophoresis at pH 3.6 (0.188 M glycine/acetic acid

buffer) in 7.5% polyacrylimide gels with two units of aryl-

sulfatase (175 ug) per gel. Each gel was cut into 5 mm | |
sections, crushed, and extracted with 1 m1 of pH 5 acetate _-3_
buffer (0.1 M) at 49C for 14 hours. The extract from each

| section of one gel was divided in hélf and incubated for 3

hours at 350 with either p-NPP or p-NPS to determine the

phosphatase and sulfatase activities, respectively. Incuba-

tions were terminated by adding 3 ml of 0.1 M NaOH. . The

extract from sections of another gel were incubated at 350 o
for 100 minutes with 185 units of stage 4B SRS.

Venom phosphodiesterase, type II from Crotalus adaman-

teus venom, was assayed by incubation with 2.5 ymoles of

bis-p-nitrophenyl phosphate (bis-p-NPP) at pH 8.9 (Tris/HC1) : !
at 359, Contaminant sulfatase acﬁivity was determined by
incubating 0.5 units of the enzyme for 120 minutes with p~-
NPS or p-nitrocatechol sulfate (p-NCS) at both pH 5 and pH
8.9. | '
'_ Phosphodiesterase, type I from bovine spleen, was
‘assayed by incubating with 0.5 umoles of thymidine 3'-
monophospho-p-nitrophenyl ester (TMP-3'-NPE) at pH 6.5
(Tris/maleate) at 35%. One unit was defined as the amount

of enzyme that hydrolyzed 1 umole of TMP-3'-NPE per minute -

~at 350, This corresponded to approxfmate1y 16 units using

RNA-Core as substrate. Sulfatase activity was determined by
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incubating 0.06 units of spleen phosphodiesterase for 130
minutes with p-NPS at both pH 6.5 and pH 5, or by_fncubating |
p-NCS at pH 6.5 at 350. '

Glucose oxidase activity was determined by measuring’
the oxidation of o-dianisidine at 500 nm (58). Fifty mg of
- glucose in 0.5 m] water was placed in a 1 ml sealed hypovial.
In each of two sealed hypovials, 33 ug o-dianisidine, 2.5
units peroxidase, 0.01 units glucose oxidase, and 0.1 M ace-
tate buffer (pH 5) were placed to make a total volume of
0.4 m1. One hypovi;] containing the enzymes and the one
containing glucose were flushed Qith argon for 30 minutes.
The other hypovial containing enzymes was flushed with air
for 30 minutes. One hundred ul from the vial containing
glucose was added to each of the other .two vials. The hypo-
vial containing the enzyme that had been bubbled with air -
turned dark brown almost immediately due to oxidation of the
o-dianisidine. After 10 minutes and 30 minutes of incuba-
tion the amount of oxidation of o-dianisidine was determined
*1n each case by adding a portion of the solution to a cuvette
containing 10 mM KCN. The absorption was determined at 500
nm. It was previously determined that 10 mM KCN inhibited
~ further oxidation of o-dianisidine.

The presence of oxidase activity in alkaline phospha-
tase was determined by using SRS substfafe. The same

general procedure was followed as described for determining
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glucose oxidase activity, except that the substrate hypovial
contained 1000 units of partially purified SRS. The two
enzyme hypovials each contained 27 ug of crude alkaline
phosphatase in pH 7 Tris/HC1 buffer. Ope vial was f1ushed"
for 30 minutes with argon and the other with air. Assays
~ for SRS activfty were made diredt]y on the ileum after the
incubation period.

The effects of various factors on the SRS inactivating
activity of arylsulfatase, venom phosphodiesterase, spleen
phosphodiesterase, crude acid pﬁosphatase, crude alkaline | o
phosphatase, and 3',5'-cyclic phosphodiesterase were com-
pared. Approximately 300 units of stage 4B SRS was incu-
bated with each of the enzymes in a total volume of 0.5 ml.
Un]ess.otherwisa specified, all incubations were at pH 7
(Tris/HC1) and 35%°. The final concentration of MgC1,, EDTA,
Na,S0,,. and K,HPO, was 10 mM. First, the rate of SRS ; ;
1nact1vati§n by each enzyme was determined. The combination
of enzyme and tipe that produced approximately 50% SRS
~ inactivation was then used in all other incubations. Each‘
”incubat}on was run in duplicate. For convenience, one incu-
_batioq from each experiment was assayed directly on the
ileum, while the other incubation was stopped with 80%
ethanol (final concentration). centrifuged, evaporated to
dryness, and then bioassayed. The percent SRS inactivation

Was calculated comparing the SRS activity (units/ml1) present
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- immediately after addition of the enzyme (zero time) and the
SRS activity (units/m1) after incubation. This value (% '
jnactivation) was compared with the control (pH 7, 350) to

obtain the relative percent inactivation:

% inactivation of experimental X 100
% inactivation of control

A Sephadex G-200 column (1.6 X 28 cm) was equilibrated
with 0.05 M Tris/HC1, pH 7 buffer. The column was cali-
brated using blue dextran, crude alkaline phosphatase (3.6
mg), and ovalbumin (4 mg). A1k$11£e phosphatase, molecular

weight of 115,000 (59,60), was assayed using p-NPP as des-

cribed previously. Ovalbumin, molecular weight 45,000 (59,

61), was determined by its absorption at 280 nm. The elu-

tion of the SRS inactivating enzyme was determined by incu-

bating each fraction off the 6-200 column with 600 units of

SRS for 30 minutes at 350. -
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III. RESULTS

A. SRS Assag :
| SRSt displayed the characteristic contraction on the
guinea pig ileum as reported by others (6,49). After a
latency perfod of 5-20 seconds, the contraction progressed
gradﬁa]ly to reach a peak in 1-3 minutes. The tissue did
| not felax'quickly after a single washing. This contraction
was slow in comparison.with, for example, histamine and
prostaglandins E; and E,, which had a latency period of
about 5 seconds or less and reach peak contraction in less
than 30 seconds. These compounds allow the tissue to relax
‘quickly after only one washing. A1l samples of SRS assayed
in the presence of 2-4 X 'IO"8 M FPL 55712 were inhibited 25-
75%. | :

Cat paw perfusate was'reporteq by ;nggard to contain
nonpolar combounds which are active on the guinea pig fleum
(62). He identified thé major component as PGE,. An
“approximation from Anggard's results shows that only 0.2
Picograms of PGE, were broduced per SRS unit. Since on the
- guinea pig ileum, 5 ng of PGE, produces a contraction equal
to 1 unit of SRS, the amount of PGE2 produced by cat paws
(<10 ng/paw) was'too low to interfere with the bioassay of
SRS in the crude perfusate. |

¥
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g. Cat Paw Perfusion

Initial experiments were conducted to determine the
optiﬁum flow rate, perfusion time, and amount of chemical
releasing factors for SRS production.. The variability of ' .
SRS release among paws from the same cat was also examined.

Table 1 shows the results of experiments in which the
perfusate from each paw was collected separately during a
- two hour period, after the introduction of compound 48/80.
Flow rates ﬁere held constant in each experiment, but they
varied between experiments from 1.3 m1/min to 3.3 ml/min.
Similar results were reported by Strandberg (7) with 1 ug/ml
of 48/80 for 80 minutés- On the average, paws from the same
cat produced approximately the same amount of SRS, although P
occasionally, erratic SRS production by 1ndividuai paws did
occur. | |

~ . Since the literature reported the use of both single

dose (25 ug) and constant perfusion (1 nug/ml) of 48/80 to
release SRS (4,5,30,32), both methods of 48/80 administra-
tion were'compared. Table 2 showed that the same amount of
SRS was produced. A ten-fold increase 1n 48/80 did not
alter the amount of SRS released, but at 0.1 ug/mllthe
amount of SRS released.was considerably decreased.

Others havg successfully used the ionophore A23187 to
increase SRS release in other tissues (11,17). As Table 3

shows, however, no increase was obtained at three concentrations .

’ g . i



'  TABLE 1. SRS in the perfusate from cat'paws.

[x)
a
(24

units/ml

240

Right Right Left -~ Left
fore hind fore = hind
100 115 100 105
.38 68 30 58
136 164 110 120
88 44 84 88
200 - 130 88 192
120 120 190 125
250 240 240

Each paw was perfused with 25 ug of 48/80
and then with buffer-salt solution for 2

hours.

42

S NP — R . -



TABLE 2. SRS®®% released by 48/80.

o

48/80 in 48/80 in Mean % of

No. of = control experimental control

expts. paw : paw ' (SEM)

| 3 25-ug 250 ug : 101 (8)
4 25 ug 1 ug/ml 103 (18)

& 1 ug/mi 0.1 ug/ml - 65 (12)

2 1 ug/ml 10 wg/ml 100 (3)

Samples webe collected for 2 hours. Results were
calculated in terms of:

- units/ml perfusate in experimental paw
units/ml perfusate in control paw

X 100

SEM = standard error of the mean.

43
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TABLE 3. Release of SRS®®Y by ionophore A23187.

No. of | Mean % of

expts. A23187 control (SEM)
3 . 25 ug a1 ()
¢ . 250ug 95 (7)
2 500 ug 92 (15) oy
2 5 ug/ml 30 (8)-

Control paws were perfused with a
single dose (25 ug) of 48/80. Samples
were collected for 2 hours.



45

of A23187 when compared with the SRS released by a 25 ug
single dose of 48/80. Using concentrations of A23187 _
greater than 10 ug/ml1, Jakschik (12) has-reported a decredse
in SRS release in rat basophilic lTeukemia cells. He sug-
gested that this decrease may have resulted from increased
.cytotoxicity. |

Figures 4 and 5 show the concentration of SRS in the

perfusate at various time intervals with the constant 48/80

perfusion Bf 1 ug/ml or a single dose of 25 ug. The patterns

of SRS released were virtually identical. Perfusion of a
second dose of 48/80 (25 ug) at 80 minutes did not result in
an increase in the amount of SRS. These observations are in
agreement with those reported by Strandberg (7).

The total amount of SRS released at various perfusion
rates is shown in Table 4. Within a given experiment,
greater- quantities of SRS were always obtained at the faster
Perfusion rate.

To obtain the maximum amount of SRS over\§ reasonable
time p;riod, cats were perfused for 3 hours at 2.5-3.5 m1/
min. 48/80 was routinely used a# a single dose (25 ug/paw)
rather than a constant perfusion to avoid the possibility of
cohcentrating large amounts of 48/80 during purification
Causing subsequent interference in the bioassay.' Under
these conditions. the average units of SRS obtained per cat

from 40 experiments was 123,900 (range 22,400-510,980).
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TABLE 4. SRScat released at various perfusion rates.

Flow rate
(ml1/min) Total units
48/80 - Slow Fast Slow_Fast
1 wg/ml = 0.5 1.0 28,620 37,780
1 ug/ml 1.6 2.7 49,220 61,840
25 g 0.8 2.4 10,020 . 16,600
25ug 1 2.7 10,530 23,780
25 ug 2.1 3.4 74,840 . 84,730
25 ug 2.4 3.1 58,920 86,580

- Samples were collected for 160 minutes.



51 i /

As the cost of cats was considerabIe,'and since it was .
'poﬁsib]e to obtain rabbits and dogs used by other
researchers, the paws frbm thesé other species were tested
for SRS activity. Two dogs were used: four paws from one |
dog.and two paws (fore and hind) from the second dog. After
perfusion for 150 minutes and 90 minutes, respedtive]y, wifh
48/8O (1 ug/ml), no SRS activity was detected in the per-
fusate from either dog. The hind paws of a rabbit were' ”
treated in the same manner, but SRS was not detected. "_ :
Modulation of the anaphy1actic release of SRS—Ahu an
sRs-ATat by various ageﬁts was rebortéd (4,10-12,40,41),
but the.modulation of the 48/80 release of SRscat has not
been reported. 1In addition to the academic interest in
determining biochemical parameters affecting SRS release,
the ability to increase SRS release by chemical means would
be of obvious importance from a preparative standpoint.
2-Deoxy-D-glucose (2-DG), a competitive inhibitor of
Phosphoglucoisomerase (63), was used to determine whether
theESRS fe]ease process required energy. A dose-response
relationship between the inhibition of SRS and the concen-
tration of 2-DG, using both perfusion methods was obtained
(Tab]ehs) As with SRS-Ah". these results indicate the
necess1ty of an intact glycolytic pathway for maximum
release of SRsC2t, |

Since catecholamines and methylxanthines were known to
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TABLE 5. Effect of 2-deoxy-D-glucose

on the release.of SRScat.

Nd; of Mean % of

expts. 48/80 _ fﬁﬁi control (SEM)
2 Mwg/ml 0.1 99 (4)
2 1 ug/m 1 - 87 (0)
3 1 ug/ml 10 57 (13)
3 25 ug 10 65 (9)

Paws were perfused for 15 minutes with 2-DG
before 48/80 administration. Paws were con-
tinually perfused with 2-DG during the collec~
~ tion period. Control paws were perfused with

buffer-salt solution. Samples were collected
for 2 hours. .
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affect CAHP levels (64-66), they were used to examine the
modulation . of SRS-A release in other tissues (4,10,40-42,46,
67). Although the cat paws were not responsive to 10~/ M
epinephrine or to 10'4 M aminophylline (Tab]e'S), a ten-fold

increase in concehtration.'however, did result in a marked

~ decrease in SRS re]ease In addition the comb1nat1on of
these two drugs at the threshold concentrat1ons produced a
synergistic inhibition of SRS release, which was reversed by
the addition of a a-adrenérgic blocker (propranolol). These
results suggested that the SRS release by 48/80 was affected
by the cAMP'éystem of the cat paw. Phenylephrine, a potent

~ alpha-agonist, inhibited SRS release (Table 7) but this
inhibition was reversed by‘the addition of propranolol
('IO"5 M). Although phenylephrine 1s'genefa11y considered to
be a selective alpha-agonist in most tissueé,'these results
tend.tb suggest-that.the fnhibition of SRS release by | _
Phenylephrine was the result of g-receptor stimuTation. a

- result similar.to that observed with SRS-A release from

-~ nasal polyps (10). | | |

Carbachol, a chollnergic agent resistant to acetyl

.Cholinesterase, has been shown to increase SRS-A release

| Qramaticaliy (10,46), presumably by 1ncreasing CGMP levels.
Various concentrations of carbachol were used in the cat
Paws in another attempt to increase SRS release. Table 8

indicates; howéver. that at ail'concentrations.of carbachol

-
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TABLE 6. Effect of epinephrine, aminophylline, and

propranolol on the release of SRSC2t,

Mean % of

No. of Epineph.  Aminoph. Propr. control (SEM)
expts. (M) (M) (M) 30 min 120 min
2 1077 88 (8) 101 (15)
2 1078 30 (8) 60 (2)
2 107 118 (6) ”
4 1073 66 (16) |
6 1077 1074 68 (9) 68 (6) . -
7 1076 107 .30 (5) 42 (7)
2 107 86 (10) 101 (1)
2 10°7 1074 10°° 94 (1) 96 (4)

Paws were perfused for 30 minutes with the
the administration of 48/80 (25 ug).
lected at 30 minutes and 120 minutes during which time
the drugs were continually perfused.
perfused with buffer-salt solution and 48/80 (25 ug).

Samples were col- .

drug(s) before

Control paws were




TABLE 7. Effect of phenylephrine and propranolol

on the release of SRScat.'

55°

Mean % of
i - control (SEM)
No. of Phenyleph. Propr.
- expts. (M) (M) 30 min_ 120 min
3 1072 a4 (10) 51 (6)
4 1078 53 (18) 81 (17)
3 1077 91 (33) 75 (14)
2 1073 86 (10) 101 (1)
3 1079 1075 82 (8) 101 (9)

Paws were perfused for 30 minutes with the drug(s) before
the administration of 48/80 (25 ug). Samples were col-
lected at 30 minutes and 120 minutes during which time -
the drugs were continually perfused. Control paws were
perfused with buffer-salt solution and 48/80 (25 ug).




No. of Carbachol Epineph. Aminoph.

TABLE 8. Effect of carbachol, epinephrine, and
aminophylline on the release of SRScat.

Mean % of
control (SEM)

56

expts. (M) (M) (M) - 30 min 120 min
2 1000 100 (8) 89 (12)
1 1078 | 109 104
2 1078 100 (4) 136 (24)
1 1075 85 86 |
6 1007 107t 68 (9) 68 (6)
3 108 1077 100 92 (9) 94 (14)

Paws were perfused for 30 minutes with the drug(s)
before the administration of 48/80 (25 ug). Samples
were collected at 30 minutes and 120 minutes during which
time the paws were continually perfused with the drugs.
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tested, the amdunt of SRS released wés ndt signiffcantly
different from the control paws. Carbachol did, however,
reverse'the inhibition of SRS release caused by ahinophyl¥
line and epinephrine (Table 8), an indication of cAMP-cGMP
involvement. It was conceivable that 25 ug of 48/80
- re]easedthenwximdﬁ amount of SRS possible, whereas chal-
lenge of tells with antigen might have stimulated the cells
sub-maximally and aTlowed modulation of the response with
cholinergic and a~adrenergic agents.a This assumption was
strengthened by the data discussed earlier which showed
‘neither larger doses of.48/80 no; A23187 were able to
generaté additional SRS. The relative levels of cAMP and
CGMP appear to be important in the modulation of SRScat
- release induced by 48/80. SRS release was inhibited By both
epinephrine and aminophylline; when a combination of these
two compounds were used, a synergistic effect was noted;
Propranolol'and carbachol reversed this synergism.
- Jakschik reported a significant enhancement of SRS

release from rat basdphilic leukemic cells by the use of

107 M arachidonic acid (68). Eicosa-5,8,11,14-tetraynoic
.acid (TYA), a competitive and irreversible inhibitor of
arachidonic acid oxidation by cyclooxygenase and lipoky-
genase (69,70), inhibited SRS production (68,71), but con-
flicting results were obtained by others (72). Aspirin and

indomethacin are also inhibitors of cyclooxygenase, but not
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of 1ipoxygenase (69,70). These antiinflammatory agents were

- reported to have no effect in some systems on SRS release
(68,73), whereas other systehs showed either a decrease (71)
or increase (3,36,74). | | |

When cat paws were perfused for 30 minute§ before 48/80
| introduction and for 60 minutes after 48/80 with arachidonic
acid (10'5--1£l"7 M), no significant increase of SRS level was
noted (Table 9). Similar results were obtained with A23187.
Indomethacin at 5 X 10°% and 5 X 10°° M did not appear to h
affect SRS production (Table 10). TYA,.howeQer, consis- . | J
tently inhibited SRS release at 10°° M. |

C. Stability of SRS -

The stability of SRSS®% was examined under various coﬁ-
~ditions. In dup]igate experiments solutions of stage 1 SRS '
-were stable at -25% for more than a week; samples at 50 and
229, however, lost activity much faster (Table 11). The |
relative stability of stage 1 SRS at five different pH's at
1000 for 20 minutes and at 229 for 2.5 hours is shown in
Figures 6 and 7, respectively. Greater stability at alka-
Tine pH was observed under both conditions. There was a
slight decrease in stabiiify at pH 7 at 1009, and a decrease
~in stability at pH greater than 9 at 22°. This differs with
‘the results reported for SRs-A9P (20), where the activity
was more stable at pH lower than 7.5 at room temperature.

\



TABLE 9.

Releasing factor

No. of Arach. acid
expts.  48/80  _A23187 (M)

3 50 ug 1079

4 50 ug 1075

2 50 ug ) 1077

2 250 ug 1076

2 5 ug/ml 1076

Effect of arachidonic acid on SRScat release.

Mean % of

59

control (SEM)

11 (13)
106 (6)
101 (12)
18 (31)
80 (7)

Paws were perfused with arachidonic acid for 30 minutes
before and for 60 minutes after the administration of the

releasing factor.




TABLE 10. Effect of indomethacin and TYA

on the release of SRScat.

No. of Indomethacin = TYA Mean % of

expts. (M) M) control (SEM)
1 5 x 1078 108 .

1 5 X 1073 106
2 | 1076 114 (22)
4 10°° 43 (8)

Paws were perfused with the drug for 30 minutes
before -and for 60 minutes after the administration
of 48/80. Control paws were perfused with buffer-
salt solution and 48/80 (50 ug).
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TABLE 11. Stability of SRS®®% perfusate.

% Activity remaining

Days 220 50 -250

1 100 100 100
2 5 :

10 | 49 91
21 o 30 67

A1l samples were stored as
the perfusate solution (250
units/ml).
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Howevef. both SRS-A% and SRs-A"at were more stable in base
than in acid at 1000 (20).

Lyophilized SRScat peffusate, purified by extraction
with 80% ethanol, lost 50% of its activity affer 55 days at
-250, At this temperature stage 5E SRS also lost 47% of its
activify {mean of 3 samples) after 68 days but when stored
at -196% Tost only 13% of its activity. Even when stored

under nitrogen and protected from light, dup11cate samples

of SRS (stage 5B) still Tost 77% of their activity (68 days

at -25%) as compared to a 75% loss 1n samples stored under
air. A similar experiment also showed no significant dif-
ference (<2%) in retention of activity in samples stored

under nitrogen after 30 days at -250,

D. Purification of SRS :

There has been only limited progress towards the puri-
| fication of SRS on a preparative scale (14,31,48,68) and _
only one report.of SRS from cat paws (30). The following -
Steps were employed for the purification of SRS from cat
Paws: (1) concentrating the SRS from its large volume of
Perfusate (»2 liters per cat); (2) desalting to remove the
large amount of buffer salts.(>10 g/1) and to remove easify
~ Precipitable proteins; (3) removing most of the dark colored
- Mmaterial which'cbmprises most of the sample weight; and

(4) purifying the remainder to the highest pdssible.extent,
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ideally to an unweighable quantity.

Concentrating the SRS was préviously accomplished by
‘rotary evaporation or by lyophilization. These procedures
are cumbersome and time consuming when large volumes are
used, and they afford no increase in purity. As an alterna-
tive to this step, XAD-Z..a polymeric polystyrene, was used
as a means of concentrating and desa]ting SRS - A nd
srs-A"2% (14,31). .

Although SRScat acti;ity was efficien£1y adsorbed onto
XAD-2 columns, the recovery of srscat activity from the

columns by elution with a variety of solvents was poor. On
the other hand, the less hydrophobic resin, XAD-7 (po]ymeric
acrylic ester) was found to be more suitable for our pur- | ;
pose. No SRScat activity was detected in the effluent after
passing 4 liters of perfusate through the XAD-7 column. The
_spscat éétivity was eluted from the resin with 125 m] of

methanol with a 75% recovery in twelve experiments. This
Procedure provided a convenient method for concentrat1ng and
desalting the SRScat Preparation.. Histamine was weakly
adsorbed onto the XAD-7 column and was eluted from the resin
by aqueous.washing.' Based on bioassay, four cat paws
afforded approximately 275 ug of histamine. Recently, XAD-7
.waS'usedkto purify SRS from rat basophiTic leukemia cells
(12,68). In contrast to SRs-A"2% (14,75), spscat could not
be eluted from Sephadex LH-20 with a variety of solvents.
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It has been reported (30) that SRs€2t activity could be

extracted .into diethyl ether and back into NH40H but the .
~ percent recovery of bioactivity was low (46%). The use of
peroxidé—free diethyl ether for extraction resulted in a

cat

slight improvement in recovery of SRS activity (59%, mean

of 10 experiments). However, it was found that ethyl ace-

CaF activity (79%) from

tate more efficiently extracted SRS
the aqueous phase (4%) (Table 12).
| Folch's method (76) for 1ipid extraction consisting of

chloroform:methanol:water (8:4:3) was investigated for SRS

purification. When 7500 units of SRS (purified by XAD-7) was

partitioned between 4 ml of the aqueous phase and 6 ml of
brganic phase, 3600 units were recovered:in the aqueous
phase and 1200 units in the organic phase. When CaC]2 (2
mg) was added, all the act1vity remained in the aqueous
phase. At pH 2. 7, SRS activity distributed between the
organic and aqueous phases in a 1.7:1 ratio, respectively.
: This extraction method, therefore was inadequate as a puri-
- fication procedure. '_ ' | . |

- Silicic acid with a chloroform-methanol gradient Qas
used to pdrify sRs€3t (7). A silica gel (25 g) column
developed with chloroform:methanol :water (65:35:10) sepa-
rated SRS from the dark colored contaminants much better
rthan chloroform:methanol (1:1). The meaﬁ recovery of

activity in 12 experiments with this chloroform:methanol:




Stage

w ™M

TABLE 12. . Purification procedures for SRS

cat -

~"Mean % recovery

' AL Weight/cat
Procedure mg (n) {no. of expts.)
Perfusate® 1500 (6) |
XAD-7 . 40 (53) 75 (12)
Ethyl acetate | ' :
‘ extraction 5.4 (53) 79 (10)
Disposable column | (
A. Cyg - 70 (3)
B. Silica gel 1.0 (30) 88 (3)
HPLC : | A
A. u-Silica gel not weighable - 53 (17).
B. wCN . not weighable 77 (8).
¢ '"t1s  not weighable 79 (9)
- D. preparatiée uCig 61 (6) .

not weighable

qpoes not include the weight of buffer salts.

n = total number of cats from wh1ch the average was
calculated. ; . e
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w&ter system was 60%. Cellulose was inferior to silica gel
as support in separating the dark colored material from the_
bioactivity using the latter solvent system.

~High pressure liquid chromatography is a rapid, effi-
cient separation method and has been used to separate
biologically-active ;cid1c lipids, including prostaglandins
(77). Until recently (48), no 6ne had reported using HPLC for
SRS purification. Before samples could be introduced ontﬁ
HPLC columns, they were concentrated, desalted, and
extracted with organic solvent as.described under Experi-
mental. Even after these treatments, the sample still cbﬁ-
tained material insoluble in small volumes of water, which
were removed by filtration through small disposable columns
of C;q or silica gel. _ |

Microparticulate silica gel was initially used in an

attemp% to purify SRS by HPLC, but the percent recovery (53%,
mean of 17 experiments) did not differ appreciably from that
obtained by the use of conventional silica gel chromato-
graphy. The separation of SRS from the dark colored impuri-
ties was, however, considerably better. The UV absorbing
impurities (254 nm) were eluted within 2 void volumes, .
whereas peak SRS activity was eluted between 4.5-5.5 void
volumes of methylene ch]oride:methano1gwater (65:35:10) |
~ solvent. | ‘

Reverse phase chromatography using uCN as support was
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inveétigateﬁ as an additional purificationltechnique. SRS
activity was not refained by this column unless 0.1% NaCl
was added to tﬁe aqueous solvent. Once retained, the SRS
did not elute from the column until the NaCl was removed.
Table 12 shows that the percent recovery with the uCN column
(77%, mean of 8 experiments) was better than that obtained
with u-silica gel, but the resolution was poorer as the UV
absorbing impurities overlapped with the SRS activity.

Improved separation of SRS activity from the UV
absorbing impurities was attained (Figure 8) by the use of a
microparticulate 613 column and a gradient elution system
comprised Bf methanol in water (45% to 60%). The recovery
from the uC;g column was 79% (Table 12). As with other.
analytical HPLC columns, however, the use of preparative
amounts of SRS overloaded the column resulting in poor sepa-
ration (Figure 9).

-

Bondapak CIBIPorasil (37-75 u) was used because columns

containing these larger particles of c18 have a greater capa-

city. This material, however, has a high percent (18%) Cig
loading (the percent of available sites on the silica gel
that are derivatized with octadecyl units) which more effi-
Ciently adsorbed the SRS. SRS was not eluted from the
column, even with 100% methanol. Bondapak 618/00r3511 (37-
| 50 u) has a 2% loading of 018 from which SRS was eluted, but

unfortunate]y the fewer theoret1ca1 plates, associated with
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particles of this size resulted in poor separation.

SRS could not be eluted fromM9 0DS-2, a preparative
mfcroparticu1ate C]8 column, due to its high C]8 loading
(15%).  However, & similar column (M9 0DS), which contaip;d
a 5% 018 loading, allowed the preparation of large quanti-
ties of ﬁighly purified SRS. ri—‘igure 10 shows the elution
| pattern of SRS and UV absorbing compounds from this pfepara-
tive ucia column in which the bioactivity separated from all
but one UV peak.J A water:methanol gradient (40% to 95%) was
also unsdccessfui in separating this uv peék from the
bioactivity. ' |

The purification of 560,000 units of SRS is shown in
Table 13. After the preparative uC]8 column, the sample

weight was estimated by methylation with 11 uCi of ]40-

labelled diazomethane. The methylation procedure was found _

to be efficient by the methylation of 10 ug (33 picomo?es)
of 12- hydroxy stearic acid with 7.5 uCi of ]4CH2N2 as a con-
trol. Prior to methylation, the SRS sample was extracted
into ethyl acetate (80,0q0 units) and after methylation no
bicactivity was detected. The methylated sample, after:

being dried and redissolved in ethyl acetate, contained

0.046 uCi of radioactivity. if one assumes that the sample

at this stage of purity were monocarboxyiic acids with an

approximate average molecular weight of 400, this SRS sample

would have contained 1.3 ug of material or 16 picograms per

e —— S S
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TABLE 13. Purification of SRsC2t,

Units Percent Weight

Fold

79

Procedure SRS recovery (mg) . Purification
XAD-7 - ' . 560,000 233
Ethyl acetate '
extraction 345,000 62 30 .4.8
Disposable silica : _
gel column 250,000 45 6 17
Preparative uc1é 105,000 19
e A 80,000 0.0013* 25,600 .

*Based upon methylation with L

of 400.

4CH2N2 and a molecular weight

. . - :
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unit of SRS'Eioactivity. A radiochromatogram scan of the
14
the presence of only one major and three distinct minor
radioactive peaks. Even at this stage of purity however, no
radioactive peak coincided ufth the bioactivity obtained
after base hydrolysis. | : N

" The purification of SRS by ethy} acetate exﬁraction;
disposable silica gel and uc]s HPLC column chromatography

“achieved a 25,600 fold purification (Table 13). XAD-7 pro-

duced, on the average, another 28 fold purification (Table
12), thus yielding a total purification of 716,800 fold and

an overall recovery from the perfusate of 14%. This proce-

dure, therefore. provides a convenient method for obtaining

highly purified SRS. At this stage of purity, however, the
SRS became very unstable. When stored at -250, either dry

or in 0.1% NH40H, samples of SRS (stage 5D) lost 97% of

their biocactivity in two days. This instability of purified

SRS made the structural elucidation of the active molecule
even more difficult. Other workers have also encountered
decreased stability with increased purification (14,27,31),
although no one has yet reported quantitative losses of this

magnitude.

E. Derivatization and Hydro]ysis'e

The preparation of SRS derivatives was investigated

C-methylated SRS sample is shown in Figure 11 which showed

ST S U S,
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with a view.td utilizing the derivatized molecule advan-
tageously during the purification process. The'introduction;
of a radioactiﬁe group onto the SRS molecule would allow one
to monitor SRS conveniently thus alleviating the tedious
bioassay method when large numbers of samples are involved.
Also, the preparation of*more non-polar SRS &erivatives may
facilitate purification especially if one were able to |
regenerate SRS activity upon removal of the grdup intro-
duced. | e

Cat ith acetic anhydride in pyridine

Acetylatiﬁn of SRS
resulted in total loss of bioactivity. This loss could not
be attributed to pyridine since pyridine aloné caused only

6% loss of bioactivity. This derivatization was not studied
further; because only f% of the activity was generated after
treatment with 0.2 M NaOH for 30 minutes at 220. '_

Silylation of SRS (Table 14) by the use of BSTFA alone
resulted in 66% inactivation of bioactivity, but BSTFA and
pyridine or TRI-SIL fcontaining pyridine) resulted in almost -
complete inactivation (92%). The apparent silylated deriva-

| tive was completely soluble in chloroform but not in.hexane.
Hydrolysis of silylated SRS was attempted by various means
(Table 15). The best recovefy of bioactivity (66%) was |
achieved by the use of aqueous 0.1 M HC1 for 15 minutes at
220, Since the silylated-derivafive was still insuffi-

ciently volatile for gas chromatographic analysis, it was
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TABLE 14. Silylation of SRs®%,

-

e SRS Percent

i units_ ~  inactivation
BSTFA 3,800 66
BSTFA + pyridine 1,000 T
BSTFA + pyridine'H 12,000 90
TRI-SIL -~ 2,000 | 92
TRI-SIL = 3,800 9%

Pyridine : 12,000 - 6

200 ul of reagent and/or solvent were added
to SRS for 15 minutes at 220. Samples were
dried and dissolved in NH40H immediately

before assay to determine percent inactiva-
tion (i.e., silylation).
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TABLE 15. Hydrolysis of silylated SRS

Time
Solvent | {min)
Water - 5
0.1 M HC1/water 5
R 15
L 30
Methanol 20

0.1 M HC1/methanol 20

Percent
hydrolysis

8
58
66
66
37
58

Each sample contained 240 units of activity
prior to silylation. HC1/water was neu-
tralized with NaOH immediately before assay.
HCL/methanol was evaporated to dryness and
~the sample dissolved in NH

before assay.

4OH immediately

85
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not pursued furfher.

| The resu]ts of methylation by CH2N2 ;;d.'DMS and regenera-
tion of bioactivity by base are shown in Table 16. Both
methods inactivated SRS equally we11,'bui regeneration of
activity was Slightly greater after the use of CH2N2‘ A
‘comparison of hydrolysis with 0.05, 0.1, 0.5, and 1.0 M
aqueous KOH (30 minutes, 229) showed that the maximum _
regeneration of bioactivity was obtained with 0.1 M KOH for
30 minutes; hydrolysis for 15 minutes or 60 minutes produced
less bioactivity. Heating to 500 regenerated only 3% more
activity. SRS itself was found to be stable to 0.1 M
aqueous KOH, but not to 0.5 and 1.0 M aqueous KOH or to 0.1
M alcoholic KOH after 30 minutes at 220 (Table 17).
Hydrolysis of SRS methyl ester was therefore typically con-
ducted at 22% for 30 minutes with 0.1 M aqueous KOH. CH,N,
was. prefered rather than DMS, because excess reagents were
easily removed by evaporation. The low recovery of bioac-
tivity (39%) from the methylated SRS precluded its use as a
~ preparative technique,.but it was useful for some analytical
~experiments. _ _. : _

On silica gel TLC the Rf of methylated SRS was 0;35
whereas SRS remained at the origin when developed in methyl-
ene chloride:methanol:water (65:15:10) solvent. Bioactivity
was detected at the origirll beforé base hydro'l-ysis and the

amount of activity did not change upon base hydrolysis.



TABLE 16. Methylation of SRs3t,

¥

g : % Activity
No. of % Inactivation regenerated
expts. (range) _ range)
DAS 6 90 (70-100) 23 (11-35)
CHoN, 6 - - 93 (87-100) 39 (16-76)

SRS ranged from 2,000-15,000 per sample for each

methylation method. Hydrolysis was by 0.1 M KOH/

water for 30 minutes at 229, KOH was neutralized
with 0.1 M HCl1 before assay. - :
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TABLE 17. Stability of SRSt to KoH.

Time ' SRS

Condition {min) % remaining
0.1 M KOH/water . 30 100
0.5 M KOH/water 30 e 75
1.0 M KOH/water 30 . 52
0.1 M KOH/ethanol 30 55
0.5 M KOH/ethanol 30 45

-

A11 incubations were at 220. KOH/water was
neutralized before assay. Samples con-
taining KOH/ethanol were neutralized,
evaporated to dryness, and redissolved in
HH40H. '




7, hydrolysis and this activity was inhibited by FPL 55712.

B

that the SRS bioactivfty was regenerated by base hydrolysis.

:
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Bioactivity was not detected at Rf 0.35 until after base

These results indicated that SRS was methylated by CH2N2 and

In an attempt to c]arify whether a sulfate existed on

'iSRS'and to establish whether another methylatable group also

~_existed (e.g., carboxyl), the CH,N,-treated SRS was

“ hydrolyzed with pyridine to seIective1y remove any methyl

group attached to a sulfate. Theuse of either 5% pyridine

in diethyl ether or Nal in acetone (2 mg/ml) to hydrolyze

steroid su1fate'methy1 esters to their respective steroid

_5u1fates was reported (78). Regeneration of SRS bioactivity.

by pyridine would indicate the existence of a sulfate, but

no carboxyl. A change in Rf after treatment of the methyl-

ated SRS with pyridine, with regeneration of bioactivity

only after the addition of KOH would-indfcate the existence
of both a sulfate and possibly a carboxyl group. No change
in bioactivity Br Rf would indicate either an-inability to
hydro]yzé the sulfate ester or. .:that no sulfate exists.

: Modei_bompounds were used to check the procedufe.'
After methylation of 200 ug of cho]estefyl-sulfate with
CHZNZ, the product was treated with 5%-pyridiné_in ether for

- 30 minutes at 229, but no hydrolysis was noted. 100% pyri-

- dine under the same conditions, however, did hydrolyze 95%

_:10f the cholesteryl sulfate methyl ester to cholesteryl

s
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sulfate (Table 18), but when smaller quantities of the methyl

ester were used} Hydrolysis Qas found to be incomplete. For

example, one ug of 14

C-labelled cholesteryl sulfate methyl
ester under thesenconditions produced only 50% hydfonsis.
Pyridine hydrolyzed p-nitrophenyl methyl sulfate, but not p-
nitrophenyl methyl phosphate (Table 18). . The use of Nal in
acetone was 1neffective in hydrolyzing small quantities of
cholesteryl methyl su1fate.

Even though quantitative hydrolysis of the cholesteryl
sulfate methyl ester was not achieved, 50% hydrolysis of
methylated SRS would be easf}y detected. Incubation of
methylated SRS in pyridine (400 ul) for 30 minutes at 220
did not generate bioactivity.'and no significant change iﬁ
" the position of bioactivity on TLC plates was observed
(Table 19). If hydrolysis of a sulfate methyl ester had

occurred, bioactivity ﬁould reside at the'origin because of

the increase in polarity of the free sulfate ester. There-

fore, either SRS does not contain a sulfate or hydrolysis of

the sulfate methyl ester did not occur, even in 100% pyri-

dine.

F. Dioxane and THF Solvolysis

Although arylsulfatases inactivated SRS, presumably by
the hydrolysis of a sulfate ester (32-34), the removal of

| the sulfate by chemical methods would be easier and cleaner



Methyl ester of

Cholesteryl sulfate

p-Nitrophenyl sulfate

p-Nitrophenyl phosphate

- .
200

10*

1*

200

- 200

TABLE 18. Hydrolysis of methyl esters by pyridine.

Percent

hydrolysis

95

50

50

100

0

- for 30 minutes at 220,
- labelled. .

Samples were incubated with 0.4 ml of pyridine

(*) radioactively

~
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sRS®®t treated with pyridine.

SRS Units
after hydrolysis
Rf R :i:;glge | Control

0.65-1.00 0 0
0.55-0.65 0 0
0.45-0.55 o 0
0.35-0.45 53 | 44
0.25-0.35 18 ‘ 20
0.15-0.25 ~ 0 0
0.05-0.15 0 0
origin 0 0

Samples were incubated for 30
minutes at 229. The control was
incubated with water and co-
chromatographed with the pyridine
treated sample. TLC was developed
in methylene chloride:methanol:
~water (65:15:10). Hydrolysis was
by 0.1 M KOH/water for 30 minutes
at 229, No bioactivity was
detected before hydrolysis.

92

TABLE 19. Thin layer chromatography of methylated



for preparative purposes. Dioxane and THF were reported to

solvolyze sulfates of aliphatic and aromatic sulfate esters

(79-83), especially steroid sulfates. Refluxing sulfate

ester in these solvents for 10 minutes quantitatively
hydrolyzed the ester. Addition of water from 1% (82) to 10%
(83) protected the solvolysis of sulfate esters. The mech-

anism of solvolysis of sulfate esters in dioxane is shown in

‘Figure 12 (69). Apparently, the addition of water hydrates

“the su1fate and shields the molecule from dioxane.l

The validity of this solvolytic procedure was examined
using aromatic and aliphatic sulfate esters (Table 20).
Addition of the sulfate esters as aqueous solutions to |
dioxane or THF helped the dispersion of the sulfate esters
in the solvent. The sulfate esters of dodecyl alcohol,
cholesterol, 12-hydroxystear1c acid, and p-nitfophenol were
all readily solvolyzed by refluxing with THF and dioxane.
Addition of water to the extent of greater than 5% protected

_the so]vo]ysis'of sulfates as had been reported by other

workers (82,83).. G]ucose-6-5u1fa£e was virtually resistant
to solvolysis by these cyclic ethers, presumably due to the -
Presence of neighboring hydroky! groups on the molecule. As
expected, p-nitrophenyl phosphate was not solvolyzed.

When freshly distilled dioxane or THF was refluxed
uhder nitrogen, significant quantities of pefoxide was pro-

duced as revealed by the KI test. Since peroxides are known
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TABLE 20. Solvolysis of sulfate esters
by THF and dioxane.
4 Solvolysis
o % Water
Sulfate esters of Salt (v/v) THF Dioxane
Dodecyl alcohol Na 0 100 90
' _ Na 3 100
Na 5 100
_ _ Na 25 5
Cholesterol NH4; 0 100
_ _ - NH4 1 100
NH4 5 40
C5H5NH 0 100
12-Hydroxy stearate Na 0 7 95
Na 5 100
Na 10 40
Na 20 5 .
Glucose K 0 Zg’b- 0:’b
K 1 25 3
p-Nitrophenol K 0 100 95
K 1 100 100
K 5 100 100
- K 10 0 0
P-Nitrophenyl phosphate K 0 0 0
- . K 1 0 10
- K 5 0 0

A11 samples were separated on TLC and visualized by either a
Spray reagent or by UV light except (a) was assayed for glu-

~cose by an enzyme spectrophotometric assay. A1l samples

contained 50-150 ug of compound except (b) which contained
1.5 mg. Reflux was for 15 minutes under Nz in 1 ml of sol-
vent containing 0.025% BHT. 3

B T .
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to destroy SRS activity (14,20L'0.025% of BHT was added to
prevent peroxide formation. At this concentration BHT did
not 1nterfefe with the bioassay of SRS. Table 21 shows thaf
an average of 71% and 73% of SRS activity still remained
after refluxing with THF and dioxane, respectively. In
addition, similar results were obtained when SRS was
refluxed in theée ethers containing 25% water. Since all
the standard sulfate esters, except glucose-6-sulfate, werel
completely solvolyzed under these conditions, this result |
raises the possibility that SRS is devoid of a sulfate ester
function or that the SRS sulfate is surrounded by neigh-

boring hydroxyl groups,

G. Enzymatic Studies

The re]ative-sqbstrate.specificity of.enzyme act1oﬁ
provides a convenient method for the detection of functional
group(s) present in SRS. For example, the inactivation of
SRS by purified arylsulfatases from human lung (33) and
eosinophils (34) strongly suggest the presence df a éuifate

rat

ester in SRS and recently the inactivation of SRS-A by

lipoxidase suggests the presence of a cis,cis-1,4-pentadiene
structure (84). In an attempt to reveal the possible exis-

tence of other functional groups in SRS, the actions of a '

variety of enzymes were examined with srs©at,

]

SRScat was readily inactivated by a crude commercial



TABLE 21. Solvolysis of SRSS2Y by THF and dioxane.

% SRS Remaining

Expt. x(ﬂ?:Tr THF = Dioxane
: 1 0 60 75
2 0o 76 75
3 1 65 77
4 ] 59 70
5 3 92 80
6 3 75 60
7 25 90 77
8 25 80 77

Each sample contained 200-500 units
of SRS in 1 ml of solvent containing
0.025% BHT. Samples were refluxed
for 15 minutes under NZ' Control

samples were heated to the same tem-
- perature in water for 15 minutes.

5 B - o



99

arylsulfatase. This preparation, however, contained sub-
stantial amounts of phosphomonoesterase activity as it
hydrolyzed p-NPP at a rate 22% that of p-NPS (Table 22). As
crude acid or alkaline phosphatases, which did.ﬁot hydrolyze
p-NPS, inactivated SRS significantly at pH § and.lo.s,
respectfvely, it was suspected that SRS might possess a
phosphate esfer group. However, when SRS was exposed to 10
units each of purified acid and alkaline phosphatases, no

significant inactivation of SRS occurred. Thus, it

appeared that this inactivation was due to the presence of a/

contaminating enzyme in these crude phosphatase preparations.

Since the hydrolysis of p-NPP by arylsulfatase was not
previously reported and that inactivation of SRS by arylsul-
fatase preparations was the major evidence to.suggest that
SRS contained a sulfate, it was important to determine
whether the sulfatése and phosphatase activities in the
aryiéulfatasé preparation were separable, and if so, which

activity was responsible for the SRS inactivation. Acid
| disc gel electrophoresis did not separate the enzyme activi-
ties and the amount of phosphatasé and sulfatase activity
recovered was 70% and 54%, respectively. However, using
aTka1ine_disc gel e]ectrophofesis, a partial sepafation of
the phosphatase and sulfatase activities was achieved, for
some gel sections were devoid of phosphatase activity but

contained substaﬁtial sulfatase activity and the SRS

-
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inaétfvation was associated with sulfatase activity.(Figure
13). Under alkaline conditions, the sulfatase activity was
rather unsiable; as on1y 13% of the activity was recovered
as compared fo 61% for the phosphatase activity. This again
suggests that these are two distinct enzymes responsible for
the hydrolysis of sulfate and phosphate esters. Further,
only sulfatase appeared to be involved in SRS inactivation.
' Since crude acid and alkaline phosphatase preparations
hydrolyzed bis-p-NPP and TMP-3'-NPE, one might suspect that
the contaminant enzymé was a phosphddiesterase. While crude
venom phdsphodiesterase f0.2 units) destroyed SRS (900 units)
bioactivity (45%), purified preparat1ons of this enzyme did
not inactivate SRS, even after hours of 1ncubat1on. Crude
‘sp1een phosphodiesterase also inactivated SRS bioactivity
but the rate of SRS inactivation was considerably s]ower
than equivalent un1ts of contam1nant phosphod1esterase _
activity (measured with TMP—3 -NPE) in the crude a]kaline.
phosphatase preparation. Crude 3', 5 -cyclic phosphodies-
- terase preparat1on also 1nact1vated SRS b1oact1v1ty It is
known that this cyclic phosphod1esterase is inhibited by
theobhy]]ine with a Ky of 0.1 mM (85), but SRScaF inactiva-
tion was not inhibited by 0.5-5 mM theophylline.

To determine whether the loss of SRSS?% biocactivity
- upon exposure to these crude enzyme preparations was

enzymatic in nature, crude alkaline phosphatase and venom
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phosphodiesterase-prepérations were heated to 100°C for 10
minutes. The boiled enzyme preparations did not inactivate
SRS bioactivity to any significant extent (Table 23). SRS
was reported to ;dsorb onto protein and may be released by
extraction with'BO%.ethanol (14,27,86);? Therefore, ifter
SRS inactivation by alkaline phosphatase'and venom phospho-
diesterase, the incubation mixture was extracted with 80%
ethanol. Reassay of these extracts produced no ﬁdditiona1
SRS. | ' |

The rate of SRS inactivation by venom phosphodiesterase
and acid phosphatase is shown in Figure.14. Inactivation of
SRS (1,000 units/ml1) occurred in a linear fashion.

The percent inactivation of SRS at different enzyme/
“substrate ratios is shown in Figure 15. Each sample was
incubated with. increasing amounts of crude alkaline phospha-
tase for 30 minutes. The results showed a dose-response
reTationship between enzyme concentration and SRS inactiva- .
tion. | _ | _

Sephadei G-200 gel filtratfon of crude alkaline phos-
phafase appears in Figure 16. The elution of the’SRS
inactivating enzyme indicated a molecular weight slightly
less than that of alkaline phosphatase (1]5,000). These
results, therefore, indicated that SRS was inactivated by
enzyme(s)_uhich apparently existed as a contaminant in the

crude phosphatase and phosphodiesterase preparations.
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TABLE 23. Effect of denatured enzymes on SRSS3t.
SRS Units
\ Enzyme Incubation Before After
Enzyme (units) time (min) incubation incubation
Venom T _
phosphodiesterase 0.2 60 800 240
Boiled venom |
Phosphodiesterase 0.2 60 800 800
Alkaline ’ |
phosphatase . 6.5 30 440 170
Boiled alkaline ' _
phosphatase 6.5 30 420 400

Enzymes were denatured by heating to 1000 for 10 minutes.
Incubations were at 359 in 1 m1 at pH 8.9 and 10.4 for
venom phosphodiesterase and alkaline phosphatase,
respectively. '
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It was un11kely that d1fferent enzymes were respons1b1e

for SRS 1nact1vat1on in these f1ve crude enzyme preparations.

It was more probable that the same enzyme was contaminating
all the preparations;a Therefore, a comparison of SRScat
1nact1vating ability of these five preparations and arylsul-

fatase under various conditions was undertaken. Due to the

nature of the assay system, only differences of greater than

20% were considered to be significant. A1l va]ués were'com—

pared with the percent inactivation of SRS at pH 7.0 and 350 .

for each enzyme preparation.
~ A11 the phosphate cleaving Preparations exhibited a pH
optimum for SRScat inactivation at pH_?.O, although acid

phosphatase and 3',5'-cyc1ic phosphodiesterase preparations

were equally active at pH 5.0 (Figure 17). Cysteine
| 1nh1bited the enzymatic 1nact1vat1on of SRS in all cases
. (Figure 18). Magnesium chloride EDTA, Na2504, and K,HPO, at
10 mM did not have a significant effect on SRS inactivation.
- As expééted;'arylsu]fatase differed from the other enzymeé
in its pH optimum and inhibition by KZHPO4. Since there
~were no major differences among the five crude enzyme prepa-
rations, the ex1stence of a common contam1nating enzyme
seemed likely. | o BESTE B

.In an attempt to further define the nafufe of the SRS

fnactivating enzyme, a number of other enzymes were evalu-

ated for their abilities to inactivate SRS (Table 24).
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TABLE 24. Effect of enzymes on SRs2%, '
Enzyme Units/ml .fémb. pH Iﬁacziigiiqna
aﬁﬁlucuronidase- 100 35 6.8 negligibleb
" -Glucosidase 10 35 = 5.0 negligible®
" a-Glucosidase 10 35 6.8 .negligibleb_
g;N-Acetyl _ | . .b
glucosaminidase 5 - 22 5.0 negligible
Lipase 362 35 7.7 negligibleP
Phospholipase A, 50 35 8.5  negligible®
Phospholipase C 12.5° 35 7.5 negligible®
Phospholipase D 500 22 5.5  negligible®
Esterase 10 22 8.0  negligible®
5'-Nucleotidase 10 35 8.9 30
-5'-Adeqy11c acid ' b
deaminase -~ 1.75 22 6.5 negligible™
Adenosine deaminase 10 22 7.5 negligibTeb
Chond;oitinase ABC 2.5 35 7.2 30
Chondro-6-sulfatase 1.0 7 35 1.5 10
Chondro-4-sulfatase 1.0 35 7.5 20 |

Stage 4A or 4B SRS (200-500 units) were incubated in 1 ml
and bioassayed at 30 and 60 minutes. (a) Represent 60

minute incubations.
minutes.

(b) SRS inactivation of less than 5%/30

»
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‘Since the rate of inactivation by the crude alkaline phos-,
phatase preparation was unaffected under anaerobic condi-

. tions, the possibility of an oxidase as the contaminating
~enzyme was thus eliminated. Although significant SRS
inactivation was observed by some of the enzymes tested,
none of these were likely to be the SRS inactivating enzyme
_1n the five crude preparations. For example, 10 units of
5'-nucleotidase inactivated 30% of the SRS in 60 minutes..
but there were only 0.006 and 0.002 units of 5'-nucleotidase
~in the venom and cyclic phosphodiesterase preparations
respectively, used to obtain the same degree of SRS inactiv-
ation. Chondro-4- and -6-sulfatases and chondroitinase ABC
inactivated SRS, but their activities were too low to be the

contaminant SRS inactivating enzyme.




release of SRS
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IV. DISCUSSION

~ The maximum quantity of SRS released from cat paws was

obtained with 48/80 at 1 ug/ml or a single dose of 25 ug

(Table 2).. Although the reiease of SRS from other sources

- was enhanced considerably by the use of the calcium iono-

phore A23187 (11,17,18), this ionophore released spscat at
the same order of magnitdde_as 48/80 (Table 3). 'Fastef flow

rates and longer periods of perfusion significantly increased

the amount Of'SRScat released (Tab1e’4)._ The optimum condi-

~tions for the production of SRS from cat paws inc]uded a 45

minute perfusion to remove residdai blood, followed by 25 ug

_ of 48/80 and perfusing for three hours at 3 ml/min. This

procedure generated an average of 120,000 units of SRS per
cat. - The large volumé of perfuéﬁte was conveniently con:
centrated by XAD-7 chromatography which also removed hista-
mine._48/80, inorganic salts, and most of the proteiné.

| The antigen-stimulated release of SRS-A from sensitized
tissue is mcdulated by the CAMP-CGMP system. Consequéntly
the amount of SRS-A released from these tissues was greatlx
enhanced by the use of pharmacolbgical agents which altered
the levels of these cyclic nucleotides (9,]0.43,54). If the
CAMP-cGMP system was functidhal during the 48/80 induced

cat’ one would expect a change in the

. N



D production of SRS by the use of these pharmacological

| agents;. Synergism bétween:methy1xanthines, which competi{T
tively 1nhibit.cAMP cataﬁo]ism to 5'-AMP, and g-adrenergic
agonists would suggest the involvement of the cAMP system.
Aminophylline and epinephrine exhibited'a_synefgism in the

cat paw system, which was reversed by prupranoio]; a g-

adrenerbic blocker (Table 6). Alpha-adrenergic agonists jj"””'

usually decreaée CAMP levels and increase SRS-A release (43,

54), but in some tissues the a-agonist, phenylephrine, |

decreased SRS-reIease, unless used in combination with ﬁrd-
;,,Pranoloi which great]y increased the SRS-A above control
~levels (9,10). Similarly, hhenylephrine decreased the -

Scat

amount of SR released but the addition of propranolol

cat on]y'to control levels (Table 7). There-

increased SRS
fore, even though phenylephrine is usually considered a
select1ve alpha- agonist, it seemed to possess some beta-.
agonist properties in this system. The levels of cGMP and
1mﬁuno]ogiéale released SRS—Ahu have been increased by
cholinergic agents (10,43), but.the release of SRSS?% was
~unaffected by carbachol (Table 8). The inhib%tion produced i,
by aminophyl]ihe and epinephrine, however, was reversed by
carbachol, thus indicating a functional cAMP-cGMP modulating
systemlsimi]ar to that of antigen-mediated SRS-Ah". None of

these pharmacoiogicai agents examined increased the levels of.SRScat. an

-.observation'suggesting that'the“maximdm amount of SRS available




in the paw was released by 48/80 alone. Also, as with
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~ immunologically re]eased_SRS-Ah", the release of SRsS3t

required an energy generating system as evidenced by the 2-

deoxy-D-glucose inhibition of SRS release (Table 5). A1l of

these results indicate that the biochemical sequence leading

" to the release of SRS-AM and the 48/80 initiated release of

SRScat,'are quite similar. |
Arachidonic acid has been reported as a precursor of

SRS (68,71). The major lines of evidence in support of this
14
f

hypothesis are: an apparent incorporation o C-labelled
arachidonic acid into SRS; a significant increase in SRS
biocactivity following the addition of arachidonic acid to

SRS producing cells; and an inhibition of SRS reTease'by

- TYA, an-inhibitor of prostaglandin cyclooxygenase and

lipoxygenase (69,70).  In the cat paw, however, the amount

~of SRS released was not altered by arachidonic acid, but it

is possible that in this system other precursors or cofac-
tors may be required for de novo SRS synthesis. That TYA
decreased the SRS release (Table 10) suggests a structural
re]atfonship between SRS and arachidonic acid. However, it

is possible that TYA may be inhibiting an enzyme other than

- cyclooxygenase or lipoxygenase or affecting the levels of a
modu]ating factor, rather than the synthesis of SRS directly.

- The only SRS modulating factors known to be influenced by
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TYA, however, are the prostag1ﬁnd1ns, some of whifh
~reportedly exert a negative feedback on SRS release (35,36,
38).  The lack of inhibition by indomethacin appears to rule
out the involvement of the cyclooxygenase system in SRS
formation.

There are conflicting reports.concerning the stability
of SRS. For example, SRS-AM was reported to be unstable at
-70° (31) whereas SRS-A"2% yas feported to be stable for
over a year at -80° (32). The storage of SRS at different
stages of purity may cause conflicting results. Although

"qualitative data was not reported, 1ncreased instability was

observed after partial purification of SRS (14,27,31). This-

same observation was made with SRSS2 a5 the half-1ife of
ethanol extracted SRS was 55 days whereas SRS purified by
preﬁarativé “c18 HPLC had almost total loss of activity
after only two days at -25°. Temperature and pH also
influenced stability (Table 11, Figﬁres 6, 7i. As reported
for SRS-A9P, SRs-A"2%, and srs-A"Y (20,31), sRsS®t was more
stable at alkaline than acid pH, and more bioacti@ity was
retained in semi-purified samples kept at -196°. Protection
from 1ight and storage under nitrogen afforded no additional
stability. Similarly, others have reported that highly
_.purified SRS retained its bioactivity only for a few days,
even whgn stored in the dark, under nitrogen, and at -700

S (31).
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Various purification schemes for SRS have been reported

(14,30,31,48,68) but the small quantities of SRS available,
its instability, conflicting and 1nconsistent_reports of
properties of SRS from different sources, and the occasional
occurrence of muTtipfe SRS bioactive peaks have hampered
efforts towards its purification. Thus far, no suitable .
method is available to demonstrate sample purity.

After investigating various solvent extraction methods

and column chromatography packing materials, a four step

method was developed which generated highly purified SRScat

 as determined by sample weight, UV, ,, and 14C-Iabe111ng.
‘This purification scheme (Table 13) utilized XAD-7 resin,
ethy] icetate extraction, silica gel disposable co1dmn,_and
preparative uc]8 HPLC to generate an overall 716,800 fold
purification. Even at this stage of purification, '%c-
methylation and TLC of this purified SRS failed to show a
correlation of a radiocactive peak with biocactivity.

SRS was eluted from 018 reverse phase HPLC with 50%
methanol but could not bé eluted from columns containing a |

rat

high per'ceﬂt\t:,l8 loading. In contrast to SRS-A and

sRs-AMY (14,31,75), SRSS?t could not be eluted from Sephadex

LH-20 or XAD-2 resins. This difference could be due to

either a chemical structural difference among the SRS's from

these sources or a difference ihthe composition of sample

contaminants since some variations in the physical behavior
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of SRS at different purification stages were reported (14,

- 48). Although SRS is a very polar molecule, its efficient
adsorption onto reverse phase column packing suggests that
it possesses a significint number of hydrophobic groups.. |
| ‘ Derivatization of SRS by various methods was attempted
with a view to facilitating the purification process with

- less polar derivatives. Although SRS was methylated by both
CHZNZ and DMS, quantitative recovery'of biocactivity was not
obtained after base hydrolysis. If is conceivable that
multiple sites on the SRS molecule were methylated and quan-
~titative ﬁyﬁroiysis at each'site by 0.1 M KOH was not
achie#ed; SRS was apparently acetylated with acetic anhy-
dride but bioactivity could not be regenerated. Inattivation
- of SRS by acetic anhydride was reported previously (30),
indicative of hydroxyl and/or amino group(s) on the molecule.
Quantitative sily]ation of SRS was also obtained but only
‘when pyridine was used as solvent (Table 14). :

The suggestive evidence that SRS contains a sulfate
ester rests on its nonvbiatile, highly polar character, and
the inactivation of its bioactivity by several different
fype IIB . (87,88) arylsulfatase enzyme preparations (32-34).
However, phosphate esters are also nonvolatile, highly polar
molecules, and their hydrolysis by sulfatases is.conceivable.
- Since sulfate diesters are more eaéily hydrolyzed than phos-

phate diesters, the use of pyridine to hydrolyze CHZNZ'
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treated SRS was used in an attempt to confirm the existence
of a su]fate ester,. However, 100% pyridine did not change i
the behavior of methylated SRS on TLC,'indicating that no
ester hydro1y51s occurred. On the other hand, methylation
" of the sulfate probably occurred since the Rf of the methyl-
ated SRS was much greatér than would be expected for a sul-
fate monoester. Howeﬁer, since the hydro1ysis of the model
sulfate diester was not quantitat1ve. these results are only
suggestive. | |

Another characterist1c of sulfate ester is their sol-
volysis in cyclic ether soIvents, but when SRScat was .
refluxed with either THF or dioxane, only partial loss of
biocactivity resulted (27-29%), most of which was attributed
- to an effect other than solvolysis (possibly undetectable
amounts of peroxides) since an average of 15-23% of the bio-
activity was also lost when the refluxing Cyclic ether con-
tained water at a concentration (25%) known to inhibit sol-
volysis (Table 21). These results suggest that SRS contains
either a phosphate, or é sulfate with neighboring hydroxyl -
 grdups. for Jn1y these types of model compounds were resis-
tant to solvolysis (Table 20). |

Although SRS is {nactivated by arylsulfatase pfﬁpara-
tions from various sources, there is only one report of the
"1nactivati?n.of SRS by h purified arylsulfatase (33), which

contained two protein bands on disc gel electrophoresis.
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" Other researchefo typically uoed crude.aryisulfatase propa—'
rations. Since our studies revealed substantial amounts of
phoophomonoesteraoe activity in commercially avai]able\o
limpet arylsulfatase. and that our data could not coofirm  1.fT
| the existence of a sulfate (Tables 19, 21), it was necessari.
" to determine whether the phosphatase act1V1ty cou]d be sepa-
o rated from the su1fatase act1v1ty - Acid disc gel electro-
- phoresis failed to separate the activities but alkaline disc
gel electrophoresis did separate the phosphatase from the
sulfatase activity and the SRS inactivation was associated
'wlth the sulfatase actlvity | |
| The investigation of phosphafase enzymes reveaTod that
SRS wos inactivated by enzymes in crude preparation§ of |
alkaline and acid phosphatases, and venom, spleen, and
3',5'-cyclic phosphodiesterases. These enzymes were dis- o
- tinct from arylsulfatose in their.pH optimuh, inabiIify to

HPO The

2 4
ability of these crude enzyme preparations to inactivate SRS

hydrolyze p-NPS, and the lack of inhibition by K

could not oe attributed to their-reopective phosphatase or
phosphodiesterase activfties and a common contominating -
enzyme seemeo likely since the influence of pH, EDTA, HgCIz,
KZHPq4, Na2504, and cysteine was oimilar for each_enzyme
preparation.. Based upon ge]selution chrooatography on
Sephadex G-200, the SRS inactivating enzyme in crude alka-

 line phosphatase possessed a molecular weight of
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approximately 100,000. A study of fifteen other enzymes
failed to identify the SRS inactivating enzyme in the crude
phosphatase and phosphodiesterase preparations (Tab]e 24).

The discovery of the SRS 1nactivat1ng enzyme was sig-
nificant, although its importance will be more evident when
the nature of 1ts act1v1ty is 1dent1fied ' Not only will its
identity give another clue to the structure of SRS, but its
usefulness in fragmenting the SRS molecule for structura]
stud1es could also be 1nvest1gated Like arylsulfatase,
lth1s SRS inactivating énzyme may be of value in differenti-

ating SRS from other bioactive molecules.
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