
glandular hyperplasia was marked. In 
two females the cervical epithelium 
showed proliferation, downgrowth, and 
glandular invasion of the stroma. The 
ovaries seemed normal, but the oviducts 
were distended with fluid and contained 
cysts without epithelium. One of nine 
male pups had testicular tubules in which 
spermatogenesis did not proceed beyond 
secondary spermatocytes. Interstitial 
cells were abundant. The epididymis was 
filled only with fluid and cell fragments 
and showed local cysts with inflamma- 
tory reaction. The remaining male off- 
spring appeared normal. 

The abnormalities observed in this re- 
port may arise from the early and intense 
estrogenic stimulation of developing fe- 
tal tissues by Clomid. Continuous ex- 
posure to high concentrations of estro- 
gen during fetal or neonatal life is known 
to increase the incidence of preneoplas- 
tic and neoplastic changes in the repro- 
ductive tract (5, 6). Clomid belongs to a 
class of compounds that has the ability to 
cause long-term estrogenic stimulation 
of certain cell types. Clomid causes long- 
term retention of the estrogen receptor in 
the nucleus of uterine cells, and this is 
accompanied by a sustained stimulation 
of uterotropic activity (7). This stimula- 
tion is primarily due to the ability of Clo- 
mid to stimulate the epithelium of the 
uterine lumen, whereas, estradiol, a 
physiological estrogen, causes all tissues 
of the uterus to grow (8). Therefore, Clo- 
mid can be a long-acting estrogen in 
some cell types and may cause hyper- 
estrogenization of fetal tissues which ul- 
timately leads to the expression of ab- 
normal growth. 

The abnormalities that were observed 
in the maternal tissues may also result 
from a similar hyperestrogenization. We 
have observed extensive epithelial cell 
stimulation in adult cycling rats (9) and 
assume that this takes place in the preg- 
nant rat. 

The long-acting effects of triphenyleth- 
ylene derivatives and their ability to 
cause differential cell stimulation have 
obvious implications for the use of these 
drugs in humans. Clomid has been wide- 
ly used for the past 15 years to induce 
ovulation in anovulatory women (1). For 
treatment a dose of 50 to 100 mg of Clo- 
mid is taken orally for 5 days. If the ini- 
tial trial fails and no signs of pregnancy 
are present, the treatment is resumed the 
following month, about 40 days later. 
This treatment regimen is often contin- 
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posure of a woman to Clomid can be ex- 
tensive. Under these circumstances, 
Clomid may be stimulating some cell 
types while acting as an antagonist in 
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others. The eventual effects of such stim- 
ulation may remain unknown for many 
years. It is possible that Clomid and oth- 
er triphenylethylene derivatives could 
cause hyperestrogenization of certain 
cell types in humans and hence great 
caution should be applied when these 
drugs are used in humans. 

SHIRLEY MCCORMACK 

JAMES H. CLARK 

Department of Cell Biology, 
Baylor College of Medicine, 
Houston, Texas 77030 
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fusion of the cell surface membrane with 
underlying perigranule membranes (1). 
As a result of mast cell degranulation, 
histamine stored in the secretory gran- 
ules is released and is capable of increas- 
ing vascular permeability and stimulating 
smooth muscle contraction (2). Phos- 
phatidylserine (PS) potentiates histamine 
release from mast cells exposed to dex- 
tran (3), antigen (4), or concanavalin A 
(Con A) (5). Other phospholipids-phos- 
phatidylcholine, phosphatidylglycerol, 
phosphatidylinositol, phosphatidic acid, 
and phosphatidylethanolamine (PE)- 
have no effect on mast cell secretion (6, 
7). 

We sought further information on the 
chemical specificity of the effect of PS on 
mast cell secretion by examining the 
properties of N-substituted derivatives 
of PS. Three such compounds were syn- 
thesized (8) and studied for their effects 
on mast cell secretion: N-acetyl phos- 
phatidylserine (acetyl-PS), N- 1-dimeth- 
ylaminonaphthalene-5-sulfonyl phospha- 
tidylserine (DNS-PS), and N-4-nitroben- 
zo-2-oxa- 1,3-diazole phosphatidylserine 
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Inhibition of Mast Cell Histamine Secretion 

by N-Substituted Derivatives of Phosphatidylserine 

Abstract. The structural basis for the highly specific action of phosphatidylserine 
in enhancing mast cell histamine secretion induced by concanavalin A was investi- 
gated by studying the activities of three N-substituted derivatives: N-acetyl phos- 
phatidylserine, N-1-dimethylaminonaphthalene-5-sulfonyl phosphatidylserine, and 
N-4-nitrobenzo-2-oxa-1,3-diazole phosphatidylserine. None of the derivatives was 
capable of activating concanavalin A-induced histamine secretion at concentrations 
two to three times that required for maximal activation by phosphatidylserine. In- 
stead, the derivatives were found to inhibit the secretory response of mast cells to the 
calcium ionophore A23187 as well as to concanavalin A. The inhibition was non- 
cytotoxic, partially reversible by washing, and associated with binding of N-sub- 
stituted phosphatidylserine to the mast cell. 
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(NBD-PS). The structures of these three 
compounds as well as that of PS are 
given in Fig. 1. 

The failure of N-substituted deriva- 
tives of PS to potentiate histamine secre- 
tion from rat mast cells stimulated with 
Con A is illustrated in Table 1. These 
data provide evidence that the un- 
blocked amino group of PS is required 
for its ability to potentiate mast cell se- 
cretion and lend further support to the 
notion that the effect of PS on mast cell 
secretion is highly specific. The carboxyl 
group of PS is also required for its stimu- 
latory effect on secretion since PE is not 
capable of potentiating secretion (3). 

The three derivatives of PS were test- 
ed for their ability to block the effect of 
PS on mast cell secretion. In a prelimi- 
nary series of experiments with Con A 
and PS, it was observed that both NBD- 
PS and acetyl-PS were potent inhibitors 
of secretion, while DNS-PS was inhib- 
itory to a lesser extent. We have sub- 
sequently concentrated our studies on 
the inhibitory properties of NBD-PS and 
in selected instances compared the ef- 
fects of acetyl-PS. 

The dose-response curves presented 
in Fig. 2 demonstrate the inhibitory ef- 
fects of NBD-PS on mast cell secretion 
induced by Con A and the calcium iono- 
phore A23187. The NBD-PS effectively 
inhibited secretion induced by A23187 
and Con A. The dose-inhibition curves 

Table 1. Effect of N-substitution on the ability 
of PS to potentiate Con A-induced histamine 
secretion from mast cells. Peritoneal cells 
containing 2 x 105 mast cells were obtained 
from adult male rats and incubated in 1.0 ml of 
BSS (13) with the indicated combinations of 
PS (30 uM), DNS-PS (60 1M), acetyl-PS (60 
,tM), or NBD-PS (50 pM) and Con A (100 ,zg/ 
ml) and Ca2+ (0.68 mM) for 15 minutes at 
37?C. Histamine release is expressed as a 
mean percentage of total cell histamine after 
direct assay of superatants and perchloric 
acid extracts of cell pellets by a modification 
of the o-phthalaldehyde fluorometric method 
(14). The derivatives do not interfere with the 
histamine assay. Duplicate determinations 
were performed in each experiment; the num- 
ber of individual experiments is shown in pa- 
rentheses. 

Treatment 
Histamine 

release 
(%) 

Con A + Ca2+ 1.5 + 0.8 
(N = 6) 

NBD-PS + Con A + Ca2+ 1.5 + 0.4 
(N = 3) 

DNS-PS + Con A + Ca2+ 3.4 + 1.2 
(N = 6) 

Acetyl-PS + Con A +Ca2+ 4.8 + 2.4 
(N = 4) 

PS + Con A + Ca24 47.3 + 4.0 
(N = 11) 

were very similar and inversely related 
to the binding of NBD-PS to the mast 
cell. Half-maximal binding of NBD-PS 
occurred at the concentration (10 jIM) 
required to inhibit secretion by 50 per- 

cent. With Con A and PS as the secre- 
tagogue, 20 pM acetyl-PS was required 
for 50 percent inhibition of histamine re- 
lease; in the case of A23187, 30 pM ace- 
tyl-PS was required to obtain this degree 
of inhibition. Half-maximal binding of 
acetyl-PS to mast cells occurred at ap- 
proximately 10 pM. 

Since histamine secretion from rat 
mast cells exposed to Con A requires ex- 
ogenous PS (Table 1), the inhibitory ac- 
tion of NBD-PS and acetyl-PS on secre- 
tion induced by Con A and PS might be 
explicable in terms of competition be- 
tween the inactive structural analogs of 
PS and PS for binding sites on the mast 
cell. Competitive binding experiments 
were carried out to test this hypothesis. 
The data presented in Fig. 3 demonstrate 
the ability of NBD-PS to block binding of 
:H-labeled dipalmitoyl PS ([:H]DPPS) to 
mast cells. The K, for NBD-PS deter- 
mined from these competitive binding 
experiments was 13 pM (inset, Fig. 3), a 
value within experimental error of the in- 
dependently determined dissociation 
constant for binding of NBD-PS to the 
mast cell (Fig. 2). 

Competitive inhibition by the N-sub- 
stituted PS derivatives of exogenous PS 
binding cannot account for the inhibition 
of secretion observed with A23187, since 
secretion elicited by this secretagogue is 
unaffected by exogenous PS at concen- 
trations between 1 and 50 uM. It is pos- 

Fig. 2 (middle). Inhibition of histamine secre- . 12 160 
tion from mast cells by NBD-PS. Rat perito- / 
neal cells containing 2 x 105 mast cells were E 100 / 
incubated in 1.0 ml of BSS with Ca2+ (0.68 \ ** , 12 1 120 
mM) for 15 minutes at 37?C in the presence of E \ \ 
increasing concentrations of NBD-PS and a -/ 

\ / 
constant concentration of secretagogue. His- 10 \ 80 

tamine release was assayed as described in a 6 c \ 
Table 1, and the inhibition dose-response * - o 
curves presented as percentage of maximum \ T i 

histamine release. The secretagogues were E a _- ^ 

(0) A23187 (1 uM) and (0) Con A (100 xg/ml) 20 2 6- 0 
plus PS (30 puM). The means of the maximum 40 80 :::r: ?o 0 40 80 histamine release (+ standard errors) were 
56.8 + 12.8 and 47.3 + 4.0, respectively. 10 20 30 40 50 , 4 NBD-PS (pm) 

Binding experiments were performed with NBD-PS (IM) 
mast cells purified from peritoneal cells by r 
centrifugation through albumin (15). Cells (2 x 105) were incubated with NBD-PS in 1.0 ml of La- 2- 
BSS for 1 hour at 22?C. The cells were centrifuged at 800g for 6 minutes and 0.5 ml of the , 
supernatant was removed. The cell pellet was solubilized by the addition of 0.5 ml of 1 percent 
Triton X-100 and brief sonication. After addition of 2 ml of ethanol to the solubilized pellet and E 

supernatant fractions, fluorescence emission at 525 nm was measured with excitation at 474 0 20 40 60 80 100 
nm. The amount of NBD-PS bound by the cells was calculated from a standard curve after NBD-PS (,m) correcting for the amount of unbound NBD-PS carried over from the supernatant. The curve 
drawn through the data points (0) is a transformation of the line obtained by a least-squares analysis of the linear double reciprocal plot (16) 
of the same data. Each point shown represents the average of duplicate determinations. The double reciprocal plot indicated a binding stoi- 
chiometry of 12.7 nmole of NBD-PS per 106 mast cells and an apparent dissociation constant of 9 /tM. Fig. 3 (right). Inhibition of [L:H]DPPS 
binding to mast cells by NBD-PS. Purified mast cells were obtained as described in Fig. 2 and incubated at a concentration of 4 x 105 cells 
per milliliter at 22?C for 1 hour in 0.2 ml of BSS containing a fixed concentration of [:H]DPPS (12 ,/M) and increasing concentrations of NBD-PS. 
Cells were centrifuged at 800g for 6 minutes and samples from the supernatant and pellet were taken for radioactivity assay. The amount of 
[3H]DPPS bound per 106 cells was calculated from the known specific activity of [3H]DPPS. The K, is defined as the dissociation constant for 
NBD-PS binding to mast cells determined in this competitive binding experiment by the linear plot shown in the inset (17). The intercept on 
the ordinate is KD, the dissociation constant for the binding of [:3H]DPPS to mast cells, and the slope is equal to KI/KI. The symbol 0 refers to 
the fractional saturation of [:H]DPPS binding sites on the mast cell and is calculated by assuming that saturation binding is 28 nmole of [:H]DPPS 
per 101; mast cells (unpublished data). 
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sible that NBD-PS and acetyl-PS either 
displace or otherwise perturb essential 
endogenous PS. 

Three lines of evidence make it unlike- 
ly that NBD-PS acts to inhibit mast cell 
secretion by a more or less nonspecific 
cytotoxic effect. First, treatment of mast 
cells with NBD-PS at a concentration (25 
IjM) sufficient to inhibit secretion by 70 
to 80 percent does not significantly de- 
crease intracellular adenosine triphos- 
phate (ATP) levels (9). Second, electron 
microscopy of mast cells treated with 
this concentration of NBD-PS indicates 
no evidence of cytotoxicity. Third, the 
inhibitory action of NBD-PS on secre- 
tion induced by A23187 is partially re- 
versible by removing the medium con- 
taining NBD-PS and resuspending the 
cells in fresh balanced salt solution 
(BSS) (10). Significant NBD-PS dis- 
sociates from the cells under these con- 
ditions. Reversibility argues against dis- 
placement of endogenous PS as a mecha- 
nism of action of NBD-PS. 

A possible trivial alternative ex- 
planation of the observed inhibition is 
complexing of A23187 by N-substituted 
PS aggregates in solution, as proposed 
for 48/80 and polymyxin B by Read et al. 
(11). Arguing against this hypothesis is 
the failure of PS itself to significantly in- 
hibit secretion by A23187 at concentra- 
tions five times those required for half- 
maximal inhibition by the N-substituted 
PS derivatives. 

Although the evidence that is available 
cannot establish the mode of action of 
the inhibitory N-substituted PS deriva- 
tives, it is evident that N-substitution of 
PS converts this phospholipid from a po- 
tent activator of a specific class of secre- 
tagogues to a potent inhibitor of two dif- 
ferent secretory stimuli. N-Substituted 
derivatives of PS may prove useful for 
the investigation of stimulus-secretion 
coupling in the mast cell and perhaps in 
other cells as well (12). 
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University Washington, 
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the mode of the interaction of PS with mast 
cells. Since these N-substituted derivatives 
were found to be inactive, a requisite function of 
the unblocked amino group of PS in its action 
was indicated. As a further test of this hypothe- 
sis, we chose the acetyl substituent to block the 
amino group of PS with a minimal alteration in 
the structure of PS. The three N-substituted de- 
rivatives of PS were synthesized from PS isolat- 
ed from bovine brain by the method of H. San- 
ders [Biochim. Biophys. Acta 144, 485 (1967)]. 
The reaction conditions and the isolation of the 
products were virtually identical for the three 
derivatives. The PS (180 /umole) was reacted for 
4 hours at 22?C under N2 with 270 /smole of 
dimethylaminonaphthalene 5-sulfonyl chloride, 
3H-labeled acetic anhydride, or 7-chloro-4-nitro- 
benzo-2-oxa- 1,3-diazole in a final volume of 4 ml 
chloroform-triethylamine (3:1 by volume). The 
reaction mixture was then made up to 20 ml with 
chloroform and extracted three times with 50-ml 
portions of methanol-H20 (1:1 by volume, pH 
4.0). The extracted chloroform phase was taken 
to dryness in vacuo; the residue was dissolved in 
10 ml of chloroform and applied to a 50-g column 
of silicic acid. The column was eluted with five 
column volumes each of chloroform, chloro- 
form-methanol (95:5 by volume), and finally 
chloroform-methanol (6:4 by volume). The last 
fraction contained the desired product, which 
was quantitatively separated from unreacted PS 
by chromatography on DEAE-cellulose (What- 
man DE-52), using the solvent system chloro- 
form-methanol-H20O (2:3:1 by volume). The PS 
eluted from the column with this solvent con- 
taining 0.018M ammonium acetate. The N-sub- 
stituted derivatives were eluted in 0.05 to 0.06M 
ammonium acetate. In some preparations a con- 
taminant that comigrated on thin-layer plates 
with the corresponding N-substituted lyso-PS 
derivative remained after DEAE-cellulose chro- 
matography. The purified N-substituted lyso-PS 
derivatives were found to be extremely cytolytic 
and were removed by preparative thin-layer 
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human ceroid and myelin diseases. 

Acetyl ethyl tetramethyl tetralin (1) 
(Fig. 1) was widely used as a musk fra- 
grance in soaps and cosmetics (2) until 
industry scientists discovered that re- 
peated application of the compound to 
the skin of experimental animals pro- 
duced a blue discoloration of internal or- 
gans and a vacuolar degeneration of the 
brain (3). By the early part of 1978, the 
fragrance industry had voluntarily with- 
drawn AETT from all cosmetic formula- 
tions (4). On this basis, the U.S. Food 
and Drug Administration (FDA) denied a 
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request from the Environmental Defense 
Fund to ban the use of AETT (5). Recall 
of the existing inventory of contaminated 
products was considered unnecessary, 
so that some of these may remain avail- 
able in the United States until existing 
stocks have been exhausted. 

We have studied the clinical and neu- 
ropathological changes in rats repeatedly 
exposed to AETT (6) and have found 
that this compound causes progressive 
ceroid-like pigmentation and widespread 
demyelination throughout the central 
and peripheral nervous systems. These 
degenerative changes are associated 
with hyperirritability, limb weakness, 
and ataxia. 

Behavioral changes, developing as a 
function of dose and time, were noted 
within the first 2 to 3 weeks of treatment 
(6) in rats receiving 25 or 50 mg of AETT 
per kilogram of body weight per day. An- 
imals became overtly aggressive and 
were easily startled. Rats receiving the 
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Neurotoxic Fragrance Produces Ceroid and Myelin Disease 

Abstract. Acetyl ethyl tetramethyl tetralin (AETT), a component of soaps, deodor- 
ants, and cosmetics, produces hyperirritability and limb weakness in rats repeatedly 
exposed to the compound. Brain, spinal cord, and peripheral nerves are discolored 
blue, show progressive neuronal ceroid degeneration, and develop spectacular mye- 
lin bubbling. These neurotoxic properties of AETT provide the basis for industry's 
decision to withdraw the compound from consumer products. In addition, AETT 
offers the experimentalist a new probe to explore the etiology and pathogeneses of 
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