
and Scania (7)] for organic microfos- 
sils tends to substantiate our interpreta- 
tion of the importance of environmental 
control in the occurrence of Silurian 
spores, although the absence of any 
organic microfossils from many rocks 
where we had predicted the occurrence 
of spores if environment of deposition 
rather than evolution was the critical 
factor can best be explained by post- 
depositional alteration (30). Abundant 
spores in our Llandovery and Ludlow 
age samples and in other latest Silurian 
age samples are known only from shal- 
low-bottom or nearshore marine en- 
vironments. Truly nonmarine Early 
Silurian environments have not yet 
yielded spores, but unmetamorphosed 
rocks of this age capable of providing 
spores have not been studied by us or 
reported in the literature. 

The possibility of environmental con- 
trol of Silurian spore occurrences re- 
lated to water depth and shoreline 
proximity is further substantiated by 
the inverse relationship between abun- 
dant Silurian spores, both Early and 
Late, and marine organic microplank- 
ton (9). We find that abundant spores 
occur in rocks deposited either land- 
ward of those containing abundant and 
diversified marine microplankton or in 
rocks consistent with very shallow- 
bottom conditions. Strata conventionally 
accepted as marine or giving evidence 
of more offshore or deeper water en- 
vironments yield abundant marine mi- 
crofossils, including acritarchs, chitino- 
zoans, or scolecodonts, but either no 
spores or rare spores. The results of our 
preliminary work suggest that these two 
groups of organic microfossils have oc- 
currence patterns that are largely mutu- 
ally exclusive and that may be corre- 
lated with marine versus nonmarine or 
shallow marine environments (29). 

We suggest, therefore, that the 
known progressive increase in the fre- 

quency and taxonomic diversity of tri- 
lete spores that occurs from the Early 
Silurian to the Late Silurian-Early De- 
vonian may be largely a function of 
biofaci'es correlated with geologic en- 
vironment rather than a function of 
organic evolution as now concluded 
(19, 22). If the orderly evolutionary se- 
quence that appears to be represented 
among Silurian spores is an environ- 
mental artifact and if the Silurian 
spores represent vascular plants, it may 
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effect of treatment of corneal donor 
tissue with ALS in vitro prior to its 
use for penetrating keratoplasty. 
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Table 1. Effect of in vitro treatment of donor corneal grafts on date of onset of homograft 
rejection. 

Animals Mean onset of 
Treatment (Nimals reaction (days) Significance 

HARLS (5 percent) in rabbit serum 15* 19.5 P <.01t 
Rabbit serum (100 percent) 10 14.9 P<.Olt 
Horse serum (5 percent) in rabbit serum 10 14.2 P <.01 
Direct transplantation 7 9.7 

* Excluding three animals that have remained clear for more than 180 days. t The delay in rejection 
between the 5 percent HARLS group and the serum groups is significant at P < .05. 

cytes (HARLS) was prepared as previ- 
ously described (4). It had agglutinating 
titers of 1: 4000 for lymphocytes and 
1: 16 for red cells. Albino rabbits 
weighing 3.0 to 5.0 kg were used. After 
enucleation the entire cornea and a rim 
of sclerae were removed from the don- 
or eye. The donor tissue was then 
placed in one of three solutions at 4?C 
or transplanted directly. The solutions 
were 100 percent pooled rabbit serum 
in which complement had been inacti- 
vated, 5 percent HARLS in rabbit 
serum, and 5 percent horse serum in 
rabbit serum. After being soaked for 
24 hours at 4?C, the donor tissue was 
placed epithelial side down in a paraffin 
block with a fashioned trough. A 6-mm 
corneal button was trephined, and with 
the host anesthetized with pentobarbital 
a penetrating keratoplasty was per- 
formed with a continuous 8-0 black 
silk suture. Clean, but not sterile tech- 
nique was used. The animals received 
daily topical applications of atropine 
ointment and antibiotic drops until the 
suture was removed on the 10th day 
after the operation. On the 14th day 
all the corneal grafts were successful 
and skin grafts were then performed 
between the same pairs of donors and 
recipients in order to achieve a uni- 
formly high rate of corneal graft rejec- 
tion (2, 4, 5). The skin grafts were 
placed subcutaneously in the ventral ab- 
dominal wall. The animals were ex- 
amined daily from the day of skin 
grafting for evidence of corneal homo- 
graft rejection. Because of their deep 
location, the skin grafts were not 
directly observable, but the presence 
of the graft and the inflammatory re- 
sponse of the surrounding tissue veri- 
fied its continued presence. Soaked 
corneas from each group were frozen 
in liquid freon, suspended in liquid 
nitrogen, sectioned, and stained with 
fluorescein-labeled rabbit antiserum to 
horse y-globulin (6). 

The results reported here are those 
observed during the 6 months after 
skin transplantation ,(Table 1). The 
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mean onset of corneal graft rejection 
was 9.7 days in the group in which 
tissue was transplanted directly (con- 
trol group). It was prolonged to 14.9 
days when the corneal buttons were first 
soaked in rabbit serum (P < .01) and 
to 14.2 days when 5 percent horse 
serum in rabbit serum was used 
(P < .01). Soaking the tissue in 5 per- 
cent HARLS in rabbit serum delayed 
the mean onset of rejection to 19.5 
days in those that rejected the graft. 
This delay is significant when compared 
to that for the control group (P < .01) 
and when compared to that for the 
group treated with rabbit serum 
(P < .05). Furthermore, three animals 
in the HARLS group retained clear 
grafts for 6 months whereas none in 
any of the other groups did. These 
results are suggestive but not conclu- 
sive (.05 < P < .10). 

Studies with fluorescein-labeled anti- 
serum to horse y-globulin failed to 
demonstrate binding of this protein to 
the donor tissue. As observed with the 
light microscope the structure of the 
cornea appeared normal, with all cell 
layers present and intact. 

All immunosuppressive agents, in- 
cluding ALS (7), used to prevent homo- 
graft reaction in cases of organ trans- 
plantation have serious side effects 
associated with their use. Recently, we 
reported (2) the effioacy of treatment 
of donor animals in modifying corneal 
homograft rejection and suggested that 
organs from patients treated with ALS 
could serve as treated donor material. 
Extending this work we have treated 
the donor material in vitro and signifi- 
cantly delayed the onset of rejection 
without exposing the donor animal to 
any immunosuppressive therapy. Soak- 
ing of the donor material in pooled 
serum somewhat delayed the onset of 
rejection, and adding 5 percent ALS 
to the soaking solution resulted in 
grafts that remained clear for an addi- 
tional period of time. 

The intriguing question which re- 
mains is, "Why does previous treat- 

ment of donor tissue in vivo or in vitro 
modify the homograft reaction?" It has 
been postulated by Guttman and Lind- 
quist (3) that the effectiveness of the 
immunosuppressive agent is dependent 
upon the destruction of nonparenchymal 
cells of hematopoietic origin, which are 
the stimuli to the effector mechanisms 
of rejection. In this work donors of 
renal allografts were treated with a va- 
riety of immunosuppressive agents (cy- 
clophosphamide, methotrexate, and pro- 
carbazine), and a significant reduction 
in the amount of kidney transplant re- 
jection compared to the known control 
series was noted. We do not believe 
that this mechanism is operative in our 
experiments because the avascular cor- 
nea contains few nonparenchymal cells. 

On the other hand, Guttman et al. 
(1) have suggested that ALS may act 
on the organ to be transplanted by 
coating or binding available antigenic 
sites. It is also possible that the treated 
donor tissue acts as a repository of 
ALS which is slowly released and con- 
tinually bathes the regional lymph 
nodes preventing recognition of the for- 
eign material (8). The failure to demon- 
strate the binding of HARLS in the 
donor tissue by the fluorescent antibody 
technique does not negate the possi- 
bility of the binding of smaller quanti- 
ties of y-globulin than are detectable 
by this technique. But it would seem 
unlikely, under these circumstances, 
that the donor button could act as ,a 
repository of ALS which would con- 
tinuously bathe the regional lymph 
nodes. 

Another possibility is that soaking 
of the tissue prior to skin grafting may 
allow soluble antigens, if present, to 
diffuse into the media. Earlier work by 
Kuwahara (9) on a lamellar hetero- 
graft system demonstrated that soaking 
of the donor button in recipient serum 
reduced the apparent antigenicity of 
the graft. Stocker et al. (10), on the 
basis of work by Kuwahara, have used 
donor material stored in autologous 
serum for human transplantation, and 
they express their clinical impression 
that the results achieved with this ma- 
terial were more favorable than ordi- 
narily could have been expected in this 
particular group of cases. 

As determined with the light micro- 
scope, the donor material appeared 
completely intact. Kobayashi (11) has 
recently reported the results of his ultra- 
structural investigation of rabbit cor- 
neas soaked in dialyzed rabbit serum. 
He concludes that morphologically cor- 
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neas soaked in serum for 72 hours are 
the most satisfactory for penetrating 
keratoplasty. The exact mechanism by 
which our soaking regimen decreases 
the apparent antigenicity of the donor 
material is not clear, and our results 
suggest that more than one mechanism 
may be operable. 

The demonstration of the effective- 
ness of the treatment of corneal buttons 
with ALS in modifying the homograft 
reaction should be immediately appli- 
cable in man in those cases where graft 
rejection is expected to occur, that is, 
in patients who have already had graft 
reaction, highly vascularized corneal 
tissue, and so forth. 

RONALD M. BURDE 
STEPHEN R. WALTMAN 

JUAN H. BERRIOS 
Department of Ophthalmology, 
Washington University School of 
Medicine, St. Louis, Missouri 63110 
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of calcium. 

Melanophore-stimulating hormone 
(MSH) initiates the movement (dis- 
persion) of melanosomes from a peri- 
nuclear (aggregated) position out into 
the dendritic processes of vertebrate 
melanophores (1). This leads to a 

rapid darkening of the skin of most 

poikilotherms and may precede and be 

prerequisite for melanin synthesis (2). 
A number of in vitro studies have been 
directed toward understanding the pos- 
sible ionic requirements for MSH ac- 
tion. It has been reported that there 
is an "absolute" requirement for the 
sodium ion in the action of MSH on 
frog (Rana pipiens) melanophores (3). 
Not only was the calcium ion reported 
not to be required for melanophore re- 
sponses to MSH, but, indeed, the re- 
sponse was said to be enhanced in a 
Ca2+-free medium (3, 3a). Others (4) 
have suggested that melanosome disper- 
sion within frog melanophores results 
from an increase in the intracellu- 
lar level of calcium ions and a simul- 
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taneous decrease in intracellular potas- 
sium ions. Fingerman has implicated 
a role for Ca2+ ions in the hormonal 
control of crustacean chromatophores 
(5). Horowitz (6) showed that melano- 
some aggregation within melanophores 
of the lizard Anolis carolinensis was 
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Table 1. Response (change in reflectance) of 
Anolis skins to MSH (6 X 10-9 g/ml), theo- 
phylline (10 mM), or dibutyryl cyclic AMP 
(DcAMP, 10 mM), in the presence or 
absence of calcium ion (1 mM). Each value 
represents the maximal mean percent reflec- 
tance change, - standard error, of the skins 
comprising each experimental group. (Num- 
ber of skins in parentheses.) 

NaCl, EDTA (5 mM), MSH (6) 0 ? 0.67 

NaCI, Ca+, MSH (6) 39 - 3.69 

NaCl, EDTA (5 mM), 
theophylline (6) 58 2.31 

NaCl, Ca2+, theophylline (6) 58 ? 3.58 

NaCl, EDTA (5 mM), 
DcAMP (8) 49 ? 2.54 

NaCl, Ca2+, DcAMP (8) 52 + 1.44 
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facilitated by the removal of Ca2+ ions 
from Ringer solution. Novales (3, 3a), 
on the other hand, reported that there 
is a sodium requirement for MSH ac- 
tion on melanophores of this lizard. 

In the present report we demon- 
strate a specific Ca2+ ion requirement 
for MSH action on melanophores of 
the lizard Anolis carolinensis. We also 
show that neither sodium nor potassium 
ions are necessary for MSH action and, 
in addition, that the Ca2+ ion require- 
ment is for an early event in MSH 

action, since this divalent cation is not 

necessary for melanosome movements 

per se. The in vitro response of the 

integumental melanophores of Anolis 
to MSH or other agents under varying 
ionic conditions was studied by photo- 
metric reflectance methods as de- 
scribed originally for frog skin (1) and 
modified slightly for Anolis skin (7). 
Melanosome dispersion in response to 
MSH results in a change from a bright 
green to a dark brown color and this 

change can be measured as a decrease 
in reflectance from the outer (epi- 
dermal) surface of isolated skins. Con- 

versely, melanosome reaggregation re- 

sulting in a lightening of skins is cor- 
related with an increase in reflectance. 

As reported previously (3, 3a), MSH 
darkens Anolis skins immersed in 

Ringer (NaCl, 111 mM; NaHCO3, 2 
mM; KC1, 2 mM; CaCl2, 1 mM) solu- 
tion (Fig. 1). Skins residing solely in 
sodium chloride (120 mM) or in an 

equivalent amount of NaCl plus KCl 
(2 mM) are almost totally unrespon- 
sive to MSH. The addition of the Ca2+ 
ion (1 mM) to the NaCl solution per- 
mits a response equal to that of the 
Ringer control group of skins (Fig. 1). 
The degree of darkening of lizard skins 
to MSH is clearly directly related to 
the concentration of the Ca2+ ion 

present (Fig. 2). 
These results indicated that either 

the Ca2+ ion is needed directly for 
MSH action or else its role is permis- 
sive to the action of the Na+ ion. 
Other monovalent cations were sub- 
stituted for sodium to determine 
whether the Na+ ion is specifically 
required in addition to the Ca2+ ion 
for MSH action. Melanophore-stimu- 
lating hormone failed to darken skins 
in isotonic solutions (120 mM) of 
either lithium or choline chloride. The 
presence of Na+ (1 mM) or K+ (1 

facilitated by the removal of Ca2+ ions 
from Ringer solution. Novales (3, 3a), 
on the other hand, reported that there 
is a sodium requirement for MSH ac- 
tion on melanophores of this lizard. 

In the present report we demon- 
strate a specific Ca2+ ion requirement 
for MSH action on melanophores of 
the lizard Anolis carolinensis. We also 
show that neither sodium nor potassium 
ions are necessary for MSH action and, 
in addition, that the Ca2+ ion require- 
ment is for an early event in MSH 

action, since this divalent cation is not 

necessary for melanosome movements 

per se. The in vitro response of the 

integumental melanophores of Anolis 
to MSH or other agents under varying 
ionic conditions was studied by photo- 
metric reflectance methods as de- 
scribed originally for frog skin (1) and 
modified slightly for Anolis skin (7). 
Melanosome dispersion in response to 
MSH results in a change from a bright 
green to a dark brown color and this 

change can be measured as a decrease 
in reflectance from the outer (epi- 
dermal) surface of isolated skins. Con- 

versely, melanosome reaggregation re- 

sulting in a lightening of skins is cor- 
related with an increase in reflectance. 

As reported previously (3, 3a), MSH 
darkens Anolis skins immersed in 

Ringer (NaCl, 111 mM; NaHCO3, 2 
mM; KC1, 2 mM; CaCl2, 1 mM) solu- 
tion (Fig. 1). Skins residing solely in 
sodium chloride (120 mM) or in an 

equivalent amount of NaCl plus KCl 
(2 mM) are almost totally unrespon- 
sive to MSH. The addition of the Ca2+ 
ion (1 mM) to the NaCl solution per- 
mits a response equal to that of the 
Ringer control group of skins (Fig. 1). 
The degree of darkening of lizard skins 
to MSH is clearly directly related to 
the concentration of the Ca2+ ion 

present (Fig. 2). 
These results indicated that either 

the Ca2+ ion is needed directly for 
MSH action or else its role is permis- 
sive to the action of the Na+ ion. 
Other monovalent cations were sub- 
stituted for sodium to determine 
whether the Na+ ion is specifically 
required in addition to the Ca2+ ion 
for MSH action. Melanophore-stimu- 
lating hormone failed to darken skins 
in isotonic solutions (120 mM) of 
either lithium or choline chloride. The 
presence of Na+ (1 mM) or K+ (1 
mM) ions in combination with either 
Li+ or choline ions failed to reestab- 
lish a response of the melanophores 
to MSH. There was, however, a near 

923 

mM) ions in combination with either 
Li+ or choline ions failed to reestab- 
lish a response of the melanophores 
to MSH. There was, however, a near 

923 

Calcium Requirement for Melanophore-Stimulating 
Hormone Action on Melanophores 

Abstract. The calcium ion is specifically required for the action of melanophore- 
stimulating hormone on melanosome dispersion within lizard (Anolis carolinensis) 
melanophores in vitro. The response to this hormone is directly related to the 
concentration of the Ca2+ ion. Lithium, choline, rubidium, and cesium will replace 
the sodium and potassium of Ringer solution if Ca2+ is present. Calcium ions 
are not required for melanosome dispersion itself, since theophylline or dibutyryl 
cyclic adenosine monophosphate reversibly darkens lizard skins in the absence 
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