
LRF-induced release of LH. Furthermore, 
this inhibitory effect is evident in vitro at 
physiologic concentrations. When mea- 
sured either by bioassay (6) or by radio- 
immunoassay (7), concentrations of mel- 
atonin in human serum attain values at 
night of approximately 1 nM, a dose which 
was shown in the present study to inhibit 
LH release. Other studies in our laborato- 
ry (8) have demonstrated that the in vitro 
response to melatonin is rapid, as evi- 
denced by complete suppression of LRF- 
induced release of LH during a 90-minute 
incubation period. In addition, specificity 
of the response in organ culture is in- 
dicated by the finding (8) that two com- 
pounds closely related to melatonin, N- 
acetylserotonin and 5-methoxytryptamine, 
at concentrations as high at 100 nM do not 
affect the LH response to LRF. 

In view of the finding that in the adult 
rat injection of melatonin into the third 
ventricle of the brain suppresses LH secre- 
tion, whereas injection into a hypophyseal 
portal vein has no effect on serum LH, 
Kamberi et al. (9) have suggested that mel- 
atonin inhibits the release of LRF into por- 
tal blood. Thus, it appears that melatonin 
may act both at the hypothalamic level and 
at the pituitary level to regulate LH secre- 
tion. However, their failure to observe sup- 
pression of serum LH by melatonin ad- 
ministered directly to the pituitary gland in 
vivo may be due to the low level of basal 
LH secretion. It may also be related to the 
age of the animals. Adult rats were used in 
their experiments, but neonatal rats were 
the source of the pituitary glands in our 
study. 
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The mixed leukocyte culture (MLC) test 
is widely used as a histocompatibility test 
in humans and other mammalian species 
and is recognized as being principally de- 
pendent on differences of one genetic re- 
gion in the major histocompatibility com- 

plex (1). In recent years, dissociated epi- 
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dermal cells have also been shown to be 
capable of inducing lymphocyte transfor- 
mation and DNA synthesis in allogeneic 
leukocyte cultures in the rat (2), the mouse 
(3), and man (4). Epidermal cells are the 
first cell type not present in peripheral 
blood that have been shown to be capable 
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of inducing allospecific lymphocyte trans- 
formation. We now present data indicating 
that the sperm present in human ejaculates 
are also capable of stimulating lymphocyte 
transformation and DNA synthesis when 
added to allogeneic but not autologous 
leukocyte cultures (5). Sperm induce levels 
of lymphocyte transformation similar to 
that observed with an equivalent number 
of allogeneic peripheral blood leukocytes. 

Fresh sperm were prepared for culture 
by washing two times with RPMI 1640 
medium (Grand Island) that was heated to 
38?C, centrifuging at 300g for 6 minutes 
and resuspending in RPMI 1640 to give a 
final concentration of 1 x 108 sperm per 
milliliter. Varying portions of the stock 
sperm suspension were added to leukocyte 
cultures to yield a final culture concentra- 
tion of 0.1 x 106 to 5.0 x 106 sperm per 
milliliter. Leukocytes rich in mononuclear 
cells were prepared for culture by centrifu- 

gation of herparinized venous blood as de- 
scribed (6). The leukocyte cultures con- 
tained 20 percent autologous plasma, pen- 
icillin, and streptomycin, and were in- 
cubated in microtiter plates containing 0.2 
ml of culture at 37?C in a 5 percent C02- 
humidified atmosphere (7). The cultures 
were assayed for [3H]thymidine incorpora- 
tion in quadruplicate on the fifth day with 
a multiautomated sample harvester (Mi- 
crobiological Associates), and the results 
are expressed as counts per minute per cul- 
ture + the standard error. 

Sperm from a donor (J.C., experiment 1, 
Table 1) was incubated with autologous 
leukocytes as well as allogeneic leukocytes 
(D.P., experiment 1). The results are ex- 

pressed as the uptake of [3H]thymidine in 

leukocyte cultures with sperm, compared 
to uptake of [3H]thymidine of identical 

leukocytes cultured without sperm (leuko- 
cytes alone). In some experiments (experi- 
ments 3, 9, and 10) more than one alloge- 
neic response was compared to a single 
autologous result. With fresh suspensions 
of sperm cells (within 2 hours of ejacula- 
tion), high degrees of lymphocyte transfor- 
mation and DNA synthesis were observed 
when sperm were added to allogeneic leu- 

kocyte cultures, and no significant DNA 

synthesis was observed when sperm were 
added to autologous leukocyte cultures 

(Table 1). There was considerable varia- 
tion in the degree of stimulation of alloge- 
neic leukocytes with stimulation ratios 

ranging from 3.2 to 252. 
The lymphocyte transformation induced 

by sperm was dependent on the dose, with 
maximal stimulation occurring between 
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I x 106 and 2 x 106 sperm per milliliter 
of culture (Fig. 1). Seminal plasma was in- 
hibitory to both allogeneic and autologous 
leukocytes stimulated with tetanus toxoid 
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Mixed Cultures of Sperm and Leukocytes as a Measure 

of Histocompatibility in Man 

Abstract. Human peripheral blood leukocyte cultures containing varying numbers of 
washedfresh sperm were cultured for 4 days. [3H] Thymidine incorporation was used as a 
measure of lymphocyte transformation. Human sperm cells induce a 4- to 250-fold in- 
crease in [3H]thymidine incorporation in allogeneic leukocyte cultures, but no increase 
was demonstrated in autologous leukocyte cultures. The response was dose-dependent 
with maximum stimulation obtained at 2 x 106 sperm per milliliter of culture. Seminal 
plasma was inhibitory in a dose-dependent fashion and as little as 0.2 microliter per 200 
microliters of culture was inhibitory. The data indicate that tissues other than leukocytes 
can express the portion of the major histocompatibility complex responsible for allospe- 
cific lymphocyte transformation, and thus may have application in transplantation and 

reproductive biology. 
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(0.4 ul per culture) (Wyeth Laboratories) 
(Fig. 2). As little as 0.2 1J of undiluted 
seminal plasma (1 percent of culture by 
volume) was shown to be suppressive. 

Our earliest attempts to stimulate allo- 
geneic leukocytes with frozen sperm were 
unsuccessful. Additional studies showed 
that exposing sperm suspensions to -20?C 
for as little as 20 minutes destroyed their 
stimulatory ability (data not shown). 

The wide range of stimulation ratios of 
allogeneic leukocyte sperm cultures re- 
mains unexplained. However, the gener- 
alized ability of allogeneic leukocytes to 
respond to human sperm, as shown in our 
data, is in contrast to the highly variable 
and often negative responses recorded pre- 
viously (8). These differences are probably 
technical, possibly related to contamina- 
tion of the leukocyte cultures with seminal 
plasma or to differences in sensitivity of 
the method. Since fresh sperm are re- 
quired for maximum lymphocyte trans- 
formation, the age of the sperm cells after 
ejaculation could conceivably be an addi- 
tional factor accounting for the lack of 
stimulation by some sperm. 

We observed low level (less than 1 

percent of the response seen in leukocyte 
culture) incorporation of [3H]thymidine in 
two instances when phytohemagglutinin 
was added to cultures containing only cells 
from ejaculates. This raised the question of 
whether ejaculates are contaminated by 
lymphocytes, which might account for the 
subsequently demonstrated transforma- 
tion of allogeneic leukocytes. However, 
only occasional leukocytes were observed 
in a few of the ejaculates tested in these 
studies. Their numbers were too small to 
count, and they were predominantly poly- 
morphonuclear cells. Since a comparable 
number of peripheral blood mononuclear 
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leukocytes would be inadequate to stimu- 
late allogeneic cells, it seems unlikely that 
the occasional low response with phytohe- 
magglutinin could signify enough lympho- 
cytes for the high degree of observed stim- 
ulation by sperm. 

The fact that cells other than leukocytes 
are capable of stimulating allogeneic lym- 
phocytes is not surprising, since evidence 
indicates that the mixed leukocyte re- 
sponse is driven by a product of the major 
histocompatibility complex (MHC). Fur- 
thermore, sperm have been shown to pos- 

sess HL-A antigens (9). While HL-A anti- 

gens are distinct from the genetic region 
responsible for the mixed leukocyte re- 
sponse (10), both represent expressions of 
the MHC. Studies in mice reveal that an- 
other product of the MHC, the immune- 
response associated (Ia) product, is present 
on some mouse lymphocytes, macro- 
phages, sperm cells, and epidermal cells 
(11) and that the Ia product on mouse lym- 
phocytes may be responsible for stimu- 
lation in MLC's (12). The human cell types 
which have been shown to be capable of 

Table 1. [3H]Thymidine incorporation into leukocyte cultures (counts per minute ? standard error). 
Autologous leukocytes Allogeneic leukocytes Ex- 

pei- nSperm Leukocytes Leukocytes Leukocytes Leukocytes Stimu- 
ment donor aloneand spermatonaloneand spermlation donor lation kocyte alone and sperm 

1 J.C. 732 124 1496 586 2.0 D.P. 5 ratio* donor ratio 

1 J.C. 732 + 124 1496 ? 586 2.0 D.P. 590 i 43 2229 + 834 3.8 
2 D.P. 590 + 43 511 + 100 0.9 J.C. 732 + 124 63380 + 7507 86.6 
3 B.W. 235 ? 12 206 ? 40 0.9 R.T. 243 ? 67 14503 ? 1434 59.7 

B.W. 235 ? 12 206 ? 40 0.9 B.G. 1525 ? 216 16356 ? 1576 10.7 
B.W. 235 + 12 206 ? 40 0.9 B.P. 85 ? 28 21405 ? 875 251.8 
B.W. 235 i 12 206 ? 40 0.9 A.A. 683 + 241 19919 ? 583 29.2 

4 I.B. 2161 ? 388 2204 ? 236 1.1 F.B. 1018 ? 86 3298 ? 1432 3.2 
5 R.J. 595 ? 76 677 ? 145 1.1 F.B. 1018- 86 7142 2233 7.0 
6 B.K. 1095 + 148 951 ? 299 0.9 J.C. 2838 ? 620 26519 ? 893 9.3 
7 W.K. 613 ? 33 776 ? 137 1.3 R.C. 593 ? 87 9084 ? 723 15.3 
8 R.C. 593 ? 87 1605 ? 302 2.7 W.K. 613 ? 33 6085 ? 801 9.9 
9 T.M. 1428 - 118 1943 - 478 1.4 R.M. 651 ? 144 16117 9144 24.8 

T.M. 1428 ? 118 1943 ? 478 1.4 C.J. 616 ? 162 18021 ? 2568 29.2 
10 D.M. 1704 ? 377 1035 ? 95 0.6 R.M. 1954 ? 563 16998 ? 1927 8.7 

D.M. 1704 ? 377 1035 ? 95 0.6 J.A. 993 ? 85 26359 ? 4153 26.5 
D.M. 1704 - 377 1035 ? 95 0.6 T.M. 391 ? 133 4725 ? 1616 12.1 

*This stimulation ratio is the ratios of the counts of allogeneic leukocytes with sperm to the background count of allogeneic leukocytes alone. 
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stimulating allogeneic lymphocytes are 
identical to those which express the Ia 
product in mice-namely macrophages 
(13), lymphocytes (13), epidermal cells (4), 
and sperm cells. 

Evidence suggests that sperm exhibit 
haploid expression of HL-A antigens (9) 
and possibly other products of the MHC. 
Such haploid expression on human sperm 
offers a number of theoretical and poten- 
tially practical applications in diverse 
fields such as transplantation and repro- 
ductive biology. 

WILLIAM R. LEVIS, JOHN J. WHALEN 
National Cancer Institute, 
Bethesda, Maryland 20014 

RICHARD J. SHERINS 

Reproduction Research Branch, National 
Institute of Child Health and Human 
Development, Bethesda, Maryland 20014 

stimulating allogeneic lymphocytes are 
identical to those which express the Ia 
product in mice-namely macrophages 
(13), lymphocytes (13), epidermal cells (4), 
and sperm cells. 

Evidence suggests that sperm exhibit 
haploid expression of HL-A antigens (9) 
and possibly other products of the MHC. 
Such haploid expression on human sperm 
offers a number of theoretical and poten- 
tially practical applications in diverse 
fields such as transplantation and repro- 
ductive biology. 

WILLIAM R. LEVIS, JOHN J. WHALEN 
National Cancer Institute, 
Bethesda, Maryland 20014 

RICHARD J. SHERINS 

Reproduction Research Branch, National 
Institute of Child Health and Human 
Development, Bethesda, Maryland 20014 

concentration of saccharin and glucose. 

It is widely recognized that many verte- 
brates have a "sweet tooth," and the evi- 
dence is clear that sweet-tasting substances 
reinforce behavior by virtue of their direct 
sensory effect (1). No example of this sweet 
preference is so profound as that described 
by Valenstein et al. (2). The normal fluid 
intake of rats was increased by nearly a 
logarithmic unit when the animals were of- 
fered a mixture of glucose and saccharin. 
Each liter of fluid in this standard mixture 
contained 1.25 g of sodium saccharin and 
30 g of glucose (S + G solution). The con- 
sumption of this S + G solution in a 24- 
hour period occasionally exceeded the rat's 
body weight, which would be equivalent to 
an adult human male drinking more than 
80 liters of fluid per day. 

One concludes from the report of Valen- 
stein et al. that the S + G solution is con- 
sumed in large quantities because it tastes 
good. They described the fluid as highly 
palatable, possessing a minimum of post- 
ingestional inhibiting factors. Many inves- 

tigators (3) have subsequently used the 
standard S + G solution for its polydipsic 
effects in various experimental designs, 
but, as far as we know, no study has yet 
been reported that would clearly explain 
the basis of this highly unusual drinking 
behavior. 

In an effort to delineate the basis of the 
synergistic action, Valenstein et al. con- 
ducted several experiments. Using male 
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rats, we have replicated in this laboratory 
all of the experiments described in the 
study of Valenstein et al. (2) with essen- 
tially the same results. In support of their 
contention that the maximum contribution 
is from taste inputs and a minimum contri- 
bution is from postingestional factors, Val- 
enstein et al. demonstrated that rats show 
no time delay in developing a high rate of 
consumption of S + G solution. The rats 
that Valenstein et al. used consumed an av- 
erage of 10.3 ml of the solution in the first 
30 minutes of contact. Our first experiment 
makes this point even more emphatically. 
Using the electronic lick circuits described 
below, we plotted cumulative licking for 10 
minutes with 20 rats on their initial ex- 

posure to saccharin or the standard S + G 
solution. The characteristic neophobia or 
hesitation in drinking saccharin (4) demon- 
strated by rats on their first contact with 
the solution is eliminated when the glucose 
is added. The difference in cumulative lick- 
ing between saccharin and the standard 
S + G solution is clear within the first 1 or 
2 minutes of exposure. Although local lick 
rates did not vary between the two solu- 
tions, the steady licking (that is, the elimi- 
nation of pausing) of the standard S + G 
solution led to increased consumption 
within the 10-minute session. Our con- 
clusion was similar to that of Valenstein et 
al.; that is, the standard S + G solution is 

very palatable to the rat. 
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The results of a second experiment by 
Valenstein et al. (2), however, were more 
difficult to understand. They stated that 
rats drink far more of the standard S + G 
solution than "equivalent solutions of glu- 
cose and of saccharin presented in separate 
bottles." They presented 13 male rats with 
0.125 percent (by weight) saccharin and 3 
percent (by weight) glucose in separate 
bottles and observed no excessive intake; 
that is, the total fluid consumption never 
exceeded 65 ml over 24 hours. There are 
two possible explanations of why the rats 
did not consume saccharin and glucose 
separately as they did the standard S + G 
solution. (i) Rats tend to have discrete 
drinking bouts in which they drink either 
the glucose or the saccharin solution, and 
these were probably separated by minutes, 
perhaps even hours. Therefore, they would 
not normally mix these two solutions. (ii) 
If the rats did mix the 3 percent glucose 
and the 0.125 percent saccharin solutions, 
these concentrations used by Valenstein et 
al. would result in a weak S + G solution, 
in fact, one that would be half as concen- 
trated as the standard S + G solution. 

In our second experiment we attempted 
to determine if a 6 percent glucose solution 
and a 0.25 percent saccharin solution 
presented in separate bottles (a 1: 1 mix- 
ture of these two solutions results in the 
standard S + G solution) would result in 
the polydipsia described by Valenstein et 
al. If the excessive drinking of the standard 
S + G solution were based on taste fac- 
tors, it seems possible that in this two- 
bottle test the taste of the saccharin may 
linger long enough to interact with glucose 
drinking or vice versa, so that the synergy 
would be formed. 

For our experiments 20 male Charles 
River albino rats were housed in individual 
cages and given Purina Chow freely. 
For 11 days the rats were given a choice 
between 0.125 percent saccharin and 3 per- 
cent glucose. The bottles were removed 
from the cages, washed, and refilled with 
fresh solutions each day. After this test and 
4 days of unlimited water, the rats were 
tested for 9 days on 6 percent glucose and 
0.25 percent saccharin solution simulta- 

neously presented in two bottles. Another 
4 days of unlimited water followed, and fi- 

nally the rats were given a choice between 
the standard S + G solution and water. In 
all the tests the positions of the bottles 
were reversed daily to allow for any posi- 
tion preferences. The total fluid consump- 
tion for each day was determined for each 
rat and averaged over the 11-, 9-, and 10- 
day test periods. The median total intake 
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Rapid Oral Mixing of Glucose and Saccharin by Rats 

Abstract. Within 5 minutes after initial contact rats show excessive consumption of a 
mixture of saccharin and glucose solutions. With a glucose solution in one bottle and the 
saccharin solution in another, a combination of which matches the above mixture, the 
rats also show large intakes. The pattern of drinking from the glucose and the saccharin 
bottles indicates that the rat mixes the solutions in rapid order, producing the preferred 
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