
estimated to be 4 to 8 weeks (2). 
Pneumocystis carinii has been trans- 
mitted from cortisone-treated rats to cor- 
tisone-treated germfree rats by close 
contact and airborne routes (10, 13). 
Heavier degrees of infection were found 
after prolonged periods (3 or more 
weeks) of exposure. 

The nude mouse offers the potential 
for performing definitive epidemiologic 
studies with P. carinii. The light infec- 
tion produced in many nude mice closely 
resembles the carrier state that exists in 
different animals in nature. With this 
model, it should be possible to determine 
the incubation period of P. carinii, to es- 
tablish dose-response curves, and study 
the development of the infection. The 
nude mouse should provide an in vivo 
counterpart to the in vitro culture system 
of P. carinii (14). The potential problems 
with the animal model system are illus- 
trated by the spread of P. carinii 
throughout the closed nude mouse colo- 
ny (Table 2), which has interfered with 
interpretation of lung injection and serial 
passage studies performed thus far. We 
now perform all studies in germfree 
isolators to avoid problems of cross con- 
tamination. 

The role of specific host immune fac- 
tors in the development of P. carinii in- 
fection is poorly understood. Clinical 
studies of patients with primary immune 
deficiency diseases, lymphoreticular 
neoplasms receiving immunosuppressive 
agents, and the role of malnutrition sug- 
gest that defects in both B and T cells 
contribute (15). Yet, the occurrence of 
pneumocystis pneumonia after cortico- 
steroids have been tapered and after 
bone marrow transplantation suggest 
that some degree of host immune reac- 
tion is important for overt disease to de- 
velop. Using thymic transplantation and 
other immunologic manipulations, this 
animal model offers a method for clari- 
fying the complex factors in the host- 
parasite relationship of P. carinii infec- 
tion. 
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beled MIF-I in rats (9), prompted us to 
investigate the possible effects of syn- 
thetic MIF-I, and of a purified MIF from 
bovine hypothalami, on the AVT content 
of the pineal and cerebrospinal fluid 
(CSF) of cats. 

Bovine MIF, obtained from stalk me- 
dian eminence tissues, was purified by 
gel filtration on Sephadex columns as 
recommended by Schally and Kastin 
(10). The intravenous administration of 
0.5 ,ug of this purified material produces 
an increase of the pituitary MSH levels 
in mice equivalent to that of 0.2 ,/g of 
Pro-Leu-Gly-NH2 (Hoechst). The assay 
methods used have been described (1) 
and included rat antidiuretic, rat uterine, 
and frog bladder (Rana temporaria) as- 
says. Synthetic AVT having a potency of 
110 + 18 rat antidiuretic and 18,000 + 
2000 hydroosmotic units per milligram 
was used as standard in the biological as- 
says. Highly purified crystalline trypsin 
(twice crystallized, chymotrypsin-free, 
Serva) was used for the tryptic digestion 
of crude pineal extracts and CSF sam- 
ples. The pineals were extracted in 0.25 
percent acetic acid as described (11). 
Seventeen cats (3 to 4 kg) anesthetized 
with urethane were injected in the left 
carotid either with 1.5 ,/g of MIF-I 
(Hoechst) or with 3.5 gtg (the equivalent 
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Pineal Vasotocin: Release into Cat Cerebrospinal Fluid by 
Melanocyte-Stimulating Hormone Release-Inhibiting Factor 

Abstract. The intracarotid injection of both synthetic melanocyte-stimulating hor- 
mone release-inhibiting factor (MIF) and purified MIF prepared from bovine hy- 
pothalami induces arginine vasotocin release into cerebrospinal fluid of cats and 
significantly decreases the pineal arginine vasotocin content at 5 minutes after the 
injection. The present results demonstrate an extrapituitary endocrine effect of syn- 
thetic and purified bovine MIF. 
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Table 1. Hydroosmotic and antidiuretic activities of cat cerebrospinal fluid after the intracarotid 
injection of 1.5 /ug of MIF-I or of 3.5 /ug of purified bovine MIF. The values are expressed as 
microunits of synthetic AVT per milliliter (? standard error). 

Time Activity 
Time 
after Hydroosmotic Antidiuretic 

injection) MIF-IPurified bovine Purified bovine (minutes) MIF-I MIF MIF-I MIF 

-5 < 50 < 50 < 5 < 5 
5 4350 + 713 5216 + 918 27 + 3 32 + 5 

15 4050 + 825 4695 + 642 25 + 3 30 ? 4 
30 1280 + 250 1699 + 150 9 ?2 11 ? 2 
60 < 50 < 50 < 5 < 5 

Table 2. Hydroosmotic and antidiuretic activities of cat pineal glands after the intracarotid 
injection of 1.5 /zg of MIF-I or of 3.5 /zg of purified bovine MIF. The values are expressed as 
microunits of synthetic AVT per gland (? standard error). 

Activity Time 
after Hydroosmotic Antidiuretic 

injection injection 
Purified bovine (minutes) MIF-I MIF-IPurified bovine 

MIF MIF 

Control 8415 ? 1077 55 + 5 
5 4550 + 810 4285+ 734 30 ? 5 28 ? 3 

30 5230 + 912 5415 + 699 95 + 15 100 + 17 
60 6697 + 823 6372 + 931 181 + 23 177 + 21 

of one-half hypothalamus) of purified bo- 
vine MIF diluted in a volume of 0.5 ml of 
0.9 percent NaCl and 0.01M acetic acid. 
Controls received the diluent alone. Ad- 
ditional controls were injected with 1 ,xg 
of synthetic oxytocin (Syntocinon, Sand- 
oz) or with 1 ,ug of 8-leucine vasopressin 
("oxypressin"). The CSF samples ob- 
tained by cisternal puncture, as well as 
the crude pineal extracts, were assayed 
immediately after the experiment. 

The hydroosmotic and antidiuretic ac- 
tivities of cat CSF and pineals after the 
intracarotid injection of MIF-I and puri- 
fied bovine MIF are shown in Tables 1 
and 2, respectively. No rat uterine activi- 
ties could be detected in the CSF sam- 
ples (that is, less than 25 u/unit/ml). In 
cats injected with oxytocin, oxypressin, 
or with the diluent alone, no hydro- 
osmotic activities could be detected in 
the CSF samples at 15 minutes after the 
injection (< 50 ,uunit/ml). Both hydro- 
osmotic and antidiuretic activities of cat 
CSF and pineals were completely de- 
stroyed after 3 hours of incubation with 
25 ,/g of trypsin per milliliter atpH 8 and 
38?C (that is, they were reduced in hy- 
droosmotic activity to < 50 ,tunit/ml and 
in antidiuretic activity to < 5 ,Lunit/ml). 
The ratio of hydroosmotic to antidiuretic 
activity of CSF samples, as well as that 
of control pineals and of pineals assayed 
at 5 minutes after the injection of MIF-I 
or purified bovine MIF, did not differ sig- 
nificantly from the value of 159 that we 
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found for synthetic AVT by the same as- 
says. This ratio is extremely specific for 
AVT (12). Therefore, the biological ac- 
tivities of cat CSF and pineals, in terms 
of the ratios of their hydroosmotic to an- 
tidiuretic activities as well as their sus- 
ceptibility to tryptic digestion, demon- 
strate that both MIF-I and purified bo- 
vine MIF induce the release into the CSF 
of a basic peptide indistinguishable from 
synthetic AVT (12). 

The specific biological activities of 
AVT appeared in the CSF 5 minutes af- 
ter the injection and disappeared within 
30 minutes (Table 1). However, at 60 
minutes after the injection of both MIF-I 
and purified bovine MIF, while the hy- 
droosmotic activity of pineals was not 
restored, the antidiuretic activity ex- 
ceeded the control values by more than 
three times (Table 2). This increase of 
the pineal antidiuretic activity became 
apparent at 30 minutes and declined after 
60 minutes. The ratios of hydroosmotic 
to antidiuretic activities of 37 and 36 that 
were found in the pineals 60 minutes af- 
ter the injection of MIF-I and purified 
bovine MIF, respectively, differed sig- 
nificantly from the same ratio of 159 
found for synthetic AVT, demonstrating 
the presence of an additional antidiuretic 
activity unrelated to AVT. Indeed, we 
recently demonstrated (13) that during 
the night the rat pineal releases AVT and 
stores arginine vasopressin (AVP). In 
hypophysectomized rats, while the noc- 

turnal release of AVT from the pineal 
was not affected, the storage of AVP by 
the pineal was completely abolished in- 
dicating its neurohypophyseal origin (13). 
In hypophysectomized rats (24 hours af- 
ter the operation), MIF-I failed to in- 
crease the antidiuretic activity of the 
pineal 60 minutes after the intravenous 
injection, although it significantly de- 
creased the hydroosmotic activity (14). 
The high uptake of radioactivity by the 
neurohypophysis after the intravenous 
injection of [3H]MIF-I (9) also supports 
the above results, suggesting that both 
MIF-I and purified bovine MIF stimulate 
the release of AVT from the pineal and 
that of AVP from the neurohypophysis. 
The parallelism between the effects of 
MIF-I and purified bovine MIF suggests 
that Pro-Leu-Gly-NH2 is a true MIF or 
that the true MIF has a similar structure. 
On the other hand, the fact that both 
MIF-I and purified bovine MIF are able 
to mimic the effects of a naturally occur- 
ring biological rhythm (13) suggests the 
possible physiological involvement of 
MIF in the nocturnal release of AVT and 
AVP. 

Whatever might be the significance of 
the present results, it is evident that MIF 
has an extrapituitary endocrine effect 
and that feedback may occur between 
the hypothalamic hormone and pineal 
AVT. 

S. PAVEL 
R. GOLDSTEIN 

CARMEN GHEORGHIU, MARIA CALB 
Institute of Endocrinology, 
Bucharest, Rumania 
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