
with the results of recent electron spin 
resonance spin-labeled studies of excit- 
able membranes of nerve and muscle 
(8). Additional experiments, however, 
are needed in order to determine wheth- 
er the phospholipid spectrum observed 
here is due to excitable membranes in 
the nerve or to myelin membranes of 
the Schwann cells. 
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Discovery of the hypothalamic re- 
leasing and inhibiting factors has 
broadened understanding of the con- 
trol mechanisms of hormone release. 
Isolation and synthesis of thyrotropin- 
releasing hormone (TRH) (1) has 
permitted a closer scrutiny of this par- 
ticular releasing factor in man. Studies 
from many laboratories have shown 
that intravenous administration of 
TRH causes prompt release of thyro- 
tropin (TSH) from the pituitary gland 
(2, 3). This effect is probably medi- 
ated both by increased release of pre- 
formed TSH from the pituitary and by 
increased de novo synthesis (4). Since 
intramuscular administration of TSH 
in man leads to a rise in circulating 
thyroxine (T4) concentrations after 
several hours, it would be anticipated 
that intravenous administration of 
TRH followed by a rise in endogenous 
TSH would also be followed by a rise 
in circulating thyroid hormone. Sur- 
prisingly, the effects of TRH on cir- 
culating thyroid hormone have not yet 
been clearly established. Some work- 
ers have found an increase in serum 
T4 (5), but others have been unable 
to confirm the results (6). Failure to 
demonstrate a clear-cut rise in circu- 
lating thyroid hormone or any other 
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definite effect of the TRH-induced 
elevations of TSH on thyroid gland 
function in man constitutes the most 
puzzling remaining question with re- 
gard to TRH action. 

To clarify this important problem 
we administered TRH intravenously 
to normal male subjects and closely 
examined the changes in thyroid hor- 
mone during the first hour. 

Eight males, aged 28 to 50 years, 
with no endocrinological problems, 
were studied. All subjects were clini- 
cally euthyroid, none had palpable 
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Fig. 1. Plasma TSH and T1 responses to 
TRH. Plot of the plasma TSH and T3 
concentrations after an intravenous injec- 
tion of 100 utg of TRH. Each point repre- 
sents the mean value for the eight patients, 
and the height of the vertical line indicates 
the standard error about the mean. 

0 10 20 30 40 50 60 

MINUTES 

Fig. 1. Plasma TSH and T1 responses to 
TRH. Plot of the plasma TSH and T3 
concentrations after an intravenous injec- 
tion of 100 utg of TRH. Each point repre- 
sents the mean value for the eight patients, 
and the height of the vertical line indicates 
the standard error about the mean. 

enlargement of their thyroid glands, 
and all had normal concentrations of 
thyroxine and free thyroxine. After 
an overnight fast, an intravenous can- 
nula was inserted in the antecubital 
fossa, and the subjects were allowed 
to rest quietly in bed for half an hour. 
Two baseline blood samples were col- 
lected at 15-minute intervals; then TRH 
(100 jug) was adminstered intra- 
venously as a bolus. Blood samples 
were collected in heparinized syringes 
at 10, 20, 40, and 60 minutes, centri- 
fuged immediately, and stored at -4?C 
until assayed. 

Triiodothyronine (Ta) in plasma 
was measured by radioimmunoassay (7) 
as was plasma TSH (8). Plasma T4 
was assayed by competitive protein 
binding analysis (9) by the Boston 
Medical Laboratories. The percentages 
of free T4 were determined by equi- 
librium dialysis in a dilute system (10) 
modified by adding T3 labeled with 
125I as well as T4 labeled with 131I, 

prior to dialysis in order to simultane- 
ously measure percentage of free T3. 

All eight subjects showed a rise in 
plasma TSH and T3 (Fig. 1). Plasma 
TSH rose from 1.3 ? 0.8 UIU/ml 
(mean ?+ standard error) to a maxi- 
mum of 9.2+ 1.4 4/U/ml at 20 min- 
utes and then fell toward control 
values during the remainder of the 
observation period. Plasma T3 rose 
from a baseline of 118 ?4 ng/100 ml 
to a plateau of 159 ? 10 ng/100 ml at 
40 minutes. The change was highly 
significant (P<.001). Plasma T4, not 
shown in Fig. 1, also appeared to rise 
at 60 minutes (from a mean of 4.9 ? 
0.5 ttg/100 ml to 5.7 -- 0.5 /tg/100 
ml). Although this increase was sta- 
tistically significant (P < .01) by the 
paired t-test, it was not as great or as 
rapid as that of TSH or T3. Indeed, 
individual changes were small: 6.5, 
6.5, 3.5, 3.0, 4.0, 4.3, 6.8, and 4.5 
/sg/100 ml before TRH administration 
and 6.8, 8.3, 5.3, 4.3, 4.3, 5.0, 7.0, 
and 5.0 Ag/ 100 ml afterward. No 
changes were found in percentage free 
T2 and percentage free T4. 

Our results confirm previous re- 
ports of a prompt increase in TSH 
concentration in response to intra- 
venous administration of TRH and 
extend these observations to include 
a rise in circulating T3. The eleva- 
tion in T3 was seen in all subjects 
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prove to be of value in simultaneously assessing the ability of the pituitary and 
thyroid glands to respond to their trophic hormones. 
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riod. In three of the subjects, in whom 
the period of observation was extended 
30 minutes, plasma TSH continued to 
fall to 3.1 /lU/ml (3.2, 2.3, and 3.8 
juU/ml) while plasma T3 remained 
constant at 163 ng/100 ml (148, 200, 
and 140 ng/100 ml). The temporal 
relationship between elevations in 

plasma TSH and plasma T3, and the 
known effects of TSH on thyroid 
function suggest that the T3 rise is in 

response to the elevated TSH concen- 
trations, although a direct effect of 
TRH on the thyroid gland cannot be 

entirely excluded. In contrast to the 
clear-cut elevation in plasma T3, the 
increase in plasma T4, though statis- 

tically significant, was quite small. 
This may explain the conflicting re- 

ports of effect, or lack of effect, of 
TRH on serum T4 (3, 5, 6). 

The dose of TRH employed in 
this study probably exceeds the con- 
centrations achieved endogenously in 
the pituitary portal system. Therefore, 
studies are needed to establish 'whether 
the observed T3 response reflects a 

rapid physiological adjustment of the 
TRH-TSH axis to the body's chang- 
ing needs or whether it represents a 

pharmacological response. 
However, many of the endocrino- 

logical tests in common use, such as 
the TSH and ACTH stimulation tests, 
have proved to be of considerable 
clinical value despite the pharmaco- 
logical doses of hormone administered. 
In addition, the radioimmunoassay for 
T3 in unextracted serum is sufficiently 
simple, sensitive, and accurate to per- 
mit its use for routine clinical testing, 
and the TSH radioimmunoassay is 
now available in many medical cen- 
ters. Moreover, despite the observed 
rise in T3 and TSH, the intravenous 
administration of TRH has been asso- 
ciated with only minor and tolerable 
side effects such as mild nausea and 

flushing (11). Therefore, whatever 
the physiologic import of these ob- 
servations, short-term serial measure- 
ments of TSH and T3 after adminis- 
tration of TRH may prove of clinical 
value in simultaneously assessing the 

ability of the pituitary and thyroid 
glands to respond to their trophic 
hormones. 
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the gradient in the external medium to 

augment flow within animal or burrow. 
For littoral organisms attached to solid 
substrata or for animals in burrows with 

multiple openings the existence of a 

gradient may be more certain than the 
direction of flow. It is therefore note- 

worthy that mechanisms exist which 

permit unidirectional internal flow, irre- 

spective of the direction of the external 
stream. 

One mechanism makes use of 
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Fig. 1. Two arrangements which produce unidirectional flow in tubes. The lengths of 
the solid arrows are proportional to the local velocity; dashed arrows give the direction 
of flow in the tubes. At left, fluid moves from A to B when the free-stream velocity 
near B is greater than that near A. At right, fluid moves from A to B in either tube 
when opening A is sufficiently close to the wall so that the velocity near A is sub- 
stantially less than that near B. In our model systems of this type, tubes were 2 to 3 
cm long, 3 mm in internal diameter, and 4.75 mm in external diameter, in a long 
water-filled channel about 10 cm wide with mid-channel velocities of about 10 cm/sec. 
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Interfacial Organisms: Passive Ventilation in the 

Velocity Gradients near Surfaces 

Abstract. A variety of animals, including certain sponges, tube-dwelling worms, 
tropical termites, and prairie dogs, either are themselves arranged or construct 
domiciles arranged to perm1it flow of fluid i,nside the system driven by a velocity 
gradient in an external stream of fluid. 
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