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M EFFECT OF OUABAIN ON BLOOD NaCl IN THE OSMOREGULATING CLAM

RANGIA CUNEATA (1)

C. P. MANGUM, R. P. HEN
» R. P. RY AND D. M. SIMPSON
Department of Biolo
e gy, College of Willi
Williamsburg, Virginia 2318%e fiian and fHary

RBST L
RACT Exposure of R. cuneata to exogenous ouabain is not:lethal &’
line media, 02 uptake jsis

for several da B

" SEVE ys. In both hypo- and hypersa

un X

bolﬂhéz}gﬁd for periods up to 17 hr. Blood NaCl changes significantly, C

OSmola]itye ﬁgaegzter 0, ugtake finally ceases. Changes in blood o
. ’ r, are ) e ;

aerobic respiration. closely related to blood CaHCO3 gndﬁﬂgrma1mf.;‘ﬁi

nce their discovery several decades ago, the Nat + KT-ATPases have
f cations into and out of fhe

w

bee .
n strongly implicated in the transport o
blood of . .
euryhaline animals. These enzymes are Jocated in the plasma membrane
of the
cell rather than the mitochondria, their activity in salt absorbing
organs i . W g
is often very high and this activity ;s enhanced when NaCl balance
shifts .
from conformity to a gradient between blood and ambient water (Towle
et a]" '76; Cont ! + + 2
’ e, '77). The osmoregulatory role of the Na~ +K -ATPases

The hypothesis that they maint

has b o
een recently questioned, however. ain‘a’
hyposali . T
line biood is difficult to reconcile with their 1ocationfon‘the;in\_Qg o
Of the i : T i =
epithelial barrier separating blood from ambient water, where they

'76). Moreover, the deviations

shoul .
d pump Nat in, not out (Karnaky et al.,

of mea i
sured from predicted electrical potentials across transporting €

pumping (e.g.,qugé,*
Zis and Bofnancin.

pithelfa

gest that NaCl is regulated entirely by c1 T;/7). :

which
may be effected by an anion requiring ATPase (De Ren

the activity of the Nat + Kt-ATPases

|77 .
). Thus the guestion arises: does
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ATpases, s not letha]

\-1‘7r‘1k1\°ﬂj'ence the balance between blood and anbjent NaC1? This question has
‘ b"‘één?;énswered, in part because the activity of these enzymes is critical t

he }unction of the central nervous system, and thus indirectly, to the 0y

sﬁpp]y at the immediate site of NaC1 absorption, at least in many aquatic

i, S . s . . . . m
animals. While Injections of oguabain into animals such as crabs and eels my

inf]dence NH4Jr or Na*t movements, they have conspicuous systemic effects re

sulting in death within several hours (

9!
Silva et al., '77; Mangum et al., 'W.

. et e er. gt
¥ Exposure tg exogenous ouabain, a specific inhibitor of the Na

. . . . ids
to simpler aquatic animals, and in several annel

: toxere
and molluscs with either hyper- or isosaline bloods, it depresses NH, ex
cofi-1 - I
- tion(Mangum et a7., '78). Quabain exposure of the clam Rangia cuneata i

) ; r
excretion when the blood i hyposaline to the medium (Henry

-and Mangum, '79). The eXplanation of these finds which is most consiste

cks &
With current knowledge is that Ouabain permeates into the blood and blo

. if the
catalyzed exchange of NHy® for Na*. 1¢ this inference is true and if t
Process results in

51
4 Net change in NaCl balance as well, then exogenously

- n th
added ouabaip should directly influence the steady state level of NaCl
. . Tetels
blood. Since ¢irculation ang ventilation in lamellibranchs is not comp
. be
dependent on te central nervous system, the influence of ouabain can

udied in 1 an be
twad M intact animals ang, initially, the effects on salt balance ¢ !
_Yg‘ifgingguished from respiratory Consequences {

>;yfouabain:and ae

rated, (2)
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and pH and PC02 With a Radiometer BMS1 Blood Gas Apparatus.

';a.,NaC] (P< 001) but does not change K* (table 1). However, Ca*2 increased t

'ivery h?gh ]eve]s and osmolality increased. Even though no mortality

'j:;from ]7 5 (

et a] ';8) Appreciable interference with the C1 electrode, presumably
from su]fur compounds, was encountered in preliminary attempts to analyze
samples from hypoxic animals. Therefore Ag titration (Buchler-Cotlove) was
used 1nstead Osmolality was determined with a Wescor 5130A osmometer, an
NH4 by the phenol hypochlorite method (Solorzano, '69). In separate animls,

heartrate was measured with an impedance pneumograph (deFur and Mangum, '79),

RESULTS AND DISCUSSION The initial experiments showed that 48-60 fr

éxposure tO ouabain or hypoxia in 1ow salinity water virtually halves blood

occurred the ouabain exposed animals failed to retract their siphons when
mechanically stimulated, and the siphons had become quite flaccid. In both

cases the low blood NaC) could be attributed to 02 deprivation at the imedié:

;
site of salt absorption, Subsequently, 0, uptake was measured during the I

few hours of ouabain exposure, immediately prior to blood sampling. After

s o agiaantl
24 hr in ovabain at Tow salinity (table 1), blood NaCl was still significah

Tow (P <.001). 02 uptake was also lTow, however, and Ca‘?2 highly variable.

After only 12-16 hr in ouabain, there was no evidence of an appreciable
depression of \IO2 (P = .80, fig

- i1ation
- 1) and no apparent change in ventilati
ificantly low (table 1, P<.01). !
565
In ammaTs assuming the normal ventitation posture, heartrate decre

] 35.E.) to 79 bts/min within 1 hr of exposure to ouabain,

”f‘;iﬁxeuas LEGEND |

-
uptake by R. cuneata in a A, Control
closed container. 23 C. oct?
0500 B, same animal, after 13 hr exposure to ouabain. High Ve

ven’t]ﬂatmn resumed at apoyt 120 mm Hg. €, different anima
" 1n 20 o/00 water Plus ouabain.
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- rema1ns constant for the next 21 hr and then drops to 3-6 bts/min a

i i iraton
X hr (N 4). Cardiac arrest never occurred during this period. The respiraim

of the
: the organs With the highest Na* + K*-ATPase activity comprise little

ignificant.
. 1sﬁno£“surprising that the decrease in a whole animal is not s g

; I
ouabain res
to]erance (Henry and Mangum, '79). At 19-20 o/oo, exposure to

ence in N’
’;jr1n a c]ear increase in blood C1, and the blood medium differ

e
the same &
e mlttent ‘disturbance during the next 24 hr, animals taken from

7 to. the med1um (table 1).

or
d from hyp
blood in’ Sufficient quantity for C0, measurements, mantle flui

 an1ma1s had increases ip Cat2

he 53.'5 $
uming t
$d1sso1ut1on of the shell ag body fluid pH falls (table 1). Ass

';'ratlo whenever blood Ca*2

)

, '78), and
ro]e of the blood in lame1libranchs is small (Booth and Mangum )

' n though 0y
tota1 mass of respiring tissue (Saintsing and Towle, 79). Eve

. um, '79), it
uptake in these organs is sensitive to ouabain (Henry and Mang

eficit incres
Above 12 0/00 the blood is invariably hyposaline and the d

I
vl 3 N |

k) salinity §
GO, WIICn approaches the upper limit of prolonged (> 2 wk)

ake (f19 1.
becomes 1ns1gn1f1cant prior to a pronounced change in 02 upt

\
blost
creases in g
23-24 o/oo both hypoxia and ouabain result in even larger in
NaC1.

Tl
i NaCl, osmols™s
Regardless of the relationship between blood and ambient

¢
d gas exchan
is surprisingly labile and strongly dependent on uninterrupted g

for ¢
. disturbed
At 19-20 0/00, blood taken from animals kept in the dark, un

iné
After only
several days, was both hyposaline and hypoosmotic (table 1).

105"
tually hyperi
but w1th valves closed had Jess hyposaline blood which was ac

-

ic Samp]eS"
While we were unable to obtain anaerobi

3

1:2, sugtE"
and HCO3 ™ in a ratio approaching

ne
t not 2
rose, elevated CaHCO3 explains some bu

the abserveq increases in osmolality (table 1).

ater may ¥
Even though the 0smotic balance between blood and ambient W
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influenced by other salts and, in all likelihood, by metabolites, it is clear

that NaCl balance requires an unimpaired rate of 0 uptake and uninhibited

Na* + K*-ATPases, whose mode of action may prove to be extremely complicated

(Silva et al., '77). Although the present data do not exclude all conceivable
indirect effects of these inhibitions, their simplest and most probable ex-
planation is that blood NaCl is regulated by the enzymes.
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