colytic substrates and activators would
favor the upper glycolytic pathway, that
is, NAD(P) reduction to NAD(P)H, re-
sulting in an increase in fluorescence
(Fig. 2). Upon reintroducing a high glu-
cose concentration (16.7 mM) in the in-
cubation medium, intracellular concen-
trations of glycolytic intermediates may
be rapidly replenished. Steady-state con-
centrations of NAD(P)H, at least, are
elevated in islets incubated in high glu-
cose concentrations (30, 3/). This may
preclude any further NAD(P) reduction
in response to injection of glycolytic sub-
strates and activators and NAD(P)H re-
oxidation; that is, a decrease in NAD(P)H
fluorescence would be observed (Fig. 3).
We have demonstrated transfer of flu-
orescein, as well as other signals (possi-
bly glycolytic intermediates), between
pancreatic islet cells. Furthermore, these
cell-to-cell transfer processes were pro-
moted by glucose. Since glucose is the
main physiological regulator of insulin
secretion, these results support the hy-
pothesis (24) that intercellular commu-
nication and metabolic cooperation may
play a role in islet cell secretory activity.
However, intercellular communication
was examined only at glucose concentra-
tions (0 and 16.7 mM) that are extreme in
terms of the threshold concentration of
glucose (5 to 6 mM) which stimulates in-
sulin secretion (32). Therefore, dose-re-
sponse characteristics of glucose-in-
duced intercellular communication in is-
lets must be determined before more
definite conclusions can be drawn re-
garding the actual contribution of inter-
cellular communication to insulin secre-
tion. Also, as in other dye-coupled cell
systems (33), it is not known from the
present study whether gap junctions be-
tween islet cells (2-4) are necessarily the
sites of transfer of either fluorescein or
signals that elicit transient changes in
cellular NAD(P)H concentrations. It is,
therefore, of interest that a recent ultra-
structural study (34) has revealed an as-
sociation between islet B cell secretory
activity and the number and size of gap
junctions in the plasma membranes of
these insulin-containing islet cells.
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Immunoassay by Differential Pulse Polarography

Abstract. An immunological method based on labeling an antigen with an elec-
troactive group detectable by differential pulse polarography has been demon-
strated. Estriol labeled with mercuric acetate is electroactive, giving a reduction
wave at =300 millivolts versus a standard calomel electrode. Addition of estriol anti-
body to 4-mercuric acetate estriol diminishes the peak current as a result of the
antigen-antibody binding reaction. Separation of free-labeled estriol from antibody-
bound-labeled antigen is unnecessary. The method is potentially useful as an

analytical immunological technique.

The development of immunological
methods has had a significant impact on
clinical diagnostic tests. A wide variety
of conditions such as pregnancy (/), drug
overdose (2), metabolic birth defects (3),

0.6 0.8 1.0 1.2 1.4 1.6
log (rel [Ab])
Fig. 1. Labeled antigen-antibody binding curve

for 4-mercuric acetate estriol (8.0 ug/ml) with
estriol antibody (relative concentration).

hormonal disorders (¢), and diabetes (5)
can be diagnosed immunologically. The
reason for using an antibody-antigen re-
action as the basis for an analytical tech-
nique is its inherent selectivity. Com-
bining this selectivity with the sensitivity
of detecting a radiolabel gives the very
powerful technique of radioimmunoas-
say (RIA). Although radiolabels detected
by radioactive counting techniques are
used most frequently (6), other labels in-
cluding radicals detected by electron
spin resonance (7), enzymes detected by
subsequent enzymatic reaction (8), and
fluorescing species (9) have been ex-
plored.

We report here an immunological
technique based on the use of an elec-
troactive label that can be detected elec-
trochemically by a voltammetric tech-
nique such as differential pulse polarog-
raphy. The method has been demonstrat-
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ed with estriol labeled with electroactive
mercuric acetate. A small amount of es-
triol antibody (Ab) is added to a solution
containing estriol (E) and a known
amount of labeled estriol (E-Hg). The
competitive binding reaction between
Ab, E, and E-Hg can be expressed gen-
erally as

£ Ab-E
;
+ Ab

N

The amount of E-Hg in equilibrium is de-
termined by reduction of E-Hg at a drop-
ping mercury electrode by differential
pulse polarography. The magnitude of
the polarographic wave for E-Hg reduc-
tion is proportional to the concentration
of E in a manner analogous to RIA.

4-Mercuric acetate estriol (E-Hg) was
synthesized from estriol (Sigma Chem-
ical Co.) by a reported procedure (10). A
differential pulse polarogram of 4-mer-
curic acetate estriol in a water-ethanol
mixture (90:10) with a 0.15M phosphate
buffer (pH 8.0) as the supporting elec-
trolyte gives a distinct reduction peak at
—300 mV versus a standard calomel
electrode (SCE). This labeled estriol is
distinguishable from unlabeled estriol,
which is nonelectroactive over the po-
tential range —200 to —900 mV.

The feasibility of electrochemical im-
munoassay has been demonstrated by
measuring the polarographic current for
E-Hg in the presence of increasing
amounts of specific Ab. Figure 1 shows
the labeled antigen-antibody binding
curve obtained when the peak current
(i,) for the reduction wave of 4-mercuric
acetate estriol at —300 mV versus SCE is
plotted as a function of increasing Ab
concentration. The Ab concentration
was varied by adding successive 100-ul
portions of estriol antiserum (NEA-
059A, New England Nuclear). As shown
in Fig. 1, the peak current decreases as
E-Hg binds to the increasing amount of
Ab present in solution. The curve shape
is analogous to that obtained by RIA
(I1). In a separate experiment, the addi-
tion of unlabeled estriol to a solution of
Ab-E-Hg caused an increase in peak
current due to competitive displacement
of E-Hg by E from the antibody-antigen
complex. Thus, binding of E-Hg with Ab
is reversible. In addition, no change in
peak current was seen when portions of
nonspecific Ab were added sequentially
in the absence of specific Ab.

Separation of free estriol from estriol
bound to the antibody was unnecessary
(12). The reduction wave for Ab-E-Hg
occurred at a more negative potential

E-Hg Ab~E-Hg

than the wave for E-Hg. Consequently,
polarograms could be performed directly
on the mixture. This is advantageous,
since most labels require separation of
free-labeled antigen from bound-labeled
antigen.

The low detection limits of modern
electroanalytical techniques (/3) such
as differential pulse polarography
(~ 1078M) and differential pulse anodic
stripping voltammetry (~ 107'°A) make
electroactive labels potentially useful for
immunoassay. Relatively inexpensive
and reliable instrumentation for such
techniques is commercially available.
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B:- and 3,-Adrenergic Receptors in Rat Cerebral Cortex

Are Independently Regulated

Abstract. Repeated administration of the tricyclic antidepressant desmethylimi-
pramine to adult rats for 10 days caused a 40 percent decrease in the density of B
adrenergic receptors in the cerebral cortex but had no effect on the density of fB,-
adrenergic receptors. Conversely, destruction of noradrenergic neurons by adminis-
tration of 6-hydroxydopamine to neonatal rats caused a 64 percent increase in the
density of Byadrenergic receptors in adult cerebral cortex with no change in the
density of Byadrenergic receptors. These results suggest that the B-adrenergic re-
ceptors in rat cortex involved in neuronal function are primarily of the B, subtype.

The density of B-adrenergic receptors
in rat cerebral cortex is controlled by the
noradrenergic input to these receptors
(1). A reduction in this input by destruc-
tion of adrenergic neurons with 6-hy-
droxydopamine (6-OHDA) or by recep-
tor blockade during treatment with the -
adrenergic antagonist propranolol leads
to an increase in the density of receptors

(I). Conversely, pharmacologically in-
duced increases in the amount of norepi-
nephrine having access to the receptor
by repeated treatment with the inhibitor
of norepinephrine uptake desmethylimi-
pramine (DMI) or the monoamine oxi-
dase inhibitor pargyline decreases the
density of 8-adrenergic receptors in this
brain area (/). These changes in receptor

Table 1. Affinity of IHYP and zinterol for 3,- and S,-adrenergic receptors after repeated drug
treatment. The K, values for IHYP were determined by Scatchard analysis of IHYP binding.
The K, values for zinterol were calculated by a computerized analysis of biphasic Hofstee plots,
as previously described (3). Animals were treated as described in Fig. 1. Each value is the
mean *+ standard error for ten animals (neonatal 6-OHDA) or 15 animals (DMI).

K, for IHYP K for zinterol (uM)
Treatment (X 10190
:Bl .32
Control 0.84 + 0.054 22 +£0.24 0.042 = 0.0066
Desmethylimipramine 0.90 = 0.056 2.06 = 0.24 0.033 = 0.0041
Control 0.72 = 0.034 1.52 = 0.09 0.023 = 0.004
Neonatal 6-hydroxydopamine 0.86 = 0.027 1.71 £ 0.16 0.040 = 0.008
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