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In  summary, the  techniques of sample
preparation and probe analysis in microdroplet
measurements have not altered drastically over the
last 5-6 years. With the development of better
instrumentation and automation the method is
reasonably straightforward. As suggested above,
the difficulties are in sample preparation; the
results are only as good as the sample deposits.
It is our advice to neophytes interested in this
method to obtain instruction from established
laboratories.

Contributions of Microdroplet Analysis to Biology

Microdroplet analysis lends itself
particularly to the determination of electrolyte
composition of tubule fluid samples collected by
means of micropuncture techniques. Tubule fluid
is an ultrafiltrate of plasma and as such is
practically devoid of proteins. Accordingly,
pipetting accurate volumes is facilitated and
elements of interest are present in reasonable
concentrations, Na, C1, K, Ca, Mg and phosphate,
may be quantitatively determined. Micropuncture
is the technique of inserting small pipettes into
biological tissue in order to gather chemical and
physical information (Quamme and Dirks, 1986). As
the name implies, these are performed at micro-
level, usually requiring stereotaxic micro-
manipulators and stereoscopic microscopes. The
major contribution of micropuncture has been in
our current understanding of the functions of
the accessible renal nephrons or tubules. The
flow rate in nephrons is relatively rapid, 30 to
50 nl1/min, but the total volume at any given time
is minute. For example, the proximal tubule, with
a radius of 13 ™m and a Tlength of 10 mm, contains
5 nl of tubule fluid. Smaller volumes are
contained in the superficial distal segments,
about 0.2 to 0.3 nl. Thus, collection rates may
be Tong and the fluid volumes collected tiny.
This has given impetus to efforts in developing
ultra-microanalytical approaches to chemically
define the composition of the tubule fluid and
thereby describe segmental functions of the
nephron. X-ray microanalysis is ideally suited
for this job.

A number of important observations have been
made over the last half decade concerning tubular
handling of electrolytes which were dependent on
the use of microdroplet analysis. De Rouffignac
and colleagues, in a series of elegant studies,
demonstrated the importance of cAMP-mediated
hormones in electrolyte reabsorption in the Tloop
of Henle (de Rouffignac et al., 1983; de
Rouffignac and Elalouf, 1983 and 1988; Elalouf et
al., 1983, 1984a and 1984b; Bailly et al., 1984).
Hormones such as antidiuretic hormone, calcitonin,
glucagon and parathyroid hormone act through
adenyl cyclase to enhance NaCl transport in the
thick ascending limb segments of the Toop. Atrial
natriuretic peptide, on the other hand, diminishes
sodium transport within the tubule segments distal
to the loop of Henle (Sonnenberg et al., 1982);
the action of which appears to be independent of
hemodynamic alterations (Roy, 1986; Peterson et
al., 1987). Sawyer and Beyenbach  (1985)
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demonstrated that the mechanisms for NaCl
secretion in the proximal tubule of shark renal
tubules was similar to the absorptive NaCl
transport located in mammalian thick ascending
Timb (Sawyer and Beyenbach, 1985).

Microdroplet analysis has been wused to
investigate chloride transport in proximal and
distal tubules of the dog (Wong and Quamme, 1981).
As with other mammals, bicarbonate is preferen-
tially transported in the proximal tubule,
resulting in an elevation of T1luminal chloride
concentration (Wong and Quamme, 1981; Wong, et
al., 1986a and 1986b). Cellular adaptation during
experimental chronic renal failure leads to
enhanced sodium bicarbonate reabsorption and
diminished sodium chloride transport (Wong et al.,
1982 and 1984).

The mechanism of potassium handling in the
proximal tubule remains controversial (Jamison et
al., 1982). Free-flow micropuncture studies in
rats and dogs have shown that the TF/PK+ ratio
remains near unity or slightly below 1.0 along the
accessible convoluted tubule (Roy et al., 1982a).
However, Le Grimellec and colleagues have reported
that the ultrafiltration of potassium across the
glomerular membrane may be in the order of 80-90%,
accordingly, the tubule fluid-to-ultrafilterable
potassium (TF/UFy) value may be greater than
unity (Le Grimellec, 1975). No clear association
of  TF/UFK+  with TF/P inulin has been
demonstrated in the rat or dog (Le Grimellec et
al., 1975; Wong et al., 1979). However, in a
number of animal species, including the chinchilla
(Weisser et al., 1970), the desert rodent,
Psammomys (de Rouffignac et al., 1973), and
Perognathus penicillatus (Braun et al., 1981), and
the rabbit (Wong, et al., 1986b) the TF/UFy
value is clearly above unity. This is particul-
arly evident in the Perognathus and the rabbit
where the TF/UFy rises along the proximal tubule
to reach 1.4 at the end of the accessible portion.
From this data, Jamison and colleagues have taken
the view that potassium absorption is passive and
driven by a diffusional flux down a concentration
gradient that develops as a consequence of water
absorption (Jamison et al., 1982).

Recent experiments have demonstrated that
potassium is recycled in the renal medulla
(Arrascue et al., 1981; Dobyan et al., 1979; Roy
et al., 1982a, Roy 1985). Jamison and colleagues
have proposed that potassium is reabsorbed from
the medullary collecting duct, trapped by counter-
current exchange in the medullary interstitium,
and secreted into the juxtamedullary pars recta
and thin descending 1imb. Work et al. (1982) and
Wasserstein and Agus (1983) have shown that
potassium is secreted into the pars recta; and
Stokes (1982b) has identified the collecting duct
segment in the outer medulla as a potential site
for potassium reabsorption. Potassium transport
in the ascending thin and thick segments in the
medulla is likely to occur in a net reabsorptive
direction (Jamison et al., 1982).

The functional consequences of medullary
potassium recycling are unclear. Stokes (1981 and
1982a) recently demonstrated that elevating the
potassium concentration in bath and luminal fluid
caused a reversible reduction in voltage of the
medullary thick ascending 1imb perfused in vitro.




