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X-RAY ANALYSIS OF BIOLOGICAL FLUIDS: AN UPDATE 

leads to specific loss of divalent cations. 
Figure 4 illustrates this effect in biological 
samples obtained by micropuncture from the dog 
kidney. The present studies confirm our past 
experiences in handling samples of tubule fluid so 
as to retain the calcium composition (Muhlert et 
al., 1982; Quamme and Dirks, 1986). This is done 
by acidifying the aqueous samples to pH values 
below 7.0. This may be conveniently accomplished 
by equilibrating the paraffin oil 1~ith 100% CO2 
prior to contact with the alkaline aqueous 
samples, provided the buffer capacity of the 
samples is rather low, as it normally is for 
tubule fluid . Presumably the oil and samples are 
equally equilibrated, thereby reducing the pH of 
the moderately buffered samples. Calcium is lost 
almost instantaneously from aqueous samples and to 
an extent dependent on the hydrogen ion concen­
tration of the sample; certainly it is significant 
at pH values above 7 .0. Magnesium and phosphate 
are also lost from microsamples following p·lace­
ment under paraffin oil, but only 1~ith pH values 
greater than 7 .6. This phenomenon al so occurs 
with radioactive isotopes of these elements, which 
are often used to reflect absolute concentration. 

The mechanism of calcium loss is unknown. A 
number of observations suggest that it is the 
paraffin oil interface that combines with calcium 
and results in the apparent disappearance from the 
small sample (Muhlert et al., 1982). First, in 
our experiments, all glass surfaces were carefully 
siliconized, a procedure that minimizes any loss 
onto the glass surface. In addition, we have in 
the past used disposable plastic surfaces, with 
results that were similar to those with the 
siliconized glass. Second, the disappearance of 
calcium is dependent on the sample-to-oil surface 
contact rather than the sample-to-glass contact. 
Moreover, the calcium was completely recovered 
from alkaline solutions by simple acidification of 
the samples. This suggests to us a pH-sensitive 
anionic paraffin oil-aqueous interface that is 
able to complex calcium and perhaps, to a lesser 
extent, magnesium. 

Silicone oils have been used as substitutes 
for paraffin oil but, unfortunately, they may take 
up water to as much as 20% of their volume 
(Muhlert et al., 1982). Prior hydration may 
prevent the initial dehydration of the samples, 
but evaporation from the surface of the silicone 
oil is quickly translated into water abstraction 
from the samples. We have observed significant 
water loss from microsamples after 5- 10 min of 
exposure to "hydrated" silicone oil. In addition, 
it woul d appear that the amount of calcium lost in 
these samples is similar to the amount that was 
observed in paraffin oils. 

A f urther problem in microdroplet analysis, 
this one related to probing, is the loss of 
chloride and other halides during the duration of 
counting (Leroy and Roinel, 1982). Exposure of 
the target to harsh counting conditions leads to 
loss of chloride from the deposit, usually greater 
from the standard deposits than from biological 
fluids. Figure 5 illustrates that samples can be 
successfully analyzed for chloride provided the 
beam current is decreased to 50-100 nA and the 
counting time decreased to 5 sec. Even with these 
changes, caution has to be used in determining 
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Figure 5. Relationship of tubule fluid chloride 
and tubule fluid bicarbonate concentration along 
superficial proximal tubule of the dog. 
(TF/UF)c1 is ratio of tubule fluid to 
ultrafilterable chloride, and (TF/P)co2 
concentration. The dog, like other mammals, 
acidifies the proximal tubule fluid, resulting in 
bicarbonate absorption and elevation of chloride 
concentration along the length of the proximal 
tubule. Chloride concentrati ans were determined 
by microdroplet analysis with a HDS electron 
mi croprobe. From Hong and Quamme, ( 1981). 

chloride in biological fluids. (Rick et al., 
1987). 
it ,~ould appear that the amount of calcium lost in 
these samples is similar to the amount that was 
observed in paraffin oils. 

A further problem in microdroplet analysis, 
this one related to probing, is the loss of 
chloride and other halides during the duration of 
counting (Leroy and Roinel, 1982). Exposure of 
the target to harsh counting conditions leads to 
loss of chloride from the deposit, usually greater 
from the standard deposits than from biological 
fluids. Figure 5 illustrates that samples can be 
successfully analyzed for chloride provided the 
beam current is decreased to 50-100 nA and the 
counting time decreased to 5 sec. Even with these 
changes, caution has to be used in determining 
chloride in biological fluids. (Rick et al., 
1987). 
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In summary, the techniques of sample 
preparation and probe analysis in microdroplet 
measurements have not altered drastically over the 
1 ast 5-6 years. With the deve 1 opment of better 
instrumentation and automation the method is 
reasonably straightforward. As suggested above, 
the diffi cu lti es are in samp 1 e 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 
1 aboratori es. 

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, Cl, 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
mani pu 1 a tors 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 nl/min, but the total volume at any given time 
is minute. For example, the proximal tubule, with 
a radius of 13 ~m and a length 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 long 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 segmenta 1 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 e 1 ectro lytes which were dependent on 
the use of microdroplet analysis. De Rouffignac 
and colleagues, in a series of elegant studies, 
demonstrated the importance of cAMP-medi ated 
hormones in electrolyte reabsorption in the loop 
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 loop. 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 
hemodynami c 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 
limb (Sawyer and Beyenbach, 1985). 

Mi crodrop 1 et ana 1 ys is has been used to 
investigate chloride transport in proximal and 
distal tubules of the dog (Wong and Quamme, 1981). 
As with other mamma 1 s, bi carbonate is preferen­
tially transported in the proximal tubule, 
resulting in an elevation of luminal chloride 
concentration (Wong and Quamme, 1981; Wong, et 
al., 1986a and 1986b). Cellular adaptation during 
experimenta 1 chronic rena 1 fai 1 ure 1 eads to 
enhanced sodium bi carbonate reabsorpti on 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 th at 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 ul trafi 1 trati on of potassium across the 
glomerular membrane may be in the order of 80-90%, 
accordingly, the tubule fluid-to-ultrafilterable 
potassium (TF/UFK) 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 /UFK 
value is clearly above unity. This is particul­
arly evident in the Perognathus and the rabbit 
where the TF/UFK 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 j uxtamedul 1 ary pars rec ta 
and thin descending limb. Work et al. (1982) and 
Wasserstein and Agus (1983) have shown that 
potassium is secreted into the pars rec ta; and 
Stokes ( 1982 b) has identified the co 11 ecti ng duct 
segment in the outer medulla as a potential site 
for potassium reabsorpti on. 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 functi ona 1 consequences of medul 1 ary 
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 limb perfused in vitro. 


