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Abstract 

Assessment of the nerve microenvironment in experimental lead neuropathy permits an evaluation 
of the role that blood-nerve barrier disruption plays in the development of segmental demyelination 
observed during chronic lead intoxication. Endoneurial fractions from the sciatic nerves of 60-day- 
old rats maintained on 4% lead carbonate for 3 to 24 weeks and their corresponding pair-fed controls 
were evaluated for protein and hydroxyproline distribution as well as for protein compositional 
changes determined by sodium dodecyl sulfate-pore gradient electrophoresis (SDS-PGE). A redis- 
tribution of both protein and hydroxyproline was observed in the endoneurial fractions, and SDS- 
PGE analysis revealed both qualitative and quantitative differences in a large number of proteins. 
In particular, the endoneurial albumin concentration began to increase after 6 weeks of the lead diet 
and reached a level at 24 weeks that was twice that of the pair-fed control. To demonstrate that this 
change in endoneurial albumin concentration resulted from a breakdown of the blood-nerve barrier 
and was not due to an accumulation of albumin, 12”1-albumin was injected intravenously into rats 
maintained on a lead diet for different times. After waiting 48 hr to allow equilibration of the labeled 
albumin in all body fluids, the specific activities for both serum and an endoneurial supernatant 
fraction containing the albumin were compared to pair-fed controls. The ratios of specific activity in 
lead-fed rats to controls showed a 1.3-fold increase at 6 weeks which increased by 3.9-fold at 12 
weeks. These changes in the endoneurial albumin concentration, therefore, reflect an alteration in 
the blood-nerve barrier which commences 6 weeks after the lead treatment. Since lead reaches a 
maximum in the endoneurium at 5 weeks, these changes in the barrier probably are unrelated to the 
direct toxic effect of lead on Schwann cells and the subsequent onset of segmental demyelination. 
Furthermore, it is suggested that blood-nerve barrier breakdown in human peripheral neuropathies 
can be evaluated by determining a serum/endoneurial albumin concentration ratio using biopsied, 
neuropathic, human sural nerve. 

Peripheral nerve fibers exist in a specialized compart- 
ment by virtue of a number of barriers, including the 
blood-nerve barrier and perineurial barrier (Bradbury, 
1979), as well as cerebrospinal fluid-endoneurial fluid 
barrier (Low, 1983). Interstitial nerve edema (endoneu- 
rial edema) may ensue when the blood-nerve barrier is 
disrupted (Olsson, 1975). While an altered blood-brain 
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barrier has been reported for neonatal lead intoxication 
(Pentschew and Garro, 1966), evidence for a similar 
breakdown in the adult blood-brain barrier has not been 
reported. Little information is available concerning the 
nature and mechanism of an altered blood-nerve barrier 
in lead neuropathy. 

We assumed an alteration of the blood-nerve barrier 
in lead neuropathy since our finding of increased endo- 
neurial area (Ohnishi et al., 1977) and increased endo- 
neurial pressure (Low and Dyck, 1977) implied a net 
influx of fluid into the endoneurial compartment. Mor- 
phologic demonstrations of such an altered blood-nerve 
barrier using tracers have given somewhat variable re- 
sults. Myers et al. (1980) reported a progressive disrup- 
tion of the blood-nerve barrier which paralleled the rise 
in endoneurial fluid pressure. A massive breakdown of 
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the blood-nerve barrier was not observed in another 
study although it was thought that horseradish peroxi- 
dase reaction product was increased slightly in endoneu- 
rial endothelial cells and macrophages of lead in compar- 
ison to control nerves (Dyck et al., 1980). Since these 
tracer techniques were nonquantitative and since normal 
mouse blood-nerve barrier is not fully impermeable to 
horseradish peroxidase (Arvidson, 1977), we chose to re- 
examine the blood-nerve barrier in experimental lead 
neuropathy using the alternative biochemical techniques 
of sequential measurements of natural and labeled albu- 
min in the endoneurium and serum. These techniques 
detect alterations in protein- composition of different 
endoneurial fractions which permit a fuller evaluation of 
the effect of lead on nerve. Sequential ‘251-albumin stud- 
ies also address the question of blood-nerve barrier break- 
down versus albumin trapping or albumin utilization in 
endoneurium. Finally, the techniques that we have used 
are applicable to biopsied human nerves from patients 
with peripheral neuropathy for evaluation of barrier dis- 
ruption. 

Materials and Methods 

Lead diet. Sixty-day-old male Sprague-Dawley rats 
were placed in control and lead-treated groups. The rats 
maintained on the lead diet were allowed free access to 
standard rat food (Teklad, Madison, WI) which con- 
tained 4% basic lead carbonate, (PbC03)2Pb(OH)2 
(Fisher Scientific, Pittsburgh, PA). The control (pair-fed) 
group received a matched amount of the identical diet 
without the lead. Both the control and lead groups were 
maintained on their respective diets for up to 24 weeks. 
At various times after starting the lead diet, rats from 
each group were weighed and anesthetized with intra- 
peritoneal sodium pentobarbital. Both sciatic nerves 
were exposed and excised for a length of 4 to 5 cm below 
the sciatic notch. 

Endoneurial isolation, fractionation, and solubiliza- 
tion. The endoneurium was removed from the perineu- 
rium and epineurium by the microdissection techniques 
of Dyck et al. (1970). The endoneurium was fractionated 
according to the procedures described by Poduslo (1983). 
Briefly, the endoneurium was homogenized in deionized, 
distilled water with a ground glass homogenizer (100 or 
250 ~1). A uniform suspension was obtained which then 
was placed in the 30’ A-100 rotor for centrifugation in 
the Airfuge ultracentrifuge at 197,000 x g at 4°C so that 
30 S particles are sedimented. An aqueous supernatant 
was obtained and was designated S-I. To the precipitate, 
10% SDS was added followed by sonication for 1 hr in a 
Branson B-220 ultrasonic cleaner. The sample then was 
spun in the Airfuge at 197,000 x g to obtain a SDS- 
solubilized supernatant designated S-II. The remaining 
precipitate then was hydrolyzed in 1 N NaOH from which 
aliquots were taken for protein and hydroxyproline de- 
termination. 

Protein and hydroxyproline determination. Aliquots 
from both supernatant fractions and the hydrolyzed pre- 
cipitate fraction were taken to determine the protein 
concentration according to the procedure of Lowry et al. 
(1951) as modified by Hess and Lewin (1965). Monomer 
standard bovine serum albumin (Miles Biochemical, Elk- 

hart, IN) was used for the protein determination in a 
range of 5 to 10 pg using the least squares linear regression 
analysis. Aliquots also were taken to assay for hydroxy- 
proline by the method of Stegeman and Stadler (1967) 
as modified by Micko and Schlaepfer (1979). This permits 
a quantitation of endoneurial collagen. 

SDS-pore gradient electrophoresis (SDS-PGE). Pro- 
teins were separated by SDS-PGE on a linear gradient 
with a gel concentration of 10 to 20% T and 1% C with 
the programmable LKB Ultragrad Gradient Maker ac- 
cording to the procedure described by Poduslo (1981b). 
A Tris/glycine buffer system was used. Proteins were 
solubilized at a concentration of approximately 1 pg of 
protein/h1 of solubilizing solution containing 1% SDS, 
(w/v), 0.0625 M Tris (base), pH 6.8, 5% P-mercaptoetha- 
no1 (v/v), 0.002% bromophenol blue (w/v), and 10% glyc- 
erol (v/v) (all final concentrations). Protein samples of 
approximately 30 pg were subjected to electrophoresis 
for 3.75 hr at constant power (10 w) with the Buchler 
model 3-1500 constant power supply at a constant cooling 
temperature of 0°C maintained by the NESLAB RTE-8 
refrigerated circulating bath. After electrophoresis, the 
slab gels were fixed in methanol/water/acetic acid (45/ 
45/10, v/v/v) and stained for 2 hr in 0.2% (w/v) Coomas- 
sie blue in fixative. Gels then were destained and photo- 
graphs were taken. 

Data analysis. Positive images of the negatives for 
each photograph were taken, and these were scanned 
densitometrically using the Beckman DU8 microproces- 
sor-controlled spectrophotometer. The dye-binding ca- 
pacity for albumin was determined from the peak area 
obtained from these densitometric scans. 

Radioiodination of albumin. Monomer standard bo- 
vine serum albumin (Miles Biochemicals) was solubilized 
in 0.1 M sodium phosphate buffer, pH 7.4, and iodinated 
by the chloramine T procedure (Greenwood et al., 1963) 
using 2 mCi of sodium 1251 (Amersham, Arlington 
Heights, IL), 13 to 17 mCi/pg II, 0.7 mM chloramine T 
(Eastman, Rochester, NY), and 1.2 mM sodium metabi- 
sulfite (Baker, Phillipsburg, NJ). Unreacted iodide was 
separated from the iodinated proteins by dialysis. A 
Beckman 8000 Gamma counter was used to determine 
radioactivity. A specific activity of 5.28 X 10’ dpm/mg of 
albumin was obtained (75% counting efficiency). Chro- 
matographic analysis of ‘251-albumin on Gelman chro- 
matography media (I.T.L.C. type SG; Gelman Instru- 
ments, Ann Arbor, MI) in 0.9% NaCl revealed 96.6% of 
the radioactivity at the origin and 0.2% at the solvent 
front. 

An aliquot of 120 ~1 containing 28.5 &i of ‘251-albumin 
was injected into the left femoral vein of rats maintained 
on a lead diet for 6 weeks as well as the pair-fed control. 
Forty-eight hours later, blood samples were obtained and 
the right and left sciatic nerves were removed. This time 
period was chosen to allow for equilibration of 1251-albu- 
min in the body fluids. Protein aliquots were taken from 
the serum, and the radioactivity was determined so that 
a specific activity for serum could be obtained. The 
endoneurium was fractionated according to procedures 
described previously and a specific activity was obtained 
for the aqueous supernatant fraction (S-I). Eighty to 92% 
of the total radioactivity of the endoneurium was found 
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in the S-I fraction. This is consistent with the observation 
that albumin is the major component of endoneurial fluid 
(J. F. Poduslo and P. A. Low, manuscript in preparation) 
which, in turn, comprises a major part of the S-I fraction. 
A ratio of specific activities between the endoneurial S-I 
fraction and serum was obtained for the lead-treated 
animals which then was compared to a similar ratio for 
the pair-fed controls. Similar injections of labeled albu- 
min were made at subsequent time points (8, 10, 12, and 
16 weeks). Corrections for the decay of the radioactive 
“‘1 were made and normalized to the 6-week time point. 

Results 

Effects of lead treatment on the protein and hydrox- 
yproline distribution in endoneurial fractions. The 
aqueous supernatant fraction (S-I) of the endoneurium 
represents a fraction enriched in soluble proteins, includ- 
ing the proteins of the endoneurial fluid, soluble cyto- 
plasmic proteins, and extrinsic membrane proteins that 
can be dissociated from membranes using this hypotonic 
homogenization procedure. The SDS-solubilized fraction 
(S-II) represents a preparation enriched in integral mem- 
brane proteins and glycoproteins. The fraction which is 
not solubilized (precipitate) represents predominantly 
connective tissue, in particular collagen, as is evidenced 
by the high hydroxyproline content (discussed later). 

A redistribution of protein is observed in these endo- 
neurial fractions as a consequence of the lead diet (Fig. 
1). After 3 weeks of lead treatment, the protein values 
expressed as a percentage of the total lie within the 
normal range for untreated rats (Fig. 1, top). These 
percentages vary considerably as a function of nerve, 
distance from the nerve root, and species (Poduslo, 1983). 
For example, in the sciatic nerve of man, the S-I fraction 
represents 28 to 32% of the total, S-II is 42 to 43% of the 
total, and the precipitate is 25 to 30% of the total. In 

contrast, the human sural nerve S-I fraction represents 
27 to 29% of the total, the S-II fraction is 25 to 27%, and 
the precipitate is 44 to 47% of the total. This is a reflection 
of the number of myelinated fibers found in these nerve 
preparations as well as the amount of endoneurial con- 
nective tissue. 

As the lead diet progresses, the protein found in the S- 
I fraction increases and reaches a plateau with a corre- 
sponding decrease in the S-II fraction. In contrast, the 
precipitate fraction slowly increases after 6 weeks of the 
diet. These data suggest that, as segmental demyelina- 
tion proceeds, the myelin protein contribution in the S- 
II fraction decreases with a corresponding increase in 
soluble proteins, probably including degraded myelin 
proteins. The increase in protein in the precipitate could 
reflect an increase in connective tissue production. 

Hydroxyproline also undergoes a similar redistribution 
in these endoneurial fractions as a consequence of the 
lead diet (Fig. 1, bottom). Again, the values at the 3-week 
point reflect the normal range of hydroxyproline in these 
fractions. This hydroxyproline content also varies as a 
function of nerve, distance from the nerve root, and 
species (Poduslo, 1983). For example, in the human sural 
and sciatic nerves, the amount of hydroxyproline four.d 
in a precipitate fraction varies between 94 annd 97% of 
total with 2 to 5% hydroxyproline found in the S-II 
fraction. This is indicative of the amount of myelinated 
fibers and the corresponding endoneurial space found in 
these nerve preparations. 

After 24 weeks of the lead diet, the hydroxyproline 
content in the precipitate fraction increases to over twice 
the amount of hydroxyproline found at 6 weeks. A cor- 
responding decrese in hydroxyproline is found in the S-II 
fraction. The level of hydroxyproline found in the S-I 
fraction is only slightly above background levels. These 
data suggest that, as a result of the lead diet, more 
connective tissue is produced after the 6-week time point. 
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Figure 1. Protein and hydroxyproline distribution in endoneurial fractions following lead treat- 
ment. S-I, Aqueous supernatant fraction; S-II, SDS-solubilized fraction; Ppt, precipitate. 
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The initial high levels of hydroxyproline found in the S- 
II fraction might represent the hydroxyproline found in 
basement membrane collagen which is presumed to be a 
product of Schwann cells (Bunge et al., 1980; Armati- 
Gulson, 1980). Consequently, as Schwann cells become 
sick, their production of basement membrane decreases 
correspondingly or, conversely, the basement membrane 
can no longer be maintained by the Schwann cells. 

SDS-PGE analysis of endoneurial fractions following 
lead treatment. A comparison of both endoneurial su- 
pernatant fractions from rats maintained on the lead diet 
for 3,6, 12, and 24 weeks with the corresponding pair-fed 
controls as evaluated by SDS-PGE is shown in Figures 
2 and 3. A number of qualitative and quantitative differ- 
ences in the protein profile for the aqueous supernatant 
fraction (Fig. 2) are observed which become increasingly 
prominent as the lead diet progresses. The most striking 
change is the increase in albumin compared to the pair- 
fed controls (discussed later). SDS-PGE analysis of the 
SDS-solubilized fraction is shown in Figure 3. A number 
of qualitative and quantitative changes also are observed, 
particularly at the later time points. This is characterized 
by a decrease in myelin proteins as the segmental de- 
myelination becomes more extensive with the later time 
points. In particular, at 24 weeks, the X and PI proteins 
are decreased dramatically compared to the pair-fed 
control, with a corresponding increase in a band between 
P1 and P, and following the PZ band (indicated by the 
arrows). In addition, changes in PO protein are observed 
at 24 weeks as evaluated by Coomassie blue stain. 
Changes in PO glycoprotein can be observed at 3 weeks 
(J. F. Poduslo, et al. unpublished observations) by an 

evaluation of radioiodinated lectin binding after electro- 
phoresis (Poduslo, 1981a). 

Further evaluation of the changes in the albumin con- 
centration in the endoneurial aqueous supernatant frac- 
tion can be made by densitometric scanning of these 
Coomassie blue-stained gels. Figure 4 illustrates the den- 
sitometric scan of the endoneurial S-I fraction at 24 
weeks following lead treatment (Fig. 4C) and the corre- 
sponding pair-fed control (Fig. 4B). Figure 4A illustrates 
a number of qualitative and quantitative differences in 
the gel profile as indicated by the arrows and lines. 
These differences are evaluated further by the densito- 
metric scan which emphasizes the major quantitative 
changes in the albumin concentration. 

Quantitation of the dye-binding capacity obtained 
from similar densitometric scans of the S-I fraction after 
6 and 12 weeks on the lead diet is shown in Table I. 
When the ratio of lead-to-control peak areas of albumin 
is normalized to the amount of protein applied to the gel, 
an increase in the albumin concentration is observed 
beginning at 6 weeks which reaches a level twice that of 
the pair-fed control by 24 weeks. 

Intravenous injection of ‘251-albumin. In order to dem- 
onstrate that the observed changes in the albumin con- 
centration as evaluated by SDS-PGE result from an 
alteration of the blood-nerve barrier and a corresponding 
influx of serum proteins, ‘251-albumin was injected intra- 
venously into rats maintained on the lead diet for varying 
time periods as well as the corresponding pair-fed con- 
trols. Table II compares the radioiodinated albumin spe- 
cific activities in serum and the endoneurial S-I fraction 
48 hr after intravenous injection. By normalizing the 

Figure 2. Sodium dodecyl sulfate-pore gradient electrophoresis (SDS-PGE) of the 
endoneurial S-I fraction at 3, 6, 12, and 24 weeks following lead treatment. C, Pair-fed 
control; Pb, lead diet. Linear gradient: 10 to 20% T, 1% C; 10 W (constant); 3.75 hr; 0°C; A 
Tris/glycine buffer system and Coomassie blue stain were used. The range of total 
endoneurial protein applied to the wells was 29.1 to 31.4 pg. 
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Figure 3. SDS-PGE of the endoneurial S-II fraction at 3,6, 12, and 24 weeks following 
lead treatment. The same electrophoresis conditions as in Figure 2 were used. The range 
of total endoneurial protein applied to the wells was 29.5 to 31.2 pg. PO, X, PI, P,, and PZ 
are the major myelin proteins using nomenclature of Greenfield et al. (1980). 

specific activity of the S-I endoneurial fraction with the 
serum specific activity and comparing this ratio to the 
similar ratio with the control animals, an increase in the 
ratio of lead to control is observed which ranges from 1.3 
at 6 weeks to 3.9 at 12 weeks. The greater influx of 
labeled albumin into the endoneurium irfthe lead-treated 
rats when compared to pair-fed controls suggests that an 
alteration of the blood-nerve barrier occurs after the 6- 
week time point. This alteration of the barrier continues 
to progress in a gradual fashion up to the 12-week point. 
A graphic comparison of the intravenous injection of 
radioiodinated albumin in the lead versus control groups 
with the endoneurial albumin concentration determined 
by densitometry after SDS-PGE is seen in Figure 5. Both 
experimental approaches, therefore, suggest a gradual 
alteration of the blood-nerve barrier which commences 
6 weeks after lead treatment. 

Discussion 

The observed quantitative changes in the endoneurial 
albumin concentration between 6 and 24 weeks of the 
lead diet as determined by electrophoresis have a number 
of possible interpretations. These include (1) a gradual 
breakdown of the blood-nerve barrier which commences 
after 6 weeks and (2) an accumulation of albumin within 
the endoneurium due to (i) entrapment within a new 
compartment, (ii) underutilization of albumin as a nutri- 
tional source by the endoneurium, or (iii) an alteration 
in the clearance of endoneurial fluid of which albumin is 
a major component. 

The studies involving the intravenous injection of 1251- 
albumin provide evidence for a blood-nerve barrier 

breakdown in experimental lead neuropathy. Forty-eight 
hours after injection of the radioactive albumin, an in- 
crease in the labeled albumin was found in the endoneu- 
rium of lead-treated rats compared to controls which 
increased progressively as the lead diet continued. These 
changes were observed only after 6 weeks which is similar 
to the time frame for changes observed by electrophore- 
sis. Simple albumin entrapment would be expected to 
follow a time course substantially slower which would 
correlate with the relatively slow accumulation of albu- 
min as determined by electrophoresis. Since an increase 
in the radioactive albumin is observed at 48 hr (Fig. 5), 
entrapment of albumin is not likely. 

In addition to the numerous physiological roles as- 
signed to albumin, such as being the principal agent 
responsible for maintaining the osmotic pressure of body 
fluids and its role in the transport of fatty acids, bilirubin, 
and other low molecular weight substances, albumin is 
also a source of amino acids to peripheral tissues (Peters, 
1975). Consequently, underutilization of albumin by the 
endoneurium as a nutritional source should be considered 
as a reason for its accumulation in the endoneurium of 
rats maintained on the lead diet. Evaluation of the radio- 
activity in the S-II and precipitate fractions which might 
be expected to contain albumin that has been metabo- 
lized further did not indicate a decreased utilization 
compared to controls which could be correlated with the 
duration of the lead diet (data not shown). Consequently, 
it is unlikely that albumin accumulates in the endoneu- 
rium because it is not being utilized. 

Little information is available concerning the mecha- 
nism of clearance of the endoneurial fluid. It is believed 
that the spinal fluid acts as a sink in the elimination of 
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Figure 4. Densitometric scan of the endoneurial S-I fraction 
at 12 weeks following lead treatment. A, Coomassie blue-stained 
pore gradient gel of the endoneurial S-I fraction from pair-fed 
control and lead-treated rats. The arrows and lines indicate the 
qualitative and quantitative changes in a large number of 
proteins. B and C, Densitometric scan of the lanes shown in A. 

X = 500 nm. The albumin peak is identified. 

components of the endoneurial fluid (Bradbury, 1979). It 
is possible that, during the lead diet, the microcirculation 
of the endoneurial fluid is affected such that albumin is 
not cleared efficiently and, hence, accumulates in the 
endoneurium. Although the present experiments do not 
address this possibility, additional evidence has been 
presented which supports the breakdown of the blood- 
nerve barrier after 6 weeks of lead treatment. An increase 
in endoneurial fluid pressure has been observed in lead- 
treated rats which commences between 4 to 8 weeks and 
increases progressively (Low and Dyck, 1977). Winde- 
bank et al. (1980) also have observed an increase in 
endoneurial water content that begins to accumulate 
after 5 weeks and reaches a maximum by 7 weeks. Utiliz- 
ing fluorescein isothiocyanate dextran compounds of 
graded molecular weight and horseradish peroxidase, 
Myers et al. (1980) correlated the progressive increase of 

endoneurial fluid pressure with the extravasation of these 
osmotically active macromolecules in lead neuropathy. 
In addition, Windebank and Dyck (1981), using quanti- 
tative track autoradiography, have demonstrated a 15 
fold increase in the rate of ‘l”Pb accumulation in the 
endoneurium 70 days after the onset of chronic lead 
intoxication. The increased endoneurial pressure, nerve 
edema, extravasation of specific macromolecules, and 
“‘Pb accumulation suggest a progressive alteration of 
the blood-nerve barrier which follows a similar time 
course of the albumin accumulation in the endoneurium. 
It is concluded, therefore, that the changes in the albumin 
concentration observed in the present experiments reflect 
an alteration of the blood-nerve barrier which com- 
mences 6 weeks after lead treatment. 

Since lead reaches a maximal accumulation within the 
endoneurium within 20 and 35 days of lead feeding as 
determined by flameless atomic absorption spectropho- 
tometry (Windebank et al., 1980) and segmental demye- 
lination of teased fibers begins to appear at 35 days, the 
observed changes in the blood-nerve barrier probably are 
unrelated to the presumed direct toxic effects of lead on 
Schwann cells and the subsequent onset of segmental 
demyelination. The decrease in endoneurial lead, which, 
at 3 months, reached the level found in the perineurium 
(Windebank et al., 1980), can be correlated with the time 
course of barrier breakdown. This suggests that the 
breakdown of the blood-nerve barrier may play a role in 
depleting lead from the endoneurium. 

It is well known that a steady state equilibrium exists 
between serum and specific fluid compartments for pas- 
sively transferred proteins. The protein concentration of 
the fluid is dependent on the restrictive capacity of the 
barrier that separates these compartments. If barrier 
disturbances occur, then the transfer becomes facilitated, 
resulting in elevated protein levels in the fluid. By eval- 
uating serum-cerebrospinal fluid concentration ratios for 
albumin, immunoglobulins, macroglobulins, etc., it has 
been possible to evaluate barrier integrity reliably in 
certain degenerative and metabolic diseases (Tourtel- 
lotte, 1970). Similarly, it should be possible to evaluate 
the blood-nerve barrier breakdown in human peripheral 
neuropathies having endoneurml edema and pathological 

TABLE I 
Changes in the endoneurial albumin concentration following lead 

treatment as determined by SDS-PGE 

Duration of Albumin Peak Protein Applied 
Peak Area 

Lead Diet 
Area” to Gel h Applied Protein Lead 

Control Lead Control Lead Control Lead Control 

weeks Pt? 

6 2.76 2.97 30.35 30.40 0.091 0.098 1.07 
12 2.71 4.35 29.14 31.36 0.093 0.139 1.49 
24 1.62 3.25 29.82 29.75 0.054 0.109 2.02 

n The peak area was assessed by a densitometric scan of a transpar- 
ency (positive image). of a Coomassie blue-stained gel; adjacent lanes 
(endoneurial fraction S-I) on the same electrophoretic run were evalu- 
ated for dye-binding capacity. 

*The total protein sample was applied to a 8 x 25 mm well. The 
protein concentration was determined according to the procedure of 

Lowry et al. (1951) as modified by Hess and Lewin (1965). 
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TABLE II 
Comparison of ‘2”I-albumin specific activities in serum and endoneurial fraction S-I 48 hr after intravenous injection 

Lead 
Duration of 

Control Lead Lead 
Corrected * 

Lead Diet 
S-I SC!rUIIl S-I/Serum S-I SelUm S-I/Serum Control ” ( > Control 

weeks cpm/fig protein cpm/pg pro tein 

6 0.502 0.921 0.545 0.602 0.864 0.697 1.28 1.28 
8 0.474 0.983 0.482 0.704 0.832 0.846 1.76 2.06 

10 0.419 0.743 0.564 0.801 0.852 0.940 1.67 2.30 
12 0.237 0.691 0.343 0.423 0.520 0.814 2.37 3.85 

n [cpm/pg S-I protein/cpm/pg serum protein] lead 

[cpm/pg S-I protein/cpm/pg serum protein] control 
’ Corrected for ‘? decay relative to 6-week time point. 

1.0 y I I I I I ’ 1.0 Iii = 

6 6 10 12 16 24 

Duration of Lead Diet (weeks) 

Figure 5. Time course of accumulation of albumin in the endoneurium: Comparison of lZ51- 
albumin after intravenous injection and albumin measured by densitometry after SDS-PGE. 

changes suggestive of a barrier breakdown, such as the 
inflammatory neuropathies and certain toxic neuropa- 
thies. By evaluating a protein which is derived from 
serum and not produced locally within the endoneurium, 
such as albumin, it should be possible to evaluate barrier 
impairments from the fascicular biopsy of human sural 
nerve of patients with neuropathy (Poduslo et al., 1981). 
Since a lowering of the equilibrium concentration ratios 
can result from an altered barrier structure or an altered 
rate of fluid clearance, it becomes important to distin- 
guish between these two possibilities. 
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