As far as the authors are aware, data on the con-
centration of alkali salts in ground level air are avail-
able from 16 different sites. The 15 investigators en-
gaged in these studies have made a total of some 500
individual determinations. The data obtained in these
studies are presented in Tables 1 and 2, which refer
to coastal and inland sites, respectively. For conven-
ience in the application of these results to background
effects in flame spectrosecopy (4), the data have been
converted to common units of sodium atoms/cm?
(Na/em?®) under the assumption that [Na+]/[Cl-]
=1. The overall average of Na/em® found for the
various inland sites, is 1.5 x 1011 sodium atoms/em?.

The locations of the sites mentioned in Tables 1
and 2 are shown in the accompanying map (Fig. 1).
It may be noted that these sites form a representative
sample of test locations in the northern temperate
zone.
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Some Carbohydrate Components of

Reticular Fibers'

R. E. Glegg, D. Eidinger, and C. P. Leblond
Department of Anatomy, McGill University, Montreal, Canada

VER HALF A CENTURY AGO, Mall (1)
showed that connective tissue contains
translucent netlike ‘“reticular fibers,” as
distinet from the white bundles of eol-

lagenous fibers; and Siegfried (2) isolated from re-
ticular fibers a material which he called “reticulin.”
A few years later, histologists showed that in sections
of various tissues treated by the silver method of Biel-
schowsky, reticular fibers stain black,®> while collag-
enous fibers stain light brown (3-7). This has re-
mained the only universally accepted criterion for the
distinction between these fibers. There were either
no or negligible differences when the two types of

1 This work was supported by a grant from the National
Cancer Institute of Canada. The cattle tissues were obtained
with- the kind cooperation of H. Nadeau and G. McDavid of
Canada Packers, Ltd. The Permutit Q was a gift from the
Permutit Company.

2 For convenience, the term ‘reticular fibers” is used in
the present work to include fibers as well as the membranous
structures stained by the silver method : basement membrane,
membrana propria, reticulum. Riihle (34) and many others
feel that these membranes are composed of reticular fibers.
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fibers were compared by the usual staining techniques
(8), by chemical methods of analysis (9), or by the
techniques of electron microscopy (10-12) and x-ray
diffraction (13-15).

There is a widespread opinion that even the result
obtained with the silver method does not reflect true
chemical differences between the two types of fibers.
Instead, it is attributed to a physical effect related to
fiber diameter, with the smaller reticular fibers pre-
senting a greater surface for the precipitation of
silver than the larger collagenous fibers, and thus ap-
pearing black instead of light brown (8, 16).

However, the fact that the periodic acid-Schiff
technique stains reticular fibers intensely (17, 18)
and collagenous fibers only faintly (18) suggested
the existence of some chemical differences. The evi-
dence acecumulated by the work of several investi-
gators (79-21) indieates that in routine histological
sections, the periodic acid-Schiff technique detects 1,2-
glycol and o-amino aleohol groups (which are oxi-
dized by periodic acid to yield aldehyde groups which
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in turn react with the Schiff reagent); and further-
more, that these reactive groups oceur mainly within
tissue carbohydrates. Thus, the two types of fibers
would differ qualitatively or quantitatively in their
carbohydrate components.

In the present work, the presence of carbohydrate
components in reticular and collagenous fibers was
investigated by paper chromatography. The results
provided a basis for a chemical distinction between
the two types of fibers.

On examination of a series of cattle tissues stained
by the silver method (7), it was found that lymph
node, lung, testis, and adipose tissue (perirenal fat)
contained an abundance of reticular and some collag-
enous fibers. These tissues were, therefore, selected for
carbohydrate analysis. Achilles tendon was used as a
source of collagenous fibers since it contained almost
exclusively this type of fiber, although small amounts
of reticular fibers are also present (22).

The techniques used were not devised to separate
“reticulin” and “collagen” chemically, but rather to
obtain whatever reticular and collagenous fibers there
were in the organ as cell-free as possible. Treatment
with aecids, alkalis, or enzymes, was avoided since
these agents might cause destruction of some of the
components.

The organs and tissues were stripped of their cap-
sules and adhering material. Large blood vessels were
excised. The lymph nodes, lungs, testes, and tendons
were cut into small pieces and repeatedly pressed in
a Latapie plastic squeezer and washed with large vol-
umes of cold running water to remove cells and solu-
ble materials. They were then washed with distilled
water, dehydrated with aleohol, fat extracted with
boiling acetone, washed in ether, and dried. The adi-
pose tissue was subjected only to fat extraction, ether
washing, and drying. The residues obtained after ex-
traction of lymph node, lung, testis, and adipose tis-
sue mainly consisted of reticular fibers and mem-
branes, with a fair amount of collagenous fibers, and
are referred to as reticular materials. In contrast, the
residue from the extraction of tendon consisted essen-
tially of collagenous fibers and is referred to as collag-
enous material.

The hydrolysis of these materials was catalyzed by
the hydrogen form of a polystyrene sulfonic acid
resin, Permutit Q (23). The resin was pretreated
with 44N hydrochloric acid (900 ml of acid per liter
of resin), washed with distilled water until the wash-
ings were neutral and free from chloride ions, and
air-dried. Two hundred milligrams of each of the
materials prepared, 2.4 g of resin, and 5 ml of water
were heated in sealed glass tubes in an oven at 100°
for 48 hours. The liquid was decanted, the resin was
washed twice in the tube with 2-ml portions of water,
the solutions were combined and filtered. The filtrate
was evaporated to dryness in vacuo at 40°C, and the
residue was dissolved in 0.1 ml water. The solution
was analyzed by unidimensional ascending paper
chromatography, using rectangular sheets of What-
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F16. 1. Paper chromatogram. The markers indicate the lo-
cation of the galactose, glucose, and mannose spots, while
the fucose and ribose spots, which on the paper could be
easily distinguished by their greenish and reddish color, re-
spectively, appear fused on the photograph. The positions of
the weak fucose and ribose spots in hydrolyzed materials are
outlined.

On the left of the markers, hydrolyzates of various organ
preparations rich in reticular fibers show the presence of
large amounts of galactose, glucose, and mannose and small
amounts of fucose and ribose. On the right of the markers,
a hydrolyzate of a tendon preparation rich in collagenous
fibers shows the presence of traces of galactose, glucose, man-
nose, and fucose.

man No. 1 ashless paper, 27 ecm wide by 38 em high.
Three A of each of the solutions were placed at in-
dividual points of origin located on a line drawn at
4 cm from one of the narrow edges of the paper. For
comparison, 3 A of a solution which contained 1% of
each one of the following sugars, galactose, glucose,
mannose, fucose, and ribose were also placed on the
line as a marker. The paper was fashioned into a
cylinder by stapling the long edges together, devel-
oped three times (24) in a butanol: pyridine: water
solvent (25), and sprayed with the aniline hydrogen
oxalate reagent (26). Simple sugars, and hexuronie
acids, but not hexosamines, can be recovered and
detected by this method of hydrolysis and chroma-
tography.

The reticular materials (Fig. 1) gave rise to intense
reddish-brown spots for galactose, glucose, and man-
nose and a less intense greenish-brown spot for
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fucose.? Faint red spots for ribose were also present,
but since the intensity of these spots seemed to be
related to the number of cells seen on histological
examination of the reticular materials, the ribose
was attributed to cellular contamination. No hexuronie
acids were found.

The chromatogram from 200 mg of collagenous
material (tendon) also showed the presence of galac-
tose, glucose, mannose, and fucose. However, the
spots were. much less intense than those obtained
from the same weight of reticular material (Fig. 1).
Even when five times this amount of collagenous
material was used, the spots were still fainter than
those from 200 mg of reticular material.

It is concluded that reticular and collagenous ma-
terials contain the same four sugars—galactose, glu-
cose, mannose, and fucose—but in a much greater
concentration in reticular than in collagenous ma-
terial. Although no data can be found in the literature
on the carbohydrate components of reticular fibers,
it has been reported that collagen and gelatin from
different sources contained 0.5 per cent glucose and
galactose (27, 28) and in more recent work, galactose
glucose, mannose, and hexosamine (29).

The presence of galactose, glucose, mannose, and
fucose in reticular fibers suggests that these fibers con-
tain a carbohydrate-protein complex, probably their
characteristic chemical component, “reticulin.” The
presence of a much smaller amount of the same car-
bohydrates in collagenous material may be interpreted
in either of two ways. Either the “collagen” charac-
teristic of this material is also a carbohydrate-protein
complex with a much lower content of carbohydrates
than “reticulin” or it is a protein contaminated with
reticulin due to the presence of some reticular fibers
within all types of connective tissue (30, 31), even
tendon (22).

Accordingly, the pronounced staining of reticular
fibers and membranes by the periodic acid-Schiff
technique is explained by their high content of carbo-
hydrate, while the slight staining of collagenous fibers
by this technique is due to the small amount of car-
bohydrate which is either incorporated in, or a con-
taminant of, collagen. The same explanation may
account for the results of the silver stain since at
least in its later modifications, it includes—Ilike the

3 Control experiments revealed that fucose is partly de-

stroyed by heating with the resin ; therefore, a larger amount
may be present than appears from the chromatograms.

periodic acid-Schiff technique—the successive action
of an oxidizing agent (potassium permanganate [6,
7] or periodic acid [32, 33]) and an aldehyde reagent
(ammoniaeal silver nitrate).*

In conclusion, carbohydrates are present in large
amounts in “reticulin” and in small amounts (possibly
as a contaminant) in “collagen.” These findings satis-
factorily explain some of the staining properties of
reticular and collagenous fibers.
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41t is probable that the two types of fibers have a similar
protein moiety (9-15). This might explain why histological
techniques other than the silver method and periodic acid-
Schiff technique stain them in the same manner (8).

P

Fact without theory is chaos. Theory without fact

is fantasy.
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