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SUMMARY

The distribution of labeled D-mannitol, sucrose, and other widely used extracellular
pace probe materials was studied in four types of musclesfrom leopard frogs and bull-
frogs as wel as in connective tissues and isolated single and multiple muscle fiber pre-
parations from bullfrog semitendinosus muscle. In leopard frog muscle the extracellular
gpace complex (consisting of the extracel lular space proper along with connectivetissues,
amdl blood vessds, nerves, the sarcolemma and the transversetubular system), accommo-
dates D-mannitol and sucrose to a total concentration of about 9% of that of the ex-
ternal solution. Both D-mannitol and sucrose enter into muscle cells; an equilibrium
concentration in the cell water of from 12.5% to as high as 34%of that in the external
solution was observed.

An accurate estimation of the extracellular space is essential to any quantitative
study of intracellular solute distribution. For frog sartorius muscle an extracellular
space of 13%, obtained from an estimation of short-time inulin distribution by Conway
and hisco-workers,™ was widely accepted for some time. More recently there has been a
trend toward the use of higher figures obtained from the distribution of sugars such as
sucrose or labeled D-mannitol.>*° For frog sartorius muscle the figure obtained using
these probe materials is 22.4%.'° In 1967, Ling and Kromash reported results of studies
using a new probe material, poly-L-glutamate (PLG).!' They concluded that in frog sar-
torius, semitendinosus, tibialis anticus longus and iliofibularis muscles, the true extracellu-
lar space (i.e., space filled with Ringer solution or plasma) could not exceed 8%.

The true extracellular space is, however, not the only extracellular component of
muscle tissue. Intact muscles also contain connective tissues, small blood vessals, nerve
fibers, etc. These materials, which will be collectively referred to as the connective tissue
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complex, may aso accommodate the solute under study. Thus, to obtain the true intra-

cellular solute concentration one must subtract from the total tissue content not only the

solute in the extracellular space proper but also that in the connective tissue complex.
The studies reported in this paper were designed to answer two questions:

1. What is the origin of the discrepancy between the value of extracellular space
obtained using probe materialssuch as D-mannitol and that obtained using
poly-L-glutamate?

2. How does one obtain a reasonably accurate figure to correct for solute distri-
bution in the nonmuscle cell components (henceforth collectively referred to
as the extracellular space complex)?

MATERIALSAND METHODS

Materias

Sartorius, semitendinosus, tibialis anticus longus and iliofibularis muscles were isolated
from leopard frogs (Ram pipiens, Schreber) and from bullfrogs (Rana catesbiana, Shaw).
Single and multiple muscle fiber preparations were dissected from the white portions of
the semitendinosus muscles of large bullfrogs and consisted primarily of **fast" fibers. 12
Connective tissues used were either tendonsfrom the endsof the semitendinosus muscles
or thin films of loose connective tissue from the ventra surface of the thigh and the
dorsal surface of the leg of skinned frogs. The latter contained smal nerve fibers and
blood vessels.

All chemicals used were of c.p. grade; D-mannitol (Lot 6826) and D-sorbitol (N-2681)
were obtained from Pfanstiehl Laboratories, Waukegan, Illinois. C-14-labeled D-mannitol
(Lot 1055, 1-C-14) was obtained from Mallinkrodt Chemical Works, Orlando, Florida;
H-3-labeled D-mannitol (1-H-3, Lot 292-47) from New England Nuclear Corp., Boston,
Massachusetts. Both labeled D-mannitol preparations were certified chromatographically
pure. Labeled D-sorbitol was obtained from Nuclear Research Chemicals, Orlando, Fla.,
(U-C-14, Lot 21). Labeled sucrose (U-C-14, Lot 48050) was obtained from Calbiochem,
Los Angeles, California. C-14-labeled urea from Nichem, Bethesda, Maryland. 1-131-labeled
serum a bumin was obtained from Abbott Laboratories; C1-36 from Union Carbide.

Assay Methods

Radioactivity was assayed on a liquid O-scintillation counter (Packard, Model 314 EX)
using methods described previously.'® Minor counting efficiency differences between
samples were corrected on the basisof “silent” control experiments.!® PLG was assayed
according to the method described by Ling and Kromash."*
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Determination of Probe Material Distribution in I ntact Muscles

The initial step in the procedure for the determination of probe material distribution
was 18 hours of incubation at 0°C in a Ringer solution (for composition see ref. 14) con-
taining the probe materia. This is far longer than is necessary for any of the probe
materials used in this study to equilibrate in the extracellular space (Fig. 1). The tissues
were then blotted by placing the muscles between 4 layersof moist Whatman No. 1 filter
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Figure 1. The Lengths of Time Necessary for Various Solutes to Reach 99% Equilibrium in the Extra-
cellular Space of Thin-sheet and Cylindrical Musclesat 0°C.

Calculated using ecluatlons for diffusion of solutes from thin-sheet and cylindrical muscles given in
Ling and Kromash, " and a A-value of 15 (ratio of diffusion path length over the geometric thickness
or radius). Thin-sheet muscles considered to be 0.06 cm thick and cylindrical muscles 02 cm in
diameter. Diffusion coeff|C|ents were obtained from “the foIIowmg sources PLG Bovme serum
albumm, insulin,™* mulm, raffinose, » sucrose, glucose‘ D-manmtol Ot-alamne, glycerol
Nat ion,® urea, methanol,"* CI” ion, 31 and k* . Diffusion coefficientsat 0°C (D) were calculated
from values (D!) obtained at a higher temperature, t°C, using the relation:

prapt. M T
23+t

where 1, and 7, are the viscosity of water at 0°C and t°C respecti\relg,r.29 From thisgraph one may
readily estimate the time necessary for a substance of given diffusion coefficient to reach 99% equilib-
rium in the extracellular space proper. For higher temperature, the diffusion coefficients may be
corrected using the above equation. To obtain values for thicker or thinner tissue preparations, the

times obtained from the graph are multiplied by afactor (0
rical tissueswhere @ or r' isthe thicknessor the radius of the tissue in question.

? for cylind-
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paper and running the index finger firmly over the muscle four times. Figure 2 shows that
this amount of blotting leads to a constant 1'*'-labeled serum albumin space. After
weighing, the muscles were, in most cases, placed in 2 ml 52% TCA for overnight
extraction at 4°C. For determination of radioactivity, 0.5 ml aliquots of the extracts were
placed in 5 ml of Bray's scintillation fluid.!s

In a few cases the radioactivity was extracted in two steps. First the blotted muscles
were shaken at 0°C in 2ml of Ringer solution for 40 minutes. They were then blotted dry
and extracted with 5.0% TCA asabove. In this case the radioactivity in 0.5 m! aliquots of
both the Ringer solution and the TCA extract was determined.
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Figure 2. Efficiency of Blotting Procedure.

A sartorius muscle was incubated in Ringer phosphate containing 1'*'-labeled serum albumin. After
removal from the incubation solution it was placed on 4 sheets of filter paper wetted with Ringer
solution and covered with four more layers of wetted filter paper. The index finger was then drawn
firmly across the muscle the number of timesindicated on theabscissa. The muscle was then positioned
on theend of aroll of moist filter paper and placed in a lusteroid counting tube. The tube and contents
were counted for 05 minutes in the wel: scintillation counter (Packard) after which the muscle
was replaced in the incubation solution preparatory to repeating the procedure. Each symbol repre-
sents a different muscle. RISA represents labeled albumin.

Determination of ProbeMaterial Distribution in Singleand Multiple Muscle Fiber
Preparations

Single muscle fibers and multiple fiber preparations were isolated and kept overnight
at 4°C in Ringer-phosphate solution. After this period of time, injured preparations could
be easily recognized by their opagueness and fragmented appearance and were discarded.
All preparations were handled with No. 5 Dumont forceps. The humidity in the prepara-
tion room was maintained near 100%.

For incubation, good fibers were placed in 0.2 ml of Ringer solution containing about
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10 pc/ml of C-14-labeled D-mannitol or sucrose. After incubation at 0°C for 18 hours or
longer, the fibers were rinsed vigoroudly in a large volume of cold Ringer-phosphate
solution at 0°C for 5 seconds (more than long enough to remove labeled material adhering
to the surface of the fiber or in the sarcolemma, see discussion). After briefly touchinga
piece of wetted filter paper to drain off excesssolution, the fiber was placed on a sheet of
moistened Visking sausage casing on the stage of a dissecting microscope. The appearance
of the fiber was checked and the terminal tendons and any other extraneous materials
were removed (from this stage on intactness of the fiber is no longer essential). After
weighing on a micro torsion balance (capacity 25 ml, Pacific Federal) the fiber was trans-
ferred to a scintillation via containing 0.5 mt TCA. 5 ml Bray's scintillation fluid was
added before counting. The small amount of muscle tissue in the vid does not significantly
alter the counting efficiency.

RESULTS

The Distribution of D-mannitol, D-sorbitol, and Sucrose in Frog Muscles

Curve C of Fig. 3 shows the equilibrium distribution of labeled D-mannitol in leopard
frog muscles. Curve B of Fig. 3 shows the amount of labeled D-mannitol recovered after
40 minutes of washing at 0°C. As shown by Fig. |, washing for this length of time is
enough to extract 99%of the labeled D-mannitol from the extracellular space proper of
even the thickest muscles used. Curve A shows the residual amount of labeled D-mannitol
left in the muscle after 40 minutes of washing. The existence of this residual fraction
suggests that this substance is not confined exclusively to the extracellular space proper.
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Figure 3. The Distribution of Labeled D-mannitol in Leopard Frog Musclesin Varying External D-
mannitol Concentrations.

In this and following figures with similar symbols, each point represents a semitendinosus, a tibialis
anticus longus, and an iliofibularis muscle. The distance between the two horizontal bars represents
twice the standard error. In thisand similar figures following, the ordinaterepresentsthe concentra-
tionsof the labeled material in the imoles per gram of fresh tissue.
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Figures 4 and 5 show the equilibrium distribution of D-sorbitol and sucrose, respective-
ly, in 4 types of leopard frog muscles. Figure 6 shows the equilibrium distribution of
Pmannitol and sucrose in bullfrog muscles.

The results shown in Figures 3,4,5, and 6 are typical of al the results we have obtained
for the distribution of D-mannitol, D-sorbitol, and sucrose in frog muscles. In every case
the distribution curve shows a slight curvature indicating a concentration dependence of
the distribution space for these substances. Thus, taking Fig. 3 asan example, at 20 mM
external concentration the D-mannitol space is 17.5%; at 60 mM it is 23.4%. The latter
figure agrees with the D-mannitol space measured by Narahara et al. for frog sartorius
muscles.'®
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Figure 4. The Distribution of Labeled D-sorbitol in Leopard Frog Musclesat Varying External Con-
centrations.
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Figure 5. The Distribution of Labeled Sucrose in Leopard Frog Musclesat Varying External Con-
centrations.
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Figure 6. The Distribution of Labeled D-mannitol and Sucrose in Bullfrog Muscles.

The Distribution of Urea in the Extracellular Space of Leopard Frog Muscles

Mixed muscles were incubated overnight at 0°C in Ringer solution containing labeled
urea. Muscles were then washed for 40 minutes in Ringer solution. As shown by Fig. 1,
this is more than 4 times the time necessary to obtain 99% recovery of labeled urea from
the extracellular space proper (9 minutes). The amount of labeled urea recovered in the
washing solution is plotted as a function of the labeled urea concentration in the incuba
tion medium in Fig. 7. The curve has the appearance of a hyperbola (as in a Langmuir
adsorption isotherm) superimposed on astraight line. The dotted line, drawn through the
origin, and parallel to the straight portion of the curve hasaslope of 0.10 (g/ml), indicat-
ing a maximum extracellular space proper of 10%.
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Figure 7. The Distribution of Labeled Urea in Leopard Frog Musclesat Varying External Concentra-
tions.

Muscles incubated overnight at 0°C with labeled urea followed by washing for 40 minutes at 0°C in
Ringer solution. Values on graph show recovery of the labeled ureafrom the washout solution.
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The Equilibrium Distribution of D-mannitol, D-sorbitol, Sucrose, and Urea in Connective
Tissues

Figures 8 and 9 show the distribution of D-mannitol, methanol, urea, sorbitol, and
sucrose in thin films of connective tissue from leopard frogsasa function of the concen-
tration of these substances in the bathing medium. All show a straight line relationship.
The dopes of the lines are 0.78, 0.78, 0.84, 0.78, and 0.88 for D-mannitol, D-sorbitol,
sucrose, methanol, and urea respectively. From eight measurements we found the dry
weight of these loose connective tissues to be 15 + 0.7% of the total weight. The water
content is thus 85%. The above substances are, therefore, within a 10%variation, equally
distributed in the connective tissue water and the external medium.
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Figure 8. The Distribution of Labeled D-mannitol in L oose Connective Tissue in Leopard Frogs.
The procedure used was the same described for studying D-mannitol distribution in muscles.

[Methoral] [ mM] [Sorbrtol]_.(mM)

2040 B0 K O 20 40 &0 80

M pps
\ |

0 20 40 & 80 0 20 40 &0 @0

[Urea],, AmM) [Sucrosal_,(mM)

Figure 9. The Distribution of Labeled Sorbitol, Sucrose, Urea, and Methanol in L oose Connective
Tissue of Leopard Frogs.

Physiol. Chem & Physics I (1969)




G. N. LING et al.

Table 1 shows that the connective tissue distribution of glucose or Cl isin the same
range as the above probe materials. On the other hand, only about 30%of the connective
tissue water is accessible to poly-L-glutamate, a substance we have previously used as a
measure of the extracellular space proper.”*

Sol ut e Ti ssue equi | i brium Equilibrium Baquilibrium D stribution
Wi ght s Ext er nal Ti ssue Rat i 0s Between Tissue and
Concentration Concentration External Sol ution
{mg.) (mM) (umoles/q.) (av. £ S.E.)
d ucose 46.0 8L9 62.6 0.77
35.0 8L9 69.7 0.85
0.76 ® 0.05
66.8 24 16.7 0.74
3.8 22.4 159 0.71
Chl ori de 48.0 105.6 82.2 0.78
40.5 105.6 80.5 0.77
0.70 + 0.06
61.0 101.5 67.5 0.67
24.0 101.5 65. 2 0.64
PLG 98.0 8.8% 2,78% 0.34
90.0 8 3,08% 0.35
0.30 = 0.05
90.0 41 1.08% 0.26
75.6 4. 1% 0® 0.24
* in mg./ml,

Tablel. Equilibrium Distribution of Glucose, Chloride and Poly-L-glutamate in Washed ** Connective
Tissues."

Connective tissues were washed for 6 hours in three changes of Ringer Phosphate with 24 mM glucose
before incubation for 18 hours at 0°C in Ringer solution containing H-labeled glucose or C1*
labeled chloride, or (for 20 hours) in Ringer solution containing PLG. Labeled glucoseandchloride
contents of the connective tissues were from boiling extracts. PLG contents were obtained by equil-
ibrating blotted tissuesat 0°C in 1.5 mlof Ringer-phosphate solution (washing-out solution, containing
no PLG) for 24 hours and assaying the PLG content of the washing-out solution.

The Efflux of D-mannitolf romDense Connective Tissues

Small strips of tendon about 1 mm wide were incubated in Ringer solution containing
20 mM labeled D-mannitol for 18 hoursat 4°C. The efflux of the labeled D-mannitol was
followed by washing these strips for specified lengths of time in successivevialsof Ringer
solution at 0°C. The resulting efflux curve is shown in alogarithmic plot asafunction of
time in Fig. 10. The curve can be resolved into two fractions. By extrapolation one finds
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that the slower fraction amounts to 8% of the total D-mannitol content of the tissue.*
The rapidly exchanging fraction comprises about 92% of the total.

Qo4r

TIME{ munutes |

FigL(J’re 10. The Time Courseof Efflux of Labeled Dmannitol from a Piece of Bullfrog Muscle Tendon
at 0°C.

The efflux curve can be resolved into two exponential fractions(I and I1). From the dope of the faster
fraction and the equation for diffusion of solutes out of cylinders,” adiffusion coefficient for D-
mannitol in the tendon water of 1.22 x 10°® ¢m?/sec wasobtained. C, representsthe concentration of
labeled mannitol in the tissue t minutes after washingbegins, C,, representstheinitial tissue mannitol
concentration.

The Accumulation of Labeled Dmannitol and Sucrose in Washed Single and Multiple
Muscle Fiber Preparations from Bullfrogs

Single muscle fibers were incubated with labeled D-mannitol overnight at O Cfollowed
by brief washing in nonlabeled Ringer solution and the labeled D-mannitol content deter-
mined as in the methods section. Figure 11 shows the resultsasa function of the external
D-mannitol concentration. The rectilinear curve has a slope of Q1 (g/ml). The water
content of whole muscles is 80%.!* Of this 8 96 belongs to the extracellular complex.
Muscle cells comprise 90% of the total muscle weight. Hence the water content of single
muscle fibers is <805-5082 = 7996, Thus, the distribution ratio of D-mannitol between
intracellular water and extracellular water is%: 12.5%. Figure 12 shows that single and
multiple muscle fiber preparations aso accumulate labeled sucrose. In thiscase the curve
isnot rectilinear. The slopeisQ1 up to 40 mM, becomingashigh as027 at higher sucrose

concentrations. The corresponding distribution coefficient of sucrose between intracellu-
lar and extracellular water thus variesbetween 12 5% and 34%.

* It is unlikely that this dow "tail" representsan impurity in the D-mannitol preparation for the
following reason: Both a C-14-labeled preparation from Mallinkrodt and a tritium-labeled preparation
from New England Nuclear Corp. were used. Both preparationswere certified chromatographically
pure and gave similar results. An impurity amounting to 8%in both products is highly unlikely (see
dso Narahara and Ozand'®).
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Figure 11 Thedistribution of Labeled D-mannitol in Washed Singleand Multiple Muscle Fiber Prepar-
ations from Bullfrog Semitendinosus Muscle.

Of the total of 40 preparations, 22 were singlemuscle fiber preparations, the remainder were 2,3, or 4
fiber preparations. No significant differences were observed among them. Incubation in labeled D-
mannitol varied from 18 to 24 hours at 4°C. Distance between the bars is twice the standard error.
The number under each point represents the number of determinations at that concentration.
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Figure 12. The Distribution of Labeled Sucrose in Single and Multiple Muscle Fiber Preparations from
Bullfrog Semitendinosus.

Of the total preparations, 16 were single muscle fibers and the others are double muscle fiber prepara-
tions.

DISCUSSION

In order to determine the intracellular concentration of a solute, one must take into
account not only the solute in the "extracellular space proper' but aso that in other
extracellular elements including:

1. The transverse tubules (T-system) of the sarcoplasmic reticulum.

2. The sarcolemma.

3. The connective tissue complex, including tendons, fascia, small nervesand
small blood vessels with their occasionally trapped blood cells.
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In a preceding paper, Ling and Kromash!! conclude that the extracellular space proper
of frog muscles cannot exceed 8%o0f the muscle weight. This conclusion was reached on
the basis of the assumption that the concentration of poly-L-glutamate (PLG), a newly
introduced extracellular space probe material, in the extracellular space proper islinearly
related to the PLG concentration in the bathing medium.

The T-system is the only part of the sarcoplasmic reticulum directly open to the
exterior'® and occupies 0.2 to 0.4% of the entire muscle tissue volume.'”*? These tubules
are accessible to ferritin'® which hasa molecular weight of 750,000, more than ten times
that of PLG (50,000-61,000) and thus should be freely accessible to PLG. This system has
therefore been included in the extracellular space proper measured with poly-L-glutamate.

Thesarcolemmaisa complex structure considerably thicker than the plasma membrane
(i.e., Robertson's unit membrane) with a total thickness of about 0.1 u* (ref. 20). It
consists of at least 4 layers, two of which contain collagen fibers; the rest isan amorphous
ground material. The diameter of the average fiber in leopard frog musclesisabout 60 .
Thus, the sarcolemma constitutes about 0.3%o0f the volume of the leopard frog muscle
cell, an amount below the experimental error in our results and thus insignificant.

The thin sheets of loose connective tissue usually found in varying degrees of intact-
ness on the ventral surface of the skinned thighs and the dorsal surfaces of the skinned
legs of leopard frogs can be seen to run continuously into the connective tissues in the
muscles themselves. Further, the grosscomposition of these tissues closely resembles that
of the connective tissue complex. Thus, we have chosen it as a model of the connective
tissue complex.

The proportion of connective tissue complex in frog muscles has been investigated in
two ways. 1. The total content of collagen and elastin in intact sartorius muscles was
analyzed and compared to that of the connective tissue model. This led to an estimated
weight of connective tissue complex equivadent to 9.1% of the fresh sartorius muscle
weight.'* This is likely to be an upper limit because the collagen in muscle connective
tissue is probably higher than in the model. 2. Connective tissues contain a component
that strongly adsorbsNa* ion. In efflux studies” on connective tissues containing labeled
Nat ion, this fraction is very slowly released when the tissue is washed in a nonradioactive
solution. A similar, very slowly exchanging fraction of labeled Na* ion isalso present in
intact sartorius muscles as well asin sartorius musclesallowed to degenerate for 24 hours
after incomplete transection at 2 mm intervals with arazor blade. By comparing the levels
of the labeled Na* ion in this slowly exchanging fraction in the connective tissue model
with the same fraction in intact and cut muscles, we estimated the connective tissue com-
plex to constitute about 5% of the fresh sartorius muscle weight.

*An EM plate kindly prepared for us by Dr. Sumner Zacks shows that the sarcolemma of bull-
frog muscle fibershasa similar thickness.
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Both values of 9.1% and 5% were obtained from sartorius muscles. We estimate that
the heavier tendons found in the cylindrical muscles (semitendinosus, tibialis anticus
longus, and iliofibularis) are at least partially compensated by the dense fascia found on
the external surface of the sartorius. Further, we have found no significant difference
between the sugar distribution in the two types of muscles, suggesting that the extra-
cellular space complex in all these tissues does not differ widely.

Since the extracellular space complex is the sum of the extracellular space proper and
the connective tissue complex, the total extra-muscle-cell solute is the sum of the solute
in these two components. From PLG distribution (see also the 40 min. urea distribution
shown in Fig. 7), the extracellular space proper has a ceiling value of 8%. Comparing the
PLG distribution curves with theoretical models, we find that a value of 5% is probably
the best estimate.

We have shown that D-mannitol, D-sorbitol, sucrose, and D-glucose have the same con-
centration in the connective tissue water as in the external bathing solution. The connec-
tive tissue complex contains 85% water. Of this, 30% is accessible to PLG and has already
been counted as part of the extracellular space proper. The remainder is 55%. Thus, if we
use the 9.1% figure the connective tissue complex would account for 0.091% x 0.55 = 5%

of muscle weight. If the 5% figure is used, it would account for .05 x 0.55 = 2.7% of the
fresh muscle weight. The total extracellular space complex therefore occupies 5% + 5% =

10% or 5% + 2.7% = 7.7%, averaging 8.9% of the muscle tissue.

The total uptake of D-mannitol in whole leopard frog muscle lies between 17.5% and
23.4%, averaging 20.4% (Fig. 3). There is then 20.4% - 8.9% = 11.5% not accounted for
by the extracellular space complex. For bullfrog muscles the average D-mannitol uptake
is 26.5% (Fig. 6). Here 26.5% - 8.9% = 17.6% is not accounted for.

Similarly in leopard frog muscle, the total sucrose space averages 25% (Fig. 5); in
bullfrog muscle, it averages 31% (Fig. 6). The sucrose space unaccounted for by the extra-
cellular space complex is 16% and 22% respectively.

The Uptake of D-mannitol and Sucrose by Single and Multiple Muscle Fiber Preparations
of Bullfrog Muscles

Figures 11 and 12 show that washed single and multiple muscle fiber preparations
contain about 10% of the concentration in the external medium of D-mannitol and
sucrose (at low external concentration). The only extracellular space component which
these fibers possess is the sarcolemma. The question is — does this accumulation represent
solute present in the sarcolemma?

The diffusion coefficient of the bulk of D-mannitol in the sarcolemma cannot be much
slower than in the much denser connective tissue studied in this series (1.22 x 107 cm?/
sec from Fig. 9). Assuming that it is of the same order of ‘magnitude one can calculate (see
Ling and Kromash for equation) that the time for 99% of the D-mannitol to be removed
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from the 0.1 u thick sarcolemma is 107° second. Thus, 5 seconds of rinsing is very much
more than adequate to wash out 99% of the D-mannitol from the sarcolemma.* In fact,
some of the intracellular D-mannitol is removed as well. We must therefore conclude that
the sarcolemma is not the source of the D-mannitol and sucrose in the single muscle fibers
and that these substances enter the cells. For bullfrog muscle cells the intracellular D-
mannitol (in moles per gram of fresh cells) is at least 10% of the external D-mannitol con-
centration. This accounts for the bulk of the difference between the D-mannitol calculated
to be in the extracellular space complex and the total tissue D-mannitol actually measured;
a small remainder is at least partly accounted for by the loss during the 5 second washing.

Similarly sucrose also enters into the single fiber preparations in a quantity comparable
to the deficit mentioned above. In view of the gathering evidence that macromolecules as
big as DNA,?? proteins,?>"2¢ and inulin?® all enter into and exit from intact cells (for
review and additional reference see Ryser?®), that D-mannitol and sucrose should do the
same is hardly surprising.
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