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Nature of 

Solvent Transfer in Osn~osis 

T h e  phenomenon of osmosis appears 
tv be looked upon \\-ith sharply differ- 
ing points of view by rnany physiologists 
and others in related disciplines. T h e  
traditional \,iilt\, of workers in the field 
of capillary and glornerular permeabil- 
ity, as typified by the work of Starling 
and Lancli.; and, in more recent years, 
by the work of Krogh, Ussi~lg, and Ja- 
cobs holds that osmosis is a nmrs floxv of 
the solvent through the "pores" of the 
barrier (membrane) arising by some ob- 
scure mechanism-usually not discussed 
-when a mole fraction difference of 
the solvent obtains by virtue of the p r e ~  
ence of a macronlolecule impermeable 
to the barrirr. rlnother point of vie\\-
has argued exclusively for thc diffusion 
of the sol\,ent-that is, a molecular-mo- 
lccular random drift. This vicw has been 
rnost eloqurntl) expressed in rcccnt 1car\ 
by Chinard ( 1 ) .  

Although several ~ io rke r s  ( 2 )  in re-
cent years ha\,e demonstrated that os-
rnotic transfer must be vies-ed as a mas5 
flolv, this ~vork has been carried out vn 
biological matc,rial and for this reason 
might appear to be ambiguous or in-
conclusive since more "complex" phe-
nomena might be involved.- T h e  data 
presented in this report (3) have been 
obtaincd on a simple system to hclp 
focus attention on the fundamental 
process of osmotic transfer. I t  will be 
scen in the follo\ving discussion that 
t\vo irreversible processes can take place, 
Lrnd usually do, to 21 varying degree. A 
s i~nple  binary system-namely, a sol-
vent (\\-ater) and an uncharged macro-
~r~olcculc-is considered in co~ljunctiorl 
I\-ith ;I tvl,ically iniw 11ari-ier as uhcd in 
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osmornetry of the Puoss-Mead type (per- 
forated stainless-steel disk covered with 
collodion) to which the macromolec~~l(:  
is absolutely impermeable. 

T h e  first task is to establish the naturp 
of the solvent flux when a hydrostatic 
pressure difference is applied across the 
barrier. Direct observation on this bar- 
rier indicates a linear relationship be-
txvern hydrostatic pressure and transfer 
of sol\,ent, namely, 0.88 x 10~~1°mole/ 
sec, per cly/crn2. 

T h e  diffusion component of flux can 
bc evaluated by applying t h ~  gcneral 
relationship ( 4 )  

73 here A is the efiective area ancl D the 
self-diffusion coefficient of the solvent 
and LL is the chernical potential. This 
equation can be rewritten 

dn  - D A  AP 
dt  R T h X  

since 
Ail = FAP 

and 
c v = 1 

The  factor DA/AX can be evaluated 
after observlnq thc diffusion of I-1,01" 
xt ross thc same ba r r~e r ,  from the rela- 
tion 

Integration of this, with the assump- 

tion of a linear gradient, yields the 

equation 


in \\-hi(-h C.:' and C;" (C:' > C") nrc  thv 

initial concrntrations of I-I,OIP. A cell 

\\-as constructed ~v i th  equal volumes 

( 1'= 6.5 cm" ancl rneans for itirring
), 

\\-(myprovided. Sa~nples  wrcl.c* taken at 

ir~ter\>alsof time At (15 ~ n i n ) ,  \vith the 

first sample taken at time t several inin- 

utes after the cell had been filled. Anal- 

yses Ivere made \\-ith a rnass spectronn-

cter. Typical data obtained for the ini- 

tial concentratio~ls C' = 1.3 percent ancl 

(:"= 0.2 perrcnt :ir(. C", = 0.28 pcrccnt, 


(,""f+lj = 0.54 percent, and C"f,:,,, = 0.65 
percent. With these data, Eq.  4 gives 
DA/AX as 3 x 10-% Thus, by means of 
Eq. 2, the magnitude of flux per unit 
pressure difference is 0.12 x 10-l2 mole/ 
sec, per dy/cm2. Comparison of this 
with the magnitude found experimm-
tally sho~vs that the diffusion component 
is about l / i 3 0  of the total flux. 

One is forced to conclude, therefor?, 
that any pressure difference applied 
gives rise to a transfer of water ~vhich is 
predominantly nondiffusional in nature. 
I t  will be convenient to refer to this 
component as quasi-laminar since the 
flo~v lines in the barrier \vould be dif- 
ficult to establish. 

T h e  osmometer experiment is now to 
be considered. I t  is an experimental 
fact that the transfer of water through 
the barrier when a hydrostatic pressure 
difference is applied can be duplicated 
in the absence of a pressure differenct. 
by contaminating one volume of thr  
solvent ~v i th  a macromolecule-for cx-
ample, dextran-to ~vhich the barrit,r 
is absolutely impel-meable. T h r  quan-
tity, \\-hich is exactly equivalent to a 
given value of AP, is ( R T / ~ )in N I I , ~  
\\-hich reduces to K T c  for srnall valut.\ 
of the concentration r of the macro-
~noleculc. 

The  fascinating nature of thc molc 
fraction effect can be seen in that, whilp 
"intuitively" one rnight assume that this 
component of the chemical potential 
\vould give rise to a diffusion flux as 
prescribed by Eq.  1, the experimental 
fact observed is that the flux develvped 
is predominantly nondiffusional but, as 
termed in a preceding paragraph, 
"quasi-laminar." This conclusion is in- 
escawable since. in the osmometer ex-
periment, Tve observed the equivalence 
of the mole fraction ancl the hydro-
static pressure \,ariables ancl in the first 
experiment we established the nondif-
fusional nature of the flux clue to hydro- 
\tatic pressure Therefore, the molc 
fraction effect snust also develop a non-
diffusional flux. Thus, expressing this 
symmetrical relationship, we have 

\\-here positive value of flux is defined 
from solution to solvent and AP is the. 
c:xress hydrostatic pressure on solutio~i 
ovcr that of solvent, and sr is the, rnol(* 
fraction tcrrn. The  proportionality con-
stant is some kind of "hyclra~~liccon-
ductivity" depending up011 the naturcT 
of the flow process. 

I t  should be emphasized that there is 
no kinetic theory in existence to explain 
the basis of the nondiffusional flux aris- 
ing from the mole fraction effect. Un-
fortunately, the theory of liquids is in- 
;~dcquatr: ~ ithc prerpnt time for carry- 



ing out more than speculative analysis, 
but certainly, as suggested by Lars On-
sager, there must be a momentum de
ficiency in the microdomain of the pore 
in the solution side of the barrier. Tha t 
is, in a solid region of the barrier, the 
time average transfer of momentum is 
that prescribed by the hydrostatic pres
sure of the phase, but in the opening 
of the pore there is a deficiency since 
the momentum arising from the macro-
molecule is not transferred to the sol
vent species in the pore, being cut off by 
the finite size of the pore. Thus, within 
the pore and only within the pore, a 
gradient of pressure arises and quasi-
laminar flow ensues from the solvent 
side to the solution. 

Although the experimental observa
tions in the osmometer experiment do 
not demonstrate the diffusion compo
nent of flux explicitly, it is reasonable to 
assume that this component is present: 

/ dn\ -DA _Aw 
Vd*/aiff. RT AX ' 
n A r -

^j^~[VAP + ARTlnN] 

= RT~ ~AX[ ~Y ° 
D A l F A D 1 

= RTAX[AP~K] 

Thus, the total flux is 

T h e diffusion component would be 
all-important in a barrier whose "pores" 
have a cross-sectional area of the order 
of the solvent molecules such that only 
a molecular-molecular drift of the sol
vent could occur. 

In conclusion, the point to be em
phasized for workers in the field of 
membrane permeability is the fact that 
in osmotic transfer the chemical po
tential difference of the solvent can give 
rise to both a quasi-laminar flux and 
to a diffusion flux, the relative impor
tance of the two components being de
pendent on the nature of the barrier. 
For most barriers, the predominant 
component is the quasi-laminar flux. 
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Aggressive Behavior in 

Castrated Starlings 

Androgens have long been known to 
affect the aggressive behavior of birds 
and mammals. Experiments conducted 
during the last two decades have shown 
that animals of various species ceased 
aggressive behavior when they were cas
trated, or rose in social rank when they 
were given injections of testosterone. 
This paper ( / ) reports the maintenance 
of aggressive behavior in castrated star
lings and the failure of testosterone to 
affect their social rank. 

The methods consisted of observing 
castrated starlings (Sturnus vulgaris) 
that were living in a large room (14 by 
16 feet). Eleven birds were bilaterally 
castrated on 20 Dec. 1956, when the 
testes were still in the regressed winter 
condition but were starting to increase. 
The birds were painted.on the tail with 
bright colors for individual identifica
tion. These birds maintained fighting 
and singing behavior for a month. A con
ventional diagram describing the social 
rank was prepared. In most cases the 
relative position was clear, but in some 
cases the birds may have been tied for 
position, and in other cases no contests 
were observed. 

On 15 Jan. a series of injections of 
graded doses of testosterone was begun, 
to determine the effect of testosterone on 
the seminal vesicle (2 ) . The dosage was 
not known to the observer. The rank of 
the individuals did not change during a 
period of 10 days. The birds that were 
injected with control material remained 
in their rank. The birds that received the 
highest amounts of testosterone were 
sixth and ninth in rank even at the end 
of the 10-day period. It was suspected 
that three of the birds might have some 
testicular tissue because their bills re
mained yellow. These birds ranked first, 
third, and eighth and, on autopsy, were 
found to have some tissue. 

Because these results were the glean
ings from another experiment, a program 
was specifically planned. Five birds were 
castrated 2 Feb. and were observed until 
11 Mar. A rank was obvious, and song-
continued vigorously. Injections of testos
terone (begun 11 Mar.) at various dos
ages had no effect on rank. On autopsy, 
on 21 Mar., one bird (second in rank) 
had 25 mg of testicular issue, but the 
top-ranking bird had none. 

These results demonstrate that cas
trated male starlings maintain a rank, as 
do normal birds. Since the aggressiveness 
of these adults might be the result of 
learning, experiments with young birds 
are planned. However, the aggressiveness 
might result from androgen from an
other source. But the threshold of re
sponse would have to be below the level 
that controls bill color and growth of 

seminal vesicles because castrated birds 
have black bills and minute seminal ves
icles. Furthermore, the fact that injec
tions of large amounts of testosterone did 
not alter rank indicates that androgens 
are not involved. The aggressiveness 
might be responsive to another hormone, 
such as a hypophyseal hormone, since 
Witschi (2) concluded that, in some 
birds, plumage changes are controlled by 
gonadotropins. This possibility is being 
explored. 
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Nature of Fluorophore 
Localizing in 
Tetracycline-Treated Mouse Tumor 

It has been previously observed that 
certain chemical agents such as fluo
rescein (7) and hematoporphyrin (2 ) , 
when administered parenterally to tu
mor-bearing animals, tend to localize in 
the tumor tissue. This phenomenon finds 
limited clinical applications in the local
ization and diagnosis of neoplastic dis
eases (3). The fluorophore in the tumor 
tissue was usually assumed to be the un
changed compound administered, with
out, however, inquiry being made into 
its exact chemical nature. 

Recently, Rail et al. (4) reported 
that, in animals bearing transplantable 
tumors, localized fluorescence was noted 
in the bones and the tumor tissue after 
treatment with any of the tetracyclines. 
The discovery aroused considerable in
terest in that a variety of animal tumors 
as well as a few human neoplasms ex
hibited this behavior. In addition, the 
localized fluorescence persisted as long 
as the animals survived (5 ) . 

In view of the sustained interest in 
the problem and the obvious chemo-
therapeutic possibilities implied, an ef
fort has been made in our laboratory 
to study the chemistry of the fluorophore 
in the tetracycline-treated mouse tumor. 
In this report, evidence is presented to 
show that the localized fluorescence is 
attributable to unchanged tetracycline 
which, however, probably does not exist 
as such in the tumor tissue, but rather 
as a loose complex bound with a peptide 
which is one of the normal constituents 
of mouse sarcoma tissue. 

GAF-L mice weighing 20 to 24 g with 
6-day-old sarcoma S-37 were injected in-
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