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TABLE TI. Skiii Collagen Expressed as Percent Collagen Dry Fat Free Sample. 

T-+WWk 1-, <-Wk 2-, ,-Wk 3- 
Casein With Vit. C Without Vit. C With Vit. C Without Tit. C With Vit. C Without Vit. c 

33.5 35.0 42.0 37.3 42.4 43.2 
22% 34.0 32.9 37.2 34.6 37.7 39.4 
8% 

Discussion. The results of these experi- 
ments indicate a direct action of ascorbic acid 
on the initial biosynthesis of collagen in im- 
planted polyvinyl sponges in the rat. This 
effect was much more marked under condi- 
tions of higher protein intake. I t  is quite 
probable that the mechanism for rapid colla- 
gen formation requires ascorbic acid as a 
component or that the vitamin may serve to 
expedite earlier release of some inhibitory 
mechanism resulting in rapid biosynthesis of 
collagen. The negative results obtained on 
skin collagen may be explained on the basis 
of the extremely slow turnover of body col- 
lagen as compared to such rapid synthesis as 
that encountered in the experimental system 
employed. 

Summary. Our results indicate that on a 
diet containing 22% casein, extra amounts 
of dietary ascorbic acid caused a substantial 
increment in collagen synthesis which was 
significant during the first 2 weeks after 

sponge implantation. It was also increased 
by Vit. C supplementation of diets contain- 
ing 8% casein but the results were less 
marked than with the higher protein level. 
The results also indicate that addition of 
extra amounts of Vit. C to these diets im- 
proved their biological value from the point 
of view of bigsynthesis of collagen but not 
for growth. 
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Countercurrent Exchange in Vessels of Renal Medulla. (26162) 

NEILS A. LASSEN* AND JAMES B. LONGLEY 
(Introduced by G. L. Laqueur) 

Laboratory of Pathology and Histochemistry, National Institute of Arthritis and Metabolic 
Diseases, Bethesda, &id. 

After the proposal of the countercurrent 
multiplier hypothesis of renal medullary 
function, Wirz( 1) was able to show by micro- 
puncture experiments that the papillary 
blood supply was subject to renal counter- 
current osmotic concentration and dilution. 
Berliner et a L ( 2 )  in restating and modifying 
the countercurrent hypothesis considered the 
medullary circulation to be simply a passive 
countercurrent exchange system working in 

parallel with an active tubular countercur- 
rent system. Gottschalk and Mylle(3) have 
concurred in this view, and presented data 
confirming Wirz’s original observations. 

Where a gradient for any diffusible ma- 
terial exists between its 2 ends, a counter- 
current exchanger acts as a barrier to the net 
transport of that material along its long axis. 
The more diffusible the material, the more 
effective the barrier. In a passive system 

* Present address: Bispebjerg Hospital, Copenhag- concentrations of sodium, chloride, and urea, 
the principal elements of the papillary hy- en, Denmark. 
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perosmolarity of mammalian kidney, would 
tend to be conserved more effectively than 
concentrations of large molecules such as the 
plasma proteins, but less effectively than 
gases or other lipid-soluble blood compon- 
ents. Although such an arrangement poses 
difficulties in terms of gaseous exchange be- 
tween the deep medulla and the general cir- 
culation, the results of the following experi- 
ments on incorporation into the papilla of 
the rat of materials of varying diffusibility 
are consistent with this simple hypothesis. 

Methods. Male Sprague-Dawley rats 
weighing 200-250 g were used. The animals 
were kept on normal laboratory diet and had 
spontaneously hypertonic urine. Incorpora- 
tion into the renal papilla of radioactive 
tracer substances of widely different diffusi- 
bilities was studied. In some animals only 
one tracer was employed: in other series 2 
tracers were employed simultaneously. 

Incorporation of a highly diffusible sub- 
stance into renal papilla. Radioactive Krs” 
was used in a concentration of about 50 pc,/ 
ml air. The unanesthetized rats were con- 
fined in a small glass container with carbon 
dioxide-absorbing pellets. By injecting oxy- 
gen, negative pressure and asphysia were pre- 
vented. At varying time intervals( 1,3,6,10, 
60 and 90 minutes) the animals were dropped 
into liquid nitrogen. The frozen animals 
were sliced transversely on a band saw and 
autographs prepared by placing X-ray film 
and the still frozen body sections together a t  
dry ice temperatures. After development , 
relative K1-s5 concentrations of the various 
tissues were estimated by densitometry of 
the films. 

In all animals the cortex of the kidney had 
approximately the same density on the films 
as the blood in the heart. This was taken to 
indicate that the renal cortex is saturated 
rapidly (in less than one minute) with the 
inert gas. In  the animals sacrificed after 90 
minutes of Krsa inhalation autographs of the 
kidney showed an average papillary density 
of 93% of the cortical density. This was 
taken to indicate that the solubility of Krs.-’ 
in the papilla was 0.93 of that in the cortex. 
On the basis of these two observations, incor- 
poration of Krss into the papilla was estab- 

lished from the ratio of density of the X-ray 
film over the renal papilla to that over the 
renal cortex divided by the factor 0.93. 

Incorporation of a colloidal subsjance into 
the renal papilla. A qualitative estimate of 
the state of albumin incorporation after 15 
seconds perfusion was attempted. Nembutal 
anesthetized rats were injected intravenously 
with about 40 pc 1131-labeled human serum 
albumin. Kidneys were ligated at  the end 
of the specified interval, removed, and frozen 
in  dry ice. Radioautographs of unfixed 
frozen sections were made using ordinary X- 
ray film. 

Simultaneous papillary incorporation of (I 

highly difiusible substance and a colloidal 
substance. The mode of incorporation of 2 
substances of widely different diffusion char- 
acteristics was studied in rats using the in 
situ perfusion technic described by Sellers 
ct d(4). The perfusate was about 12 cc of 
heparinized rat blood a t  about 25°C. Micro- 
curie amounts of Na24 and I131-iodinated hu- 
man serum albumin or of Tl3l-antipyrine and 
Au’”-colloidal gold were added to the per- 
fusate. A Nembutal anesthetized rat was 
prepared with one loose tie around each renal 
pedicle, and a loose tie around the aorta 
above the renal arteries. A needle of the 
size of the aorta was inserted into the aorta 
below the renal arteries. Through this 
needle the perfusate was introduced rapidly 
under a hydrostatic pressure of about 140 
mm Ha. Simultaneously the aorta was tied 
above the renal arteries, and the inferior vena 
cava was cut open. In this way an in situ 
renal perfusion was established. After 10 to 
1 5  seconds, when the supply of perfusate was 
almost exhausted, both kidneys were tied off, 
cut free, and placed on dry ice. The renal 
papilla, a sample of tissue from the renal cor- 
tex, and a sample of the perfusate were placed 
in small vials, and assayed for radioactivity 
using a well-type scintillation counter. After 
2 counts of the samples at separate times, 
use of the decay factors of the isotopes in- 
volved permitted calculation of the original 
ratio of the two isotopes in each sample. 

Results. Incorporation of a highly diffu- 
sihle substance into papilla. A radioauto- 
graph obtained from a rat breathing KrS5 
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FIG. 1. Autograph, transverse section from rat 
breathing Krs6 for 3 min. Both kidneys (r. and 1. 

at top) show low activity in papillae. 

for 3 min is given in Fig. 1. The 2 kidneys 
are outlined clearly with the cortex standing 
out as a bright ring. In  contrast, the deeper 
parts of the medulla are quite dark. Thus, 
relative to the cortex, the papilla is saturated 
only slowly with Krs5. Results of the densi- 
tometer readings from all the animals sacri- 
ficed at varying times of exposure are given 
in Fig. 2.  

Incorporatioct of a colloidal substance into 
papilla. A radioautograph obtained from a 
rat kidney ligated 15 seconds after intra- 
venous injection of a small amount of 1131- 

iodinated human serum albumin is shown in 
Fig. 3. Even a t  such a short interval incor- 
poration of albumin into papilla is greater 
than the corresponding incorporation into 
cortex. Thus incorporation of the large albu- 
min molecule in papilla is, on gross evalu- 
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F I G .  2.  Rate of iiicorporntioil of KrG iiito papillz? 
of rat kidney a s  determined densitometrically froin 

autographs as in Fig. 1. 

ation, fast compared to that of highly dif- 
fusible KrS5, as presented above. This auto- 
graph also shows that the vascular bundles 
of the inner medulla become distinctly out- 
lined by 15 seconds. 

Simultaneous incorporation of a highly dij- 
fusible substance and a colloidal substance. 
Results of aortic infusion experiments using 
a mixture of Na24 and 1131-albumin in 8 rats 
are given in Table I. The autograph of Fig. 

FIG. 3. Autograph, kidney of rat 15 see. after inj. 
of P -human serum albumin. Note activity in 
papilla. Activity in central portion is in medullary 
vascular bundles, here cut obliquely. In cortex ac- 
tivity is proba,bly due largely to intraepithelizd 

accumulation of tracer. 

3 indicates the distribution of I131-albumin 
in kidneys of such animals. Autographs of 
sodium distribution after this interval have 
been illustrated by Krakusin and Jennings 
( 5 . )  The quantitative results indicate that 
under the conditions of these experiments, of 
the amounts of sodium and albumin avail- 
able, the cortex incorporates an average of 
more than 3 times as much sodium as albu- 
min, but in the papilla only about half as 
much of available sodium is incoprated as 
of available albumin. Stated in another way, 
if compared with the simultaneous incorpo- 
ration of albumin into the two tissues, sodium 
under the conditions of our experiments is 
incorporated into the cortex about 6 times 
as rapidly as i t  is into the papilla. 

Similar calculations on 4 rats perfused 
with a mixture of I13"-antipyrine and Au*08- 
colloidal gold indicate that in comparison to 
the simultaneous incorporation of colloidal 
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TABTIE I. Relative Iiicorlwwtioii of NaZ4 ;ind I K" 
Albumin into R e i d  Cortex a i d  R e i d  P:ipill;i o f  
R>ats (Aortic Perfusion Experinleiits Lastiiig 10 t o  

15 See.). 

gold in the 2 zones. antipyrine enters the cor- 
tex 20 times as rapidly as it does the papilla. 
I n  3 of these 4 rats on the same basis the rate 
of cortical incorporation exceeds papillary in- 
corporation by more than 100 times. 

Discussion. Our various experiments are 
not on a comparable quantitative basis. but 
the qualitative order of effectiveness of es- 
clusion of the various materials studied seems 
established. It is reasonable to assume that 
both serum albumin and colloidal gold have 
very low rates of diffusibility? essentially zero 
in comparison to sodium, antipyrine. and 
krypton. Sodium enters the papilla less read- 
ily than albumin, but much more readily 
than antipyrine does in comparison with col- 
loidal gold. Sodium is therefore excluded 
with intermediate effectiveness. The obser- 
vations with krypton cannot be related di- 
rectly to our other data, but comparing its 
slow entry into the papilla with the heavy 
concentration of Na?? found by Krakusin 
and Jennings(5) in the rat papilla within 30 
seconds of injection, its exclusion must he 
regarded as effective compared with that o f  
sodium. Thus the various materials studied 
are seen to be excluded with an order of ef- 
fectiveness corresponding to the anticipated 

order of permeability of capillaries to each 
of them. This is what would be expected in 
a passive countercurrent exchange system. 
These findings are consistent with those of 
M'hite et d ( 6 )  that water is more effectively 
excluded from the renal medulla than is so- 
dium. 

This conclusion invites comparison once 
again between the countercurrent system in 
the renal medulla and the swimbladder in 
certain fishes. The apparent similarity in 
Imth microscopic and submicroscopic struc- 
ture of the retia mirabilia involved in the 2 
cases has been pointed out( 7 ) .  Attention 
may also be drawn to the interesting but un- 
explained tendency of red cells to be absent 
in  the efferent vessels in both cases(7,S). 
.4nd now. in spite of the seemingly overcom- 
plex fine structures of the retia mirabilia in 
the rat and toadfish for this function, the ob- 
jective evidence so far indicates in both cases 
that only passive countercurrent exchange is 
involved. 

The striking similarity of structure and 
function in the swimbladder and renal retia 
mirabilia is even more remarkable when one 
considers that the countercurrent conserva- 
tion required in the 2 cases poses significantly 
different problems. Gases are the most dif- 
fusible of the nornial molecular population 
of the blood by a wide margin; their equi- 
libration in a countercurrent system will be 
achieved almost entirely through exchange 
of gas molecules, and without any other sig- 
nificant effect on the composition of the 
blood passing through the rete. On the other 
hand, the sodium, chloride, and urea consti- 
tuting the bulk of the osmotic gradient being 
guarded in the renal papilla are alike in be- 
ing much less readily exchangeable than gas- 
es, and furthermore are also, in other sites, 
considerably less exchangeable than water 

Important consequences follow from this. 
Whereas conservation of the oxygen gradient 
across the swimbladder rete necessitates only 
exchange of oxygen, the effective counter- 
current conservation of sodium, chloride, and 
urea can only be achieved at  the expense of 
severely embarrassed transport of gases into 
and out of the area of containment, and nec- 

(9). 
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essarily involves significant movements of 
water as well. That this problem of gaseous 
exchange is a real one in the kidney is shown 
by our krypton autographs. The low oxygen 
tension observed in papillary tissue and in 
urine(l0) is probably directly related to it. 
The high rate of anaerobic glycolysis found 
for papillary tissue( 11) may well represent 
an adaptive response to an unavoidable and 
permanent oxygen lack. Speculation on this 
problem may lead one to ask if any part of 
the oxygen needs of the papilla might be 
met by oxygen freed in situ, perhaps by a 
mechanism such as that evidently embodied 
in the swimbladder gas gland; or, alternative- 
ly, whether some modification of the rete 
vessels in the kidnevs does not occur to re- 
duce their permeability to gases and thereby 
increase the amount of any gas that can be 
carried the length of the rete. The increase 
in urinary oxygen tension during water di- 
uresis( 1 2 )  appears to conflict with both these 
possibilities, but does not exclude them con- 
cl usivel y. 

Given normal characteristics of capillary 
permeability, equilibration of opposing 
streams of blood unbalanced with respect to 
sodium, chloride, and urea will involve not 
only movements of solutes, but also large 
bulk movements of water. The direction of 
this movement in the kidney, as Gottschalk 
and Mylle(3) have stated, will be such that 
water will be shunted past the papilla. The 
expected consequence of this will be that non- 
diffusible components of the blood will be 
concentrated to levels above normal in ves- 
sels of the papilla. This conclusion has been 
anticipated for nondiffusible solutes from ob- 
servations of the tendency of plasma protein 
to appear in papillary vessels of sectioned 
material as “colloid”( 13), and from tracer 
determinations of apparent papillary plasma 
protein “volume” as greater than any likely 
estimate of the true vascular volume of this 
tissue ( 14). Recently Thureau (unpublished 
results) has shown directly as great as 3-fold 
concentration of protein over normal plasma 
levels in samples ot’ plasma obtained by mi- 
cropuncture from vessels of the hamster pa- 
pilla. Protein concentration in papillary plas- 
ma from this viewpoint occurs only as an un- 

avoidable consequence of conserving mate- 
rials less exchangeable than water by the 
countercurrent method. 

Gottschalk and Mylle (3) reached their 
conclusion above on theoretical grounds and 
from observing what they considered elevat- 
ed red cell concentrations in superficial ves- 
sels of the hamster papilla. While the con- 
clusion is evidently correct in the case of 
plasma proteins, it should be noted that the 
reported concentration of red cells is in con- 
flict with the conspicuous absence of red cells 
in the papilla and its efferent vessels in histo- 
logical preparations ( 7), the typically pallid 
appearance of papillary tissue, and with ap- 
parent papillary hematwrits of 5% or less 
obtained by tracer methods( 15). A red cell 
shunt past the papilla even more effective 
than the shunt for water is demanded to fit 
these findings. ’The observation of Gott- 
schalk and Mylle suggests that some of the 
superficial vessels of the papilla receive their 
blood from the vessels in the inner stripe 
(the zone immediately outside the papilla) 
through which the bulk of the red cells enter- 
ing the arteriolae rectae must be shunted, 
but should not be taken as evidence of a 
generally elevated papillary hematocrit. 

Summary. 1 )  The countercurrent action 
of the renal medullary vasculature, apparent- 
ly passive, is demonstrated by its differential 
exclusion of materials from the papilla of the 
kidney in order of diffusibility. 2 )  The struc- 
tural and functional similarity in the rete 
mirabilia of the kidney and fish swimbladder 
is stressed. The differences in functional de- 
tail in the two cases are proposed to relate to 
differences in the materials for which gradi- 
ents are being maintained. 

We are indebted to Dr. R.  W. Berliner for suggest- 
ing the possible significance of a study of rate of 
incorporation of highly diffusible substances into 
the renal medulla, and for his continued interest and 
helpful criticism during the study. The technical 
bssistance of Mrs. H. J. Burtner has been of the 
greatest value. 
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Fractionation and Itiiiiiunological Properties of a DNA-rich Preparation 
f r o m  B r u c Y I 1  (I (I h or t us. * t ( 26463) 

OTTO J .  PLESCIA, JOSEPH J. NOV.\L:, NICHOLAS C. PALCZUK AND WERNER BRAUN 
Z i z s t i f  trte of MicrobioloRy, Rirt g e n  C n i w r s i t y ,  -Vew Brunswick, N .  J .  

Previously we described the isolation of 
DXA-rich preparations from Brucella obor- 
tus  by estraction with 0.5% phenol( I ) , and 
the ability of such preparations to produce 
antisera containing antibodies that precipi- 
tated DNase-sensitive antigens ( 2 , 3 ) .  Subse- 
quent studies (4) revealed that such antisera 
also contained antibodies to antigens insen- 
sitive to DNase treatment. and that only 51./, 
of all immunized rabbits were capable of pro- 
ducing antibodies against DSase-sensi tive 
antigens. This variability may be similar to 
that encountered in studies of  Lupus erythe- 
matosus, in which antibody-like serum fac- 
tors reacting with DXA were found irregu- 
larly, and to the irregularity with which anti- 
bodies to haptenes are produced. With this 
variability in mind, the present report is re- 
stricted to an analysis of a lot of DNA-rich 
material from B .  abortus, hereafter referred 
to as preparation #12, which contained 
DNase-sensitive antigens. Preparation # 12. 

* Preliminary reports were given at Federation 
Meetings, Philadelphia, April 1958, and at VII In- 
ternational Congress of Microbiology, in Stockholm, 
Aug. 19.58. 

t These studies were supported in part by grants 
from Damon Runyon Memorial Fund and 11. S. 
Public Health Service. 

$ Charles Pfizer Post-Doctoral Fellow. Present ad- 
dress, N. J .  Neuro-Psychiatric Inst., Princeton, N. J .  

as well as previously used preparations, con- 
sisted largely of DNA, but also contained 
some RNA, carbohydrate, and about 25% 
protein that could not be dissociated from 
the nucleic acid( 1 ) .  An attempt was there- 
fore made to establish more precisely the 
chemical basis for the immunogolical speci- 
ficity by fractionating the preparation con- 
taining the antigens. Progress made in such 
purification and the properties of the several 
fractions obtained will be described. 

,%faterials and methods. Immunizing anti- 
gens. Preparation # I 2  ( “ # i 2  prep”) was 
obtained from mucoid cells of ,BruceZZa abor- 
tus, strain 19, according to Braun et al.( 1). 
I t  was separated into several fractions by dif- 
ferential ultracentrifugation ah described be- 
low. Preparation of antisera.. ‘,New Zealand 
white rabbits (5 -6  Ib.) were immunized by 
intravenous injections of a saline solution of 
either the unfractionated preparation or its 
fractions. In the course of immunization, 
each rabbit received a total of 2.5 mg of nu- 
cleic acid, as determined by absorption at 
2 6 0  mp, or that quantity of a given fraction 
which was obtainable from 2.5 mg nucleic 
acid in the unfractionated preparation. In- 
jections were spaced over a period of 4 weeks, 
with doses of unfractionated material ranging 
from 0.05  to 0 .25  mg of nucleic acid and 
equivalent amounts of the fractions. The 


