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with special emphasis on the development of
procedures for inactivating tumor cell enzymes
without destruction of tumor antigen.

Summary. Hamster SV4o tumor cells ren-
dered nonproliferative by exposure to gamma
rays or by propagation in the presence of
iododeoxyuridine were highly effective when
used as immunizing antigens for preventing
the appearance of tumors in hamsters which
had received SV4 virus when newborn. Only
a single injection of immunizing antigen was
employed. Disruption of tumor cell prep-
arations by freeze-thaw or by treatment in
a French pressure cell for purpose of frac-
tionation resulted in total or near total loss of
immunizing capability, even when incorpo-
rated into alum adjuvant. Possible mecha-
nisms for loss of potency are discussed.

AppEnNpuM: Since the time the present
manuscript was in press, it was found in
further experiments employing the same tech-
niques that the loss of RNA and protein fol-
lowing cell disruption was considerably less
than noted above.

The authors are indebted to W. Clark, G. Devers,
and E. Glenn for technical assistance. Statistical com-
putations were made by A. Itkin. The irradiation
was ocarried out at Albert Einstein Medical Center,
Philadelphia, through the courtesy of Dr. Jacob
Gershon-Cohen with the kind assistance of Dr.
David Sklaroff.
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Dependency of Filtration and P-Aminochippurate (PAH) Secretion on

Na Reabsorption in the Obstructed Dog Kidney.*

(31852)

GAsPAR CARRASQUER' AND A. Louist D1aNa
Department of Medicine, University of Louisville School of Medicine, Louisville, Ky.

Creatinine and p-aminohippurate (PAH)
accumulate in renal tissue during ureteral ob-
struction in oliguria and in mannitol diuresis
(1). Accumulation of creatinine was not sig-
nificantly different from inulin in experiments

* Supported by USPHS Grant A-4618 (06) and
Am. Heart Assn. Grant-In-Aid 64 G 79.

§ Work done during the tenure of an Established
Investigatorship of Am. Heart Assn.

in which both substances were used. It was
concluded that accumulation of creatinine
could be attributed to persistent filtration
during the period of obstruction. Although
reabsorption of fluid from the lumen during
stop-flow was suggested as the cause of per-
sistent filtration, the relationship between
these two variables was not established.

A hypothesis has been devised to relate so-
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dium reabsorption to glomerular filtration
during stop-flow. Sodium reabsorption would
be followed by reabsorption of water, and a
hydrostatic pressure difference would be in-
duced between the site of reabsorption and
the glomerulus. Stop-flow filtration would re-
sult with intraluminal trapping of any non-
reabsorbable substance.

The present report presents studies on renal
tissue accumulation of creatinine and PAH in
dogs loaded with sodium salts of mono-and
multivalent anions. Results support the above
hypothesis, that is, as the reabsorbability of
the sodium salt increases the stop-flow filtra-
tion increases.

Methods. Following 24 hours of water and
food deprivation, male and female mongrel
dogs (16-20 kg) were anesthetized with
Nembutal (30 mg/kg). Both ureters were
catheterized. After an initial priming dose of
creatinine and PAH was injected intramus-
cularly in amounts of 0.1 and 0.01 g/kg
respectively, osmotic diuresis was induced by
intravenous infusion of 1.0 osmolar solutions
of the sodium salt of chloride, nitrate, bicar-
bonate, sulfate, or ferrocyanide at a rate of
10 ml/min. The infusion fluid also contained
0.4 g/kg/1 creatinine, 0.1 g/kg/1 PAH and
0.025 g/kg/1 KCl. The urine flow was main-
tained at a level of 5 ml/min or more per
kidney for approximately 30 minutes pre-
ceding ureteral obstruction. The left ureter
was obstructed for 50 minutes, and then both
kidneys were quickly removed. The super-
natant fluid from the boiled homogenates was
analyzed for creatinine, PAH, sodium and
osmolality. The techniques used and a de-
tailed exposition of the experimental pro-
cedure have been reported elsewhere(1).

Results. Effect of ureteral obstruction on
creatinine and PAH accumulation in renal
tissue. Fig. 1 shows graphically the effect of
ureteral obstruction on tissue concentrations
of creatinine and PAH in 27 experiments.
In these experiments the mean plasma con-
centration of creatinine was 3.3 mM per liter
(SE of mean +0.2) and that of PAH was
.20 mM per liter (SE of mean =+.02). Plas-
ma concentrations did not change by more
than 10% during the 50 minute period of
obstruction. Tissue concentrations of creat-

TABLE I. Accumulation of Creatinine and PAH in Stop-Flow Kidneys in Osmotic Diuresis.

Diuresis induced by

C

Na,Fe(CN), (N=6)
oM

M

Na,S0, (N=5)
oM C

IM

(¢

NaHCO, (N=5)
oM

IM

C

oM

4.08
=+1.01

NaNO, (N=5)

M

C

NaCl (N=6)
oM

IM

PEOK

.65
+.07

74
+.14

.65
=+.11

75
+.18

.82
~+.19

2.85
=+.31

3.28
=+.76

3.78
+.78

3.77
=+.67

Creatinine

PAH

PAH

Creatinine

pressed in ml plasma/ml tissue water per 50 min. Means
of creatinine and PAH in the stop-flow kidney.}

C — cortex: Values are means + SE of means ex

inner medulla; OM — outer medulla;
and SE of means of PEOK can be used for statistical analysis of the inerease in eoncentration

IM =

785
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_F‘IG. 1. Effect of stop-flow on renal tissue concentration of (a) creatinine, and (b) p-amino-
hippurate (PAH). Vertical lines represent standard error of mean.

inine and PAH increased significantly during
ureteral obstruction (hatched bars) in all the
experiments (p<0.02)} (See footnote of
Table I).

Table I presents the increase in concentra-
tion of both substances as the plasma extrac-
tion in obstructed kidneys (PEOK), as de-
fined in our previous paper(1). It is calcu-
lated by dividing the difference in concen-
tration of a compound in a given region be-
tween the stop-flow and free-flow kidneys
by the plasma mean concentration from 4-6
blood samples obtained during the period of
obstruction. The unit of PEOK is milliliters
of plasma per milliliter of total tissue water.
The mean PEOK of creatinine was 2.8-7.3
ml plasma per ml tissue water in dogs loaded
with monovalent sodium salts (NaHCOs;,
NaNO;, and NaCl), and 0.6-0.8 ml per ml
in dogs loaded with muiltivalent sodium salts
(NapSO, and Na,Fe(CN)gs). The mean
PEOK was 31.0-59.9 ml plasma per ml tissue
water in dogs loaded with monovalent sodium
salts, and 12.7-25.7 in dogs loaded with multi-
valent sodium salts. Maximal accumulation of
creatinine was found in NaCl diuresis, and
maximal accumulation of PAH was found in
both NaHCO; and NaCl diuresis. Although
the ratio of PAH clearance to creatinine clear-
ance varied only from 2.4 to 4.5 in all con-
ditions studied, the ratios of PEOK of PAH
to PEOK of creatinine (third row under each
heading of Table I) varied from values of
6.3 to 45.0 depending on the experimental
condition and the region of the kidney. The
PEOK ratios were higher when dogs were
loaded with multivalent salts.

Secretion of creatinine has been reported
in male dogs(2,3). Under conditions used
in present experiments it has not been pos-
sible to distinguish accumulation of creatinine
from that of mannitol or inulin. Both male

} Al p values mentioned in this paper were
calculated using the paired variates method bof
the Student’s t-test (C. R. C. Standard Mathematical
Tables. Chemical Rubber Co., Cleveland, Ohio.
13th edit., 1964, p258).

and female dogs were used in the experiments
presented herein and the results were the
same for both sexes.

Relationship between persistent filtration
and sodium reabsorption. Fig. 2 presents the
PEOK of creatinine versus the fraction of
sodium reabsorbed during free-flow period.
Values are the means of each parameter for
each experimental condition presented. A
direct correlation exists between creatinine
accumulation in every region and fractional
sodium reabsorption.

The mean sodium and chloride plasma con-
centrations were 159 and 161 mEq/], respec-
tively, in NaCl diuresis; 168 and 88 mEq/1
in NaNO; diuresis; 170 and 88 mEq/l in
NaHCO; diuresis; 183 and 100 mEq/! in
Na,S0, diuresis; and 160 and 104 mEq/!l in
Na,Fe(CN), diuresis.

The tissue osmolality and water content
in stop-flow kidneys were not significantly
different than in free-flow kidneys.

Discussion. Data presented herein indicate
that: (1) the amount of stop-flow filtration is
directly related to the amount of reabsorb-
able sodium salts present in the tubular lumen,
and (2) the reabsorption of sodium salts from
the distal region of the nephron plays an
important role in the induction of such stop-
flow filtration. While both conclusions are
explained directly from data in Fig. 2, the
second deserves further discussion. Thus, cre-
atinine accumulation during stop-flow was
uniform throughout the kidney in dogs loaded
with multivalent salts (p>0.30) while creat-
inine accumulated to a larger extent in me-
dulla than in cortex in dogs loaded with
NaCl (p<0.01) or NaNOQ; (p<0.05) (Table
II). Apparently in dogs loaded with NaCl
or NaNOs;, a greater reabsorption of Na and
fluid from the distal region (than in dogs
loaded with multivalent Na salts) will induce
a large movement of filtrate along the nephron
towards the renal pelvis. This results in a
high accumulation of creatinine in the loops
and possibly in the collecting ducts, located
in the renal medulla, that outbalances the
accumulation of creatinine in the proximal
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FIG. 2. Creatinine accumulation in stop-flow kid-
neys. PEOK in ml plasma/ml tissue water. Abscissa
refers to ratio of sodium reabsorption to sodium
filtration in free-flow period.

and distal convoluted tubules, located in the
cortical region.

By subtracting the PEOK of creatinine
from the PEOK of PAH (Table I) a parame-
ter is obtained which should be directly re-
lated to the cellular transport of PAH. This
parameter will be defined as T-PEOK of
PAH. If one assumes that secretion of PAH
takes place only in the proximal tubules in
the cortical region, then the T-PEOK of PAH
in inner medulla should be related to the
secretory rate of PAH because T-PEOK of
PAH would be that portion of PAH ac-
cumulating in inner medulla that cannot be
accounted for by glomerular filtration.

Stop-flow secretion of PAH (as T-PEOK
of PAH in inner medulla) was highest in
experiments with high levels of persistent fil-
tration: 52.1 ml plasma/ml tissue water (SE
of mean +10.0) in NaCl diuresis; 32.9 ml
plasma/m] tissue water (SE of mean +11.7)
in NaNOQ; diuresis; 55.3 ml plasma/ml tissue
water (SE of mean =+18.0) in NaHCO; di-
uresis; 14.3 ml plasma/ml tissue water (SE
of mean =+2.0) in NapSO, diuresis; and
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20.4 ml plasma/ml tissue water (SE of mean
#+2.1) in NayFe(CN)¢ diuresis. These data
on T-PEOK of PAH in inner medulla sup-
port the hypothesis that secretion of PAH
takes place in the proximal tubule and is
limited by high concentrations of PAH in
the lumen and cells of that region. Thus
secretion of PAH would be limited by stag-
nation of fluid in experiments with low PEOK
values of creatinine (e.g., Na,Fe(CN)¢ di-
uresis) but it would be less limited in ex-
periments with high PEOK values of creat-
inine because of persistent movement of
fluid from the proximal tubule towards the
renal pelvis. High concentrations of PAH
in cortex, outer medulla and inner medulla
would result from its accumulation in the
loop of Henle, distal convoluted tubule and
collecting duct.

Data presented here also support the hy-
pothesis that PAH accumulates in the cell
as it is transported from the intersititum
into the lumen, proposed by Josephson and
others(4,5,6). If PAH accumulation during
stop-flow were limited to the Ilumen Iits
distribution would be relatively the same as
that of creatinine in all regions of the kid-
ney. But the PEOK ratios of PAH to creat-
inine (third row under each heading of
Table I) were greater in cortex than in in-
ner medulla in experiments with low PEOK
values of creatinine (e.g., in Na».SO; and
NasFe(CN)g) (p<0.05) (Table 2), sug-
gesting a larger volume of distribution of

TABLE II. Differences in Behavior of Inner
Medulla and Cortex During Stop-Flow.
PEOK of PAH
PEOK of creat. PEOK of creat.
Salt injected (IM)—(C) (CO)—(IM)
Na,Fe(CN), .08 +.10 139 =42
Na,SO0, A7 + .16 119 =+28
NaHCO, 92 + .65 —.10 + .88
NaNO, 1.8 += .6 2.06 + .28
NaCl 31 .6 1.52 = 1.31

Creat. — creatinine; IM — inner medulla; C —
cortex; PEOK (see text referring to Table I). Val-
ues are mean difference + SE of mean difference
between the PEOK of creatinine in inner medulla
and cortex; and between the ratios of PEOK of
PAH to PEOK of ereatinine in cortex and the
same ratios in inner medulla. These values are used
to calculate the p values presented in the discus-
sion.} Experiments are the same as in Table L.
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PAH than of creatinine in cortex. Con-
sequently, if creatinine were secreted as has
been proposed(2,3) its accumulation in the
cells should be minimal compared to the in-
tracellular accumulation of PAH.

One of the physiological implications from
the study of renal tissue concentrations in
free-flow and stop-flow kidneys is the
localization of a secretory process in a re-
gion of the kidney. It was found that
localization could be accomplished in osmotic
diuresis but not in oliguria(1). From present
experiments one may conclude that osmotic
diuresis must be induced by injection of
substances that are poorly reabsorbed (i.e.,
mannitol, NasSO; or NasFe(CN)g) to
localize a secretory process in obstructed
kidneys, since under these conditions most of
the secreted material remains at its site of
secretion. In NaCl, NaHCO;, of NaNO,
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diuresis the secretory process could not be
localized due to the high degree of persistent
movement of fluid along the nephron during
the stop-flow period.

The authors express their appreciation to Lillian
B. Doughty and Katherine Carbin for technical as-
sistance, and to Roberta L. Phelps and Doris G.
Fravert for secretarial assistance.

1. Carrasquer, G., Bladwin, A. L., Am. J. Physiol,,
1965, v209, 1001.

2. O'Connell, J. M., Romeo, J. A., Mudge, G. H.,
ibid., 1962, v203, 983.

3. Swanson, R. E., Hakin, A. A, ibid., 1962, v203,
980.

4, Josephson, B., Bucht, H., Ek, J., Werko,
L., Scand. J. Clin. and Lab. Invest., 1952, v4, 1.

5. Chinard, F. P., Am. J. Physiol,, 1965, v185, 413.

6. Foulkes, E. C., Miller, B. J., ibid., 1959, v196,
83.

Received October 27, 1966. P.S.E.B.M.,, 1967, v124,

Molluscan Schistosomiasis mansoni: Effect of 2 Analogues of
Chloramphenicol on Both Parasite and Host.* (31853)

KENNETH S. WARREN AND AUSTIN S. WEISBERGER
Departments of Preventive Medicine and Medicine, School of Medicine, Western Reserve
University, and University Hospitals, Cleveland, Ohio

The suppression of molluscan schistosomia-
sis with chloramphenicol, an antibiotic which
inhibits protein synthesis, has recently been
demonstrated(1,2). In the search for a
cheaper and more active suppressant com-
pound which  might be of practical value in
the control of schistosomiasis, further studies
were initiated with two analogues of this
drug: 1) the L-form of chloramphenicol,
which is an almost bacteriologically inactive
by-product of the production of the active
D-form(3), and 2) the methyl-sulfonyl de-
rivative of chloramphenicol, Thiocymetin®,
which has been demonstrated to be of greater
potency than its parent compound(4).

* This work was supported by a research grant
from the Rockefeller Foundation and by Office of
The Surgeon General, Department of the Army,
under the auspices of the Armed Forces Epidemi-
ological Board through its Commission on Para-
sitic Diseases.

Materials and methods. The toxicity of D-
and L-chloramphenicol and Thiocymetin®
was determined by dissolving different
amounts of each drug in 2 L of dechlorinated
water in stainless steel pans and adding twenty
10-12 mm Australorbis glabratus of a Puerto
Rican strain to each container. Each experi-
ment included a control group similarly main-
tained but without the addition of drug. At
72 hours all of the animals were placed in
fresh dechlorinated water and the number of
dead snails determined.

Experiments on the suppressive effect of the
two drugs on molluscan schistosomiasis were
then initiated by exposing large numbers of
snails individually to 15-20 miracidia of a
Puerto Rican strain of Schistosoma mansoni.
Twenty-four hours later a control group of
20 snails, chosen at random, was placed in an
aerated, covered stainless steel pan in 4 L of
dechlorinated water maintained at 23° C and



