
t c‘r , a1 t 11 (311 gh cs t i ti1 a ti ( 111 s (,f 1, re -gl cmi er 11 1 a r r c- 
sistance showed no rise throughout the ;iulo- 
regulatory period. The ohservation that ure- 
t era1 pressure is greater than tissue pressure 
suggests that Bowman capsule extravascular 
pressure is an effective compressing force on 
the renal vascular bed. These data also sug- 
gest that tubules possess considerable struc- 
tural rigidity. 

Mechanisms of autoregulation, according to 
the present study, appear to operate primarily 
in association with glomerular filtration and 
also extend their effects through the post- 
glomerular segment. The “clamping” effect 
of extravascular pressure on intra-paxenchy- 
ma1 arterial vessels has not been evaluated. 

Summary. The present investigation has 
been concerned with mechanisms explaining 
autoregulation of renal blood flow. Data from 
experiments on the isolated perfused dog kid- 
ney suggest that as renal artery pressure is 
elevated, blood flow regulation is brought 
about by (a)  combined effects of increased tis- 

sue pressure and R w n i i t n  cal~siile cxtrav 
re, and (11) increases in lwst-glome- 

r d a r  viscosity resulting fronu glonnerular ril- 

tration. 
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Influence of Sodium Thiosulfate on Reducing Capacity of Human 
Erythrocytes in vivo.” (25525) 

HOWARD S. SCHWARTZ,~ BARUCH LANDAUS AND LOUIS J. SOFFE:R 
Endocrine Laboratory and Dept. o f  Medicine, Mount  Sinai Hospital, N .  Y .  City 

Ability of the red blood cell to reduce iodine 
is, to a great extent, a function of its gluta- 
tl-iione content( 1). We observed that, during 
intravenous infusion of sodium thiosulfate, 
there occurs a diminution in reducing capacity 
of red blood cells. We established an index 
determined by the ratio between this diminu- 
tion and amount of sodium thiosulfate in- 
fused. Erythrocytes of normal women had 
a reductivity index (R.I.) which was more 
than double that of normal men. 

Method. One hundred ml of 10% Na& 
Os 5 H20 was infused intravenously as de- 
scribed by Cardozo and Edelman ( 2 ) .  Aver- 

* Aided by grant from Muscular Dystrophy Assn. 
t Trainee, NIH, Inst. of Arthritis and Metabolic 
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age duration of infusion was 10 minutes. 
Venous blood was withdrawn in heparinized 
syringes a t  0, 25, 35, 45, and 60 minutes after 
beginning of infusion. Each blood specimen 
was divided into 2 portions. The first part 
was used for iodimetric titration of whole 
blood, the second portion for iodimetric titra- 
tion of serum ( 3 ) .  Volume of iodine used for 
each titration is employed to determine re- 
ducing capacity of the sample at  each time 
interval and is measured in terms of arbitrar- 
ily devised reductivity units (T.u.) . Ten r.u. 
are equal to that volume of N/1000 iodine 
standard required to titrate 0.5 mg of sodium 
thiosulfate standard. The N/lOOO iodine so- 
lution was prepared from N/10 iodine(4) by 
dilution. One g K1/100 ml was then added 
to stabilize final solution as recommended by 
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Rrut) ( ,i ) . 'l'he N ' 1000 iot l i i ic .  sollit ion was 
stantlarclizctl against N 400 .so(liuni t liiosul- 
fate( 3 ) ,  which was sta1)ilizetl with 2-3 g of 
borax, liter. Fresh standards were prepared 
monthly. JVhole blood reducing capacity a t  
each time interval was measured as follows: 
,4 1: 10 dilution of original blood sample was 
prepared by laking 1 ml of heparinized blood 
in 5 nil of distilled water with gentle agita- 
tion. The proteins were then precipitated 
with 4 ml of freshly prepared Folin-\\'u re- 
agent (1  vol. 10% sodium tungstate: 1 vol. 

hT sulfuric acid: 2 vol. distilled water). 
After precipitation. specimens were centri- 
fuged for 7-10 minutes a t  2500 rpm. and the 
protein-free supernatant was filtered through 
\Thatman #12 paper. One ml of protein-free 
filtrate was then titrated by direct iodimetry 
a t  room temperature, using lye starch reagent 
to establish the end-point. Just prior to each 
titration. I ml of 2 K HCI was added to the 
titration tube. Reducing capacity of serum 
a t  each interval was measured by making a 
1:s dilution of the original sample as fol- 
lows: heparinized blood was centrifuged 10 
minutes a t  2500 rpm. One ml of serum was 
combined with 4 ml of Folin-\Vu reagent to 
precipitate proteins. After precipitation. 
specimens were centrifuged for 7-10 minutes 
a t  2500 rpm. One ml of protein free super- 
natant was then titrated by direct iodimetry 
as described above. A11 titrations of blood 
and serum were done in duplicate. subtracting 
blank values of tubes containing similar vol- 
umes of water. S o  more than 2 hours were 
permitted to elapse between each venipunc- 
ture and final titration of its sample. To cal- 
culate red blood cell reducing capacity at a 
specific time ( t )  the following formula was 

Bt-  (1  -HCT) "s, 
used: Rt = 7 Rt  is reducing 

HCT 
capacity of red blood cells/ml rbc. Bt is 
reducing capacity of whole blood/ml whole 
blood. S, is reducing capacity of serum 'ml 
serum. A t  conclusion of each experiment, R, 
was plotted as ordinate on graph paper, and 
time (min.) plotted as abscissa (Fig. 1 ) .  
Clear portion represents loss in red blolod cell 

$ HCT is hematocrit. 

CHANGES IN  R.B.C. REDUCING 
CAPACITY WITH INTRAVENOUS INFUSION 

A I SODIUM THIOSULFATE I ISOTONIC SALINE 
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T t ME- MIN.(t 1 
* 
Loss of R 0 C reducing copocily 

F I G .  1. 

reducing capacity in one hour. When this 
area (Q)  is divided by amount of sodium 
thiosulfate infused, the reductivity index 
(R. I . )  is established. 

Area rcpreserited by Q in unit-min. 

Total arriount of sodium thiosulfate ( g }  * 
R I  . .  

-4mount of thiosulfate infused is calculated 
by diluting 1 ml aliquot of the 100 ml infu- 
sion in 1 liter volumetric flask using borax as 
preservative and titrating 1 ml of the 1/1000 
dilution by iodimetry as described for pro- 
tein-free filtrates above. Simultaneous cal- 
culations were made to determine extracellu- 
lar fuid volume(2) and to calculate disap- 
pearance rate ( k )  of sodium thiosulfate from 

0.693 11 
plasma according to the formula: k = -- 

T 7; 
where T S  is half life of sodium thiosulfate 
in plasma. Red blood cell reducing capacity 
pattern following intravenous infusion of 10.0 
ml of isotonic saline is demonstrated for con- 
trol purposes. Reductivity indices were es- 
tablished in 14 adult white females and 10 
adult white males. In  addition, 3 female pa- 
tients were given 75 mg testosterone propi- 
onate daily intramuscularly for 7 days. In- 
dices were measured prior to1 and following 
course of testosterone. Two additional male 
patients were given 5 mg stilbesterol tablets 

i /  Nat. log of 2 .  
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‘L’ANLE I. Erythrocyte  R.I. i n  14 Women. 

Age range  (yr )  R.I. range Avg R.I. R. T). 
~ 

29-71 68-127 87 1 7  

daily for 1 week. Reductivity indices were 
measured prior to and following this estrogen. 
Indices were also determined in 3 boys and 1 
girl during puberty, a 25-year-old man with 
hyperparathyroidism, a 49-year-old man with 
carcinoma of bladder, and a 50-year-old cas- 
trated man with carotid artery occlusion and 
hemiplegia. A final study was performed by 
administering testosterone propionate to this 
castrate in dosage listed above, and control 
R.I. was compared with post-testosterone R.I. 

Results. Adult women (Table I) had an 
average R.I., 87, which was significantly 
greater (p<.OO1) than the average R.I., 34, 
of normal adult men (Table 11). Adminis- 
tration of testosterone propionate (Table 111) 

TABLE 11. Erythrocyte  R.T. in 1 0  Meii. 

A g e  raiigc (yr )  R.T. range Avg R.I. S.  I). 

30-63 28-42 34 1 

resulted in considerable depression of R.I. in 
2 of 3 women and in the castrated mam. The 
opposite effect was obtained following admin- 
istration of stilbestrol to 2 normal men (Ta- 
ble IV) .  Differences in R.I. could not be at- 
tributed to variations in extracellular fluid. 
Sodium thiosulfate estimation of the extracel- 

TABliE III. Effect of Teutosteronc on Erythro-  
cyte  R.I. 

Prc P0st 
A P  Sex testostrroiir tcstostcrone 

lular compartment in men averaged 18.8% 
of total body weight; in women, 19.6% of 
total body weight. Two patients given 100 
mg cortisone acetate orally daily for m e  week 
showed 3 liter increases in extracellular fluid 
but no change in R.I. A third patient, given 
100 pg I-triiodothyronine orally daily demon- 
strated 16% fall in ROT] after one week, but 

5R,  = R, when t = 0 

no change in R.I. No sex difference was 
found in (k)  rate of disappearance of sodium 
thiosulfate from plasma .which averaged 
O.O16/min. In  4 patients undergoing pu- 
bertal changes, one 14-year-old girl and one 
14-year-old boy showed R.I. values of 69 and 
34 respectively, consistent with normal adult 
values. The other R.I.’s are intermediate. 
High R.I. values were encountered in 2 men 
with neoplastic disease. Average R,, for 
women and men were 15 and 17  r.u./ml rbc 
respectively equivalent to 0.93 and 1.05 mg 
GSH/ml rbc. 
TRRTJE IV. Effect of Stilbestrol on Erythrocyte  

R.T. 

P r e  Pos t  
Age Sex stilbestrol stilkwstrol 

37 ‘79 
29 41 

38 8 
41 6 

Discussion. Reducing capacity of red 
blood cells under normal conditions is, in 
large measure, a function of reduced gluta- 
thione (GSH) content and dces not vary ap- 
preciably during one hour, nor does it change 
following intravenous infusiort of isotonic sa- 
line (Fig. 1 ) .  This capacity falls significantly 
following intravenous infusion of sodium thio- 
sulfate. The absolute and relative diminution 
in this capacity differs between sexes in no’r- 
ma1 adults, resulting in differences in R.I. 
Since there is no sex difference in erythrocyte 
mean corpuscular volume(5 1, size of red 
blood cell &probably not a factor. Prelimi- 
nary studies suggest that circulating androgen 
and estrogen may play a role in response of 
erythrccyte reducing capacity to in trave- 
nously administered sodium thiosulfate. Di- 
minution in this capacity relflects changes in 
intracellular oxida tion-r educ tion of glu ta thi- 
one favoring the oxidized form. The roles of 
glucose-6-phosphate dehydrogenase and glu- 
tathione reductase have not yet been evalu- 
ated in the R.I. phenomenon. It has previ- 
ously been shown (6>7) that in tracellular gly- 
oxalase activity influences glu tathione stabil- 
ity, and that interferes with this stability 
by inhibiting glyoxalase activity. Since 
arsenate and thiosulfate behave similarly in 
reduction-oxidase systems! i t  is conceivable 
that R.1, may be a function of ,similar process. 
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Further investigation is proceding to eluci- 
date the mechanism of the R.I. phenomenon 
and to see whether it relates to neoplasia. 

Reducing capacity of erythro- 
cytes has been measured. Followng intrave- 
nous infusion of sodium thiosulfate, there oc- 
curs a significant diminution in this capacity. 
A reductivity index (R.I.) was established 
relating diminution in this capacity with 
amount of sodium thiosulfate infused. R .  I. 
of erythrocytes of women is more than double 
that of normal men. Preliminary studies sug- 
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gest that estrogen and androgen may influ- 
ence R.I. 
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Dietary Vitamin K Requireinent of the Rat. (25526) 

31. S.  MAMEESH m i )  H .  ( 'ONNOR JOHNSON 
(IVith technical assistance of J. G. Bergan) 

Dizli\ion of . 4 ~ i m u l  .Vutvitjon, l ' l i i vu \ i fy  of Illinois, Urbann 

Recent reports by Barnes and Fiala( 1 ) and 
by Mameesh and Johnson(2) have shown 
that a dietary \-it. K deficiency can be pro- 
duced in the non-coprophagic rat. Prior to 
the finding of the role of coprophagy in sup- 
plJ.ing intestinally synthesized \'it. E; to the 
rat(  1,2), it had not been possible to deter- 
mine the quantitative Vit. K requirement of 
the rat for maintenance of a normal prothrom- 
bin level. The experiments reported herein 
were conducted to measure the \'it. K require- 
ment of the growing, non-coprophagic. male 
rat. 

Methods. Weanling male albino rats of 
the Sprague-Dawley strain were randomly di- 
vided into groups of 10 rats each. The ani- 
mals were individually housed in wire-bot- 
tomed cages in a temperature-controlled lab- 
oratory. Food and water were given ad libi- 
tum. Daily feed records were kept, and the 
rats were weighed a t  weekly intervals. Co- 
prophagy was prevented in all rats by the 
method of Barnes et aZ.(3). The composi- 
tion of the basal diet is given in Table I. The 
diet was mixed every 2 weeks and stored in 
dark brown glass jars under refrigeration. To 
reduce bacterial growth, the daily feed refused 
was discarded and feed dishes and water bot- 

tles were washed every other day with hot 
water and a household detergent. Vit. K1 
( 3  - phytyl - 2 - methyl - 1,4 - naphthoquin- 
one. 3lann Research Laboratories, Inc., New 
York) was dissolved in triolein and added to 
the diet a t  the time of mixing a t  predeter- 
mined levels. Evidences for inadequate Vi t. 
K intake were: a)  hemorrhagic deaths with 
one or more of the following symptoms oh- 

Sncrosc 
Drackett-soy proteiii (Archer Daiiiels 

1)l-metllioni ric (Uow Clrcriiical Co., 

T ri olci 1 i 

\?i t:iiiiiiijzivl ~ ( w ~ l o s e ~  
Salt niistiirc S o .  446t 
RIctliy1 liriolcatr urea iriciusioii coiii- 

pound (25% methyl linoleatc, Hor- 
me1 Founclatioii, Austin, Minn,) 

a - To c o 11 11 e I* ol ace t a t P 

Vit. A (Nopcay, 250,000 USP units 
per g, Nopco Chemical Co., Harri- 
son, N. .J .) 

units/g, Nopeo Chemical Co., Hnr- 
risoii, K. J.) 

Midla  11cl Co., Cincinnati, 0.) 

Aliclla ncl, M icli.) 

Vit. D, (Super  Nopdex 15,000 1 

M.9 
20.0 

.5 

3.0 
5.0 
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.6 

.012 

.008 
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