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of sialic acid and hexosamine( 6 ) ,  so that the 
genetically controlled differences may involve 
either amino acids or carbohydrates. The na- 
ture of the multiplicity of transferrin from 
cows homozygous at  the transferrin locus also 
remains an unsolved problem. I t  is possible 
that the ,bands are composed of the same 
protein with different numbers of sialic acid 
moieties attached. It has been found that 
treatment of human transferrin with neura- 
minidase results in the appearance of 5 bands 
whose intensity varies with the concentration 
of the enzyme( 18,19). Direct evidence bear- 
ing on these questions, however, must await 
further purification of these proteins. 

Summary. A ratio of 3 volumes 0.4% 
rivanol to one volume serum was used to 
partially purify cattle transferrin. After 
treatment, the supernatant fraction contained 
predominantly transferrin and 7-globulin. 
No albumin was detectable by starch gel or 
paper electrophoresis. Fractionation of se- 
rum from cattle of phenotypically different 
transferrin types yielded transferrin with the 
same pattern and mobility in starch gel elec- 
trophoresis as in the original serum. 
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greater specificity in their natriuretic action, 
lesser effect on excretion of potassium or on 
glomerular filtration rate. Such efforts cul- 
minated recently in synthesis and develup- 
ment of plythiazide, 2-methyl-3- (,8,/3,P-tri- 
fluoroethyl - thiomethyl) - 6 - chloro - 7 - 
sulfamyl-3,4-dihydro-l,2,4 benzothiadizine, 1, 
1 dioxide. 

H 

Material and methods. Polythiazide oc- 
curs as a white crystalline substance with a 
molecular weight of 439.9 and a melting 
point 214-215OC. The compound is insol- 
uble in water but dissolves readily in alka- 
line solution. 

To study the diuretic activity of polythia- 
zide in rats the method of Lipschitz et d ( 3 )  
was used. Each animal was placed in a separ- 
ate metabolism cage for a 5-hr period. Concen- 
trations of Na+, K+ and Cl- were determined 
in each collected urine sample. Results were 

expressed as - where T is urine volume 
5 hr 

or electrolyte concentration in the urine sam- 
ple collected from a treated animal and C is 
average control value for 8 animals. A total 
of 112 rats was used in thlis study. 

The saluretic activity of plythiazide was 
evaluated in 8 trained female dogs during 
water diuresis. To produce water diuresis 
the animals received orally a prime of 40 ml 
of water per kg of body weight and 2 0  ml/kg 
hourly thereafter. The dogs were trained to 
remain without anesthesia or restraint on 
trough shaped boards for 6-7 hours. Urine 
was collected by retention catheter continu- 
ously at hourly or at 10-30 minute intervals. 
Four experiments were made at each dose 
level of each drug. Polythiazide was given 
orally or intravenously. The increase in so- 
dium or chloride concentrations in the urine 
was used to measure the saluretic effective- 
ness of the drug. 

T-C 

To study the duration of action of poly- 
thiazide over a 24 hour period 6 female mon- 
grel dogs were deprived of food and water 
during the night prior to and throughout the 
experimental period. The animals received 
drugs orally. Urine samples were collected 
by repeated catheterizations. The effects of 
the diuretics were expressed as T-C, where T 
is average urine volume or amount af electro- 
lytes excreted by 6 dogs after treatment and 
C is average control value for the same dogs. 

Renal clearance experiments were per- 
formed on dogs lightly anesthetized with so- 
dium pentobarbital, 25 mg/kg I.V. Isotonic 
dextrose or NaCl solutions were infused at 
the rate of 0.4 mlJmin/kg for 2% hours prior 
to and during the experiment. 

Experimental metabolic acidosis was pro- 
duced in 4 female mongrel dogs by dietary 
supplement of ammonium chloride, 0.5 g/ 
kg/day for 5 days prior to the test. On the 
test day 5% dextrose solution was infused at 
0.4 ml/min/kg for 2 5  hours prior to and 
throughout the experiment. Experimental 
metabolic alkalosis was produced in female 
mongrel dogs anesthetized with sodium pen- 
tobarbital (25 mg/kg I.V.) by infusion of a 
solution containing 0.075M NaHC03 and 
2%% dextrose (1 ml/kg/min for 10 minutes 
and 0.4 ml/min/kg for one hour). 

Sodium and potassium in urine and plasma 
were determined with the Process Instru- 
ments flamephotometer. Urinary chlorides 
were determined by a method of Sendroy(4) 
and chlorides in plasma by the method of 
Schales and Schales ( 5). Determinations of 
total COa in urine and plasma and calcula- 
tion of bicarbonate concentration were done 
according to Peters and Van SZyke( 6).  De- 
terminations of creatinine were made by the 
Folin method(7) and PAH was determined 
according to Smith et a L ( 8 ) .  Determina- 
tions of ammoniuni concentration in urine 
were done by the Conway method(9). 

The changing pH method of Philpot and 
Philpot ( 10) was employed for estimation of 
carbonic anhydrase inhibitory activity as pre- 
viously described ( 1 1 ) . 

To study the effect of chronic administra- 
tion of polythiazide on b l d  pressure of hy- 
pertensive dogs systolic and diastolic pres- 
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FIG. 1. Dose-response regression lines for  pIythi;izi clca and trichlormethiazide orally in rats. 
Effects on urinary flow, Na+, K+ and C1- ( s c w t i o ~ l  i~re expressed as differences in excretion be- 
tween an animal under test : i n d  an avg v;tluc for x wtitrol rats. Regression lines were calculated 
011 the basis of 56 ol)scrratioiis for polyt1ii:ixi~It~ ;111(1 i 2  ohsewations for trichlormethiazido. 
R.P. z Rolntiw potriicic+ with '35th confitlc~~cc* liinits. Potency of trichlormethinzicle is con- 

sicI(wt1 ( ~ ( 1 I l i l l  to 1 .  

sures were measured in 8 hypertensive un- 
anesthetized dogs by the method of Prioli 
and Winbury ( 12). Three types of hyperten- 
sive dogs were used: (a) 4 renal hypertensive 
dogs prepared by the method of Goldblatt 
et aL(l3) ;  (b) 2 neurogenic hypertensive 
dogs prepared by the method of Grimson 
(14) ; and (c) 2 dogs exhibiting a profound 
and sustained spontaneous hypertension. The 
dogs were randomly divided into 2 groups of 
4 dogs per group. One group received daily 
oral dose of 400 g / k g  df polythiazide (by 
stomach tube) for 5 days; the other group 
served as controls. Systolic and diastolic ar- 
terial pressure measurements and heart rate 
determinations were made twice daily over 
the experimental period. 

The antihypertensive activity of polythia- 

zide was also evaluated in renal hypertensive 
rats prepared by the method described by 
Grollman( 15) and treated with oral doses of 
50, 100, 2 0 0  and 400 p e g ,  twice a day 
over a 3 or 3% day period. Eight rats were 
used at  each dose level. One group served as 
the solvent control. The drug solutions were 
prepared fresh daily. Blood pressure mea- 
su'rements in these animals were made with- 
out anesthesia by the mimetric technic( 16) 
each morning prior to and 4 hours after drug 
administration. 

Diuretic and saluretic efiects in 
rats. In rats polythiazide by oral adminis- 
tration was 2.9, 9.9, 5.5 and 0.4 times more 
potent than trichlormethiazide on the basis 
of the increase in urine volumes, Na+, C1-, IS" 
excretion, respectively (Fig. 1).  The 95% 

Results. 
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EFFECTS OF FQIYTHAZIDE ORALLY AND L\I: 
IN DOGS DURNG WATER DlwiESlS 
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FIG. 2. Saluretic effects of polythiazide 31 pg/kg by oral and intrav. administration to trained 
dogs during water diuresis. Avg values for 4 dogs. Brackets indicate stand. errors. 

confidence limits of the relative potency in- 
dicated the statistical significance of the dif- 
ferences in potency. On the basis of K+ ex- 
cretion polythiazide was less potent than tri- 
chlormethiazide whereas on the basis of Na+ 
excretion it was considerably mure potent. 

Comparison of dose-response regression 
lines for polythiazide with those for bmzthia- 
zide and chlorothiazide( 11) revealed that 
polythiazide is about 40.0 times as potent as 
benzthiazide or 400-600 times as potent as 
chlomthiazide in its natriuretic and chloru- 
retic effects. 

Saluretic effects in dogs during water di- 
uresis. Under the conditions of water di- 
uresis urine volumes and K+ excretion are 
usually not appreciably influenced by knz- 
thiad4iazines and the effectiveness of these 
drugs can be evaluated only on the basis of 
increase in excretion of sodium and chloride. 
Polythiazide produced a pronounced increase 
in excretion of both. This increase became 
apparent in the first hour after oral and 20 
minutes after intravenous administration of 
the drug (Fig. 2). In control experiments 

there was no increase in excretion of electro- 
lytes during the same period. 

Duration of action studies. The duration 
of diuretic and saluretic effects of polythia- 
zide and trichlormethiazide is compared in 
Fig. 3. The difference in duration of action 
of polythiazide and trichlormethiazide (each 
at 125 pg/kg orally) becarne apparent in 6- 
24 hours after oral administration of drugs. 
During that period trichlormethiazide pro- 
duced a rebound phenomenon-i.e., a de- 
crease in urinary excretion of Na+ and C1- 
when polythiazide effect was still evident. 
The long duration of polythiazide action was 
observed at  31 & k g  dose level as well as at 
125 lUg/kg. 

Renal clearance experiments. a. During 
infusion of 5% dextrose solution. Pdythia- 
zide is an effective natriuretic agent under 
conditions of these experiments (Table I). 
Intravenous injection of 50 pg/kg followed 
by infusion at  the rate of 75 pg/kg,hr pro- 
duced a 6-8 fold increase in rate of Na+ and 
C1- excretion. This increase was much 
greater than the increase in urine volumes so 
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that concentrations of Na' and C1 in the 
urine increased greatly. Excretion of K+ was 
also increased. The increase was less than 
1/10 of that of sodium excretion. There was 
no effect on excretion of bicarbonate, ammo- 
nium or on urinary pH. Polythiazide had no 
effect on glomerular filtration rate (creatinine 
clearance). Slight secondary decrease in renal 
plasma flow (clearance of sodium pamino- 

hippurate) was observed during the second 
clearance period after treatment. It is of ques- 
tionable significance and may not be related 
to drug action. 

b. During infusion of isotonic NaCl solu- 
lion. Table I1 summarizes 4 experiments in 
which 10 pg,/kg of polythiazide was given in- 
travenously followed by infusion at 15 pg/ 
kg/hr. Tn these experiments the rate of Na+ 
excretion prior to the drug was relatively 
high (400-500 pEq/min) and the saluretic 
effects of polythiazide were less pronounced. 
The average increase in rate af Na+ excretion 
was 143 pEq/min; that of chloride, 153 
pEq/min. There was only a slight and ques- 
tionable increase in urinary pH and in rates 
of bicarbonate, potassium and ammonium ex- 
cretion. In these experiments polythiazide 
produced a slight increase in glomerular fil- 
tration rate and renal plasma fluw. Plasma 
electrolytes and plasma pH were not affected 
by the drug. At dose levels as high as 10 
mg/kg i.v. the effects of polythiazide under 

H .mJ , , ' I* 

DOSE I25yhg Ordy 
FIG. 3. Effects of polythiazide and trichlormethin- 
xitle each at 125 pg/kg orally on urinary volumes, 
S:I.+, K+ and C1- excretion over a 24-hr period i n  
clogs deprived of food and water. Effects are ea- 
pressed as differences in excretion after drug and 
control values for the same dogs. Avg values €or 6 
animals. Vertical lines represent stand. errors. 

Note long duration of polythiazide action. 
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same experimental conditions were not 
greatly different (Table 111). At 10 mgJ 
kg the natriuretic and chloruretic effects of 
polythiazide were not considerably greater 
than at  lower dose levels. Even at such high 
doses, the effects of polythiazide on rates of 
potassium and bicarbonate excretion were 
not pronounced. The glomerular filtration 

rate in these experiments was not depressed 
even by massive doses of polythiazide. 

Experimental metabolic acidosis and alka- 
losis. In 3 dogs with experimental acidosis, 
0.4 mg/kg of polythiazide followed by infu- 
sion at 0.6 mg/kg/hr produced a pronounced 
increase in excretion rate of sodium and 
chloride, slight increase in excretion of potas- 
sium, and no effect on rate of ammonium ex- 
cretion. There was a slight and question- 
able decrease in urinary pH and in rate of 
bicarbonate excretion. A typical experiment 
on an acidotic dog is presented in Table IV. 

In dogs with experimental alkalosis, poly- 
thiazide at 0.4 m g k g  followed by infusion 
at 0.6 mg/kg/hr produced a pronounced in- 
crease in rate of Na+ and C1- excretion. 
There was a slight increase in excretion rate 
of K+. Under conditions of metabolic alka- 
h i s  polythiazide produced a considerable in- 
crease in rate of bicarbonate excretion (Ta- 
ble V).  

Carbonic anhydrase inhibitory activity in 
vitro. The in vitro mular concentration of 
polythiazide required for 50% inhibition of 
carbonic anhydrase was estimated as 5 X 
1C7M and that for chlorothiazide 1 X 
1 O-OM. 

Cardiovascular efiects of polythiazide. An- 
esthetized nmmotensive dogs. In normuten- 
sive anesthetized dogs, polythiazide was 
tested at  dose levels of 1 to 50 mg/kg, intra- 
venously. The animals were observed for a t  
least 4 hours following drug administration. 
There were no significant changes in blood 
pressure or heart rate wh'ich could be attrib- 
uted to the drug action. Slight potentiation 
of the pressor response of adrenaline was 
noted occasionally. 

Unanesthetized hypertensive dogs. In 4 
dags with experimental or spontaneous hy- 
pertension, daily oral administration of p l y -  
thiazide (400 pgjkg/day for 5 days) caused 
decrease in both systolic and diastolic pres- 
sure, the maximum effect seemed to appear 
on the fifth day of treatment (Fig. 4), when 
the decrease in systolic and diastolic pressure 
was significantly (P<O.O5) lower in the 
treated than in the control group of 4 other 
hypertensive dogs. Heart rate recorded 
concomitantly with arterial pressure deter- 
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TARTJE 111. Effert of Polythi:izi(lc on Oloinerular Filtration Rate and Electrolyte Excretion dnring 111- 
f u h i i  of Isotoiiic. Si\Cl Solutici'. 

Dog 0 ,  11.4 kg 
Aiiesthesifi : Soclium peritobarbi tal, 25 nig/kg i.v. 

Glomerii- 
Dma- Urine lar filtril- Plasma co~ iv . ,  nieq/l r-pH -7 peq/min. 
tion, f l ~ w ,  tioii 1 :it?, 

Rate of excretion, 

Period min. nil/min. ml/uniii. S;I+ I<+ ( ' I  H ( ' 0 3 -  T'rinc Plasma Na+ H' C1- HCOa- 

20 
20 

20 
20 

20 
20 

2 0  
20 

I .o 2s 14.5 3.9 120 23 7.12 7.17 149 
.9 - ' '8 151 3.8 11s 28 7.19 7.27 145 

Polyt Iiiiizi(lv, . 1  iiig/kg lbri i i i (*  t'ollowc~tl l)y ,1 ing/kg/hr infusion 
1.50 3.9 1211 - i . 2 0  7.26 340 1 .x 

I .4 33 131 3 . i  120 22 7.20 7.24 217 
Polythiazide, 1 mg/kg prime follo~ved by 1 ing/kg/hr infusion 

1.8 - 145 4.0 120 -- 7.30 7.27 331 
1.6 33 I 3 1  3.i 122 21 7.30 7.28 390 

Polytliiazitlc, 10 iiig/kg priinci :olloiro(l 1)y 10 mg/kg/hr infusion 
1-N 3..j 120 - 7.30 7.25 463 2.4 - 

2.0 :;4 1532 3.8 1 9 1  20 7.40 7.25 374 

- 

21 158 29 
20 146 27 

50 305 - 
32 228 39 

18 305 - 
39 267 51 

62 407 - 
56 345 75 

minations was not significantly changed by 
the polythiazide treatment. 

Unanesthctized hypertensive rats. Daily 
oral administration of 100 pg,;kg. or more, of 
polythiazide produced a statistically signifi- 
cant (P<O.O5) lowering of mean arterial 
blood pressure in hypertensive rats (Fig. 5 ) .  
The antihypertensive effect did not become 
apparent until the second or third days of 
treatment. 

Our studies in rats and dogs 
on the pharmacological activities of polythia- 
zide indicated that this compound is a po- 
tent, orally active diuretic and antihyperten- 
sive agent. The long duration of action, in- 
crease in excretion of sodium and chloride in 
equivalent amounts, effectiveness in meta- 
bolic acidosis and alkalosis characterized the 
diuretic activity of polythiazide. Almost 

Discussioiz. 

equal activity by oral and intravenous ad- 
ministration indicated complete absorption. 
The potency of polythiazide was estimated 
on  the basis of a 5 hour urine collection in 
rats. Because of the prolonged duration of 
polythiazide action its actual potency is prolb- 
ably considerably higher than these data in- 
dicated. But even on the basis of a 5 hour 
observation period polythiazide is one of the 
most potent diuretics known. The excep 
tionally long duration of polythiazide action 
shown in this study was confirmed in recent 
clinical investigation( 17) .  Polythiazide was 
found to be effective in man for as long as 
48 hours after oral administration. 

Polythiazide produced a pronounced in- 
crease in sodium and chloride excretion in 
dogs infused with a 5 %  dextrose solution. 
Glomerular filtration rate in these experi- 

TABLE IV. Effect of Folythiazide i.v. on Excretioii of Electrolytes in a Dog with Experimental Meta- 
bolic Acidosis. 

Dog 9, 11.5 kg 
Anesthesia : Sodium pentotmrl);t:il, 23  111e/kg i.v. 

GlOlllCl.11- 
Dura- Urine lar filtra- Plasma r!on~., ~tiry/l - PH 7 Rate of excretion 
tion, flow, tion rate, Plas- peq/mnin. 

Period min. ml/min. ml/min. Na+ K+ C1- HC03- Urine ma Na+ K' C1- HCOS- NH,+ 

Avg of 
1-2 20 2.1 30 145 2.8 108 11 5.3 7.15 36 12 92 .4 38 

Polytliiazicle, 0.4 iiig./kg i.r. followtl Ijy infusion at 0.6 mg/kg/hr 
3 20 2.1 39 1-43 2.(i 10.7 13 5.1 7.13 57 14 164 .2 36 
4 20 1.9 3 0 149 2.6 95 12 5.0 7.13 158 24 222 .2 38 
5 20 1.5 27 141 2.6 103 13 4.8 7.18 123 21 178 .I 37 
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TABLE V. Effect of Polythiazide i.v. on Excretion of Electrolytes in a Dog with Experimental Meta. 
bolic Alkalosis. 

Dog No. 6086 0 ,  22.2 kg 
Anesthesia : Sodium pentobarbital, 25 mg/kg i.v. 

Glomeru- Rate of excretion, 
Dura- Urine lar filtra- Plasma conc., meq/l 7- pH peq/min. 
tion, flow, tion rate, 

Period min. ml/min. ml/min. Na+ K+ C1- HCO; Urine Plasma Na+ K+ C1- HCOa- 

1 20 4.5 60 148 2.6 99 28 7.7 7.46 81) 35 34 98 
2 20 4.2 56 147 2.6 97 28 7.7 7.48 90 31 40 93 

Polythiazide, 0.4 mg/kg followed by 0.6 mg/kg/hr infusion 
3 20 5.4 60 150 2.7 97 31 7.8 7.45 438 44 237 214 
4 20 5.8 59 149 2.7 99 30 7.8 7.47 465 48 252 243 
5 20 6.3 61 153 2.7 96 32 7.8 7.47 504 53 265 286 

ments was not increased. The inhibition of 
carbonic anhydrase which is observed in vi- 
tro, was not generally evident during the 
polythiazide diuresis seen in normal animds, 
even at doses as high as 10 mg/kg i.v. Only 
in experimental alkalosis was there a marked 
increase in bicarbonate excretion after poly- 
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FIG. 4. Effect of polythiazide, 400 pg/kg orally, 
on blood pressure and heart rate of unanesthetme, 
hypertensive dogs. At the arrow polythiazide was 
administered; C is control. Avg values for 4 dogs. 
Vertical bars represent stand. errors of mean. 
Where indicated (A) there is a statistically siglli- 
ficant difference between control and treated ani- 
mals. 

FIG. 5. Effect of oral treatment with 200 pg/bg 
of polythiazide twice daily on blood pressure in 
unanesthetized hypertensive rats. A t  the arraw 
polythiazide was administered; C is control. Avg 
for 8 rats. Vertical bars represent stand. errors of 
mean. Where indicated (A) there is a statistically 
significant difference between control and treated 
raft& 

thiazide, attributable to the carbonic anhy- 
drase inhibitory activity of the drug. 
The demonstration of antihypertensive ac- 

tivity of polythiazide in animals indicated the 
possible usefulness of this drug in treatment 
of hypertension. The sustained effect should 
be a desirable property of polythiazide used 
as an antihypertensive agent. The mechanism 
of antihypertensive action of benzthiadiazines 
cannot yet be clearly defined. The reduction 
of b l d  volume or decrease in reactivity of 
blood vessels as a result of blood volume re- 
duction( 18) are still favored explanations 
for the mechanism of the benzthiadiazines ac- 
tion in hypertension. The changes in intra- 
cellular concentrations of Na+ or K+ in the ar- 
terial walls may, on the other hand, also ex- 
plain the antihypertensive activity( 19). I t  
was recently postulated ( 2 0 ) ,  that ischemic 
kidneys of rats may produce a substance 
which would tend to increase selectively the 
intracellular K+ concentration in the arterial 
walls of hypertensive rats. I t  is conceivable 
that a drug like polythiazide may antagonize 
the effect of this hypothetical substance on 
redistribution of tissue elec trdy tes. 

Polythiazide was found to be 
a highly potent, orally active diuretic agent 
in rats and dogs. Duration of plythiazide 
action was prolonged. The diuretic effect was 
demonstrated as late as 12 to 24 hours after 
oral administration of the drug. Onset of 
polythiazide action was rapid. After intra- 
venous administration to dogs, the maximal 
saluretic effect was abtained in 1 0  to 20 min- 
utes. The onset of action after oral adfnin- 
istration was less than one hour; maximal ef- 

Summary. 
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fect was obtained either during the first or 
second hour. Polythiazide produced a.n al- 
most equal increase in excretion sf sodium 
and chloride. The increase in excretion of 
potassium was approximately 1/10 of that of 
sodium. In acute experiments on rats poly- 
thiazide was found to be 10 times more po- 
tent than trichlormethiazide in its natriuretic 
effect but only 0.4 times as p t e n t  in its kali- 
uretic effect. Polythiazide at  dose levels as 
high as 10 m,o,kg i.v. did not depress glo- 
merular filtration rate. Polythiazide is a 
carbonic anhydrase inhibitor in vitro. In 
vivo, polythiazide produced no or only mini- 
mal increases in excretion of bicarbonate in 
animals with normal acid-base balance. The 
drug was effective as saluretic agent in dogs 
with experimental metabolic acidosis or alka- 
losis. Antihypertensive activity of poly- 
thiazide was clearly demonstrated in rats and 
dogs with experimental hypertension. The 
antihypertensive effect had a slow onset and 
became evident on the second day of treat- 
men t . 
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Demonstration of Countercurrent Diffusion Exchange in the Vasa Recta 
of the 'Renal Medulla.* (26781) 
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Medicine, Georgetown Universify School of Medicine, Washington, D .  C .  

Man and certain animals are capable of 
producing urine hypertonic to plasma as a 
means of conserving body water. I t  is cur- 
rently held that, under the influence of anti- 
diuretic hormone, the collecting ducts become 
more permeable to water and probably to 
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urea. Urine passing through the collecting 
duct equilibrates with the hypertonic inter- 
stitium of the renal medulla and papilla, be- 
coming concentrated with respect to plasma 
(1) .  Not only is the medulla hypertonic, 
but a gradient of amolality(2) and solute 
concentration (sodium, urea, chloride, crea- 
tinine) has been demonstrated, increasing 
from the base of the medulla to the papillary 
tip ( 1,3,4). Micropuncture studies have 




