
tion from the GI tract in relation to their ef- 
fect on the calcification process in general. 

Conclusions. Increasing the amount of iron 
by means of stomach tubing FeSo, to rats sig- 
nificantly increases liver iron content. \Vhen 
50 nig phosphate is given simultaneously wi th  
iron, ii significant reduction in liver iron con- 
tent results. as well as a significant t l ini inut ioi i  
i n  calcium and phosphorus content of neivl~. 
forming incisor dentin. These results. com- 

pared with a. significant reduction in blood 
phosphorus concentration, suggest that in- 
creasing the iron content of the diet for pro- 
longed periods of time without significantly 
increasing the dietary phosphorus content may 
result in improperly calcified tissues. 

~~ ~ 

1. Hcp.stcd, 11. M.. Finch, (’, A,, Kinncy. J .  I)., J .  
l i s p .  M r d .  19.19, VYO, 14;. 
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Saluretic Activity of Hydrochlorothiazide (ti-Chloro-7-sulfa1ny1-3,4-dihydro- 
1 ;2,4- benzot hiadiazine- 1,l -dioxide ) in the Dog. (24656) 

(’hlorothiazide,* first synthesized by Xo- 
vello and Sprague( 1 )  was shown to be a re- 
markably safe and potent agent for increasing 
excretion of sodium and chloride in animals 
(2:3) and in man(4). The agent has found 
widespread use in treatment of congestive 
failure, edema of pregnancy. premenstrual 
tension and other edematous states, and in 
management of hypertension. During re- 
search leading to discovery of the effectiveness 
of chlorothiazide as a saluretic-diuretic. agent, 
many compounds more or less closely related 
to it in structure have been synthesized by 
Sovello and Sprague and have been evaluated 
in these laboratories. We wish to report the 
preclinical evaluation of one such compound, 
hydrochloro t hiazide, t that resem bIes chloro- 
thiazide qualitatively but is considerably more 
potent. The structural formulae for the 2 
compounds presented below make it evident 
that the new agent differs from chlorothiazide 
only in saturation of the heterocyclic portion 
of the molecule. 

Il/lretliods. Renal clearance studies were 

* DIURII, is trade-mark of Merck R: Co. for its 
brand of 6-chloro-7-suliam~~-1,2,4-benzothiadiazine-l, 
I -dioxide. the nonproprietaq’ name oi which is chlor- 
othiazide. 

t HYDRODIURIL is trade-mark cf  Merck & Co., 
ior its brand of 6-chloro-7-suliamyl-.~,4-dihydro-1,2,4- 
benzothiadiazine-1 ,I-dioxide, the nonproprietary 
name of which is hydrochlorothiazide. 

performed on trained unanesthetized female 
mongrel dogs in post-absorptive state. Water 
(500 ml by gavage) and isotonic mannitol- 
phosphate infusion a t  3 ml/min. throughout 
experiment, assured adequate urine flow. Hy- 
drochlorothiazide was introduced into the in- 
fusion during the “drug phase” of experi- 
ments a t  dosages indicated. Clearance of 
exogenous creatinine, administered subcutane- 
ously, was used as a measure of glomerular 
filtration rate. Blood was collected a t  mid- 
p i n t  of each 10-minute clearance period. 
‘The powdered drug was given to dogs orally 
in gelatin capsules containing the solid com- 
pound. Fasting female mongrel dogs were 
intubated with 500 ml of water and urinary 
tiladders were emptied by catheter. The ani- 
mals were held in metabolism cages, and com- 
plete urine collections were made a t  regular 
intervals up to 6 hours. Hydrochlorothiazide 
was hydrolyzed in neutral solution (15 lb 
pressure for % hour) to a substance that can 
be measured by diazotization and coupling 
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PIG. 1. Dosage response curves for (A) hydro- 
clilorothiazide and (B) chlorothiazide on excrctioll 
of sodium, chloride, potassium rind urinary pH i n  
clogs. Duplicatc wcwssivc 1 0-niin. elcaranccs w v n ~  
ttiwsurcd 20 J I I ~ I I .  after i.v. prime and  onsct of i t i -  
fiision a t  tho jiitlic.atci1 dovugc lcvc~l. 

F I G .  2. Sodium aiid chloride excretion following 
siugle oral closc of hgdrochlorotlliazide or chloro- 
thiszicle: in dogs. .4vg 6-hr excretion for 6 dogs. 

with N- 1 -naphthylethylenediamine:; incorpo- 
ration of this step in the procedure devised 
for chlorothiazide ( 5 )  permits estimation of 
higher concentrations of hydrochlorothiazide, 
but is not applicable at iiiiriimal plasma. con- 

centration required to produce saluresis. 
Results. Hydrochlorothiazide caused a 

marked and equivalent increase in sodium and 
chloride excretion in dogs at lowest intra- 
venous dosage shown in Fig. 1A. There was 
a lesser effect on potassium excretion even at  
highest dosage given, and urine pH did not 
reflect any alteration in bicarbonate excre- 
tion. Saluresis first increased, then reached 
a maximum and even decreased slightly as 
dosage of hydrochlorothiazide was increased 
to supramaximal level. In a similar experi- 
ment with chlorothiazide (Fig. l B ) ,  little 
saluresis was observed at  0.05 mg/kg and 
maximal saluresis had not been attained at  
6.2 5 mg/kg. Furthermore, sodium excretion 
exceeded that of chloride a t  higher doses of 
chlorothiazide, with resulting increase in bi- 
carbonate excretion and in urine pH. 

Hydrochlorothiazide and chlorothiazide, 
when given separately to a single dog a t  0.05 
and 0.2 5 mg/kg, intravenously, produced ef- 
fects shown in Table I, from which i t  may be 
estimated that hydrochlorothiazide is 5 times 
as potent a natriuretic agent as chlorothiazide 
by this route in dogs. The lowest dose of 
hydrochlorothiazide caused an increase of 199 
microequiv./min. of sodium and 163 micro- 
equiv./min. of chloride, whereas chloro- 
thiazide caused corresponding increases of 68 
and 10 microequiv./min. The increase in 
cation excretion that resulted from increasing 
the dose of hydrochlorothiazide was essen- 
tially covered by commensurate increase in 
chloride excretion. In  the case of chloro- 
thiazide, however, a portion of the cation was 
interpreted to have been covered by an in- 
creased bicarbonate excretion (increase in 
urine pH). The kaliuretic effect in these 
experiments was the same for both com- 
11 ou n d s . 

The unusual effectiveness of chlorothiazide 
under experimental conditions of acidosis or 
alkalosis is duplicated by hydrochlorothiazide. 
The effect of small intravenous doses of hy- 
drochloro t hiazide on elect r ol y t e excretion was 
determined in dogs that received 100 niey. of 
ammonium chloride or sodium bicarbonate 
daily for 5 days prior to clearance experi- 
ments shown in Table 11. On sixth day, 
triplicate 10-minute clearances were obtained, 
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TABLE I. Comparative Effects of Increasing Intravenous Doses of Hydrochlorothiazide and  
Chlorothiazide in Dog 849." 

I.V. dose, 

infusion Na+ K+ c 1- rcAabxorbec1 t ~nl/ittii~. pH 

mg/kg prime Excretion, pequiv./ntiit. Na+, yo of Urine 
and mg/kg/hr filtered load 

T{!ld roclr l o w  I k  icizirlc 
0 4fi - 1  ri !I ! b. .'i 3.9 6.2 

1 t i ! ,  9i .4  9.9 7.4 
9.2,(; 4.4 7 .3  

n 1 11 2 .i I 99.9 3.8 3.8 
.o.; 7 H 49 1; 99.1 2.7 7.4 
.2.5 d.). s t  3 r) (;.Ti 1 !I: 96.2 4.5 7.7 

' Data are averages f o r  t1ul)lic:i tc' S I I V ( - ( - ~ I  t g  1 f l - i t i i i i .  cl(l:ir:iiic(B piarioils. 
t Cnlcu1:itccl for c w I i  ck:tr:tii(d(& IwriotI froit1 I I I (YI*U~CC[ ~ ) ~ : I S I I I : I  ;itid nriiic coiiwiitr:itiwi a11d 

.) - 
.,.,., ,O.j 24.i 47 

2 .7  ;;s: (i0 . I , I , I  

Ci~lorotlr inzidt 

__- ____ 

glonicrulnr filtration r:itc (crcntii~iiic~ c.lt~:r I X I I C * ~ ~  I .  

followed by 0.25 mg/kg priming dose ant1 was no appreciable excretion of bicarbonate. 
infusion of hydrochlorothiazide a t  0.3 m,a kg I)uplicate experiments in the 2 animals were 
hr. for 20-minute equilibration period. after in good agreement and agreed well with simi- 
which 3 "drug phase" clearances were meas- lar experiments a t  10 times the dose of chloro- 
wed. In acidotic dogs (plasma HCO,,- 10.7 thiazide(6). 
and 11.5 meq./l): the increase of over 250 ('ontrol data for dogs that received sodium 
niicroequiv. /min. in sodium excretion was bicarbonate show that they were excreting 
more than covered by increase in chloride large amounts of sodium and bicarbonate as 
excretion. Urinary pH decreased and there ii consequence of large dietary intake of these 

TABLE 11. Effwt of H!-droc.Iilorotliinzidc : I I H ~  Clll[)lotI~i;iziilcl o i l  ElIcctrolyte Excretion in  6 Dogs Made 
Acihtic. with . h i  ~iioiiiiiiti Clilorirlc C I P  ,llk:ilotic with Socliunl Bicarbonate." 

---Dew----, ,-- ----Sotlii~~ti -- 70 (,f f i l -  I'0t:ts- J< ic :I I' - 
Prinlc, Infusioii, El:s(~rc~tj()1i, tcred lo;la Siunl Chloride b o l ~ t e  Urine Pli~111a GFR," 
tiig/kg ing/kg/lir ~ q / i n i i i .  rcabsorlwd -F:scrction, pcq/iiiiii.7 pTI pII nll/miIl. 
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7 1  
2.5  .3 305 

97.8 RS 
!k? .H 7s 

3.2 
1.9 

5.2 
4.7 

5.3 
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8.0 
7.8 

7.!1 
7.8 

7.9 
8.0 

7.20 

7.24 

7.23 

7.48 

7.40 

7.57 

45.4 
45.1 

59.7 
51.2 

57.5 
57.1 

80. I 
77.4 

55. I 
tiH.1 

64.8 
55.6 
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TABLE 111. Renal Clearance of Hydrochlorotliiazidc in the Dog. 

I- Urine THydrochloro thiazide-, 
Plasma Clearance, GFR, Clearance 

T h e ,  min. nil/niin. pH cone., mg/l ml/min. ml/min. ratio 
-____ - - - 

0 3 .g creatinine, suhcut. 
1 0 11 :I iiiii  tol-pliospl::i tv i i i  fuuioii, 3 Iiil/itii t i .  

> (i.4 41 .Y 30-40 .i 

10-50 .5 6.5 52.7 
1 I ~ t l ~ ~ o c ~ l i I ~  11-o t hi :I zi ( k : 2.5 nig/ kg prj i i i i b ,  i .v. ; 3.0 mg/ k g / h  

80- 90 ,5.5 7.3 2.7 213 46.1 4.61 
90-100 6.2 7.3 2.9 175 43.6 4.02 

Probciit~irl: 25 iiig/kg prime, i.v.; 30 mg/kg/hr 
120-1:10 4.0 7.0 4.4 25 33.3 0.75 
130-140 4.3 0.9 5.2 26 36.0 0.74 

ions. Plasma bicarbonate was elevated (26.7 
and 27.2 meq./l), urine was alkaline, and 
chloride excretion was minimal. Hydro- 
chlorothiazide produced a marked increase in 
electrolyte excretion in alkalotic dogs. The 
greatest absolute increase was noted for so- 
dium ion, although reduction in “percentage 
of filtered load reabsorbed” was similar to 
that noted in acidotic dogs. The already 
large bicarbonate excretion was increased 
somewhat, but chloride excretion rose from a 
negligible rate to cover nearly two-thirds of 
the increase in cation excretion. Duplicate 
experiments in 2 animals were in good agree- 
ment with each other and with similar experi- 
ments wherein a 10-fold greater dose of 
chlorothiazide was employed (6).  

Hydrochlorothiazide caused an enhanced 
excretion of sodium and chloride during 6- 
hour period in dogs that received 0.1, 0.3, 1, 
or 3 mg/kg orally. A less than maximal 
saluretic response was obtained only at  dos- 
age less than 0.3 mg/kg. With chlorothiaz- 
ide, a submaximal saluresis occurred at  1 mg/ 
kg, and the response obtained at  3 mg/kg was 
maximal. Fig. 2 shows average sodium and 
chloride excretion for groups of 6 dogs at  
several significant dosages of the 2 com- 
pounds. The response to 0.1 mg/kg of hy- 
drochlorothiazide resembled that observed at 
1 mg/kg of chlorothiazide. Hydrochloro- 
thiazide was uniformly well absorbed, as 
judged hy the saluresis that invariably fol- 
lowed its oral administration to the animals. 

Renal clearance of hydrochlorothiazide ex- 
ceeds glomerular filtration rate (Table 111). 
To ot>taiii n plasnia ronct.titr;itioii of hydro- 

chlorothiazide that could be determined ana- 
lytically, a much larger dosage of hydro- 
chloro thiazide was employed than is required 
to produce saluresis. This relatively large 
dose of the agent did not affect glomerular 
filtration rate, as measured by exogenous 
creatinine clearance. Hydrochlorothiazide it- 
self was excreted a t  4 times glomerular filtra- 
tion rate, the large renal clearance indicating 
secretion of the drug by renal tubules. Ad- 
ministration of probenecidf in the third phase 
of experiment, reduced clearance of hydro- 
chlorothiazide (uncorrected for plasma bind- 
ing) to slightly less than glomerular filtra- 
tion rate. 

Discussion. Enhanced saluretic activity 
that results from saturation of the hetero- 
cyclic ring of chlorothiazide appears to be 
consequent to an increase in potency, rather 
than to a qualitatively different type of ac- 
tivity. Thus, no really qualitative difference 
is seen in the spectrum of electrolyte excretion 
of chlorothiazide and hydrochlorothiazide 
over the more than 100-fold dosage range 
shown in Fig. 1 .  Likewise, in severe acidosis 
or alkalosis, as induced by ammonium chlor- 
ide or sodium bicarbonate ingestion, the elec- 
trolyte excretion pattern, and in fact the 
actual data, for hydrochlorothiazide (Table 
11) resemble closely those of experiments a t  
10 times the dose of chlorothiazide ( 6 ) .  Simi- 
larly, in oral experiments, a half-maximal ex- 
cretion of sodium is accompanied by equiva- 
lent chloruresis, but this response is obtained 

3 BENEMID is trade-mark of Merck 81 Co., for 
its brand of p- (di-n-propylsulfamyl) -henzoic acid, 
thr tionproprictary n;iinc‘ o f  which is prohenecid. 
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at  a dosage of 0.1 mg/kg of hydrochloro- 
thiazide and 1 mg/kg of chlorothiazide. 

Both chlorothiazide and hydrochlorothiaz- 
ide are secreted by renal tubules, being 
cleared a t  rates in excess of glomerular filtra- 
tion rate. Both compounds. thus. will he 
removed rapidly from blood of normal dogs 
following a single intravenous dose. The 
mechanism whereby both chlorothiazide and 
hydrochlorothiazide are escreted in escess of 
glomerular filtration presumably involves that 
utilized by penicillin. p-aminohippurate and 
certain other organic acids. inasmuch as it i s  
suppressed by administration of probenecid. 
an agent known to depress selectively renal 
tubular secretion of certain organic acids 
without affecting electrolyte excretion and 
without interference in renal transport of  
numerous other substances ( 7 ) .  

.%41)1mry.  H!idrochlorothiazide is a po- 

tent saluretic agent. It resembles chloro- 
thiazide qualitatively, but is several times 
more active, intravenously and orally, in the 
dog. 
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A .Metabolite of l-Hydrazinophthalazine (Hydralazine) .* (24657) 

The antihypertensive drug 1 -hydrazinoph- 
thalazine (hydralazine, apresoline) has been 
shown to interfere in the process of hioloyical 
acetylation of sulfanilamide( 1 ) . The niechan- 
ism for this interference appeared to he coni- 
petition between substrate and drug for the 
active acetyl group. It was further shown that 
free hydralazine disappeared from pigeon liver 
extracts when all components of the acetJ-la- 
tion system were present. ‘These facts sit$- 
gested the possibility that I -acetyl-2-phthala- 
zyl hydrazine (acetyl hydralazine) should lit. 

formed as a conjugate of hydralazine. 11-v 
here report the identification of this material 
as a product of hydralazine metabolism in 
vitro and in vizio. 

Mat  eiials u nd c t h ads . I M vi t I’ o in (*it b ii t io 11 .s 
Und cstructions. An adult pigeon was killetl 

* This \\wrk was supported in part 1)) grant Troll1 

Winthrop Labs., N. Y. U’e wish to thank Dr. Williaiii 
E. Wagner, Ciba Pharmaceutical Products, Summit, 
N.  J. for generous gift of crvstallinc. hydrilazinr hy 
clmchloride. 

by decapitation and its liver rapidly dissected 
out and placed in cold Robinson’s solution ( 2 )  
containing 20 mg of glucose per 100 ml. Ten 
grams of liver slices were prepared with the 
S tadie-Riggs microtome. The slices were di- 
vided into 2 equal portions and each washed 
twice with Robinson’s solution and finally sus- 
pended in 10 ml of the solution containing 200 
,moles of sodium acetate and in one case 100 
pmoles of hydralazine. The latter materials 
had been previously made up in a small por- 
tion of Robinson’s solution and neutralized 
before incroporation into the suspending me- 
dium. The mixtures were incubated with 
shaking at  3 7 ”  for 4 hours with air as the gas 
phase. The contents of the vessels were then 
ground in a Potter-Elvehjem type homogenizer 
with a close-fitting teflon pestle. Three drops 
oi glacial acetic acid were added to each ho- 
inogenate and the mixtures deproteinized by 
allowing them to stand for 5 minutes in a boil- 
ing water bath. After centrifuging, the pH of 
t w h  supernatant was adjusted to 9-10 with 


