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TABLE I. 
Changes in Renal Hemodynamics of Human Subjects Induced by Bubcutaneous Injections of 5968 (Ciba) . 

Diagnosiy 

Ess. hypertension ,, 7 7  

9 ,  ? ?  

1 ,  7 9  

7 ,  ? ?  

7 ,  l ?  

Chronic nephritis 

Normal 
,, , ?  

,, 
,, 
9 ,  

Dose y- 

20 429 
1 2  432 
1 0  405 
10 315 
1 0  352 
8 606 

10 182 
8 822 
9 730 
9 628 
9 733 
8 720 

(mg) CP*H 

Before" 

C T  F.F. 
__ ~- - 

128 .30 
86 2 0  
71 .17 
84 .27 

118 .34 
98 .l(i 
32 .18 

125 .15 
140 .19 
104 .17 
149 .20 
153 .21 

1 

B.P. 

After t 

(1T F.F. 
200/115 
180/100 
170/80 
160/90 
160/80 
140/95 
175/85 
145/75 
1 5 / 7 5  
110/60 
130/95 
125/80 

59 3 
628 
555 
530 
469 
850 
233 
950 
911 
884 

1167 
892 

116 .20 
108 .17 
74 .13 

104 .20 
126 .28 

79 .09 
35 .15 

114 ,12 
169 .19 
129 .15 
143 .12 
173 .19 

7 
B.P. 

175/70 
180/100 
160/55 

135/65 
130/90 
130/70 
145/17 
115/75 

130/80 
136/65 

160/80 

110/50 

Change in 
CPAHS 

+38 + 45 
+36 + 68 + 33 + 40 
+28 
+I6 
+25 + 41 + 59 + 24 

-~ 

* Each value represents average of 3 control periods. 
t Maximal changes observed after injection. 
CPAH : Sodium para-aminohippurate plasma clearance (cc/min.) 
CT : ,Sodium thiosulphate plasma clearance (cc/min.). 
F.F : Filtration fraction. 
B.P.: Blood pressure (mm of mercury). 
Ess. Hypert,eiision : Essential hypertension. 
$ Expressed as per cent of control value. 

clearance technic,( 1) it became evident that 
renal hyperemia could be elicited in nearly 
every subject. A similar effect has dso been 
demonstrated in cats by thermostromuhr 
measurements. ( 3 )  

Our data, presented in Table I, demon- 
strate that this drug can cause increase in 
renal plasma flow in man varying from 16 to 
6876, averaging 38.6%. The glomerular filtra- 
tion rate, as reflected by the clearance of thio- 
sulphate, is not consistently affected. The 
filtration fraction is always decreased. In  
some cases, urine volumes are markedly 
increased. Blood pressure shows a definite 

reduction only in some hypertensive patients. 
Therefore, the influence of the drug upon the 
kidney is somewhat similar to that of pyrogenic 
substances. The responses obtained are mod- 
erately prolonged, lasting 1 to 2 hours or 
more. Toxic manifestations are relatively 
unimportant. Moderate tachycardia may be 
observed in some cases. Effects of the drug 
upon cardiac output are being investigated. 

From these results, it can be concluded that 
the drug 5968 (Ciba) is a renal vasodilator 
in man. 

Receired December 9, 1949. P.S.E.B.M., 1960, v73. 

Effect of Thiazine, Oxazine and Phenazine Dyes on Normal and 
Heparinized Rabbit Plasma.* (175%) 
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The recent work of Allen and Jacobsonl( 1) showing the usefulness of ToluidSne Blue as a 
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heparin inactivators. Haley and Stolarsky ( 2) 
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Assn., Sci. Ed., in press. 
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using Macintosh's ( 3 )  in vitro method evaluat- 
ed 19 dyes and found that only those belong- 
ing to the thiazine, oxazine and phenazine 
series which had a free primary amine group 
were active heparin inactivators. This type 
of chemical evaluation, whilse it determines 
quantitatively the amount of heparin precipi- 
tated and removed from solution, does not 
give any indication of biological heparin in- 
activation. Such chemical studies must be 
supplemented by investigations of the effect 
of heparin inactivators upon whole b l d  or 
plasma in vitro. This type of investigation is 
extremely important because it has been re- 
ported that small amounts of Toluidine Blue 
increase the anticoagulant effect of heparin 
while larger amounts of the dye decrease co- 
agulation time but do not entirely inactivate 
heparin. (4,s) Similar results have been re- 
ported for Safranine, Neutral Red and Janus 
Green. (6-8) However, these results do not 
cover the entire group of effective heparin in- 
activating dyes nor do they give exact quan- 
titative data. We decided to investigate the 
effect of our most potent chemical inactivators 
of heparin(%) upon the in v&ro coagulation of 
plasma in an attempt to quantitate thse con- 
centration of dye required to return the coagu- 
lation time to the normal control level and 
also determine the overall #effect of these dyes 
upon the coagulation mechanism. 

Experimental. Blood was obtained from 6 
rabbits by cardiac puncture every 2 weeks. 
The pooled blood was mimed with 3.8 per cent 
citrate at  a ratio of 1:4, centrifuged and the 
supernatant plasma removed and stored a t  
4°C until used. During the preliminary 
phase of the work any plasma showing fibrin 
threads was discarded. In the latter phases 
we found, in confirmation of Lewis and De 
Maria, (9) that filtration through glass wool 

3. MacIntosh, F. C., Biocheni. J., 1941, v35, 776. 
4. Grunke, TT., K l i i 2 .  Tf.'osclr.whr., 1939, v18, 443. 
5 .  Grunke, W., 27. gcs. exp. Med., 1940, v107, 306. 
6. Herrmaiin, H., Sh-rind. Arch. Physiol., 1937, 

7. Astrup, T., Emymologin, 1938, v5, 12. 
8. von Jeney, A., Valyi-Sagy, T., and Magpari, 

J., Arch. exp. Path. Pharnaakol., 1940, v196, 505. 
9. Lewis, M. N., and De Xaria, F., J .  Am.  

v76, 12.5. 

removed any fibrin present and gave a plasma. 
with good Coagulation properties. A modified 
Astrup (lo) method was used for studying the 
effect of the various dyes on the coagulation 
time of normal and heparinized rabbit plasma. 
The following solutions were employed: Difco 
Thromboplastin 0.01% in normal saline, cal- 
cium chloride (CaC12.2H20) 0.68% in dis- 
tilled water, and powdered heparin sodium 
Upjohn (120 Toronto Units/mg) 0.1% in 
normal saline. The majority of the dyes were 
made up in concentrations of 5 to 2 0 0  pg per 
0.1 cc. Janus Green gave a precipitate above 
25 pg per 0.1 cc making i t  impossible to study 
the effect of higher concentrations of this 
dye. Neutral Red was used up to its maxi- 
mum solubility, 800 pg per 01.1 cc. Thionine 
was not soluble above 25 pg per 0.1 cc and 
Safranine above 100 pg per 0.1 cc. The 
usual sdubilizing procedurles, ethanol and acid, 
resulted' in inactivation of the clotting mechan- 
ism. The test tubes (10 x 100 mm) used 
were left in cleaning solution for 24 hours, 
rinsed 3 times with tap water followed by 
three rinsings with distilled1 water, then dried 
and stored until usedl. #Coagulation studies 
were performed as given in Table I, the solu- 
tions mixed in the order of their column. Prior 
to mixing, the separate solutions were kept in 
an ice bath a t  about 1 C and after mixing in 
a water (bath a t  37.5"G for 60 seconds. All 
determinations were performed in triplicate 
and the end point used was the first appear- 
ance of fibrin threads. These thl5eads are 
easily seen when direct light passes through 
the solution. 

ResuEts. The protocol of a typical experi- 
ment showing the effect of Toluidine Blue 
u I p n  normal mid heparinized rabbit plasma is 
given in Tables I$ and 111. Graph 1 illus- 
trates the effect of the seven dyes investigated 
upon the clotting times of normal and' h q -  
arinized rabbit plasma. In  all cases the dyes 
tended It0 produce a rapid inactivation of hep- 
arin although the amount of dye required to 
return the clotting time to its nolrmal level 
varied with the particular dye used. It is 
apparent that the amount of dye required for 
heparin inactivation is critical becausle small 

Phamn. Assn., Sci. ed., 1949, v38, 441. 10. Astrup, P., Acta Pharmol . ,  1947, v3, 165. 
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TABLE I. 
Order of Mixing of Coagulation Systems. 

Thrombo- Distilled 
Plasma, plastin, water, Heparin, Dye, CaCl, 

Tube cc cc cc CC CC cc 

Control .1 .05 .1 0 0 .2 
Heparin .1 .05 0 .1 0 .3 
Dye .1 .05 0 0 .1 .2 

___ ~ - _ _ _ _  - .______ 

TABLE 11. 
Coagulation Time in Seconds of Plasma and Toluidine Blue. 

Concentration of dye, 
pg/O.l cc (0.85% NaCl) 0 5 10 15 25 50 75 100 125 150 200 

1st series of tubes 92 89 92 92 104 135 191 215 298 330 376 
2nd series of tubes 92 86 90 93 105 136 186 213 293 319 376 
3rd eeries of tubes 93 87 94 97 107 138 195 209 289 327 382 

- _  - -- - 

A443 h e  in see. 92 87 92 94  105 136 191 212 293 325 378 -_ - ~ ___ ______ 

TABLE 111. 
Coagulation Time in Seconds of Plasma, Heparin, and Toluidine Blue. 

Concentration of dye, 
pg/O.l cc (0.8570 NaCI) 0 5 10 15 25 50 7;i 100 125 150 200 

1st series of  tubes 350 353 293 89 96 136 170 172 205 270 293 
2nd serim of tubes 354 356 29m6 88 100 140 165 169 217 268 291 
3rd series of tubes 355 350 290 91  98 142 164 173 217 272 308 

_ _ _ _ _ _ ~ _ _ _ _ _  

Avg time in see. 353 353 293 89 98 139 166 171 212 2m70 297 
-___-__ _____ -__________ _ _ _ _ - ~  

amounts do not greatly reduce clotting time, 
whereas larger quantities prolong clotting 
time. Inspection of the curves in Graph 1 
'shows that after dye addition beyond! the 
critical point, except in the cases of Janus 
Green, Thionine and Safranine, the curves for 
lbth the normal and heparinized plasmas are 
essentially parallel. This muld indicate that 
these dyes have an anticoagulant effect and 
that the excess dye is acting the same in both 
cases and upon some substance in .the sys- 
tem other than heparin. 

Discussion. I t  has been reported previous- 
ly that when small amounts of Toluidine Blue 
(4,s) are added to heparinized blood the co- 
agulation time is prolonged. We were unable 
to condim these findings; in fact, we found 
that this dye had no effect on normal plasma 
at concentrations of 5 and 10 pg. However, 
this latter concentration markedly reduced the 
coagulation time of heparinized plasma. The 
anticoagulant effect observed with increasing 
concentrations of Toluidine Blue(4,S) and 
Janus Green(6-8) is essentially the same as 

reported herein. Henmann (6)  reprItled that 
Neutral Red did not increase coagulation 
time but we found that this dye behaved as an 
anticoagulant when the concentration was 
sufficiently high. The results herein reportdi 
for Neutral Red and Safranine confirm Ithose 
of von Jeney, et a L ( 8 )  However, those ink 
vestigators worked' with only one concentra- 
tion of dye, 100 pg per 0.1 cc, and therefore 
did not observe the anticoagulant effects we 
are reporting. I t  appears from the results 
herein presented that the indiscriminate use 
of these dyes in heparinemia would be highly 
detrimental to the welfare of a patient. How- 
ever, the in vivo effects of these dyes may not 
be entirely the same as the in vitro effects. 

Summary. A study has (been made of the 
effect of 7 dyes of the phenazine, oxazine and 
thiazine series on the in vitro coagulation times 
of normal and heparinized rabbit plasma. To- 
luidine Blue, Azure A, Neutral Violet and Neu- 
tral Red effectively counteract the anticoagu- 
lant action of heparin but the amount of each 
dye required for this antiheparin effect is 
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COAGULATION TIME OF NORMAL AND HEPARINIZED PLASMA AFTER DYE ADDITION 

42b t 

JANUS GREEN 

5 I 0  1% 2 0  25 
I I I I L O -  

4zc 

3bC 

300 

24c 

I80 

12t  

61 

t 

THlONlN 
1 I I I I 
5 10 m za  2 5  

60 - 
SAFRANINE 

0 I *  I I I 
10 20 50 7 5  (00  

CONCENTRATION O F  DYE I N  MICROGRAMS 
GRAPH 1. 



TOXICITY OF PTERIDINES 107 

critical. At concentrations ,blow the critical 
level the dyes had little or no effect upon the 
coagulation system concentra- 

The authors wish to thank the Sational Aniline 
Division of Allied Chemical and Dye Corporation 
and Dyestuffs Division of E. I. du Pont de Semours 
and Company for  supplying us with the various tions above the critical level all the dyes pro- 

ty of the system. This anticoagulant effect in this study. 
of the dyes is related to concentration and the 

arin. 

dyes, and Dr. H. Kuizellga of the 
a progressively increased inco%ulabili- Gmpany f o r  the powdered sodium lieparillate used 

__ ~ _ _ _ _ ~  

action is on some substance other than hep- Received December 12, 1949. P.S.E.B.N., 19317, v73. 

Toxicity of Some Synthetic Pteridines in Rats.* (17593) 
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This is an extension, into the field of vita- 
min analogs, of the research started in this 
laboratory(1) on the effect of amino acid 
analogs on tumor-bearing rats and mice. While 
there is considerable literature on the anti- 
folk aGid activity and tumor-inhibiting effects 
of such folic acid analogs as 4-amino-pteroyl- 
glutamic acid and 4-amino-N- 10-methyl pter- 
oylglutamic acid, less work has been done with 
the substituted pteridines themselves. The 
importance of the 4-am'ino substitution for 
folic-acid antagonism has been demonstrated 
in much of this work.(2) In  this connection, 
the anti-folic acid activity and tumor-inhibit- 
ing effect of 2,6-diamino-purine is of inter- 
est.(3) This compound is identical with 2, 
4-diamino-pteridine except for the extra car- 
bon atom in thle pteridine ring. In  view of 

*This  work was supported by a grant from the 
Cancer Research Grants Branch, U. S: Public 
IIealth Service. Lt  was reported at the 115th 
Sational Meeting of the American Chemical So- 
ciety, March 27, 1949, San Francisco. 
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3. Hitchings, G. H., Elion, G. B., Vander Werff, 
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these facts, several 4-amino substituted pteri- 
dines were prepared in this la'boratory.(4) A 
study of the toxicity of these compounds in 
normal rats was undertaken before investigat- 
ing their effects on tumor-bearing animals. 

Procedure. For this study, 56 female rats 
of the Long-Evans strain weighing about 150 
g were used. They were divided into 7 groups 
of 8 animals each. Two groups served as con- 
trols, while each other group received one of 
the 5 different ptleridines. They were kept on 
the regular stock diet during the experimental 
period. The compounds were dissolved in 0.1 
M phosphate buffer, pH 7.4, and the concen- 
trations used, except for 2,4-diamino-pteridine, 
approached the maximum solulbility. 

Of the eight animals used for each com- 
pound studied, 4 received 3 ml intraperitoneal- 
ly daily (Low Dose), and 4 received 3 ml 
twice daily (High Dose). One control- group 
was not injected; the other was given the 
same volume of phosphate buffer as the ex- 
perimental animals. The injection period was 
for 10 days. Half of each group was killed on 
the eleventh day (Group A), and the rest were 
killed 6 days later (Group B).  At thme time 
of sacrifice, blood was taken for hemoglobin, 
white blood count and blood smear. The kid- 
neys and liver were weighed, and pieces of 
kidney; liver anld sternal marrow were fixed in 
formalin. A bone marrow smear was made by 

~" . - - I  - 

4. Gal, E. M., J. Am. Clzena. SOC., (in press). 


