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TABLE I. Influence of Faeting and Certain Stemids on Wtt and Total Nitrogen Content of Thymus 
and Spleen.' 

No. Daily T d a l  Thymue To ta.1 Spleen 
Treatment t mice dose,mg thymusN wt apleen N wt 

Control, fed 10 
F a t e d ,  48 hr 10 
Control, fed 10 
Pasted, 60 hr 1 0  
Control, saline 9 
Cortisone acetate 10 

17-methylandroetane- 8 

Testosterone propionate 7 
3/3,17@-di0l 

@-&radio1 8 
Fatrone 7 
Desoxycorbioosterone acetate 7 
17-methyl- Ahndrostene- 7 

Progesterone 7 

Corvtrol, oil 7 

38, I'lP-di01 

T&ostemne succinate ' 6  

9.4+ .7 250 2 26 13.8 2 .7 
10.0 .5 153 & 18$ 10.9 f .9 

10.4 f .7 11.1 2 19 11.4 2 1.0 
0.1 ml 7.3 f 3 312 2 10 11.7 +, .4 

1.5 S.6 f .6 15'82 5 16.9 2 2.2 

1.5 -5.2 k .S 159 f 17 13.4 2 1.3 
1.5 6.1 2 .S 151 2 18 11.0 2 1.0 

6.4 2 .3 19% 1.3 8.6 2 1.0 1.5 
1.5 7.6 2 .3 2Q7 2 23 13.6 f 2.3 

- 
- 

10.6 2 .3 322 2 20 13.8 k .5 - 
- 

3.0 7.1 2 .7 185 & 7 7.5 & .5 

1.5 5.2 +- .,5 2.16 +_ 15 11.3 2 1.2 

1.5 7.8 k .4 219 2 2r2 9.4 .7 
1.5 7.9 2 .5 22.1 & 16 12.2 & 1.0 
0.1 ml 8.0 f .6 255 2 15 11.9 -e .8 

410 +, 18 
265 +, 18 
438 f 32 
253 f 36 
352 -c 14 
630 * 32 
439 f 31 

365 +, 29 
362 -c 36 
283 2 20 
302 & 24 
445 +, 74 

299 f 19 
383 * 10 
337 f 2 r l  

+t Thymus and spleen wt expressed in mg/100 g body wt; -thymu8 and spleen N as mg N/total or- 

t All steroids inj. eubcut. daily for 3 days. 
$ Italicized paluee are significantly different from their wntrols at the 570 level of confidence. Val- 

gad100  g body wt. 

ues reported are mean % standard error. 

lished). It appears quite possible that these 
results may farm the basis fur a suitable 
screening procedure for protein anabolic c m -  
pounds. The physiological significance of this 
apparent relationship between thymus nitro- 
gen depletion and protein anabolic steroid 
activity is being currently investigated. 

Summary. Neither the stress resulting 
from a 48 or &hour rfast nor the adsminis- 
ntration of cortisone acetate has a significant 
effect on the total nitrogen content of the 
mouse thymus gland. On the other hand, it 
appears that the protein anabolic steroids in- 

3. Kochakian, C. D., Am. .I. Physiol., 1944, v141, 
319. 

duce a significant decrease in the thymus total 
nitrogen content. 

Addendum. After this work was completed, 
the paper by Adams and White(4) came to 
our awntion. Their data, in agreement with 
our results, show that a 48-hour fast has no 
effect on the protein content of the thymus 
nodes. 

T h e  au.thors gratefully thank Miss L. Hopkins for 
assistance with some of the nitrogen determinations, 
Mr. S. Neuwirth for the statistical computations, 
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using a fluorescent dye, Thioflavine-S, was 
developed by one of the authors (J.U.S.) ( 1 ) .  
This technic has proved to be a valuable ad- 
junct to the study of vascular physiology and 
morphology in the mesentery, intestines, 
uterus, and the kidney. The original method 
utilized the freezing-drying technic of Gersch 
( 2 )  before cutting sections for microscopic 
visualization. Since that time the method has 
been adapted by -4lgire and Schlegel(3) for 
in vivo visualization through a transparent 
chamber, and has been simplified by Schlegel 
and Moses( 4) ? eliminating the necessity for 
freezing and drying by clearing the tissue in 
glycerine. 

Thioflavine-S has been used for some time 
to stain the elementary bodies of the vaccinia 
virus(5), the potato scab(6), and as a 
fluorochrome stain of fixed tissue sections 
(7,8). Pick (9) ltested several fluorescent 
dyes as to their efficacy as vital stains, but 
did not describe their ability to produce a 
fluorescence of the vascular walls. 

He reports some experimental work in 
which Thioflavine in a concentration of 
1:  1000  was injected into the lymph sac and 
intracardially in the frog. It is doubtful if the 
blood vessels of the kidneys in his preparations 
would have shown any fluorescence because of 
the high dilution of the dye and the long 
period of time which elapsed before the organs 
were removed and inspected. (His shortest 
reported time between injection and observa- 
tion was 5 minutes). 

The technic employed in this study has been 

f Buswell Fellow in Urological Research. 
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ported by the Biological Stain Commission. 
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described at length in a previous publica- 
tion(4), but will be briefly outlined herein. 
After anesthetizing the animal (in our case 
rabbits have been used for the most part) the 
abdomen is opened transversely. Hemostasis is 
seculred and the wound is then held closed with 
clamps for approximately one-half hour to al- 
low the animal to recover from the immediate 
effects of surgery. After this lapse of time the 
fluorescent dye, in a 4% solution, is injected 
intravenously in the amount of 1 cc per kg of 
body weight, and the kidneys removed within 
a period of 1 0  seconds after the onset of the 
injection. Sections of the fresh tissue are cut 
with a sharp knilfe and placed in glycerine 
(USP). The glycerine serves to clear the 
tissue and slow down post-mortem diffusion of 
the dye. It is important to use USP glycerine 
since excessive water promotes undesirable 
diffusion. The application of this method to 
the vessels of the rabbit kidney brings to light 
several interesting points. It was found that 
'the rate of diffusion of the dye out of the kid- 
ney vessels is faster than from the vessels of 
the mesentery, subcutaneous tissue, and the 
uterus. I t  was also found that there was a 
very appreciable amount of natural fluores- 
cence in the kidney, presumably from ribo- 
flavin and its derivatives. According to quan- 
titative measurements by Mickelsen et al. 
(10) and Bessey et aZ.( l l ) ?  the liver and kid- 
neys of animals are uniformly higher in ribo- 
flavin content than other organs and tissues. 
This fluorescence was described by Ellinger 
( 1 2 )  in the frog and the rat kidney. Attempts 
by hitn and by ourselves to eliminate this 
fluorescence by starvation and riboflavin de- 
ficient diets proved to ;be rather ineffective. 
This natural fluorescence appears to be greater 
in the dog kidney than in the rabbit kidney. 
I n  the rabbit kidney the natural fluorescence 
of the vessel walls is bluish-violet and of the 
parenchymal tissue yellow-green. The inltra- 
venous injection of Thioflavine-S makes the 
blood vessels fluorescent when observed in 

10. M i c k e h ,  Olaf, Waisman, H. A., and Elveh- 

11. Bessey, 0. A., Lowry, 0. H., and Love, R.  H., 
jem, C. A., J .  Nutrition, 1939, v18, 51'1. 

J .  Biol. Ckem., 1949, v180, 7 5 5 .  
9. Pick, Josef, 2. Wiss. Mikr., 1934-35, v51, 338. 12. Ellinger, P., Biochem. J., 1938, v32, 376. 
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ultraviolet light, but the above factors tend to 
reduce the contrast between the vessels and 
the surrounding tissue. Since, as we have 
seen, there is litmtle that can be done to in- 
fluence the natural fluorescence, the problem 
of improving the contrast of the preparations 
was, of necessity, approached horn the stand- 
point of the dye. 

The commercial grade of Thioflavine-S 
shows both a yellow-green and blue-violet 
fluorescence. As seen in the kidney prepara- 
tions from injected animals, the vessels and 
glomeruli fluoresce i’n the yellow-green and the 
surrounding tissues fluoresce in the blue-violet 
from the dye which has diffused out of the 
vessels. This is Ithe exact opposite of the 
natural fluorescence. Keller ( 13) attributed 
this difference in fluorescence of Thioflavine-S 
to differences in “electric charge” of the tis- 
sues. Thioflavine-S, according to the Colour 
Index( 14), is presumed to be composed of 
methylated and sulfonated derivatives of 
dehydrothio-p-toluidine. Synthesis is carried 
out with the primulin base as the starting ma-- 
terial, successively methylated and sulfonated. 
This method can, understandably, produce a 
series of homologues, varying in degree of 
methylation and sulfonation, rather than any 
single pure dye. There is a strong possibility, 
however, ‘that the major components are mem- 
bers of a limited series of the lower molecular 
weight homologues. Since i t  seemed probable 
that this mixture contained one or several 
compounds which would diffuse particularly 
slowly through the vessel walls, and since the 
yellow-green fluorescence was typical for the 
dye retained in the walls of the vessels, we 
were especially interested in separating this or 
these compounds from those with a higher rate 
of diffusion. 

We took our problem to the research labora- 
tory of the Eastman Kodak Co., where it was 
received with great interest and cooperation. 
I t  seems that the principal components of 
Thioflavine-S are the lower homologues of 
quaternarized, methylated, and sulfonated de- 
hydrothio-p-toluidine, derived from the follow- 

ing basic structure. 
so; 

- 1  

C H 3  
V 

4 
The following compounds which are be- 

lieved to be closely related to the components 
of commercial T’hioflavime-S were prepared 
for our use: 

A. Thioflavine-S, E-853-01 disulfonate. An- 
hydro-2- (3’-sulfo-4’-dimethyl aminophenyl) - 
3,6-dimet hyl- 7 -4 fobenzot hiazolium hydrox- 
ide. 

B. Thioflavine-S, E-83 9-9 5 A-monosul f o- 
nate. Anhydro-2- (4’-dimethyl aminophenyl) - 
3,6-dimethyl-7-sulfobelizothiazolium hydrox- 
ide. 

C. Thioffavine-T, E-839-90A. 2- (4’-dirne- 
thy1 aminophenyl) -3,6-dimethyl benzothiazoli- 
um chloride. 

D. 2- (4‘-aminophenyl) -6-methyl-7-sulfo- 
benzothiazole, (ammonium salt. 

E. 2- (4’-amino-3’-sulfophenyl) -6-methyl-7- 
sul f obenzothiazole, disodium salt. 

F. Primuline, recrystallized. 
None of these substances when tested by our 
injection technic were as satisfactory from the 
standpoint of slowness of diffusion, or fluores- 
cence, as the technical grade Thioflavine-S. 

A more highly purified Thioflavine-S (Erie- 
Flavine-S conc. 130%)§ was obtained. A 
water extract of this sample was made by ex- 
tracting 10 g of the dye with 50 cc of distilled 
water at room temperature. A 16% solution 
was obtained by this method and upon evap- 
oration yielded approximately 8 g of dye. 
This water extract is supposedly composed of 
the more highly sulfonated fractions of Erie- 
flavine-S. We haw named the preparation 
Vas0flavine.T When injected intravenously 
into rabbits in the same concentration and 
over ?the same period of time, Vasoflavine 
proved to Ibe more fluorescent and to diffuse 
less rapidly than Thiuflavine-S. The contrast 

13. Keller, R., Anat. Rec., 1949, v103, 133. 
14. Colour Index, 1 s t  Edition, Jan. 1924, Society 

of Dyers and Colourists, Bradford, Yorkshire, Eng- 
land. 

0 Nat. Aniline Div., Allied Chemical and Dye Corp. 
llMay be obtained from the Pharmaceutical Lab- 

oratories of the National Aniline Division, Allied 
Chemical and Dye Corp., New YoTk City, 
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FIG. 1. Photomicrograph ,taken in incident ulltra.c-iolet light of a kidney from a rabbit in- 
jected intrarenously with Thioflavine S. Xote lack of contrast due to diffusion of the dye. 16.5X. 

Fro. 2. Phobnicrograph taken in incident ulrtraviolet light of a kidney from a rabbit in- 
jected intravenously with Vmflavine. Note the excellent mntmt, lack of diffusion of the dye, 
and the good injection of the e d l e r  arterioles and va8a rectae. 16.5X. 
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provided with Ithis preparation was thus very 
much improved. Small vessels, which with 
Thioflavine-S had been abscured by the nat- 
ural fluorescence and by the diffused dye, were 
clearly visible with Vamflavine. A compari- 
son between the two dyes is shown in Fig. 1 
and 2. 

Since Vasoflavine more nearly approached 
the ideal dye for our purposes, it was of in- 
terest to determine the nature and character 
of this substance. Using the purified water 
extract as the experimental materid, several 
studies were conducted to attempt more c m -  
plete characterization of this dye. 

Paper partition chromatographic studies. 
Paper partibion chromatography was applied 
and many solvent systems were tested. These 
consisted of the more common ones such as: 
n-butanol-water ; n-butanal with lU% acetic 
acid-water ; n-butanol with 20% NH40H- 
water ; phenoLwater ; ether-water ; benzene- 
warter; and collidine-water. None of these 
solvent systems produced good separation of 
any fractions, hut most of them shmed similar 
results which con*sisted of a slightly bluish 
fluorescent zone from the region of spotting 
on the chromatograph to the solvent front, 
while at the original spot or in the nearby 
region there was a highly fluorescent yellow- 
ish substance. I t  is doubtful that this was a 
result of the dye being fixed to the cellulose of 
the paper (this dye is known to be a direct 
cotton dye) for, (by washing with water after 
development land drying of the chromato- 
graph, the yellow fluomscenlt region was capa- 
ble of further movement, and could be, a t  least 
partially eluted from the paper. The paper 
partition chromatograph did not give conclu- 
sive evidence as to whether more than one dye 
fraction was present, but rather it indirectly 
seemed to indicate that the dye may be found 
to exist in different forms which may account 
for the difference in intensity and color of the 
fluorescence under ultraviolet light. 

It is a well known fact that praical ly  all 
dyes readily form dimms and polymers es- 
specially in more concentrated solutions. 
Michaelis( 1 5 )  , Corrin ( 16), Rabinowitsch 

15. Michaelis, L., Symp. Q w t .  BioZ., 1947, v12, 
- 

131. 

(17), and Sheppard(l8,19) and others have 
conducted extensive studies which substan- 
tiate this. Iit seemed possible that the dimer 
or the higher polymeric forms are responsible 
for the yellow, highly fluorescent region near 
the original spot, while +the monomeric form, 
which according to previous work should be 
the only form present in an alcohol solution, 
is the cause of the blue, slightly fluorescent 
region that moves with the a-butanol. 
Dialysis of the purified water extract of 
ErieAavine-S and spectra of the dye at  
various dilutions were studied to  yield further 
evidence for the existence of polymeric 4 m s .  

Dialysis and spectrophotometric studies. 
Solutions of approximately 1 % were continu- 
ously dialyzed for a week against distilled 
water which was changed 3 to 4 times daily. 
Viscose tubing (Visking Corp.) was used for 
dialysis. This retains compounds of molecular 
weight greater than 1O,OOO-15,OOO. I t  was 
found that only a eblue, slightly fluorescent 
substance was dialyzed, while the solution re- 
maining within the tubing fluoresced yellow- 
ish-green under ultraviolet light. It is diffi- 
cult to conceive why any of the dye should be 
retained unless it is partially composed of 
highly polymerized components. The didysate 
and nondialyzable material (hereafter called 
the non-dialysate) were evaporated to dry- 
ness on a steam bath. Fifty mg of each 
product was dissolved in 200  ml of distilled 
water. These two solutions were sulbjected to 
spectrophotometnic andysis.ll At the outset 
i t  was observed that the didysate preparatiun 
had a considerably greater absorption in the 
region studied than the nondialysate. Hence 
in the curves presented in Fig. 3, that for the 
dialysate represents a concentration one- 
quarter lthat for the non-dialysate. The spec- 
tral curves for the two fractions (Fig. 3) were 
fairly similar indicating that they were the 

~~~~ ~~ 
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SPECTRAL CUriVE OF E R E F L W N  $ 
2 . m t  
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::AVELENGTH m .ZL 

FIG. 3. Spectral curres of the dialysis products 
of Erieflavine-S purified, (T'asoflasine). Dialysate 
concentration 6.95 nig %, non-dialgsate concentra- 
tion 25 m g  %. 

SPECTRAL ANALYSES W VASOFLAVINE AT 'JARYM CONCENTRATIONS 

2 0  260 30 360 440 460 
WAVELEFICTH TILL 

FIG. 4. 

same dye (which was apparently quite homo- 
geneous as concerns homologues) , but there 
were slight differences in the 2 curves. There 
was a double peak for the non-dialysate (220 
and 230 mp) in the lower ultraviolet as com- 
pared with dialysate ( 2  15 mp), and the major 
peak (360-365 mp) was also flattened some- 
what. The slight hump (330-340 mpc) on the 
side of the peak may be indicative of a dimer 
as illustrated by Michaelis ( 15 ). for other dyes. 
The curves do indicate that Vasoflavine is 
fairly homogeneous and does not consist of a 
series of homologues, since the curves show 
only two distinct principal absorption peaks 
which is common for many pure dyes. How- 

ever, the difference in absorption coeffiaients 
of the dialysate and non-dialysate, and the 
variations of the spectral curves indicated that 
spectrophotmetric analyses at varying con- 
centrations of Vasoflavine were needed. 

Spectrophotometric studies. A thorough 
study of spectrophoitometric curves at  various 
dye concentrations was conducted to deter- 
mine whether the purified water extract, Vaso- 
flavine, formed polymers in solution. A series 
of dilutions in distilled water ranging from 
0.001% to 0.05% of Vasoflavine was made 
and spectral analyses were made on each from 
210 to 440 mp,, using quartz cuvettes having 
a light path of 2 mm. 

The results of these analyses are shown in 
Fig. 4. They indicate clearly that poly- 
merization does occur to varying degrees, de- 
pending on the concentration of the dye. 
Upon analysis of the results it is seen that the 
curves are similar in shape at  the lower con- 
centrations (0.001-0.025%), having their 
major peak at  370 mp and their minor peak 
at  230 mp (Fig. 4, curves 5,  6, 7, and 8 ) .  
.kcording to Beer's law ithe density at  these 
peaks increases proportionally as the concen- 
tration ,increases. This, however, is fuund to 
hold for this substance only in the lowest con- 
centrations up to approximately 0.01 %. The 
similarity of these curves is indicative that 
they represent spectral curves of the mono- 
meric form of the dye. A t  higher concentra- 
tions (0.03%) it  is noted that the density a t  
370 mp decreases in spite of an increase in 
concentration (Fig. 4, c u m  4). There is also 
a possible slight shift of the peaks toward 
the lower wave lengths. According to Mich- 
aelis and others(l5-19), this is typical of the 
formation of a ditmer or a higher polymeric 
form. When the concentration of the dye is 
increased to 0.04% (Fig. 4, curve 3)  it is seen 
Ithat the major and minor peaks shift further 
to lower wave lengths and the density is then 
increased with the increase in concentration. 
This is indicative af an increase in concentra- 
tion of a higher polymeric form. At a still 
higher concentration of 0.045% (Fig. 4, 
curve 2 )  the amount of this form appears to 
be increased, but the appearance of another 
small peak at  350 mp seems to indicate the 
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beginning of a still higher polymer. When 
the concentration is increased even more to 
0.05% the curve shows two peaks (Fig. 4, 
curve I), which are greatly flattened and 
shifted from those of the monomeric and other 
lower forms in both the #major and minor peak 
regions. The density is reduced from that of 
the 0.045% solution, indicating the formation 
of one or more new polymeric forms with 
lower absorption coefficients. 

The data abtained from this study clearly 
indicate that Vasoflavine is capable of form- 
ing polymers, dependent upon the dye con- 
centration. The dye apparently exists in 
polymeric forms at  concentrations greater 
than 0.025%, and even higher polymers ap- 
pear Ito exist above 0.04%. 

Upon calculation of the possible concentra- 
tion of Vasoflavine in the blood of injected 
rabbits according 'to our regular technic, it was 
found that the !best results, with less diffusion 
out af (the vessels, were obtained when the 
dye concentration in the blood was greater 
than 0.0376, assuming that the dye dispersed 
rapidly throughout the blood stream. I t  
seems itherefore reasonable to believe that the 
dimeric or polymeric form of the dye is the 
more desirable, for it diffuses from the blood 
vessels less readily and apparently imparts a 
more brilliant yellow-green fluorescence to the 
blood vessel walls. 

Summary and conclusions. A more fluores- 
cent and less rapidly diffusible dye with a 
strong affinity for the walls of the blood ves- 
sels has been described. This dye is a puri- 
fied, water soluble fraction of Thioflavine-S 
and has been named Vasoflavine. Studies 
leading to a more accurate characterization of 
this dye are described. These include paper 
chromatography, dialysis, and spectrophotom- 

etry. 
The following conclusions are offered: 1. 

Vasoflavine approaches the ideal dye for the 
visualization of blood vessels under ultraviolet 
light and is much superior to the Thioflavine-S 
previously used. 2. The solution of dye prob- 
ably exists as an equilibrium between mono- 
meric and various polymeric forms. 3. The 
higher the concentration of an aqueous solu- 
tion of the dye the more of the polymeric 
forms exist. 4. The yellow-green fluorescence 
is awarently produced by the higher form and 
the bluish by the monomeric form. 5. The 
polymers are prolbably too large in molecular 
size to pass the barrier of the vessel walls 
readily, while the monomeric form quickly 
diffuses out cyf the vesse17s, thus explaining the 
yellow-green fluorescence of vessels and the 
bluish fluorescence of the surrounding tissue. 
It should be noted that Vasoflavine exhibits 
no apparent toxic effects in experimental ani- 
mals (rats, rabbits, and dogs) in blood con- 
centrations as high as 275 mg 70, but exten- 
sive toxicity studies have not been carried out. 
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Gremels( 1) observed that mercurial and xanthine diuretics increase the oxygen con- 
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