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the action of the agent by releasing enzyme 
from cells in tissue culture (MBIII strain 
mouse lymphoblast ) have also given negative 
results . 

Summary. 1.  An infectious agent similar 
to that described by Riley( 1) has been dem- 
onstrated in 2 transplantable mouse tumors 
(CD/5 lymphoma and DBA/59 mammary 
carcinoma). The presence of the agent is de- 
tected only by a rapid rise in the plasma 
lactic dehydrogenase beginning about 29 
hours following infection, reaching maximum 
levels in 9 days and persisting for up to 9 
months. 2. Levels of the enzyme in brain, 
heart, kidney, liver, lung, pancreas, skeletal 
muscle, spleen, submaxillary gland, thymus 
and red and white blood cells were deter- 
mined. No significant differences in any of 
these tissues were noted between normal and 
infected mice. 3. Hematocrit values were 
slightly but significantly lower than normal 
in mice bearing the LDH agent. These re- 
sults are discussed in terms of possible 

sources for the increased level of plasma lac- 
tic dehydrogenase which results from infec- 
tion with the agent. 
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We have found that many synthetic or- 
ganic compounds induce marked fibrinolytic 
activity when dissolved in human plasma ( 1, 
2 ,3 ) .  This activity is dependent upon the 
chemical structure of the compound ( 1,2). In 
addition, a factor is required which is pres- 
ent in human plasma or serum, but not in 
bovine plasma. The active compounds, how- 
ever, do not induce dissolution of fibrin “s,” 
the urea-soluble fibrin which is formed when, 
for example bovine fraction I is clotted by 
thrombin in the absence of calcium. Calcium 
is required for the function of the enzymatic 
fibrin stabilizing factor which converts fibrin 

*Supported by grants from Am. Heart Assn., 
Wyoming Heart Assn., and the Belle Bonfils Me- 
morial Blood Bank, Denver. 

“s” into urea-insoluble fibrin ‘5’’ (4). Pre- 
liminary observations indicated that minor 
molecular modifications, such as the intro- 
duction of a second hydrophylic group, de- 
prived compounds of their ability to gener- 
ate enzymatic fibrinolytic activity in human 
plasma, but endowed them with the new ca- 
pacity to dissolve fibrin “s.” This finding 
prompted an investigation of the relationship 
between the presence of strong hydrophylic 
groups in an organic molecule and its capac- 
ity to dissolve fibrin (‘s.’’ 

Matmial and methods. Preformed stand- 
ard clots ( 5 )  were made from thrombin- 
clotted bovine fibrin, and the compound to 
be tested was dissolved either in human cit- 
rated plasma (variety 111) or in buffered sa- 
line (variety 1V) ( 6 ) .  The solutions were 
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carefully adjusted, if necessary, to pH 7.42 
immediately before they were placed on top 
of the clots. Total volume of the standard 
clot was 0.42 ml and its height was 70 mm 
(Fig. 2). The digestion of 0.06 ml of clot 
corresponded to the dissolution of a cylindri- 
cal clot 10 mm high. No compound which 
caused the slightest retraction is included in 
this study. Unheated fibrin plates could have 
been used but the standard clot method is 
superior because it permits numerous read- 
ings and keeps the progressive dilution of the 
compound at  a minimum. 

The chemical compounds were used in the 
purest form commercially available or as ex- 
perimental preparations donated by the 
manufacturers.+ Where applicable, sodium 
salts were tested. 

Results. a)  Naphthalene sulfonates. The 
introduction of a second S03-group into a 
naphthalene monosulfonate abolished its abil- 
ity to induce fibrinolytic activity in plasma 
(1,2)? but conferred upon it the ability to 
dissolve fibrin “s.” The introduction of 3 
isopropyl side chains caused an identical 
change. Of interest is also 1-amino-2-naph- 
thol-4-sulfonic acid which was one of the 
very few compounds capable of inducing 
some fibrinolytic activity in plasma as well 
as being able to dissolve fibrin “s.” The ki- 
netics of the dissolution of fibrin “s” stand- 
ard clots by naphthalene sulfonates is shown 
in Fig. 1A. 

b) Acidic dyes. A number of dyes possess 
several Sogroups and might therefore dis- 
solve fibrin “s.” The diagnostically impor- 
tant dyes bromosulphalein (disodium phenol- 
tetrabromophthalein sulfonate) and Evans 
Blue (tetra-sodium salt of 4,4’bis [ 7-amino-8- 
hydroxy-2,4-disulfo) -naphthyl-azo] -3,3’bitol- 
yl), the naturally occurring dye Amaranth 
(1- [4-sulfo- 1 -naphthyl-azo]-2-naphthol-3,6- 
sulfonic acid) and the old trypanocidal drug 
NaphurideB (bis (m-aminobenzoyl-m-amino- 
p- methylbenzoyl- 1 -naphthylamino-4,6,8 - tri- 
sulfonate) -carbamide) were studied. All 4 

t Cal Research compounds: California Research 
Corp., Product BCO, BDO: DuPont de Nemours 
Co., Deriphat 160-C pharmaceutical grade: Genera1 
Mills. 

$ Suramin, Germanin. 

compounds, when dissolved in buffered sa- 
line, exerted very strong fibrin %”-dissolving 
activity. The marked activity of NaphurideB 
was not particularly surprising since its 
ability to alter proteins was recognized long 
ago ( 7). The activity of bromosulphalein and 
Evans Blue was unexpected. Evans Blue, 
being effective at a 5 millimolar concentra- 
tion, was the most active compound studied. 
Fig. 1B shows that the action on fibrin de- 
velops rapidly, e.g., 24 mM bromosulphalein 
and 5 mM Evans Blue dissolved fibrin cylin- 
ders 32 mm (0.205 ml) and 64 mm (0.375 
ml) high in 2 and 7 hours, respectively. 

c) Surfactants. The introduction of  small 
side chains into the sulfonated naphthalene 
ring transformed the compound into an agent 
which was moderately active against fibrin 
‘(s.” To evaluate the role of the side chain 
further , numerous sur fac tants with sul f onic 
acid radicals as hydrophylic groups and ali- 
phatic chains of various length as hydro- 
phobic groups were tested and the studies 
eventually extended to other surfactants. Fig. 
2 demonstrates the dissolution of cylinders of 
fibrin “s” 120 minutes after a 2.5% solution 
of the surfactants has been applied on top of 
the clots. Fig. 3 shows the rate of dissolu- 
tion of clots by 6 different anionic surfac- 
tants of various activity. Cal Research 61R- 
6016 and Benax 2Al dissolved a fibrin cylin- 
der 1 cm high (0.06 ml of digested clot) in 
less than 2 hours whereas 5 %  Aerosol 0s 
solution did not produce the same effect in 
12  hours. 

Generally speaking, most of the fibrin- 
dissolving surfactants were anionic, none non- 
ionic, and only 2 cationic (Arquad and bis- 
carboxymethyl-laurylamine) . None of these 
surfactants was able to induce fibrinolytic 
activity in human plasma. Some amphoretic 
surfactants, however, quite readily dissolved 
fibrin “s” and, in addition, induced a moder- 
ate, but clear-cut fibrinolytic activity in hu- 
man plasma. Deriphat 160-C was the most 
active compound of this group. 

The following surfactants, tested as 2.5% 
and 5 % solutions in buffered saline, dissolved 
fibrin “s.” They are listed in order of activ- 
ity. The letters in parentheses are explained 
in the following section. Aerosol 0 s  (2.5%) 
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FIG. 1. Dissolution of standard fibrin clots by synthetic compounds. A: Dissolution rate 
of fibrin ( s ’ ’ by naphthalene sulf onates, 5% in buffered saline. ‘ ‘ Total lysis ’ ’ : complete dis- 
solution of clot. B : Dissolution rate of fibrin ( ‘ s ) ’ by Evans Blue, NaphurideB, bromosulpha- 
lein, and Amaranth. C: Comparison of dissolution rate of fibrin ((s” by 3 anionic surfac- 
tants dissolved in buffered saline and in human plasma. Human plasma inhibits Santomerse I, 
does not affect Benax 2A1, and enhances Cal Research 61R-6379. D: Comparison of dissolu- 
tion rate of fibrin ( ( i”  (recalcified human plasma) induced by p-iodobenzoic acid Na in ab- 
sence and presence of Naphuride@. Dashed line : dissolution rate of fibrin ‘ s’ by 2.5% Naph- 
uride in buffered saline. Solid line: dissolution rate of fibrin ( ( i”  by 2.5% p-iodobenzoic acid 
Na in human plasma. Dotted line: dissolution rate of fibrin “i” by 2.5% p-iodobenzoic acid 
Na together with 2.5% Naphuride in human plasma. 

was the most active compound, dissolving the 
entire standard clot (fibrin cylinder 70 mm 
high) within 10 hours, whereas Miranol 
J2M (5%) was the least active and required 
24 hours to dissolve a column only 12 mm 
high. The 2.5% solution was ineffective. 

Aerosol 0s ( I ) ;  Santomerse I ( I ) ;  Cal 
Research 6 1 R-6915 (N) ; Bis carboxymethyl 
Laurylamine; Benax 2A1 ( N ) ;  Cal Research 
61R-6376 (E) ; Aerosol 18 (E) ; Teepol (E) ; 
Cal Research 61R-6016 (N) ; Igepon T33 
(I)  ; Tide (I)  ; Sodium-N-dodecyl Asparate 
(RC 5875) ( I ) ;  Alamine 4D Disulfonate; 
Nekal BA-75 ( I ) ;  Duponal WA (N) ;  So- 
dium dodecyl sulfonate (E) ; Deriphat 160- 

C; Nacconal LAL (I)  ; Duponal D (N) ; 
Deriphat 154 ( I )  ; Arquad 16 ( I )  Cal Re- 
search 61R-6377 (E);  Product BCO ( I ) ;  
Sodium Hexadecyl sulfonate ; Cal Research 
61R-6378; Petrosul; Igepon AP-78 (N) ; 
Cal Research 61R-6370 (E);  Deriphat 160; 
Miranol CM; Cal Research 61R-6380 (E) ; 
Lamepon (N) ; Product BDO (N) ; Arquad 
12-50 (I);  Triton X-200; Miranol J2M (N). 

If the grading is based on a 1% solution, 
the less active compounds did not exhibit any 
clot-dissolving property, and the order of ac- 
tivity is different as seen from Fig. 3. 

d) Effect of human plasma on dissolution 
rate of fibrin “s” by surfactants and other 



156 DYES, SURFACTANTS DISSOLVING FIBRIN “S” 

FIG.  2. Dissolution of preformed standard fibrin “ s ) )  clots by a 2.57’ solution of Naphu- 
ride@ and various surf actants dissolved in buffered saline. Incubation time 120 min. #1: Naph- 
wide@. #2 : Benax 2A1. #3 : Cal Research 61R-6916. #4: Duponal WA. #5 : Aerosol 18. 
#6: Control with buffered saline applied alone on top of the clot. Arrow: Original height of 
standard fibrin clot. 

active compounds. Judging by their activity 
on fibrin “s” when dissolved in human plas- 
ma, the compounds fall into 3 distinct 
groups: 1) compounds which are inhibited by 
human plasma: (I) in above listing. 2 )  com- 
pounds which are not particularly affected by 
human plasma: (N) .  3 )  compounds, the ac- 
tivity of which is markedly enhanced by hu- 
man plasma (E) . Compounds without a let- 
ter after the name were not tested in pres- 
ence of human plasma. Fig. 1C depicts 3 
representative examples for each group. 

e) Absence of synergism between synthetic 
compounds dissolving fibrin “s” and synthetic 
compounds inducing fibrinolytic activity in 
human plasma. Compounds exerting strong 
dissolving action against fibrin ‘(s” in pres- 
ence of human plasma do not enhance, but 
actually inhibit the activity of compounds 
which induce enzymatic fibrinolytic activity. 
Fig. 1D reproduces a representative experi- 
ment. It is evident that addition of fibrin 
“s” dissolving NaphurideB to p-iodobenzoate 
(dissolved in plasma) reduces its fibrinolytic 
activity on plasma clots. 

Discussion. Clots are dissolved at  pH 7.4 
by synthetic compounds in 2 ways: A )  Urea- 
insoluble fibrin ‘3” is formed in recalcified 
human plasma and, in contrast to fibrin “s,” 
possesses cross-linking covalent disulfide 
bonds which are produced by the enzymatic 
fibrin stabilizing factor (4) and calcium. This 
clot cannot be dissolved directly by synthetic 
compounds at this pH. Synthetic compounds, 
however, which induce fibrinolytic activity in 
human plasma, cause indirect enzymatic lysis 
of such clots. B )  Soluble fibrin “s” is dis- 
solved by 5 M urea, and by 0.5-2 M concen- 
trations of LiCl, LiBr, NaBr, NaI, and 
guanidine HC1. None of these compounds 
induces fibrinolytic activity in human plasma 
(8). As shown in this paper, various surfac- 
tants and some acidic dyes also dissolve fibrin 
s. Dissolution of fibrin “s” by the surfac- 

tant, Alconox (9) ) and by sodium dodecyl sul- 
fate and cetyltrimethylammoniumbromide (4) 
have recently been reported. The dissolution 
phenomenon had been related to an increase 
of negative charges in the fibrin monomer 
(4). Surfactants are very effective hydroly- 
tic agents for some proteins under certain 

t i  9 ,  
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FIG.  3. Rate of dissolution of fibrin ‘‘s” by 1% solutions of anionic surfactants in buffered 
saline. 

circumstances, increasing N-terminal groups 

The action of surfactants on fibrin “s” in 
the presence of human plasma is more com- 
plex. Inhibition encountered with some com- 
pounds might be explained by either adsorp- 
tion of the surfactants by the plasma pro- 
teins or the formation of more resistant fibrin 
clots, even in the absence of calcium, by dif- 
fusion into the fibrin clot of the applied plas- 
ma which is rich in fibrin stabilizing factor. 
The enhancement by human plasma of the 
fibrin “s” dissolving properties of other sur- 
factants presupposes that these do more than 
rupture hydrogen bonds in the fibrin mole- 
cule. They must trigger something in the 
plasma which, in turn, enhances their action 
on fibrin ‘k.” Induction of moderate fibrino- 
lytic activity seems to be the most likely ex- 
planation. However, the partial suppression 
by the same surfactants of the fibrinolytic 
activity induced in plasma by synthetic com- 
pounds (which themselves do not dissolve 
fibrin “s”) makes such an explanation doubt- 
ful. There is no evidence at  present that a 
mutual binding of both compounds in the 
reaction mixture results in inhibition. 

UP to lO-fold(10). 
The rapid dissolution of fibrin “s” by cer- 

tain dyes is not explained except to say that 
they, too, possibly introduce strong negative 
charges into the fibrin monomer. This phe- 
nomenon requires additional studies, since the 
bromosulphalein and Evans Blue are both in- 
jected intravenously in man for diagnostic 
purposes. 

Introduction of a second S03-group 
changes the capacity of mono-naphthalene 
sulfonic acid to induce fibrinolytic activity 
into an ability to dissolve fibrin “s.” This is 
best explained by assuming that naphthalene- 
disulfonates exhibit some characteristics of a 
surfactant; introduction of the second SOS- 
group into the naphthalene ring coincides 
with the loss of the hydrotropic properties of 
the molecule(6). Further studies of such 
structural peculiarities may pave the way for 
synthesis of fibrinolytic agents. In this re- 
gard, additional investigations with ampho- 
teric surfactants (e.g., Deriphat 160-C), 
which induce both rapid dissolution of fibrin 
‘ ‘ s ~ ~  and moderate fibrinolytic activity in hu- 
man plasma, are indicated. For instance, in- 
troduction of a hydrophylic group with un- 
saturated bonds would be of interest, because 
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fibrinolytically active compounds carrying a 
hydrophilic substituent with double or triple 
bonds are more active than their counterparts 
with a saturated hydrophilic substituent (2). 

Summary. Naphthalene-disulfonic acids, 
acidic dyes, and numerous surfactants dis- 
solve fibrin “s” at  low concentrations. Hu- 
man plasma inhibits some surfactants, does 
not affect others, and enhances markedly the 
activity of a third group. Of the amphoteric 
surfactants, Deriphat 160-C dissolved fibrin 
“s” and, in contrast to other surfactants, in- 
duced enzymatic fibrinolytic activity in hu- 
man plasma. 
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In absence of dietary protein most preg- 
nant rats resorb their litters by mid-gestation 
( 1). Pregnancy can be maintained, however, 
by daily injections of estrone and progester- 
one from day 3 to 20 of gestation(2), an 
observation suggesting that reproductive fail- 
ure may be due to reduced levels of pituitary 
and/or placental gonadotropins. This study 
examines the functional capacity of placenta 
to maintain pregnancy in protein-deficient 
rats when ovarian hormone administration is 
terminated by mid-gestation. Since hypo- 
physectomy also interrupts pregnancy when 
performed before establishment of placenta 
( 3 )  , pregnant hypophysectomized rats were 
injected concurrently with protein-deficient 
rats. 

Materials and methods. Virgin Long-Evans 
rats, 75-85 days old and weighing 175-220 g, 

* Supported by Univ. of California Research 
Grant. 

9 Present address: Dept. of Zoology, Univ. of 
Calif ., Davis. 

were bred with normal males and fed protein- 
free diett ad lib. beginning the day of find- 
ing sperm in vaginal smear (day zero). Ani- 
mals were kept in individual cages, on 
screens, until autopsy on day 21 of preg- 
nancy. Injections of 1 pg esterone and 4 mg 
progesteronet in 0.3 ml sesame oil were given 
once daily for varying periods. Control rats 
received sesame oil only or were uninjected. 
Three additional groups of rats of compa- 
rable age and weight were fed purified com- 
plete diet containing 24% casein. Two groups 
were hypophysectomized by parapharyngeal 
route on day 5 of pregnancy and injected as 
above; a third group was intact and unin- 
jected. Vaginal smears were examined daily 
during gestation for the presence of erythro- 
cytes (the placental sign). At  autopsy uteri 
were removed, examined for implantation 

t Comlposition of purified diets and of fat-soluble 
vitamin supplement was reported previousIy(4). 

$ Estrone was obtained from Parke, Davis and 
Co., progesterone from Nutritional Biochemicals Co. 


