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The fact that the disazo dye trypan blue 
is a potent teratogen to the developing main- 
malian embryo is now well documented( 1). 
Available evidence suggests a causal relation- 
ship between altered physiological states of 
the mother and embryo and the teratogeni- 
city of trypan blue. It has been clearly dem- 
onstrated that injection of trypan blue results 
in an alteration in the electrophoretic pattern 
of the maternal serum proteins and the pro- 
teins of the yolk sac fluid(2,3,4). It now is 
of interest to learn whether or not it is pos- 
sible to interfere with this teratogenic action. 
Assuming that trypan blue (or a metabolic 
by-product) reacts at a specific site(s), it is 
possible that a non-teratogenic substance of 
similar structure might also react at these 
sites and thereby interfere with the action of 
trypan blue. The non-teratogenic disazo dye 
Niagara blue 2B was selected to test this hy- 
pothesis because it differs structurally from 
trypan blue only in the absence of 2 methyl 
groups and because it apparently has the 
same fate following injection; appearing in 
cells of the maternal macrophage system, kid- 
ney tubules, and visceral epithelial cells of the 
yolk sac placenta( 5 ) .  

Materials and methods. All experiments 
were carried out using the same sample of 
specially purified Niagara blue 2B and try- 
pan blue.$ The dyes were prepared as 2% 
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solutions in distilled water and injected intra- 
peritoneally into Sherman rats on the 6th and 
7th, or 8th day of gestation, considering the 
morning on which sperm was found in the 
vaginal smear as day zero. Fetuses were re- 
covered on the 20th day, weighed, examined 
for gross malformations, and fixed in Bouin's 
fluid for subsequent free-hand serial section- 
ing of the head. The trunk was not sectioned. 

Results. Table I illustrates the results ob- 
tained when equivalent amounts of Niagara 
blue 2B and trypaii blue were injected. At 
the highest dose used there was no protective 
or sparing effect. However, at each lower 
concentration the injection of Niagara blue 
2B prior to injection of trypan blue afforded 
some measure of protection to the embryo 
with respect to number of resorptions and 
malformations produced. 

Table I1 indicates the results obtained after 
varying the relative amounts of the 2 dyes 
administered. In each group the prior injec- 
tion of Niagara blue 2B reduced the number 
of resorptions and malformed survivors. On 
the other hand, when trypan blue was in- 
jected prior to Niagara blue 21B there was no 
significant reduction in its teratogenic activ- 
ity. These figures also suggest a direct cor- 
relation between number of implantation 
sites affected and amount of trypan blue ad- 
ministered, irrespective of the amount of Ni- 
agara blue 2B administered. 

Discussion. These results indicate that 
Niagara blue 2B can effectively interfere with 
the teratogenic and lethal action of trypan 
blue in Sherman rats, over a selected range 
in dye concentration. This interference is 
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seen when Niagara blue 2B is injected prior administration of this dye. The disturbance 
to trypan blue. This may mean that a com- 
petition exists between the 2 dyes at the reac- 
tion site. 

A possible explanation of the action of try- 
pan blue has been set forth by Langman and 
van Drunen ( 2 ) .  They were able to show, in 
the rabbit, disturbances in the normal propor- 
tion of the maternal serum proteins following 

was characterized by an increase in total pro- 
teins, albumin and alpha and beta globulin 
over their normal values, during the first 10 
days of pregnancy. This alteration occurred 
during a time critical to embryogenesis. 
These observations have been extended, in 
the rabbit, to include the yolk sac fluid(3,4). 
In addition, Yamada( 6) observed an abnor- 

TABLE I. Effect of Injcctiiig a 2y0 Solution of Xiagnra Blue 2B Intrapcritoneally into Fe- 
i i d e  Rats on the (it11 mid 7th Days of Pregiiniicy Followcd by a n  Equivalent Amount of a 2% 

Solution of Tryp:iti Wl i i c~  on the 8th I h y .  

70 sites 
% resorbed 

S o .  iinplnn- 70 survivors and/or 
Trcutiiicii t No. inatlwrs t:i tioii sitcs rcsorI>cd malformed malformed 

20 iiig p ~ * r  100 g rat 
Trypan bluc control 
Sing:irn bluc 2G eoiitrol 

9 ,  
" )' f O l l O ~ V . c t l  I,y 

Tryp:''l I,lnc (20 1ll.g of ~ W I l  ) 

IS iiig per 100 g rat 
Trypan t h e  control 
S i n g a r s  bluc 2Jl control 

,, 
" )' follo~vetl by 

Trypall blue (14 mg of t * : i ~ I i  ) 

10 iiig per 100 g ra t  
Trypnii blue control 
Si:ig:lra blue 2R control 

7 9  
" ') follo\\cd by 

Try1>:111 b l ~ c  ( 1O 11ig of cwc*Ii ) 

89 
1 (i 

1 1  
x 

1 a,. 
s5 

7 0 
1 f i  

!)8 Si 

1!1 
1 I; 

IS1 
1 ii5 

.>.- - .I  50 

3 ci 
0 

64 
7 

44 
7 

3 2 15 42 2 3 

Tr\RI,F: TT. Effect of 1titr:iperitonc~:~l Injcctioiis of Varying Proportions of Niagars  Elue 2B (Days 6 & 
7 )  : l i d  Tryp;in I3luc (Lliiy 8 )  iiito Pregnant Rats. 

70 survivors % sites resorbed So.  ini- malformed and/or malformed 

Treatmelit niotlicrh tioti si tvs  Ac.tii:ll Espcc. x. Actual Expec." Actual Expee." 
S O .  l,l:,llttl- resorbed 

Niagara blue 213, i ing/lOO 12 127 2.7 43 13 3 7 34 64 

Niagara blue 2B, 14 1ng/lOO I 1 I21  ?!) 12 37 

Niagara blue 2B, 7 nig/loO I:! IS0 I I  . ) I  .I .> - d  54 54 80 

g followed by trypmi 
blue, 7 nig/lOO g 

g followed by tryp:in 
blue, 7 mg/100 g 

g followed by t r g p n  
blue, 14 mg/100 g 

g followed by trypan 
blue, 14 mg/100 g 

followed by Niagara blue 
2B, 14 mg/100 gt 

1 9  9 ,  9 9  

-- 

I ,  Niagara blue 2B, 14 n~g/lOO 25 248 .#.) 26 51 .,.I , I  

,, 9 9  Trypan blue, 14 nig/lOO g I; I /  3 8 4(i 72 -- 9 )  

* Expec. = Expected following treatment, with irrdieatcd dose of trypnii hlne done. 
t Note trypan blue inj. prior to Niagars l,lue 21% 



HISTIOCYTIC LY SATE-TUBERCLE BACILLUS INTERACTION 71 1 

ma1 protein present between the alpha 1 and 
alpha 2 globulins in the serum electropho- 
retic pattern of male rats following treatment 
with trypan blue. It is plausible that a causal 
relationship exists between the alteration of 
proteins in the maternal serum and yolk sac 
fluid and embryonic malformations. 

Other observations have shown that trypan 
blue can compete for protein binding sites in 
plasma(7). Therefore, it would not be un- 
reasonable to presume that Niagara blue 2B 
could act in a similar manner, and thus com- 
pete with trypan blue for a protein binding 
site. If this is true, it could explain the in- 
terference of Niagara blue 2B with the lethal 
and teratogenic activity of trypan blue as 
described here. 

Summary. The results demonstrate that 
the non-teratogenic disazo dye, Niagara blue 
2B, can afford some measure of protection to 

the embryo against the lethal and teratogenic 
action of trypan blue when injected prior to 
trypan blue in Sherman rats, over a selected 
range in dye concentration. This protection 
was not complete. 
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Studies of the interaction of tubercle bacil- 
lus and phagocyte have resulted in a large 
body of evidence which suggested that, under 
certain circumstances, phagocytes may ex- 
hibit antibacterial activity, either indepen- 
dently or in conjunction with humoral factors 
( 1,2 ) . Although these observations have in- 
dicated suppression of growth of tubercle ba- 
cilli by phagocytic cells derived from various 
animals, the underlying mechanisms still re- 
main to be elucidated. 

In view of various suggestions(3-5) that 
cellular enzymes or other native, biologically 
active intracellular substances may contribute 
toward the antimycobacterial activity of 
these cells, the present investigation was un- 
dertaken to determine whether elements de- 
rived from disrupted histiocytes would in 
some manner exert a deleterious effect on the 
tubercle bacillus. 
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Materials and methods. Histiocytes were 
obtained from the peritoneal cavity of adult 
normal or BCG-immunized rabbits or guinea 
pigs which had been injected 5 days previ- 
ously with sterile Klearol using methods pre- 
viously described ( 6) . Immunized animals 
used as sources of cells or serum had received 
2 to 3 subcutaneous injections of BCG over 
a period of 2 to 3 months. Each immunizing 
dose consisted of approximately 5 X lo8 vi- 
able organisms which had been cultivated on 
Sauton's potato plug medium for 3 weeks. 
Only animals giving a positive tuberculin test 
(0.2 ml of 1:lOO dil. of O.T., Eli Lilly Co., 
Tndianapolis) were used as donors of immune 
histiocytes. 

Lysates of histiocytes were prepared in the 
following manner: A suspension of washed 
cells of known concentration was sedimented 
by centrifugation a t  250 g for 10 minutes; 
the sedimented cells were resuspended to a 
predetermined volume with sterile, chilled 
distilled water, mixed thoroughly by pipet- 


