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ABSTRACT Serum proteins of pregnant rats were analyzed by paper electrophoresis 
following administration of the teratogenic disazo dyes trypan blue, Evans blue, 
Niagara blue 4B, Niagara sky blue 6B, Congo red, and Niagara blue 2B. Sera were 
obtained from blood taken by cardiac puncture just before dye injection, 48 hours 
after dye injection, and again at autopsy. All of the dyes tested caused a reduction in 
serum albumin and total protein concentration and a n  elevation in the concentration 
of beta or alpha-2 globulins a t  some time during pregnancy. The remaining serum 
fractions reacted variably to the dye treatment. In spite of the rather consistent 
results presented in this paper, and similar findings reported for other teratogens, 
there is no direct proof that altered serum proteins, per se, are causally related to 
the production of malformations. 

Clinical and experimental observations 
suggest that altered electrophoretic pat- 
terns of serum proteins may accompany 
pregnancies terminating in the birth of 
malformed offspring. Abnormal electro- 
phoretic patterns were noted in the serum 
proteins of rats treated with various terato- 
gens (see table 1 for references). Fairly 
consistent among these were decrease in 
serum albumin and increase in serum 
alpha globulin. Similar changes were 
found in sera from high-risk pregnant 
women (Langman et al., '59), in 78% of 
whom pregnancy ended in abortion, birth 
of premature infants with or without mal- 
formation, or abnormal full-term children. 
These observations have generated specu- 
lation about the possible relation of al- 
tered serum proteins and congenital mal- 
formations. 

The results reported below were ob- 
tained during an investigation of the tera- 
togenic activities of several disazo dyes 
structurally related to trypan blue (Beau- 
doin, '68). They support previously ob- 
served effects of certain teratogens on se- 
rum proteins in rats and suggest a relation 
between teratogenic potency and altered 
protein metabolism. 

MATERIAL AND METHODS 

Virgin female Wistar Albino rats (Al- 
bino Farms, Red Bank, New Jersey) were 
used. They were maintained on Rockland 
Complete Rat Diet ad libitum, with sup- 
plemental feedings of lettuce. Day 0 of 
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pregnancy was considered to begin on the 
morning sperm were found in the vaginal 
smear. On day 8 pregnant rats received an 
intraperitoneal injection of a 2% aqueous 
solution of the dye to be tested. The dose 
was calculated on the basis of the mater- 
nal weight on day 8. The doses used were 
14 mg/100 g for the more potent dyes, 
trypan blue, Evans blue, and Niagara blue 
4B; and 20 mg/100 g for the less potent 
dyes, Niagara sky blue 6B, Congo red, and 
Niagara blue 2B (Beaudoin, '68). All dyes 
were purchased from Matheson, Coleman 
and Bell Co., Norwood, Ohio. 

Blood was withdrawn via cardiac punc- 
ture just before dye was injected, 48 hours 
after dye injection, and at the time of au- 
topsy. Sera were analyzed by the paper- 
electrophoretic method as described pre- 
viously (Beaudoin, '66). Total protein con- 
tent of the serum was measured with a 
Bausch and Lomb Serum Protein Meter. 

Pregnancy was terminated on day 20 
and the fetuses were recovered, weighed, 
and fixed in Bouin's fluid. The types and 
frequencies of the malformations produced 
are listed in table 2 and have been pre- 
viously reported (Beaudoin, '68). 

. RESULTS 

Table 3 summarizes the results of this 
experiment. The dyes are listed in the 
order of decreasing teratogenicity. Blood 
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TABLE 1 

The effect of teratogens on serum protein fractions in rats 

Globulins Total Teratogen 
protein Gamma Beta Alpha Albumin 

Reference 

X-ray - - 0 + - Winkler and Paschke ('56) 

Aminopterin - - 0 + - Rohatgi and Banerjee ('59) 

Folic acid deficiency - - - - - Mulgaonkar and Sreenivasan ('58) 

- Dijkstra and Gillman ('60) 
- Christie ('64) 

0 + + + 0 
- 

- Trypan blue - 

Carbutamide + - 0 + 0 Fister and Benas ('60) 

f, Increase in concentration; -, decrease; 0, no change. 

TABLE 2 
Incidence (%) of malformations following a teratogenic dose of dye 

Trypan Evans Niagara Niagara Niagara Congo 
blue blue blue 4B sky blue 6B blue 2B red Malformation 

Apparent anophthalmia 
Hydrocephalus 
Exencephaly 
Microphthalmia 
Vertebral 
Encep halomeningocele 
Megalophthalmia 
Absent tail 
Other 
Mean number of 

malformations per fetus 

29.8 37.5 15.1 
15.4 15.6 33.4 
15.1 6.3 6.5 
5.7 9.4 6.5 
5.7 6.3 4.3 
5.4 3.1 6.5 
3.9 - 1.7 
3.6 - 10.8 

15.4 21.8 15.2 

1.7 1.2 1.6 

58.5 
15.1 
3.8 

11.3 
1.9 

1.9 

7.5 

1.2 

- 
- 

42.2 
31.6 
- 
- 
- 
- 
- 
- 

26.2 

1.1 

18.2 
33.2 

21.2 
- 
- 
- 
- 
- 

27.3 ' 
1.1 

1 Of which three fourths were hydronephrosis. 

was drawn from each rat three times, once 
on each of days 8, 10, and 20. Mean val- 
ues for serum protein content were calcu- 
lated for each of these days, in both con- 
trol and experimental groups. Since initial 
values (day 8) for protein content varied 
somewhat from group to group statistical 
analysis was limited to the results within 
each group. Nevertheless this did permit 
comparison of serum protein changes in 
control and dye-treated pregnancies. Car- 
diac puncture, at the intervals used in this 
study, did not significantly alter the serum 
proteins in nonpregnant rats (Beaudoin, 
unpublished). 

On day 20, control rats exhibited a sig- 
nificant decrease in the serum concentra- 
tion of gamma and beta globulins, com- 
pared with values on day 10. During this 
same period alpha-1 globulin significantly 
increased but concentrations of total pro- 
tein and all other serum protein fractions 
were essentially unchanged. 

Total protein concentration decreased 
significantly within 48 hours of treatment 
with all dyes, but returned to or surpassed 
preinjection levels by day 20, except in 
animals treated with Niagara blue 2B, in 
which the concentrations remained low. 
By day 20 gamma globulin concentration 
had decreased by more than half in con- 
trol rats and those injected with Congo red 
or Niagara blue 2B. The remaining dye- 
treated rats exhibited either no change in 
gamma globulin or only a moderate de- 
crease. Beta-globulin values increased sig- 
nificantly following injection with four of 
the six dyes, the exceptions being Congo 
red and Niagara blue 2B. The concentra- 
tion of alpha-3 globulin increased signifi- 
cantly following injection of Evans blue 
and Niagara sky blue 6B, but was rela- 
tively unaffected by the other dyes. Forty- 
eight hours after injection all dyes, except 
Niagara blue 4B, had caused an elevation 
in alpha-2 globulin concentration, which 
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persisted to day 20 in rats injected with 
Congo red and Niagara blue 2B. A twofold 
increase in alpha-1 globulin concentration 
occurred in control animals and those 
treated with Niagara blue 4B, Congo red, 
and Niagara blue 2B, while in animals 
treated with trypan blue, Evans blue, and 
Niagara sky blue 6B the increase was only 
about 20%. Albumin decreased in all rats 
by 48 hours after treatment, but by day 20 
the concentration of albumin had almost 
returned to pretreatment levels, except in 
rats treated with Niagara blue 2B. 

In general the three more potent terato- 
genic dyes (trypan blue, Evans blue, Niag- 
ara blue 4B) caused more pronounced al- 
terations in the serum protein fractions 
than did the three less potent ones (Niag- 
ara sky blue 6B, Congo red, Niagara 
blue 2B). 

DISCUSSION 

There is no doubt that some teratogens 
can affect maternal protein metabolism in 
rats, as reflected by alterations in the elec- 
trophoretic patterns of the serum proteins. 
Changes in the proteins of the blastocyst 
fluid in rabbit embryos from trypan blue- 
treated mothers mimic the maternal serum 
protein changes (Hommes, '59; Beaudoin 
and Ferm, '61). Rat fetuses from trypan 
blue-treated mothers also exhibit altered 
serum proteins during development (Beau- 
doin and Kahkonen, '63). It is interesting 
to note that changes in the fetal serum 
proteins, induced by trypan blue, do not 
persist into the juvenile period (Beaudoin, 
'66). This suggests a maternal influence 
over fetal protein metabolism, perhaps by 
the liver. It is currently held that these 
alterations in the proteins of maternal se- 
rum, blastocyst fluid, and fetal serum rep- 
resent secondary effects of the teratogen 
and are not involved in the production of 
malformations (Dijkstra and Gillman, '60; 
Fister and Benas, '60; Beaudoin, '66). 
Certainly the altered serum proteins are 
not in themselves teratogenic (Beaudoin 
and Roberts, '65). 

Disazo dyes consistently cause a fall in 
total serum protein and serum albumin at 
some time during gestation in rats. The 
same effect has been reported with other 
teratogens (table 1). All dyes caused ele- 
vations in beta or alpha-2 globulin concen- 

tration at some time during pregnancy. It 
is not possible to make direct comparisons 
between this response and changes in the 
globulins caused by other teratogens be- 
cause of the lack of uniformity in the 
designation of the alpha and beta subfrac- 
tions. However, all but one of the terato- 
gens listed in table 1 caused an elevation 
in the serum alpha globulins. The serum 
protein fractions that changed following 
treatment with the disazo dyes always 
changed in the same direction (increase 
or decrease). The principal difference 
among the dyes tested was in the magni- 
tude of the change produced. The terato- 
genically most potent dyes caused the 
greatest disturbance in maternal serum 
proteins . 

It can be concluded that treatment of 
rats with a teratogenic dose of any one of 
the six disazo dyes used in this experiment 
affects maternal protein metabolism and 
that the extent of this effect depends upon 
the teratogenic potency of the dye used. In 
spite of this rather consistent effect there 
is no evidence, to date, that a causal re- 
lation exists between the teratogenic ef- 
fects of the dye and its effect on maternal 
protein metabolism. 
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