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The toxic role of molybdenum in reference 
to animals of economic importance has been 
the subject of a recent review(1). In  this 
respect, experiments have been conducted in 
our laboratory which assessed the toxicity 
of molybdenum, injected via the yolk sac, to 
the developing chick embryo. The injection 
technique employed in these studies yielded 
much interesting information( 2,3), but had 
the following inherent disadvantages: 1. The 
injected chemicals are deposited in a mass 
in the yolk material. 2. The injected chemi- 
cals are not deposited in the same position 
relative to the embryo when a series of in- 
jections is made. 3. Variations exist in 
embryonic age. 

The purpose of the current study was to 
investigate the feasibility of using the breeder 
hen as a means of introducing molybdenum 
to the developing chick embryo. If this were 
possible, the hen would distribute a toxic 
quantity of molybdenum evenly within the 
egg and thus, the mechanical and age dis- 
advantages ascribed to the injection tech- 
nique could be overcome. 

Preliminary evidence that such a system 
could be devised has been reported(4). I t  
was observed that feeding laying hens a diet 
containing 5001 ppm of molybdenum would 
result in the production of eggs containing 
approximately 12 ppm of molybdenum. 

Experimental. Experiment I was designed 
to determine a dietary molybdenum level 
which, when fed to laying hens, would result 
in eggs containing a maximum amount of 
molybdenum without severely limiting egg 
production. A t  7 months of age, 24 White 
Rock hens were randomly selected from a 
larger flock and placed in groups of 6 in 
floor pens divided by wire partitions. Each 
of the groups of hens was fed a commercial 
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laying diet containing either 0, 5001, 1000 
or 2000 ppm of molybdenum added as 
Na2Mo04 2H20 for a 21-day period. Dur- 
ing this time, egg production and weekly 
body weights were recorded. Every egg laid 
by each hen was broken and the egg con- 
tents were analyzed for molybdenum by a 
thiocyanate method ( 5 ) .  

Determining the influence of the dietary 
molybdenum level established in Exp. I upon 
embryonic viability was the objective of Exp. 
11. Forty 9-month-old hens were used, with 
2 groups of 10 receiving the unmodified basal 
diet and an additional 2 groups of 10 receiv- 
ing the basal diet plus 5001 ppm of molyb- 
denum. The hens were artificially insemin- 
ated 6 times with semen pooled from 7 males 
of the same strain at semiweekly intervals 
throughout the 2 l-day experimental period. 
All eggs were collected and incubated daily. 
The viability of the embryos was assessed by 
periodic candling to 19 days of incubation. 
Each egg and/or embryo was analyzed for 
molybdenum content either after the occur- 
rence of mortality or after 19 days of incu- 
bation. 

Exp. I11 was designed to study the mode 
of inclusion of molybdenum into the egg by 
the hen. A separate group of 14 hens was 
fed the 500 ppm molybdenum diet for a 
period of 2 weeks. At this time, 5 of the 
hens were sacrificed and blood, liver, ovary, 
ova, and oviduct samples were obtained for 
molybdenum analysis. 

Results and discussion. The weight changes 
and egg production of the hens observed in 
Exp. I are listed in Table I. It appeared 
that the hens in each group fed molybdenum 
lost weight, but analysis of variance coupled 
with Duncan's multiple range test( 6)  indi- 
cated that this weight loss was significant 
(P<.O5) only at the 200'0 ppm level of 
supplementation. It was also noted that a 
decrease in egg production occurred concom- 
itant with increasing levels of dietary molyb- 
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TABLE I. Weight Changes and Egg Production 

No. of* 

Treatment change (g) per hen 

of Hens Fed Molybdenum for a 21-Day Period. 

Wt* eggs 

/ 

Byd r a p n  + 62” 15.6 + 500py,mMo -141‘ 13.3 

” ” + 2000 ” ” - 449b 2.8 
” ” + 1000 - 148” 8.0 

3 4 .  
3 2 .  

*Means of 6 hens per dietary treatment. Those 
means with the same superscript are mit signifi- 
cantly different ( P  <.05). 

denum. Although these data were not ana- 
lyzed statistically, it is evident that only a 
slight decrease in egg production occurs when 
500 ppm of molybdenum are fed. At this 
level, the molybdenum fed hens laid 1570 
fewer eggs than the controls. The decreases 
noted at  1000 and 2 0 0 0  ppm of molybdenum 
were 50% and SO%, respectively. 

The relationship between egg molybdenum 
concentration and length of time of feeding 
the experimental diets can be seen in Fig. 1. 
Regression analysis permitted the fitting of 
the polynomial functions depicted. Analysis 
of variance of the data indicated a highly 
significant influence of dietary molybdenum 

2 1  

(1) CONTROL RATION 

(2) 500 PPM Mo 

(3) 1000 PPM Ho 

(4) 2000 PPM Mo 

Y = -2.04+2.15X-0.89X*,R=OS8 

Y =-5.35+558 X-0.35X2,R-0.97 
( 2) 

Y =-3.75+3.70X-0.23X2.R=0.S7 

0 2 4 6 8 10 12 14 16 18 20 22 
DAYS ON EXPERIMENTAL RATION 

FIG. 1. Egg molybdenum concentration as influ- 
enced by dietary molybdenum level and length of 
feeding period. 

level upon the molybdenum concentration of 
the eggs. In addition, the curves obtained 
for each level of supplementation had sig- 
nificant linear and quadratic components. 
The peculiar shape of the curve representing 
the response at  2000 ppm of molybdenum 
was caused by the cessation of egg production 
by these hens. The curve obtained at the 
500 ppm level was of major interest in that 
it depicted a plateauing of the egg molybde- 
num concentration at  16 ppm after approxi- 
mately 2 weeks of the dietary treatment, 
I t  will be recalled from Table I that this 
level had the least effect upon egg produc- 
tion. Possibly, the slight discrepancy be- 
tween our data and that previously reported 
(4) may be explained by breed and seasonal 
differences. 

PERCENT OF LMBRYOS SURVIVING 
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TABLE 11. Molybdenum Concentration of Vari- 
ous Tiemes of Hem Fed 500 ppm of Molybdenum. 

Tissue Mo concentration" 

Blood 
Liver 
Ovary 
Oviduct At 
Oviduct B$ 
Maturing ova 

1 largest 
2 
3 
4 
5 
6 
7 smallest 

Freslh egg yolk 
Fresh egg albumen 

9 9  

>9 

9 9  

1 ,  

99  

2 9 4  9 
42 rfi. 11 

150 2 13  
51 I+ 18 

148 rfi. 42 

72 13  
76 2 14 
72 I+ 16 
73 2 23 
91 4 45 
86 I+ 29 
96 f 16 
85 2 11 
31 I+ 12 

* Mean 4 s.d. of 5 observations. Blood concen- 
tration is reported as pg/ml. For the other tissues, 
it is  reported as ppm on a dry weight basis. 

t Infundibulum, magnum and isthmus. 
t: Uterus and vagina. 

molybdenum concentration in this experi- 
ment plateaued at  20 ppm. If age of the 
hen and season are important influences on 
molybdenum deposition, the between experi- 
ment differences can easily be resolved. Exp. 
I1 was conducted in mid-winter with hens 2 
months older than those in Exp. I. 

The percentage of surviving embryos is 
listed across the top of Fig. 2.  By comparing 
these percentages with the egg molybdenum 
concentration observed on the same day, it 
appears that all of the embryos die when 
egg molybdenum concentration is in excess 
of 1 7  ppm. This embryonic mortality, caused 
by molybdenum deposited in the egg by the 
hen, did not occur at  a specific developmental 
age. Ten percent of the embryos died during 
the first 5 days of incubation, 15% on the 
sixth day, 35% on the seventh day and 40% 
during the eighth through the twelfth days. 
No special significance could be attached to 
this sporadic lethal response. 

This experiment indicated that the feed- 
ing of sub-toxic quantities of molybdenum to 
breeder hens would result in the production 
of eggs containing lethal quantities of this 
element. Whether a similar system could 
be devised to study the embryonic toxicity 
of other minerals is a subject for further 
study. 

The molybdenum concentrations of the 
tissues from the molybdenum fed hens in 

Exp. I11 are listed in Table 11. The oviduct 
was analyzed in 2 portions, one composed 
of the infundibulum, the magnum and the 
isthmus and the other composed of the uterus 
and the vagina. The ovary plus immature 
ova and the lower part of the oviduct had 
higher molybdenum concentrations than any 
of the other tissues tested. By comparing 
molybdenum concentrations of the series of 
maturing ova with the laid egg yolk, i t  ap- 
peared that about 85% of the molybdenum 
in the yolk of freshly laid eggs was deposited 
in the ovary. ?"he sequence of events leading 
to the inclusion of molybdenum into the egg 
by the hen may be summarized as follows: 
The major portion of the molybdenum in 
the egg is incorporated during maturation of 
the ova; the yolk increases slightly in molyb- 
denum concentration as it traverses the ovi- 
duct; the albumen does not attain as high 
a molybdenum concentration as the yolk due 
to the lowered concentration of molybdenum 
in the magnum as opposed to the ovary; the 
uterus had a high molybdenum concentra- 
tion, suggesting that the egg shell be con- 
sidered in future work of this nature. 

Summary. Embryonic molybdenum toxic- 
ity may be studied through use of the breeder 
hen. The feeding of 500 ppm of molybdenum 
to hens for longer than 2 weeks results in 
eggs having a concentration of between 16-20 
ppm of molybdenum. This dietary level does 
not limit egg production too severely (ca. 
20% reduction) but does result in the death 
of all embryos during the incubation period. 
Analysis of the tissues from the mo'lybdenum 
fed hens showed that the ovary and the 
uterus had the highest concentrations of 
molybdenum (150 and 148 ppm, respec- 
tively). 
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