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fed in this experiment does not appear to 
be marginal in any known B vitamin, in
dicating that the response to penicillin 
was not due to this effect. 

Thus when the growth rate is not 
limited by the availability of known B 
vitamins, there may exist a growth de
pression which is overcome by penicillin 
but not by arsanilic acid. 
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(1950). This compound is of interest in 
view of its recent use in control of hemor
rhage in poultry. 

We were concerned also in this study to 
test the effects of arsanilic acid at various 
levels in a practical type feed containing 
no alfalfa. Griminger et al. (1953) re
ported that 0.01 percent arsanilic acid in 
their diet prolonged clotting time, al
though not significantly. Sweet et al. 
(1954) in a follow-up of the Illinois work 
reported significant prolongation of clot
ting times for both arsanilic acid and sul-
faquinoxaline, each at 0.03 percent of their 
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vitamin K-low diet. Although this general 
effect of excessive sulfonamide compounds 
has been rather extensively studied, there 
had been no previous indication in the liter
ature that arsonic acids would act simi
larly. Our studies fail to show an effect of 
arsanilic acid on blood clotting times of 
chickens. On the other hand, as previously 
cited by Kornberg et al. (1954), there is 
direct antagonism between excessive sulfa 
drugs and vitamin K. We have used this 
mechanism as an assay tool in comparing 
the activity of menadione versus menadi
one sodium bisulfite. 

EXPERIMENTAL 

The menadione sodium bisulfite addi
tion product1 used throughout these stud
ies contains not less than 63 percent me
nadione sodium bisulfite, U.S.P., equal to 
33 percent menadione. This product con
tains one extra mol of sodium bisulfite. 

In laboratory studies both the capillary 
tube method and the test tube method of 
Lee and White (1913) were used. Alm-
quist and Stokstad (1937) adapted the 
latter method to vitamin K studies in 
chicks. Essentially the same conditions 
which they describe have been used in 
this laboratory since that time. About 1 
ml. of free-flowing blood from the wing 
vein is drawn into a 20X150 mm. tube 
which is immediately placed in a 37.5°C. 
water bath and shaken gently until the 
blood clots. Blood was drawn into dupli
cate capillary tubes at the same time the 
blood was taken for the test tube method. 
The capillary tubes were observed at the 
room temperature of 76-78°F. Results of 
the two methods were generally closely 
comparable, except in the range of mar
ginal adequacy of vitamin K. In this area 

1 Klotogen F., Abbott (Trademark for menadi
one sodium bisulfite for feed use. Trademark Hy-
kinone, Abbott, for medical use.) 

variability appears greater for both meth
ods, but particularly for the capillary tube 
method. This variability is reflected (see 
Tables) in the higher standard errors in 
the intermediate range of clotting times. 
Because of the greater variability for the 
capillary tube method, we have turned 
exclusively to the test tube method in this 
laboratory. 

The practice of observing the test tubes, 
or breaking the capillary tubes, only up 
to 30 minutes is consistent with that of 
Almquist and Stokstad (1937). The data 
is expressed both in terms of average clot
ting times and numbers of chicks which 
have clotting times over 30 minutes. The 
latter is best expressed in ratio to total 
chicks in the group (see Tables 1 and 2). 
Prothrombin determinations were run on 
a sufficient number of chickens to estab
lish positive correlation with the direct 
blood coagulation methods. Such correla
tion has, of course, been established be
yond doubt by others (Stamler et al., 
1953). 

Field tests in flocks showing high inci
dence of hemorrhage. Beginning August 
1953 menadione sodium bisulfite was of
fered as a research tool to test in field 
conditions where hemorrhage is prevalent. 
I t was felt that the water solubility and 
certain absorption, even in absence of 
bile, would provide advantages for direct 
therapeutic use. If properly controlled, 
such experiments could lead to unambigu
ous conclusions as to whether or not the 
particular condition encountered repre
sented a vitamin K. deficiency. 

The first opportunity to conduct such 
a test came in collaboration with Dr. 
Tevis Goldhaft of the Vineland Poultry 
Laboratories. Various flocks in the Vine-
land area which showed high incidence of 
internal hemorrhage appeared to respond 
to administration of the menadione sodi
um bisulfite at 10 mg. per gallon of drink-
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TABLE 1.—Failure of 0.01 and 0.05% arsanilic acid and 0.03% sulfaquinoxaline to prolong blood-clolting. 
Effect of low levels of menadione sodium bisulfite to maintain normal clotting times 

Expt. 
No. 

1 

2 

3 

Added to vitamin K-low diet, 
gm./ton 

None 
Arsanilic acid, 90 
Arsanilic acid, 450 
Menadione bisulfite, 0.5 
Menadione bisulfite, 0.5 

plus arsanilic acid, 90 
Menadione bisulfite, 0.5 

plus arsanilic acid, 450 

None 
Arsanilic acid, 90 
Arsanilic acid, 450 
Menadione bisulfite, 0.09 
Menadione bisulfite, 0.09 

plus arsanilic acid, 90 
Menadione bisulfite, 0.09 

plus arsanilic acid, 450 
None 
Arsanilic acid, 270 
Sulfaquinoxaline, 270 
Sulfaquinoxaline, 270 

plus arsanilic acid, 270 
Menadione bisulfite, 0.180 plus 

arsanilic acid, 270 plus sulfa
quinoxaline, 270 

Average blood-clotting time and std. error, A , 

Test tube 
method, 
minutes 

25.1 + 2.0 
28.1 + 2.1 
24 .0±2 .4 
4.5 + 0.4 
4 . 1 ± 0 . 9 

3 .3±0 .3 

25.3 + 2.3 
27 .8±1 .8 
24 .4±2.2 

6 .9+1 .1 
7.5 + 0.9 

8 .0+1.5 

24.8 + 2.3 
19.4±3.5 
21.2 + 3.2 
21.9 + 3.0 

3.9 + 0.5 

No. chicks 
over 30 

minutes* 

12/17 
14/16 
10/15 
0/17 
0/16 

0/17 

10/13 
13/16 
9/14 
0/13 
0/18 

0/16 

7/12 
7/13 
8/13 
7/13 

0/15 

Capillary tube 
method,! 
minutes 

19.7 + 2.6 
23.9 + 2.2 
19.9 + 3.0 
5 .1+0 .6 
3.5 + 0.6 

5 .1+0 .7 

23.2 + 2.9 
27 .4+1 .8 
27.7 + 1.1 
13.9 + 2.6 
15.7 + 2.9 

16.0 + 3.1 

/ Zrf2 

n ( n - l ) 

No. chicks 
over 30 

minutes* 

7/17 
10/16 
8/15 
0/17 
0/16 

0/17 

9/13 
14/16 
10/14 

1/14 
7/18 

6/10 

* Number of chicks of total chicks used showing clotting time greater than 30 minutes, 
f Average of two determinations on single blood sample. 

ing water. The urgency of the situation 
did not permit setting up proper controls 
on these tests. It may be noted neverthe
less, that the appearance and general well-
being of the flocks improved rapidly. Mor
tality dropped progressively from a very 
abnormal rate to normal within 5 days. 
Furthermore Dr. Goldhaft reported to us 
that blood-clotting times returned to nor
mal generally within 24 hours. Blood-
clotting times of the afflicted flocks prior 
to treatment were never less than 12 min
utes. The initial determinations were of 
necessity all run at the prevailing outdoor 
temperature of about 55-60°F. and are 
therefore open to question. Dr. Goldhaft 
reported to us, however, that subsequent 
controlled-temperature tests confirmed 
the reduction in clotting time following 

administration of menadione bisulfite in 
water. 

In other field trials in Arkansas and 
Missouri in more than 30,000 chickens 
representing four different flocks ranging 
from 4 to 9 weeks of age, the menadione 
bisulfite addition product was used in the 
drinking water at a rate of 10-100 mg. per 
gallon for 3-4 days. Prior to treatment the 
affected birds showed high incidence of 
hemorrhage in various tissues and many 
birds were off feed. Clotting times, meas
ured by the capillary tube method, were 
generally greater than 7 minutes, in most 
instances in the range 7 to 30 minutes or 
longer. In the terminal stages clotting 
times were surprisingly low, but where 
this was found the chicks were already 
moribund. The temperature of the capil-
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TABLE 2.—Comparative ability of menadione and menadione sodium bisulfite to maintain 
clotting limes in chicks on vitamin K low diet with 0.1% sulfaquinoxaline 

Supplement to basal 

None 
0 . 1 % sulfaquinoxaline 
0 . 1 % sulfaquinoxaline+menadione bisulfite 

45 mg./ton 
0 . 1 % sulfaquinoxaline+menadione bisulfite 

180 mg./ton 
0 . 1 % sulfaquinoxaline+menadione bisulfite 

720 mg./ton 
0 . 1 % sulfaquinoxaline+menadione 45 mg./ton 
0 . 1 % sulfaquinoxaline+menadione 180 mg./ton 
0 . 1 % sulfaquinoxaline+menadione 720 mg./ton 

No. of 
chicks 
final 

9 
11 

9 

10 

11 
12 
10 
8 

Av. clotting 

Test tube 
method 

minutes 
26 + 2.12(6) 
29±0 .8 (10) 

23 + 3.39(6) 

12+3.29(2) 

7 + 0.75(0) 
>30 (12) 
>30 (10) 

16 + 4.18(3) 

time (Std. error) 

Capillary tube 
method 

minutes 
25 + 2.54(6) 
29 + 0.39(9) 

23 + 3.85(6) 

18 + 3.57(3) 

11 + 3.22(1) 
>30 (12) 
>30 (10) 

19 + 4.1 (i) 

( ) No. chicks with clotting times greater than 30 minutes. 

lary tubes was controlled in these tests in 
the range, 70-80°F. 

Mortality in one of these flocks, at the 
time treatment was begun, was about 2.5 
percent of the total flock per day. About 
10 percent of this very ill flock died within 
four days. Treatment was initiated here 
at the rate of 100 mg. per gallon of water. 
Response to the water soluble vitamin K 
was dramatic as regards decrease in mor
tality and return of clotting times to nor
mal. Starting from the first treatment day 
deaths decreased progressively as follows: 
326, 206, 125, 118, 66, 31 and 19. Clotting 
times returned to normal (3-7 minutes) 
within 15 hours after addition of the vita
min to the drinking water. 

Incidence of hemorrhage in the above 
flocks as well as the flocks at Vineland ap
peared to follow over-medication, particu
larly with sulfa drugs. In some instances, 
however, no coccidiostat whatever was 
used. In these cases the chickens generally 
showed symptoms of other disease, such 
as air-sac or enteritis, before hemorrhages 
were noted. In a few cases there was a his
tory of high antibiotic therapy to control 
the infectious condition. Generally there 
was a period of lessened food intake before 
hemorrhagic manifestations appeared. 

Again in the above tests the primary 

object was to save the sick birds and prop
er controls were not run. For this reason 
unequivocal evidence is still lacking to 
show that the symptoms treated were due 
to deficiency of vitamin K, or that the 
vitamin actually brought about the dra
matic remission of symptoms which we 
observed. In an attempt to clarify this 
situation as far as possible in the labora
tory we tested the vitamin K adequacy of 
one of the broiler mashes which had been 
fed to one of the flocks described above. 
At four weeks by capillary tube method 
the average clotting time of 19 chickens 
raised on the feed alone was 11.8+1.3 
minutes (Std. error). For the same feed to 
which 180 mg. of menadione sodium bi
sulfite had been added the average time 
for 17 chickens was 6.5 + 0.8 minutes. At 
six weeks the comparable values by the 
test tube method were 10.4 + 2.7 minutes 
and 2.9 + 0.2 minutes. These data strongly 
suggest that even without stress this feed 
was marginal in vitamin K activity. 

LABORATORY TESTS 

A series of experiments was conducted 
with day-old male White Leghorn chicks 
raised in air-conditioned rooms on the fol
lowing vitamin K-low basal diet, per 100 
lbs: ground yellow corn 66.35, soybean 
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meal (solvent process—44 percent pro
tein) 30, bone meal 2, limestone 1, iodized 
salt 0.5, manganese sulfate 0.05, vitamin 
A and D (3,000 A and 600 D) 0.1, DL-
methionine 0.05 lbs.; and choline chloride 
15, niacin 1, riboflavin 0.2, calcium DL-
pantothenate 0.15, and vitamin B12 0.001 
gm. The fat content of this diet was found 
to be 3.45 percent. Supplements were 
added directly to the basal diet. The 
chicks were raised in groups of 13-20 in 
brooder cages for two weeks and trans
ferred to batteries for an additional two 
weeks, or longer. Distilled water was sup
plied daily in small watering troughs in 
the brooders, twice weekly in the bat
teries. Under these conditions clear-cut 
vitamin K deficiency appeared in the con
trol group over eight separate experi
ments. The rate of growth on the basal 
diet was poor, on the average only about 
200 gm. to four weeks. Although weights 
were taken, clearly significant differences 
did not appear as regards the supplements 
studied. 

Minimum effective level of menadione 
sodium bisulfite. We were interested first 
to determine the minimum prophylactic 
level of menadione sodium bisulfite needed 
to maintain normal clotting time in chicks 
on the basal K-low diet. In the beginning 
test menadione bisulfite was fully protec
tive at 1 gm. per ton of the basal diet, as 
was 5 percent alfalfa. Dr. H. M. Scott 
then informed us that experiments at Illi
nois indicated as little as 45 mg. of the 
menadione sodium bisulfite addition prod
uct per ton of K-low diet gave near nor
mal clotting times to two weeks. Further 
studies in our laboratory revealed that 30 
to 45 mg. per ton provides only partial 
protection on our basal diet. Henceforth 
full effectiveness in the range 90-180 mg. 
per ton was repeatedly shown. 

Failure of arsanilic acid to influence 
blood-clotting. Three criteria were used to 

test whether arsanilic acid is apt to cause 
any deviation from normal blood clotting 
in growing chickens. First we found that 
blood-clotting times of chickens raised 
under farm conditions were normal both 
in presence and absence of arsonic acids 
in the feeds. Next it was learned that even 
eight times the recommended feeding level 
of arsanilic acid, i.e. 720 gm. per ton, had 
no effect on blood-clotting times in chicks 
raised to six weeks on a good commercial 
broiler mash. 

The results of three studies involving 
high levels of arsanilic acid on vitamin K-
low diet are shown in Table 1. In the first 
trial neither 0.01 nor 0.05 percent arsanilic 
acid appeared to influence blood clotting 
times. These levels represent 90 and 450 
gm. arsanilic acid per ton of feed, 1 and 5 
times the recommended feeding level for 
poultry. As shown in Table 1 (Expt. 1) a 
level of 0.5 gm. menadione sodium bisul
fite produced normal clotting times 
whether arsanilic acid was present in the 
diet or not. All three groups on the basal 
K-low diet were clearly deficient in vita
min K, but there was no indication that 
the groups which received arsanilic acid 
were any more deficient than the controls. 
In view of the earlier literature reports our 
failure to demonstrate any effect of arsani
lic acid on blood-clotting times of chic
kens was surprising, but still not entirely 
convincing. 

We decided next to test the effect of a 
near minimal concentration of menadione 
sodium bisulfite in presence and absence of 
0.01 and 0.05 percent arsanilic acid. Re
sults are shown in Table 1 (Expt. 2). 
These results again fail to show a signifi
cant effect of arsanilic acid to yield higher 
average blood clotting times. It should be 
noted in this experiment that the low level 
of menadione sodium bisulfite appeared 
adequate to yield near normal blood-clot
ting times as measured by the test tube 
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method, but not by the capillary tube 
method. There is also a considerable dif
ference for the two methods in the num
bers of birds showing clotting times over 
30 minutes. I t is our feeling that this re
flects the greater variability in capillary 
tube measurements when the adequacy of 
dietary vitamin K is sub-optimal. 

We were interested also to study the 
exact levels of arsanilic acid and sulfa-
quinoxaline used by Sweet et al. (1954). 
Results of this study are shown in Table 
1 (Experiment 3). These data show no 
effects of sulfaquinoxaline or arsanilic 
acid, singly or in combination, at the 0.03 
percent diet level. 

Effect of menadione versus menadione bi
sulfite to counteract vitamin K antagonism 
of 0.1 percent sulfaquinoxaline. At the 
1954 Kansas State Formula Feed Confer
ence, in a further report of the Illinois 
studies, Dr. H. M. Scott illustrated clearly 
the direct antagonism between sulfaquin
oxaline and vitamin K in chicks. Earlier 
work in this laboratory had shown that 
sulfaquinoxaline or arsanilic acid at 0.1 
percent of a commercial broiler mash were 
tolerated to 12 weeks in White Leghorn 
chicks with only minor growth retarda
tion. This experience together with the re
sults cited above led to use of sulfaquin
oxaline at the unusually high level 0.1 per
cent in our vitamin K-low basal diet to 
fUrther increase need for the vitamin. The 
antagonism between sulfaquinoxaline and 
vitamin K provided a mechanism to test 
the protective effect of menadione as com
pared with menadione sodium bisulfite as 
sources of vitamin K activity. In the first 
experiment along this line eight groups of 
13 each, day old White Leghorn cockerels 
were formed. The experimental design 
and results are shown in Table 2. 

These data demonstrate at least a four-
time greater vitamin K potency of men
adione sodium bisulfite than of menadi

one. A plot of clotting time against the log 
of the concentration of menadione bisul
fite falls on a straight line, suggesting that 
we were working in the critical response 
range for this compound. Further experi
ments, to be published separately, indi
cate that 2.88 gm. menadione per ton in 
the basal diet is considerably less effective 
than 0.72 gm. menadione sodium bisulfite 
in maintaining normal clotting times un
der these conditions. A log dose response 
was not apparent for levels of 0.72, 1.44 
and 2.88 gm. menadione per ton. Some
what higher levels are now on test to de
termine the critical dose response range 
for menadione as such. Experiments are 
also underway to determine whether in
creasing the fat content of the basal diet 
will improve utilization of menadione in 
presence of 0.1 percent sulfaquinoxaline. 

DISCUSSION 

We realize that hemorrhagic disease in 
the field does not parallel vitamin K de
ficiency as produced in the laboratory. It 
is nevertheless apparent that stress situa
tions greatly accentuate need for vitamin 
K. In a recent review of human therapeu
tic nutrition, Pollack and Halpern (1952) 
state "It is probably wise always to give 
supplemental vitamin K when antibiotics 
or sulfonamides are given by mouth." The 
need for vitamin K by poultry is certainly 
as real as that in the human and drug use 
is at times both more extensive and less 
well controlled. I t may be noted that the 
appearance of birds suffering from hemor
rhagic disease and coccidiosis is quite simi
lar. Treatment for coccidiosis may actu
ally accentuate the tendency to hemor
rhage by increasing the need for vitamin 
K. 

Research is needed to determine just 
which and to what degree various mate
rials increase the need for vitamin K. The 
above experiments fail to show an effect of 
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arsanilic acid up to 0.08 percent of the 
diet, or of sulfaquinoxaline at 0.03 per
cent of the diet. On the other hand sulfa
quinoxaline at 0.1 percent markedly in
creased requirement for vitamin K. Sweet 
et al. (1954) reported significant effects for 
arsanilic acid and sulfaquinoxaline used 
at 0.03 percent. Conversely Griminger re
ported no effect of sulfaquinoxaline at 
0.0125 percent, but an almost significant 
effect of arsanilic acid at 0.01 percent of 
the diet. 

As shown by the pioneering work of 
Black et al. (1942) sulfonamides inhibit 
the capacity of the liver to produce pro
thrombin. Kornberg et al. (1944) reported 
this to be a property of various sulfa 
drugs. The similar effect of sulfaquinoxa
line was described by Mushett and Seeler 
(1947). In all of these studies vitamin K 
counteracted the specific prothrombin de
pressing effect of sulfa drugs. This repro
ducible and rather precise physiological 
effect of the sulfonamide group appears to 
be primarily on the liver rather than on 
inhibition of vitamin K synthesis in the 
tract. 

In contrast to the effects reported for 
sulfa drugs nutrient requirements are gen
erally spared by antibiotics and, to some 
extent, by arsonic acids as well. The data 
of Griminger et al. (1953) suggest that oxy-
tetracycline caused a prolongation of clot
ting time whereas chlortetracycline, baci
tracin and procaine penicillin did not. On 
the other hand Reynolds et al. (1953-54) 
reported no adverse effects of terramycin 
(oxytetracycline) up to 2000 gm. per ton 
of feed, but instead a significant lowering 
of clotting times for various antibiotics at 
some stage of the study. Variability in the 
capillary tube assay may account for the 
divergent conclusions between different 
laboratories. In any case it would seem 
that the best criterion, whether a material, 
increases need for vitamin K, is to test the 

material at increasing levels in a vitamin 
K-low diet. If a minimum level of vitamin 
K is fully effective, even at high levels of 
the test material, the latter would not 
ordinarily be considered an antagonist to 
vitamin K. 

Although requirement for vitamin K is 
very small, it is nevertheless constant and 
is subject to many interferences. Under 
rather ideal laboratory conditions (Stam-
ler et al., 1943) as little as 0.1 fig. of mena
dione per chick day sufficed to prevent 
hemorrhage. On the other hand, under 
conditions where absorption is unfavor
able relatively massive doses of vitamin 
K are needed to prevent or correct vita
min K deficiency. Quick et al. (1954) in 
work with the dog stress the importance 
of bile in absorption of natural vitamin 
K. They point to the water soluble forms 
of menadione, which are readily absorbed 
in absence of bile. Hare et al. (1953) and 
Anderson et al. (1954) in laboratory stud
ies have related the low fat content of 
practical type rations to incidence of vita
min K deficiency. The shift from expeller 
to' solvent extracted soybean oil meal 
would be expected to have the dual effect 
of decreasing both the vitamin K content 
and the choleretic effect of the diet. Dis
ruption of the normal digestive process, 
as in enteritis, may also be expected to 
interfere with the absorption of vitamin 
K. 

The importance of acute infections as a 
cause of delayed clotting time of blood 
was shown early by Lee and White (1913) 
in humans. Little is known about the 
physiological effects of the respiratory 
diseases of poultry, but it would not be 
surprising if this represents an important 
chronic stress which accentuates need for 
various nutrients. The hemorrhagic condi
tion is accompanied by a decreased feed 
intake. Thus actually less vitamin K may 
be available at the time of greatest need. 
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Dietary inadequacy of vitamin K to 
cope with unusual stress situations would 
appear to account for the few instances of 
field hemorrhagic disease which have 
come directly to our attention. It should 
be pointed out however that others have 
reported instances where vitamin K was 
not effective. Deficiency of vitamin E, for 
instance, may contribute at times to hem
orrhagic diathesis. Sorbye et al. (1953) 
described other normal fat constituents 
which also appear to play a role in blood 
clotting. None of these needs, however, 
appear to be independent of the need for 
vitamin K itself. 

The over-all problem may also be com
plicated because there appear to be at 
least two forms of the hemorrhagic dis
ease (Caskey, 1953). Only one of these 
forms was thought to be amenable to 
treatment by menadione sodium bisulfite. 
It should be borne in mind, however, that 
transitory deficiency of vitamin K leading 
to hemorrhage may occur during periods 
of stress wherein requirement greatly ex
ceeds supply. Relatively high levels of vi
tamin K may be needed at such times. 
Experimental evidence is needed to estab
lish whether characteristic hemorrhage 
actually occurs in chicks raised on diets 
strongly fortified with vitamin K. 

SUMMARY 

Experiments are described with water 
soluble menadione sodium bisulfite in 
treatment of hemorrhage occuring in 
chicks under practical growing conditions. 
In laboratory experiments arsanilic acid 
at 0.05 percent of a vitamin K-low diet did 
not appear to increase average clotting 
times of chick blood to four weeks. Near 
minimum levels of menadione sodium bi
sulfite maintained normal clotting times 
regardless of whether or not arsanilic acid 
was present in the diet. 

At 0.1 percent of the vitamin K-low 

diet sulfaquinoxaline increased need for 
vitamin K many fold. In this situation 
menadione sodium bisulfite proved many 
times as effective as menadione as a source 
of vitamin K activity to maintain normal 
blood-clotting times. Sulfaquinoxaline at 
0.03 percent of the K-low diet did not ap
pear to increase requirement for vitamin 
K appreciably. 

REFERENCES 

Almquist, H. J., and E. L. R. Stokstad, 1937. Assay 
procedure for vitamin K (antihemorrhagic vita
min). J. Nutrition, 14: 235-240. 

Anderson, G. C , J. H. Hare, J. K. Bletner, C. E. 
Weakley, Jr. and J. A. Mason, 1954. A hemor
rhagic condition in chicks fed simplified rations. 
Poultry Sci. 33: 120-126. 

Black, S., R. S. Overman, C. A. Elvehjem and K. P. 
Link, 1942. Effects of sulfaquanidine on rat 
growth and plasma prothrombin. J. Biol. Chem. 
145: 137-143. 

Carmack, M., M. B. Moore and M. E. Balis, 1950. 
The structure of the anti-hemorrhagic sodium bi
sulfite addition product of 2-methyl-l,4-naph-
thoquinone (menadione). J. Am. Chem. Soc, 72: 
844. 

Caskey, C. D., 1953. Hemorrhagic syndrome of poul
try. Proc. Nutr. Council, Amer. Feed Mfg. Assoc. 
8. 

Griminger, P., H. Fisher, W. D. Morrison, J. M. 
Snyder and H. M. Scott, 1953. Factors influenc
ing blood clotting time in the chick. Science, 118: 
379-380. 

Hare, J. H., C. E. Anderson and C. E. Weakley, Jr., 
1953. Factors contributing to a hemorrhagic con
dition in experimental chicks fed simplified ra
tions. Poultry Sci. 32: 904. 

Romberg, A., F. S. Daft and W. H. Sebrell, 1944. 
Production of vitamin K deficiency in rats by 
various sulfanamides. Public Health Report, 59: 
832. 

Lee, R. I., and P. D. White, 1913. A clinical study of 
the coagulation time of blood. Am. J. Med. Sci. 
145: 495-503. 

Mushett, C. W., and A. O. Seeler, 1947. Hypo-
prothrombinemia resulting from the administra
tion of sulfaquinoxaline. J. Pharm. Exp. Therap. 
91:84-91. 

Pollack, H., and S. L. Halpern, 1952. Therapeutic 
nutrition. National Academy of Sciences-Na
tional Research Council, Publication 234. 

Quick, A. J., C. V. Hussey and G. E. Collentine, Jr., 

 at Purdue U
niversity L

ibraries A
D

M
N

 on June 3, 2015
http://ps.oxfordjournals.org/

D
ow

nloaded from
 

http://ps.oxfordjournals.org/


64 G. V. MOREJOHN 

1954. Vitamin K requirements of adult dogs and 
the influence of bile on its absorption from the 
intestine. Am. J. Physiol. 176: 239-242. 

Reynolds, W. M., W. K. Warden and H. G. Luther, 
1953-1954. Antibiotics, vitamin K and blood-
clotting time in poultry. Antibiotics Annual, 
380-385. 

Sorbye, O., I. Kruse and H. Dam, 1953. Activity of 
cosmene and alloocimene as coagulation factors. 
Acta. Chem. Scan. 7: 1015-1016. 

Stamler, F. W., R. T. Tidrick and E. D. Warner, 
1943. Vitamin K and prothrombin levels with 
special reference to the influence of age. J. Nutri
tion, 26: 95-103. 

Sweet, G. B., L. R. Romoser and G. F. Combs, 1954. 
Further observations on the effect of sulf aquinox-
aline, p-aminophenylarsonic acid, and oxytetra-
cycline on blood-clotting in chicks. Poultry Sci. 
33:430432. 

ADDENDUM 

Attention is called to the paper by Bornstein, S. 
and Y. Samberg, Poultry Sci., 33: 831-836, 1954, 
on the correction of abnormal clotting times in 

chickens suffering from "hemorrhagic disease" in 
Israel. Response to a massive dose of injectable 
menadione sodium bisulfite, i.e. 1-2 mg. per chick, 
occurred in a matter of hours. Response to 5% 
alfalfa meal in the diet was not as rapid, but was 
nonetheless complete over a period of days. In an 
addendum to their paper these authors point to the 
effect of sulfa drugs as possible causative agents and 
cite one field case wherein drinking water treatment 
with sulfamethazine produced characteristic symp
toms of the disease. The comprehensive report by 
T. M. Goldhaft and N. Wernicoff (Tenth World's 
Poultry Congress, Edinburgh, p. 278, 1954) de
scribes the field results with menadione sodium bi
sulfite mentioned above. These authors state "The 
only product which gave any uniform results was 
menadione bisulfite added to the drinking water at a 
level of 10 mg. per gallon of water and given con
tinuously to the birds for a period of 48 to 72 hours." 
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THE present paper describes a new 
crippling abnormality involving the 

pelvis and the joints of the leg in the do
mestic fowl and persents genetic evidence 
for its inheritance. 

Many heritable anomalous conditions 
of the fowl have been reported (reviewed 
by Hutt, 1949, and Jull, 1952) including 
several affecting the legs. The abnormali
ties more closely resembling the one de
scribed herein are: Perosis or "slipped 
tendon," neurolymphomatosis and con
genital perosis. Polygenic inheritance of 
perosis was first demonstrated by Ser-
fontein and Payne (1934). In this abnor
mality the Achilles tendon slips from the 
intercondylar groove of the tibial meta
tarsal joint and the latter bends inward. 

The effect of neurolymphomatosis on the 
sciatic and femoral nerves of the legs causes 
partial or complete paralysis. An inherited 
susceptibility to this disease (commonly 
called "range paralysis") has been shown 
by Asmundson and Biely (1932), Gildow 
el al. (1940), Taylor el al. (1943), Hutt and 
Cole (1947) and many others. Congenital 
perosis, which is caused by an autosomal 
recessive gene in homozygous state, is 
lethal to chicks within a few days after 
hatching (Bohren, 1951, in Jull, 1952, p. 
214). 

Another condition which resembles the 
anomaly to be described is "curled toe 
paralysis," but the inheritance of this de
fect has not been demonstrated. It is 
caused by a dietary deficiency of riboflavin 
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