
Menadione Sodium Bisulfite Complex 
(Klotogen F®) in Cecal Coccidiosis* 

G. F. OTTO, H. A. JESKE, D. V. FROST AND H. S. PERDUE 
Abbott Laboratories, North Chicago, Illinois 

(Received for publication August 9, 1957) 

HEMORRHAGE is a primary, if not 
the principal, cause of death from 

cecal coccidiosis. Conversely, any reduc
tion in the amount of hemorrhage might 
be expected to, at least, ameliorate the 
course of the disease. Harms and Tugwell 
(1956) reported that vitamin K activity, 
in the form of either Klotogen F or alfalfa 
meal, added to a basic vitamin K-defi-
cient dietwas capable of preventing deaths 
from cecal coccidiosis. Tugwell, Stephens 
and Harms (1957) provide further sup
porting data. The interpretation that the 
beneficial effects are due to the reduction 
in hemorrhage through the well known ac
tion of vitamin K is further supported by 
our unpublished evidence that neither 
menadione nor the water soluble mena
dione sodium bisulfite complex (Klotogen 
F)f have any coccidiocidal or coccidio-
static activity. 

The studies here reported were set up in 
the same basic pattern as the above, with 
only minor modifications. 

MATERIALS AND METHODS 

The basal diet was a simple vitamin K-
deficient diet developed by Frost, Perdue 
and Spruth (1956) as a modification of the 
A.N.R.C. diet. The details of this modi
fied A.N.R.C. diet as used in the first 

* Presented at the 46th Annual Meeting of the 
Poultry Science Association, Columbia, Missouri, 
August 6-9,1957. 

f Klotogen F® (menadione sodium bisulfite 
complex, Abbott Laboratories) is the trademark for 
this water soluble source of vitamin K activity for 
use in feed; Klotogen W® (Abbott Laboratories) is 
for use in drinking water. 

experiment are given in Table 1. In our 
second experiment, the basal diet was 
further modified by the elimination of 
arsanilic acid; in this experiment the 
arsanilic acid was added as a supplement 
in certain groups at the generally recom
mended level of 0.01% (90 gm./ton). 
Vitamin K activity, as a supplement, was 
supplied by two sources, namely mena
dione at the rate of 3.0 gm. per ton and 
Klotogen F at the rate of 1.0 gm. per ton. 

Male Barred Rock chicks were received 
from the hatchery when one day old and 

TABLE 1.—Vitamin K-deficient ration modified 
from A .N.R.C. reference broiler ration—1954 

Yellow corn 
Soybean oil meal, 50% protein 
Fish solubles, 50% solids 
Dried whey 
Methionine 
Calcium carbonate* 
Dicalcium phosphate* 
Trace mineral mix* 
Vitamin A, stabilized (4,000 I.U./gm.) 
Vitamin D, (1,500 I.U./gm.) 
Choline chloride, 25% mix 

Riboflavin 
Ca pantothenate 
Niacin 
Vitamin B12 
Vitamin E acetate 
Procaine penicillin 
Arsanilic acid 

% 
60.7 
28 

2.5 
2.5 
0.05 
1.6 
1.75 
0.1 
0.2 
0.05 
0.15 

mg./lb. 
1.5 
2.5 

15 
0.003 
2 
2 

45 

* These three were used as the A.N.R.C. Mix 
prepared by Limestone Products Corporation of 
America, Newton, New Jersey. The constitution of 
the trace mineral mix (also known as the Del-A-
Mix) component is as follows: Manganese 6.000%, 
Iodine 0.120%, Iron 2.000%, Copper 0.200%, Zinc 
0.006%, Cobalt 0.020%, and Calcium 27.000%. 
These are present as: manganous oxide, potassium 
iodide, ferrous carbonate, copper hydroxide, zinc 
carbonate, cobalt carbonate, calcite flour and cal
cium stearate. 
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immediately placed on the experimental 
diet, either the basal diet or that diet with 
the indicated supplements, as the sole 
source of feed. Each diet group contained 
40-55 birds. Water was provided ad 
libitum. They were maintained on screen 
wire throughout the experiment, in an 
electrically heated brooder for one week 
and in unit cages in an 80°F. room there
after. At three weeks of age the chicks 
were individually infected, by tubing 
directly into the crop freshly sporulated 
oocysts of Eimeria tenella, 50,000 or 
500,000 per bird as shown. At five weeks 
of age the survivors were sacrificed. 

Weights were taken before infection and 
at the termination of the experiment. 
Prothrombin times, using a modification 
of the Almquist method (Frost, Perdue 
and Spruth, 1956), were obtained on a 
sample of 10 birds in each group immedi
ately before infection and at the termina
tion of the experiment. Both the birds 
which died and those sacrificed at the end 
of the experiment were examined for evi
dence of cecal coccidiosis and for evidence 
of hemorrhage in the gizzard and intestine. 

RESULTS 

There were no significant differences or 
evident trends indicated by weights in the 
several groups, by evidence of intestinal 
or gizzard hemorrhage, or by evidence of 
coccidiosis in the survivors. The death 
rates from coccidiosis and the prothrombin 
times provide the significant information 
so that these data are presented in detail. 

Death Rates. In this first experiment, 
the death rate from coccidiosis in the 
two-week period was very low (0 to 
8%) in those receiving either menadione, 
3.0 gm. per ton, or Klotogen F, 1.0 gm. 
per ton, as the source of vitamin K activ
ity, regardless of the intensity of infection, 
i.e. 50,000 or 500,000 oocysts (Table 2). 
However, on the basal vitamin K-deficient 

TABLE 2.—Death rates from caecal coccidiosis in 
chicks on a basal vitamin K-deficient diet, with 

and without vitamin K supplements 

Infected with E. tenella oocysts: 

Diet supplement, 50,000 500,000 
gms./ton • 

No. % No. % 
chicks deaths chicks deaths 

None 39 13 39 60 
Menadione, 3.0 38 5 37 8 
Klotogen F, 1.0 44 7 44 0 

diet the death rate from coccidiosis is con
spicuously heavier with the larger infec
tion. Accordingly, in repeating the experi
ment only the heavier infection (500,000 
oocysts) was used. 

In the second experiment the diet was 
further modified by the elimination of 
arsanilic acid and arsanilic acid was used 
as a specific supplement. It will be seen 
again (Table 3) that the addition of vita
min K activity, i.e., Klotogen F, reduced 
the death rate over that occurring on the 
basal vitamin K-deficient diet. This was 
true in both the presence and absence 
of arsanilic acid. In fact, the lowest re
corded death rate in this experiment (6%) 
occurred in those receiving both arsanilic 
acid (90.0 gm/ton) and Klotogen F (1.0 
gm./ton). 

I t will be noted also that the birds on 
the commercial chick starter had a death 
rate from coccidiosis (8%) comparable to 
that among the birds on the vitamin K-

TABLE 3.—Death rates from caecal coccidiosis (500,-
000 oocysts of E. tenella) in chicks on a basal 
K-deficient diet with and without supplements 

of Klotogen F and arsanilic acid 

Diet supplements, gms./ton c h k k s ^ ^ 

None 37 49 
Arsanilic Acid, 90 48 85 
Klotogen F, 1.0 & Arsanilic Acid, 90 51 6 
Klotogen F, 1.0 49 11 
(Commercial Chick Starter Control) 37 8 
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TABLE 4.—Prothrombin times (seconds) in chicks immediately before infection (three weeks) and two weeks there
after (five weeks) with E. tenella while on a vitamin K-deficient diet with and 

without vitamin K supplements 

Diet supplements, 
gms./ton 

None 
Menadione, 3.0 
Klotogen F, 1.0 

None 
Menadione, 3.0 
Klotogen F, 1.0 

No. of 
chicks 

10 
9 

10 

10 
10 
10 

Three weeks 

Prothrombin p v * ^ ° ' °^ 
time ' ' chicks 

A. Infected with 50,000 Oocysts 
66 21 10 
23 9 10 
22 6 10 

B. Infected with 500,000 Oocysts 
74 43 10 
22 32 10 
22 12 10 

* C.V. = Coefficient of variation which is the standard deviation expressed 

iooy :?_i! 
n — 1 

C.V. 
mean 

Five weeks 

Prothrombin 
time 

107 
26 
23 

>90 
24 
23 

as the percentage 

C.V.* 

42 
22 
15 

>57 
21 
11 

of the mean 

deficient diet supplemented with Kloto
gen F. This diet was labeled by the manu
facturer as containing dehydrated alfalfa 
meal; the amount was not specified. 
Attempts to further alter the death rates 
from coccidiosis by supplemental use of 
Klotogen F (1.0 gm./ton), or arsanilic 
acid (90.0 gm./ton) or both (respectively, 
1.0 and 90.0 gm./ton) in the commercial 
chick starter were not successful. 

Prothrombin Times. The prothrombin 
times were essentially normal both before 
infection and two weeks after infection 
among the birds receiving either form of 
vitamin K activity in an otherwise K-
deficient diet (Table 4). Among those on 
the basal vitamin K-deficient diet the 
prothrombin time had increased to about 
three times normal in the three weeks 
preceding infection. There is some indica
tion that the prothrombin time was fur
ther increased during the course of the 
infection, but the variation in both groups 
before and after infection is large. Thus 
the question whether or not coccidiosis 
adversely effects prothrombin time, and 
thus increases the demand for vitamin K, 
is yet to be clearly determined. 

No statistical constant is required to 
demonstrate that the prothrombin times 
are fundamentally different from the vi
tamin K-deficient and from K-supple-
mented diets. However, the high coeffi
cient of variation (c.v.) illustrates the wide 
variation among the chicks on the basal 
vitamin K-deficient diet. Conversely, the 
low c.v. emphasizes the uniformity among 
the chicks receiving as a supplement 
Klotogen F. The intermediate c.v. among 
the chicks receiving supplemental mena
dione suggests that the response was less 
consistent from this source of vitamin K 
activity than from Klotogen F. 

In the second experiment (Table 5) 
again there is clear cut evidence that the 
supplemental vitamin K activity (Kloto
gen F) in the otherwise K-deficient diet 
reduced the prothrombin times to normal 
and permitted no increase during the 
course of the infection. Again the groups 
were quite homogeneous, i.e., with a low 
c.v. in each group. The commercial 
chick starter, with dehydrated alfalfa meal 
as a source of vitamin K activity, pro
duced comparable prothrombin times. 
The addition of Klotogen F (1.0 gm./ton) 
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TABLE 5.—Prothrombin times {seconds) in chicks immediately before infection {three weeks) and two weeks there
after {five weeks) with 500,000 oocysts of E. tenella while on a K-deficient diet 

with and without supplements of Klotogen F and arsanilic acid 

Three weeks Five weeks 

Diet supplements, gms./ton 

None—Uninfected Controls 
None 
Arsanilic, 90 
Klotogen F, 1.0 & Arsanilic, 90 
Klotogen F, 1.0 
(Commercial Chick Starter, Control) 

No. of 
chicks 

11 
10 
7 
8 
9 

10 

Prothrom
bin time 

69 
59 
43 
25 
23 
23 

C.V. 

59 
31 
19 
36 
19 
12 

No. of 
chicks 

11 
10 
7 

10 
10 
10 

Prothrom
bin time 

69 
75 
47 
23 
23 
25 

C.V. 

59 
35 
18 
9 

10 
6 

to this commercial chick starter did not 
further improve, or otherwise alter, the 
prothrombin times. The addition of 
arsanilic acid (90 gm./ton) to this diet did 
not alter prothrombin times. On the basal 
vitamin K-deficient diet there is only the 
slightest, and certainly not significant, 
suggestion that the prothrombin time was 
further increased during the course of the 
infection. The uninfected controls on this 
diet had essentially the same prothrombin 
times. The suggestion that arsanilic acid 
(90.0 gm./ton) reduced and stabilized the 
prothrombin time is not significant. 

DISCUSSION 

The indications that mortality rate 
from cecal coccidiosis is markedly reduced 
or eliminated by the addition of vitamin K 
activity to a basal vitamin K-deficient 
diet stands as a confirmation of the work 
of Harms and Tugwell (1956) and Tug-
well, Stephens and Harms (1957). The 
fact that the prothrombin time is essen
tially normal in such birds and that it re
mains uniformly normal during the course 
of theinfection furthersupports their inter
pretation that the beneficial effects are the 
result of reduced hemorrhage. Certainly, 
there was no indication of direct coccidio-
cidal or coccioiostatic effect since there 
was essentially the same amount of evi
dent coccidiosis in all groups. Further

more, in our previously unpublished 
studies we could find no evidence of direct 
effect upon the coccidia by either mena
dione or Klotogen F up to 900 gm. per 
ton. Whether or not the vitamin K activ
ity in any way increased the bird's resist
ance to coccidial infection in a manner 
other than by decreasing hemorrhage is 
not clear. However, the improvement in 
the prothrombin time is so conspicuous 
that it seems inescapable that the preven
tion of hemorrhage is, at least, the prin
cipal effect. 

The suggestion in the second experi
ment that arsanilic acid, in the absence 
of vitamin K, would improve the pro
thrombin time is not statistically signifi
cant. These data are just the opposite of 
those of Griminger el al. (1953) who re
ported a slight, but hardly significant, in
crease in clotting time due to the same 
concentration of arsanilic acid. These 
data have not been confirmed, whereas 
Frost and Spruth (1955) have found that 
arsanilic acid does not affect the clotting 
time or increase the vitamin K require
ment. The accumulated data thus suggest 
that arsanilic acid neither enhances nor 
interferes with the beneficial effect of 
Klotogen F. 

It has been shown (Frost and Spruth, 
1955) that about three times as much 
menadione as Klotogen F is needed to 
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provide the normal vitamin K require
ments for chicks. It was these data which 
led us to use 3.0 gm. and 1.0 gm. per ton, 
respectively, of menadione and Klotogen 
F. The wide variation in the prothrombin 
times (Table 3) would suggest that 3.0 
gm. per ton of menadione is very close to 
the minimum required under the condi
tions of this experiment. Certainly, the 
prothrombin times were less uniform and 
less consistent than those resulting from 
1.0 gm. per ton of Klotogen F. The 1.0 
gm. per ton concentration of Klotogen F 
appeared to be sufficient to maintain nor
mal prothrombin times under the condi
tions of these experiments. Perhaps lower 
concentrations might have been sufficient 
in these experiments, but it is equally true 
that more might be required under other 
conditions. Tugwell, Stephens and Harms 
(1957) have reported that 20 gm. per ton 
of Klotogen F reduced the death rate from 
coccidiosis more than did 1.0 gm. per ton. 
Thus, the minimum concentration of 
Klotogen F required to produce the 
maximum benefits during coccidiosis un
der various conditions is yet to be estab
lished. However, it is probable that the 
vitamin K requirements during the stress 
of coccidiosis are higher than the mini
mum requirement for normal birds. 

SUMMARY 

The data presented confirm the reports 
of Harms and Tugwell (1956) and Tug-
well, Stephen and Harms (1957) that vita

min K activity will eliminate or reduce 
the death rate from cecal coccidiosis in 
chickens on an otherwise K-deficient diet. 
Water soluble menadione sodium bisul
fite complex (Klotogen F®) at the rate of 
1.0 gm. per ton was just as effective and 
perhaps more consistent than menadione 
at the rate of 3.0 gm. per ton. I t is sug
gested, however, that the requirement 
during the stress of coccidiosis may be 
higher than the minimum requirement for 
normal birds. 
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NEWS AND NOTES 

(Continued from page 200) 

of the Department, Virginia Polytechnic Institute, 
Blacksburg, effective February 1st. He succeeds 
Professor H. L. Moore who resigned in June, 1957, 
to go on a foreign assignment to Laos. 

Dr. Howes was born in Patten, Maine, in 1918. 
He obtained a B.S. degree at the University of 

Maine in 1941, a M.S. and a Ph.D. degree at Cornell 
University in 1948 and 1954, respectively. He was 
Instructor and Research Assistant in Poultry 
Husbandry at the University of Maine in 1946, was 
made Assistant Professor in 1948, and Associate 
Professor in 1951. 

(Continued on page 230) 
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