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INTRODUCTION 

THERE have been numerous investiga
tions of pyridoxine deficiency in man, 

rat and the chick, but only limited information 
is available on the effects of high intakes. 
Recently, the use of massive doses of pyri
doxine has been reported to have therapeutic 
value in a variety of metabolic disorders 
(Cohen et ai, 1973; Ellis and Presley, 1973). 
There have been claims regarding the benefi
cial effects from simultaneous administration 
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of pyridoxine (up to 1000 mg./day) and 
magnesium (1000 mg. /day) in certain disease 
conditions (Ellis and Presley, 1973). Ques
tions may be raised relative to the potential 
toxicity of megadoses of pyridoxine. 

Lucas et al. (1946) found that chicks might 
have an unexpected high requirement for 
pyridoxine due possibly to genetic factors. 
Although the daily nutrient allowance for 
pyridoxine is 3.0mg./kg. diet(N.R.C, 1971), 
there are indications from several studies that 
the chick's requirement may be higher. 
Daghir and Shar (1973) found that chicks fed 
6.1 mg. pyridoxine/kg. diet at 20 and 25% 
dietary protein had greater growth and effi-
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ABSTRACT Day-old broiler-type male chicks were used to determine what effects magnesium 
and high dietary pyridoxine had on the chick's performance. The chicks were randomly assigned 
to 15 treatments of magnesium at 875, 1375 and 1875 mg./kg. diet and pyridoxine at 1, 4, 
31, 301 and 3001 mg./kg. diet in a 3 x 5 factorial block design. A regression was used to 
study some of the criteria. 

The highest mortality of 20% occurred in chicks on the 1875 mg. magnesium-3001 mg. pyridoxine 
treatment. Magnesium and pyridoxine had highly significant effects on body moisture. Effects 
due to magnesium and pyridoxine and the interaction between the two were highly significant 
for weight gain and the efficiency of feed utilization (E.F.U.). At 1875 mg. magnesium/kg. 
diet, maximum growth response and E.F.U. were predicted to occur on 10 and 39 mg. 
pyridoxine/kg. diet, respectively. 

Neither magnesium nor the interaction between magnesium and pyridoxine had any significant 
effect on carcass protein. Pyridoxine had a highly significant effect on carcass protein. Maximum 
response in carcass protein occurred at 31 mg. pyridoxine/kg. diet irrespective of magnesium 
level. Serum aminotransferase activity (S.A.) was significant for magnesium, pyridoxine and 
the interaction between the two. Pyridoxine requirement for maximum S.A. was 49 mg./kg. 
diet at 1875 mg. magnesium/kg. diet. Pyridoxine requirement for maximum response was highest 
for S.A. and least for growth. But S.A. had the highest R2 whereas growth had the least. 
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ciency of feed utilization (E.F.U.) than those 
receiving 3.1 mg./kg. diet. In feeding trials 
with purified diets, Fuller and Field (1958) 
found that maximum growth response oc
curred on supplementing the diet with 3.3 
mg. pyridoxine/kg. diet. Kirchgessner and 
Friesecke (1963) observed pyridoxine defi
ciency at 2.8 mg. pyridoxine/kg. diet. The 
deficiency signs were infrequent and feed 
efficiency reached a maximum at the 3.6 
mg./kg. intake. 

McCormick et al. (1961) and White and 
Dempsey (1970) have reported that kinases 
that phosphorylate pyridoxal, pyridoxamine 
and pyridoxine require either zinc or magne
sium. Despite the important role of metals 
in pyridoxal phosphate-dependent model 
reactions, few pyridoxal phosphate enzymes 
require metals (Fasella, 1967). Gershoff and 
Andrus (1961) have established a relationship 
between magnesium and pyridoxine in the 
development of calcium oxalate lesions. In 
pyridoxine deficient rats consuming a diet 
free from oxalates, renal calculi of calcium 
oxalate monohydrate have been produced 
(Andrus et al., 1959). 

This study was conducted to determine 
what effects magnesium and high dietary 
pyridoxine had on the performance of broiler 
chicks. Measurements of performance in
cluded livability, carcass moisture, growth, 
E.F.U., serum aminotransferase activity 
(S.A.) and carcass protein. 

MATERIALS AND METHODS 

Day-old broiler-type male chicks were ran
domly assigned to 15 treatments consisting 
of 30 chicks per treatment divided into three 
replicates of 10 chicks per replicate. A ran
domized 3 x 5 factorial block design was 
used. Magnesium was added as magnesium 
sulfate at 0, 500, and 1000 mg./kg. basal 
diet and pyridoxine as pyridoxine hydro
chloride at 0, 3, 30, 300 and 3000 mg./kg. 
basal diet. The chicks were maintained on 

their dietary treatments for four weeks during 
which food and water were provided ad 
libitum and the waterers were scrubbed daily. 

The composition of the pyridoxine-defi-
cient diet is shown in Table 1. The protein 
content (N x 6.25) was determined to be 
28.2% (A.O.A.C, 1965) and the metaboliza-
ble energy was calculated to be 2980 kcal. /kg. 
diet. Pyridoxine content of the basal diet 
determined by the method of Hochberg et 
al. (1944) was 100.8 jxg./lOO gm. diet. Mag
nesium and calcium determined by the meth
od of Hanig and Aprison (1967) with a Per-
kin-Elmer 403 atomic absorption spectropho
tometer was 87.5 and 1281.0 mg./lOO gm. 
diet, respectively. Thus the treatments con
tained approximately 1, 4, 31, 301 and 3001 
mg. total pyridoxine/kg. diet, and 875, 1375 

TABLE 1.—Low pyridoxine practical basal diet 

Ingredient 
Ground oats 
Ground rice 
Casein 
Gelatin 
Corn oil 
Ground limestone 
Salt 
Methionine 
Potassium sulfate 
Trace mineral mix 
Dicalcium phosphate 
Vitamin premix 

% 
Composition 

47.27 
24.5 
14.5 
7.5 
1.0 
1.5 
0.4 
0.1 
0.3 
0.1 
2.5 
0.33 

Vitamin premix (per 100 kg. diet) 
Vitamin gm. 

Vitamin A (10,000 I.U./gm.) 
Vitamin D (33,000 I.U./gm.) 
Vitamin E (44 I.U./gm.) 
Choline chloride (100%) 
Vitamin B12 concentrate (1 mg. /gm 
Niacin 
Calcium pantothenate 
Riboflavin 
Inositol 
Folic acid (3%) 
Vitamin K 
Thiamin 
Biotin 

66.000 
55.000 
66.000 

130.000 
.) 1.000 

4.000 
1.500 
1.000 
0.500 
1.500 
0.100 
0.200 
0.010 
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and 1875 mg. total magnesium/kg. diet. So
dium and potassium were determined to be 
166.7 and 337.6 mg./lOO gm., respectively, 
using a Technicon flame photometer au-
toanalyzer. 

Mortality, weight gain and feed consump
tion were recorded. At the end of the four 
week experimental period, the birds were 
starved for 12 hours after which final weights 
were taken. The birds were sacrificed by 
cervical dislocation and the whole animal was 
stored at -20° C. For body moisture determi
nation, immediately after sacrifice the whole 
animal was opened ventrally and placed into 
a Powermetric oven set at 80° C. and dehy
drated to constant weight. 

Prior to cervical dislocation, about 10 ml. 
of blood was obtained by heart puncture using 
a plastic disposable 10 cc. syringe for mea
surement of S.A. The blood was immediately 
transferred into a sterilized centrifuge tube 
and centrifuged at 2000 r.p.m. for 20 min. 
S.A. was spectrophotometrically determined 
by measurement of 2,4-dinitrophenylhydra-
zone of oxaloacetate as described in the 
Methods of Enzymatic Analysis (1963). 

Analysis of variance for various criteria 
included variability due to magnesium and 
pyridoxine as well as the interaction between 
these two (Snedecor and Cochran, 1971). A 
polynomial regression equation was em
ployed to represent the response of some 
of the criteria studied and was derived by 
the method of least squares. This equation 
was: 

Y = b o x 0 + b , x , + b 2 x 2 

+ b , x 3 + b 4 x 4 + b5? 

where: Y was the predicted response; x , and 
x 2 were log,0 for total dietary pyridoxine and 
magnesium, respectively; x3 and x4 were the 
squares of log1 0x, and log10x2, respectively; 
x5 was the product of log10(x,x2); and the 
b's were the multiple regression coefficients. 

It was recognized that other equations might 
have been utilized and that if other levels 
of dietary pyridoxine and magnesium had 
been employed, the predicted maximum re
sponses and the predicted intakes at which 
maximum responses were expected could 
have varied from those reported herein. The 
Q test (Snedecor and Cochran, 1971) was 
used to determine significant differences be
tween treatment means for mortality and 
carcass moisture. 

RESULTS 

Feathering was poorest for chicks on the 
1875 mg. Mg-3001 mg. pyridoxine treatment 
and poor for those on875-3001 and 1375-3001. 
Diarrhea beginning from day one to the end 
of the second week appeared only in chicks 
on 1875-3001. Magnesium and pyridoxine had 
highly significant effects on body moisture 
(P < 0.01) but the interaction between mag
nesium and pyridoxine was not significant 
(Table 2). The highest mortality of 20% (Table 
3) occurred at 1875-3001. Table 4 shows mean 
weight gain and E.F.U. for all treatments. 
Effects due to magnesium and pyridoxine and 
the interaction between the two were all 
highly significant (P < 0.01) for weight gain 
and E.F.U. Cursory inspection of data for 
weight gain and E.F.U. showed similar trends 

TABLE 2.—Analysis of variance for various 
criteria in a 3 x 5 factorial 

Criterion Source 
Total body moisture 

Weight gain 

Efficiency of feed utili
zation (E.F.U.) 

Carcass protein 

Serum aminotrans
ferase activity (S.A.) 

Magnesium 
Pyridoxine 
Interaction 
Magnesium 
Pyridoxine 
Interaction 
Magnesium 
Pyridoxine 
Interaction 
Magnesium 
Pyridoxine 
Interaction 
Magnesium 
Pyridoxine 
Interaction 

<0.01 
<0.01 

ns 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

ns 
<0.01 

ns 
<0.01 
<0.01 
<0.01 
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TABLE 3.—Mortality and mean total body moisture for each of 15 treatments in a 3 x 5 factorial 

Total 
magnesium 

(mg./kg. diet) 

875 
1375 
1875 

875 
1375 
1875 

1 

Oa1 

3.3ab 
3.3ab 

76.2a 
74.6ab 
73.5bc 

(a) % Mortality 

Total 

4 

Oa 
Oa 
3.3ab 

pyridoxine (mg./kg. diet)2 

31 

Oa 
Oa 
3.3ab 

(b) % Mean total body moisture 

71.1ef 
69. lg 
69.0g 

71.6de 
69.7fg 
69.0g 

301 

Oa 
Oa 

10c 

73.3bcd 
72.4cde 
72.0cde 

3001 

6.7bc 
Oa 

20d 

74.7ab 
73.1bcd 
72.4cde 

1 Means with the same letter are not significantly different at Q < 0.05. 
Supplement plus quantity in the basal diet. 

for both criteria. Figures 1 and 2 illustrate 
the response of weight gain and of E.F.U. 
at various intakes of dietary pyridoxine and 
at fixed intakes of magnesium. With 875 mg. 
magnesium/kg. diet, maximum growth, 
calculated from the regression equation, was 
predicted to occur at 49 mg. pyridoxine/kg. 
diet. At 1375 and 1875 mg. magnesium/kg. 
diet, maximum growth was predicted to occur 
at 20 and 10 mg. of pyridoxine/kg. diet, 
respectively. R2, which is equivalent to the 
fraction of the total variation accounted for 
by the regression, was 0.79. For E.F.U., the 
predicted pyridoxine requirement was 62 
mg./kg. diet at 875 mg. of magnesium/kg. 
diet. Pyridoxine requirements were calculat
ed to be 49 and 39 mg./kg. diet at 1375 and 
1875 mg. magnesium/kg. diet, respectively. 
R2 was 0.63. 

Mean values for protein and S.A. for all 
the treatments are shown in Table 5. There 
was no significant difference in carcass pro
tein due either to magnesium or the interac
tion between magnesium and pyridoxine 
(Table 2). In contrast, a highly significant 
difference (P < 0.01) due to pyridoxine was 
present. Because of the non-significance of 
magnesium and its interaction with pyridox
ine, the equation was modified to be: 

Y = b 0 x 0 + b , x 1 + b 3 x 3 

Carcass protein was slightly reduced when 
the birds were on the pyridoxine-deficient 
basal diet and on 3001 mg. pyridoxine/kg. 
diet irrespective of magnesium level. Figure 
3 describes the relationship between carcass 
protein and pyridoxine. At all levels of dietary 

TABLE 4.—Mean values for each of 15 treatments in a 3 x 5 factorial 

Total 
magnesium 

(mg./kg. diet) 

875 
1375 
1875 

1 

419 
511 
551 

(a) Weight 

Total 

4 

491 
604 
609 

gain (gm.) 

pyridoxine (mg./kg. 

31 

557 
548 
676 

(b) Efficiency of feed utilization (weight gair 

diet) 

301 

532 
481 
532 

i/feed consumed) 

3001 

419 
418 
456 

875 
1375 
1875 

0.257 
0.314 
0.324 

0.425 
0.453 
0.558 

0.503 
0.520 
0.535 

0.408 
0.428 
0.432 

0.337 
0.464 
0.376 
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Y = 1890.608403 + 550.266915X2 + (-5670.102390)X2 + (-38.845497)X3 + 

996.065409X4 + (-141.852135)X5 
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FIG. 1. Regression of weight gain on dietary pyridoxine at various levels of magnesium. 

magnesium, a maximum predicted response between magnesium and pyridoxine (Table 
of 16.7% protein was obtained at 31 mg. of 2). At 875 mg. magnesium/kg. diet, the 
pyridoxine/kg. diet. R2 was 0.63. calculated pyridoxine requirement was 190 

S.A. was highly significant for magnesium mg./kg. diet. At 1375 and 1875 mg. magne-
and pyridoxine (P < 0.01) and the interaction sium/kg. diet, maximum response in S.A. 

CO " O 
CO 

CO CO 

0 0 
CO 

en 

Y = -537.619513 + 32.723909X2 + 342.520653 X2 + (-5.090410)X3 + 

(-51.019154)X4 + (-4.529113)X5 

0.60 
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Loq of dietary pyridoxine 
10 

FIG. 2. Regression of the efficiency of feed utilization on dietary pyridoxine at various levels of 
magnesium. 
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TABLE 5.—Mean values for each of 15 treatments in a 3 x S factorial 

Total 
magnesium 

(mg./kg. diet) 

875 
1375 
1875 

875 
1375 
1875 

1 

15.2 
15.2 
15.0 

(a) Carcass protein (% wet tissue) 

Total pyridoxine (mg./kg. diet) 

4 31 

16.3 16.4 
16.7 16.8 
16.4 16.8 

(b) Serum aminotransferase activity (S.A. units 

35 
37 
37 

47 50 
51 63 
72 77 

301 

16.3 
16.4 
16.0 

54 
47 
53 

3001 

15.0 
15.4 
15.1 

59 
47 
53 

occurred at 76 and 49 mg. pyridoxine/kg. 
diet, respectively (Fig. 4). R2 was 0.56. 

DISCUSSION 

Simultaneous ingestion of 1875 mg. magne
sium and 3001 mg. pyridoxine/kg. diet might 
be the cause of the diarrhea observed at 
1875-3001 since no diarrhea occurred at 1875-
1 or 875-3001. Mortality at 1875-3001 was 
significantly higher than all other levels and 
was distributed throughout the experimental 
period. At 1875-3001, pyridoxine consump
tion was about 7.9 gm./kg. body weight. 
Death due to toxicity from oral megadoses 
of pyridoxine has been reported for a number 

of species. In the rat, the LD J 0 of pyridoxine 
hydrochloride by the oral route has been 
estimated to be between 5.5 and 6.0 gm./kg. 
body weight (Unna, 1940; Unna and Antopol, 
1940; Kraft et al, 1961). Nugaraand Edwards 
(1963) have suggested that the toxic level of 
supplemental magnesium for chicks as mea
sured by growth and mortality, was between 
3200 and 6400 p.p.m. 

At 1875 mg. magnesium/kg. diet, maxi
mum growth was predicted with 10 mg. pyri
doxine/kg. diet. Although the daily nutrient 
allowance for pyridoxine is 3.0 mg./kg. diet 
(N.R.C., 1971), the requirement may be 
higher. Daghir and Shar (1973) found that 
chicks fed 6.1 mg. pyridoxine/kg. diet at 20 

Y = 15.348304 + 1.626643X1 + (-0.481947 )X3 

CD 
• f 
O 
L-
O-

co 
CO 
co 
c-> 

(-CO 
C3 

_t= 
CT1 

• — CD 

* 
+-• 
CD 

* 
V I 
" " W 

15 

14 

0.6 

Loq of dietary pyridoxine 
10 

FIG. 3. Regression of carcass protein on dietary pyridoxine. 
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CO CO 
l_ +-> 
CD 

Y = 1663.115217 + 77.078548X1 + ( -1103.123526)X 2 + ( -5 .161911 )X3 -t- 186.522905X4 + 

80 - (-18.120056 )X5 
875 mg Mg/kg diet 

1375 mg Mg/kg diet 

1875 mg Mg/kg diet 

Loq of d i e t a r y p y r i d o x i n e 

FIG. 4. Regression of serum aminotransferase activity on dietary pyridoxine at various levels of 
magnesium. 

and 25% dietary protein had greater growth 
than those receiving 3.1 mg./kg. diet. Kirch-
gessner and Friesecke (1963) reported that 
growth of chicks continued to increase up 
to 10 mg. pyridoxine/kg. diet. These workers 
have suggested that the best growth and 
protein formation could be achieved only 
when the diet contained 5 to 10 mg. pyridox
ine/kg. diet. Values ranging from 6.2 to 10 
mg. pyridoxine/kg. diet have been suggested 
for optimum growth of chicks and broilers 
under practical conditions (Hoffmann-La 
Roche, 1965). 

In this study, there was a decrease in weight 
gain between 301 and 3001 mg. pyridox
ine/kg. diet. These data are in disagreement 
with those reported for the rat, since Cohen 
et al. (1973) found that supplementation of 
the diet with large amounts of pyridoxine 
(500 mg./kg. diet) resulted in 20% increase 
in body weight and 40% increase in liver 
weight compared to pair-fed controls. 

Predicted maximum E.F.U. occurred on 
875 mg. magnesium at 62 mg. pyridoxine/kg. 
diet, but on 1375 and 1875 mg. magne
sium/kg. diet, E.F.U. was maximized at 49 
and 39 mg. pyridoxine/kg. diet, respectively. 

Daghir and Shar (1973) obtained significant 
increases in feed utilization when pyridoxine 
was increased from 3.1 to 6.1 mg./kg. diet. 
Supplementation of the rat's diet with large 
amounts of pyridoxine has resulted in a more 
efficient utilization of food (Sure and Eas-
terling, 1949; Cohen, 1973). 

The effect of pyridoxine on carcass protein 
although statistically significant, was small. 
Carcass protein seemed to be reduced on the 
pyridoxine deficient basal diet and at 3001 
mg. pyridoxine/kg. diet. These data agree 
with those of Daghir and Shar (1973) who 
recently reported that although dietary pyri
doxine had very little effect on carcass pro
tein, there was a tendency for carcass protein 
to be reduced at the lower level of dietary 
pyridoxine (1.1 mg./kg. diet). Cohen et al. 
(1973) have demonstrated that despite an 
increase of 40% in liver weight, the percent
age of protein in the liver was unchanged 
and the incorporation of35 S from both methi
onine and cystine into proteins of various 
organs was also unchanged when rats were 
fed diets containing from 2.2 to 500 mg. 
pyridoxine/kg. diet. On the contrary, Baxter 
et al. (1972) have suggested that both an 
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inadequate food intake and a nutritional pyri
doxine deficiency led to an impaired rate of 
protein synthesis in brain tissue of weanling 
rats. 

Magnesium had no significant effect on 
carcass protein. Pyridoxine requirement for 
maximum carcass protein was predicted to 
be 31 mg. /kg. diet at all levels of magnesium. 
Although all kinases that phosphorylate pyri
doxine require either zinc or magnesium, it 
has been suggested that zinc might be superior 
to magnesium (McCormick eta/., 1961,1959). 
Hence the non-significance of magnesium 
might be due to zinc acting in place of 
magnesium, or, to enough magnesium being 
absorbed, even on the basal diet, to meet 
the requirement for protein synthesis. 

Sifri et al. (1972) have indicated that 
growth, food consumption and utilization 
were not always satisfactory measures of 
pyridoxine nutritional status. Daghir and Shar 
(1973) have shown that in the chick, S.A. 
was a more sensitive criterion of pyridoxine 
nutritional status than weight gain or E.F.U. 
This study indicated a reduction in S.A. in 
pyridoxine deficient chicks. Caldwell and 
McHenry (1953) and Brim et al. (1960) have 
reported reduced S.A. in pyridoxine deficient 
rats. Kirchgessner and Maier (1968) and 
Daghir and Shar (1973) have observed de
pressed S.A. in chicks during pyridoxine 
deficiency. 

It is possible that the reduction in S.A. 
between 301 and 3001 mg. pyridoxine/kg. 
diet at each level of magnesium could be 
due to depressed formation of pyridoxal 
phosphate and/or pyridoxamine phosphate, 
the active coenzymes of the vitamin. Feeding 
massive doses of pyridoxine to rats and mice 
had resulted in decreased concentration of 
pyridoxal phosphate and pyridoxamine phos
phate in the liver and brain (Cohen et al., 
1973; Bain and Williams, 1960). McCormick 
et al. (1961) have demonstrated that in S. 
faecalis, the activity of pyridoxal phospho-
kinase (which phosphorylates pyridoxine to 
its active coenzyme) first increased, then 
decreased as the amount of pyridoxine added 
to the pyridoxine-free medium was increased 
from 0.0 to 0.10 mg./ml. 

When all criteria were compared (Table 
6), pyridoxine requirement to meet maximum 
response was highest for S.A. This agreed 
with reports by Sifri et al. (1972) who have 
suggested that the chick's requirement for 
pyridoxine for E.F.U. was appreciably less 
than for maximal S.A. However, in consider
ing these statistics, it is recognized that S.A. 
had the lowest R2. 
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TABLE 6.- -Magnesium and pyridoxine requirements for predicted maximum responses for various 
criteria 

Criterion 

Predicted 
maximum 
response 

Magnesium 
(mg./kg. diet) 

Predicted 
pyridoxine 

(mg./kg. diet) 
Weight gain (gm.) 

Efficiency of feed uti
lization (gain/feed 
consumed) 

Carcass protein (% 
wet tissue) 

Serum aminotrans
ferase activity (S.A. 
units) 

544 
578 
651 

0.470 
0.520 
0.530 

16.7 

59 
58 
66 

875 
1375 
1875 
875 

1375 
1875 

875-1875 

875 
1375 
1875 

39 
20 
10 
62 
49 
39 
31 

190 
76 
49 

0.79 

0.63 

0.63 

0.56 
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