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INTRODUCTION 

THERE appears to be a belief among 
proponents of megavitamin therapy and 

some nutritionists that massive doses of the 
B-vitaminsare safe. Rimland(1973)has stated 
that "it is widely accepted that with the 
exception of vitamins A and D, fat soluble 
vitamins that are not readily excreted, there 
is no serious toxicity problem even when 
vitamins are taken in very large quantities." 
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cut, Storrs, Conn. 06268. 
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Boger et al. (1973) have mentioned that "with 
water-soluble vitamins, overdoses are waste
ful but not harmful because the excess is 
excreted in the urine." Ellis and Presley 
(1973) have concluded that "one may safely 
give 50 to 450 mg. of pyridoxine daily and 
up to 1000 mg. daily for short intervals for 
3 to 5 days during hospital confinement for 
delivery." However, Cohen et al. (1973) have 
warned that since striking changes in metabo
lism resulted from megadoses of pyridoxine, 
further studies are needed before assuming 
that massive doses of water-soluble vitamins 
can be used with impunity. 

A relationship has been established be-
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ABSTRACT The effect of high dietary pyridoxine and magnesium on tissue electrolytes 
was studied in day-old broiler-type male chicks. There were 15 treatments of 875, 1375 and 
1875 mg. magnesium/kg. diet and pyridoxine at 1, 4, 31, 301, 3001 mg./kg. diet in a 3 x 
5 factorial block design. The sodium concentration of the liver decreased linearly with increasing 
dietary magnesium concentration expressed as log10. In the kidney, no such effect was observed. 
The response of sodium concentration in these two tissues to increasing dietary pyridoxine, 
also expressed as log,0, was curvilinear, decreasing to minimum concentrations at pyridoxine 
intakes estimated to be equal to 40 mg./kg. of diet for the liver and 50 for the kidney and 
thereafter increasing. Potassium concentration of the liver exhibited opposite trends to those 
for sodium concentration but the responses to dietary magnesium were not consistent at each 
dietary pyridoxine concentration. Kidney potassium content followed essentially opposite trends 
to those of sodium. Kidney calcium decreased with increases in either dietary magnesium or 
pyridoxine, but the decreases were not consistent. The magnesium content of the kidney tended 
to increase with increases in dietary magnesium. Dietary pyridoxine resulted in a curvilinear 
response only in those chicks fed the 1875 mg. diet, decreasing to a minimum value at a 
pyridoxine intake of 26 mg., and increasing at higher pyridoxine dietary concentrations. No 
significant effects on sodium, potassium, calcium and magnesium concentrations in the heart 
were observed. It was speculated that the maximum potassium retention estimated to occur 
in the livers of birds consuming a diet containing 48 mg. pyridoxine/kg. diet might be due 
to increased glycogen turnover or increased phosphorylase activity. 
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tween magnesium and pyridoxine in the de
velopment of calcium oxalate stones (Ger-
shoff and Andrus, 1961). In rats, partial 
protection against calcium oxalate deposition 
was achieved with excessive dietary pyridox
ine (200 mg./kg. diet) while complete protec
tion resulted when large amounts of magnesi
um (4000 mg./kg. diet) were fed (Gershoff 
and Andrus, 1962). Large doses of pyridoxine 
ranging from 600-1000 mg./day, reduced 
urinary oxalate excretion of patients suffering 
from primary hyperoxaluria (Gibbs and 
Watts, 1970). Moore and Bunce (1964) have 
reported that oral administration of 420 mg. 
MgO/day protected individuals who passed 
2 to 4 stones/day from calculi without any 
adverse effect. Therapeutic doses of pyri
doxine and magnesium have been indicated 
for the prevention of convulsions of eclamp
sia and of toxemia of pregnancy (Ellis and 
Presley, 1973). 

Studies on the electrolyte concentration of 
various tissues might yield information on 
electrolyte metabolism during the therapeutic 
use of megadoses of pyridoxine and magnesi
um. This study examines the effect of high 
dietary pyridoxine and magnesium on tissue 
electrolytes. Sodium, potassium, calcium and 
magnesium concentrations in the liver, kidney 
and heart myocardium were studied. 

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, 1000 mg./kg. basal diet 
and pyridoxine as pyridoxine hydrochloride 
at 0, 3, 30, 300 and 3000 mg./kg. basal diet. 
The chicks were maintained on their dietary 
treatments for four weeks during which feed 
and water were provided ad libitum and the 
waterers were scrubbed daily. 

TABLE 1.—Nutrient composition of basal diet 

N.R.C. 
nutrient Basal 

Nutrient 
Metabolizable energy 

(kcal./kg. diet; 
calculated) 

Protein (N x 6.25; % 
diet) 

Sodium (mg./lOO gm. 
diet) 

Potassium (mg./lOO 
gm. diet) 

Calcium (mg./100 gm. 
diet) 

Magnesium (mg./100 
gm. diet) 

Vitamin B6(M.g./100 
gm. diet) 
1 Figures in brackets 

requirement 

3200 

23 

150 

200 

1000 

50 

300 

diet 

2980 

28.2(4)' 

166.7(4) 

337.6(4) 

1281.0(4) 

87.5(4) 

100.8(5) 
represent numbers of deter-

The composition of the basal diet has been 
described (Rogerson and Singsen, 1976). 
Table 1 shows the nutrient composition of 
the basal diet. Protein was determined by 
Kjeldahl (A.O.A.C, 1965). Pyridoxine con
tent of the basal diet was determined by the 
method of Hochberg et al. (1944). Sodium, 
potassium, calcium and magnesium were de
termined by the method of Hanig and Aprison 
(1967) using a Technicon flame photometer 
autoanalyzer for sodium and potassium and 
a Perkin Elmer 403 atomic absorption spec
trophotometer for calcium and magnesium. 

Mortality, weight gain, efficiency of feed 
utilization and carcass protein have been 
reported (Rogerson and Singsen, 1976). At 
the end of the four week experimental period 
the birds were starved for 12 hours before 
being sacrificed by cervical dislocation and 
the whole animal stored at -20° C. Mineral 
determinations were by the method of Hanig 
and Aprison (1967). 

Analyses of variance for the various criteria 
included variability due to magnesium in
takes, pyridoxine intakes as well as the in
teraction of these (Snedecor and Cochran, 
1971). In addition, linear, in the case of 
magnesium diet concentration, or linear and 
quadratic, in the case of pyridoxine, regres-

 at U
niversity of O

tago Science L
ibrary on July 5, 2015

http://ps.oxfordjournals.org/
D

ow
nloaded from

 

http://ps.oxfordjournals.org/


MINERALS, PYRIDOXINE AND M G 1189 

concentration of pyridoxine of 1.60 which 
was equivalent to 40 mg./kg. of diet. The 
slopes of the responses to magnesium at each 
dietary level of pyridoxine and the curvilinear 
responses to pyridoxine at each dietary level 
of magnesium were not significantly dif
ferent. 

Liver potassium concentration, Table 2, 
exhibited opposite trends to liver sodium 
concentration. Across all dietary levels of 
pyridoxine, the potassium concentration in
creased 95 mg./lOO gm. of wet tissue for 
each log10 unit increase in magnesium, P =£ 
0.001, with a standard error of 14. Dissimilar 
responses at each pyridoxine dietary con
centration occurred, P < 0.01, and these were 
in increasing order of magnitude of dietary 
pyridoxine 6, 189, 127, 58 and 98 with a 
standard error for each slope of 34. The slopes 
for the 1 and 301 mg. pyridoxine concentra
tions of the diet were not statistically signifi
cant. The responses of liver potassium con
centration to dietary pyridoxine were curvi
linear, P < 0.001, and not significantly dif
ferent among magnesium intakes. The overall 
relationship was: 

TABLE 2.—Mean mineral concentrations in liver for each of 15 treatments in a 3 x 5 factorial 

Total 
magnesium 

(mg./kg. diet) 

875 
1375 
1875 

875 
1375 
1875 

875 
1375 
1875 

1 

132.9 
123.7 
118.4 

268.5 
273.1 
270.1 

14.5 
14.9 
14.6 

Total pyridoxine (mg./kg. 

4 31 

(mg. /100 gm. wet 

(i) Sodium 

128.8 130.5 
120.7 120.5 
102.7 106.1 

(ii) Potassium 

277.1 285.2 
300.6 297.6 
341.5 328.9 

(iii) Calcium 

14.5 14.2 
14.4 14.3 
14.3 14.5 

(iv) Magnesium 

diet) 

tissue) 

301 

132.5 
111.3 
114.6 

282.5 
318.1 
298.8 

14.5 
14.7 
14.3 

3001 

132.9 
128.9 
116.4 

258.3 
269.3 
291.9 

14.6 
14.6 
15.2 

875 18.7 18.4 18.7 18.9 18.6 
1375 19.0 18.3 18.1 18.5 18.7 
1875 18.8 18.5 18.3 18.8 19.4 

sions of response criteria on the logarithm 
to the base 10 (log10) of magnesium intake 
or of pyridoxine intake were derived. 

RESULTS 

(a) Liver. Liver sodium concentration, 
Table 2, decreased linearly with an increase 
in log]0 magnesium content of the diet, P 
< 0.001. The rate of decrease amounted to 
60 mg. of sodium per 100 gm. of wet tissue 
per log10 unit increase in dietary magnesium. 
The standard error of this slope was equal 
to 8. The response of liver sodium concentra
tion to increasing dietary pyridoxine was 
curvilinear, P < 0.05, decreasing to a mini
mum concentration and thereafter increasing. 
This relationship was as follows: 

Y, = 123.8 - 7.854 + 2.461X2 ± 6.9 

where Y, = sodium concentration in mg./lOO 
gm. wet tissue and X = logI0 pyridoxine 
content of the diet in mg./kg. The minimum 
concentration of sodium was estimated from 
this equation to occur at a log10 dietary 
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TABLE 3.—Mean 

Total 
magnesium 

(mg./kg. diet) 

875 
1375 
1875 

875 
1375 
1875 

875 
1375 
1875 

875 
1375 
1875 

mineral concentrations in kidney for each of 15 treatments in a 3 

1 

138.7 
136.4 
133.1 

199.1 
214.2 
211.9 

75.8 
41.5 
34.3 

18.5 
18.3 
18.7 

Total pyridoxine (mg./kg. diet) 

4 31 

(mg./lOO gm. wet tissue) 

(i) Sodium 

127.1 128.3 
125.3 123.3 
124.2 126.5 

(ii) Potassium 

202.9 203.7 
214.2 215.7 
209.9 212.3 

(ii) Calcium 

19.8 18.9 
14.8 14.5 
14.4 15.0 

(iv) Magnesium 

17.6 18.6 
18.4 17.9 
18.2 17.8 

301 

129.4 
126.7 
131.6 

227.8 
214.2 
215.5 

18.2 
14.2 
19.2 

18.0 
18.3 
18.3 

x 5 factorial 

3001 

128.2 
135.2 
137.9 

187.0 
198.5 
194.1 

18.9 
14.8 
24.2 

17.9 
18.6 
19.9 

Y 2 = 276.3 + 39.115 X 11.619 X 2 ± 13.8 

where Y2 = potassium concentration in 
mg./lOO gm. wet tissue and X = pyridoxine 
content of the diet as defined previously. The 
maximum response of potassium concentra
tion was predicted from this equation to occur 
at a log 10 dietary concentration of pyridoxine 
of 1.68 which was equivalent to 48 mg./kg. 
of diet. 

Neither calcium nor magnesium concentra
tion in the livers of the chicks, Table 2, was 
affected significantly by diet. 

(b) Kidney. Dietary concentration of mag
nesium had a non-significant effect on the 
sodium concentration of the kidney, Table 
3. Overall the effect of dietary pyridoxine 
on kidney sodium concentration was curvi
linear, P < 0.01. Sodium content decreased 
with increasing pyridoxine dietary concentra
tion to a minimum value and thereafter in
creased. This relationship was as follows: 

Y, = 133.9 - 9.959 X + 2.922 X2 ± 7.1 

where Y, = sodium concentration in mg./100 
gm. wet tissue and X = pyridoxine content 

of the diet expressed as log10 mg./kg. The 
minimum response to pyridoxine intake was 
estimated from this equation to occur at a 
log10 pyridoxine dietary content of 1.70 and 
was equivalent to 50 mg./kg. of diet. 

Dietary magnesium was without significant 
effect on kidney potassium content, Table 
3, but dietary pyridoxine affected it in a 
significant, P < 0.001, and opposite manner 
to that of sodium concentration. The rela
tionship between dietary pyridoxine and po
tassium concentration was: 

Y2 = 205.4+ 14.149X 4.803 X 2 ± 13.5 

where Y2 = potassium concentration in 
mg./lOO gm. wet tissue and X = as above. 
From this equation, it was estimated that the 
maximum potassium concentration occurred 
at a logI0 dietary pyridoxine content of 1.47 
which was equivalent to 30 mg./kg. of diet. 

Dietary magnesium across all pyridoxine 
dietary concentrations resulted in a signifi
cant decrease, P s 0.01, in kidney calcium 
concentration, Table 3, especially with re
spect to the responses for the 875 vs. 1375 
or the 875 vs. 1875 magnesium dietary con-
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centrations. At individual pyridoxine dietary 
contents, the responses to increasing dietary 
magnesium intake varied, P < 0.001, from 
a marked decrease in calcium concentration 
at 1 mg. pyridoxine to an opposite but not 
statistically significant trend at the highest 
level of 3001 mg. Increasing the dietary pyri
doxine concentration resulted in significant 
decreases in the calcium content of the kidney 
until a minimum content of calcium was 
reached and thereafter slight to no increases, 
P < 0.001. The overall relationship was: 

Y3 = 43.6 - 29.965 X + 6.849 X2 ± 4.3 

where Y3 = calcium concentration in the 
kidney in mg./lOO gm. wet tissue and X = 
log10 dietary pyridoxine content in mg./kg. 
of diet. The minimum concentration of calci
um in the kidney was estimated to occur at 
a log,0 pyridoxine dietary content of 2.19 
equivalent to 155 mg./kg. of diet. However, 
the individual regressions at each dietary level 
of magnesium differed significantly, P < 
0.001. These were for 875 magnesium: 

Y3 = 64.5 - 48.846 X + 10.662X2 ± 4.3, 

for 1375 magnesium: 

Y3 = 36.1 - 23.264 X + 5.110 X2 ± 4.3, 

and for 1875 magnesium: 

Y3 = 30.2 - 17.786 X + 4.773 X2 ± 4.3, 

The dietary content of pyridoxine at which 
minimum calcium concentrations were pre
dicted to occur were, in increasing order of 
dietary magnesium, 195, 191 and 72 mg./kg. 
of diet. 

Dietary magnesium affected kidney mag
nesium content in a varied manner. Across 
all levels of dietary pyridoxine, there were 
slight but nonsignificant increases with in
creasing magnesium concentration in the diet, 
18.2 vs. 18.3 vs. 18.5 mg./lOO gm. of fresh 
tissue with the values in order of increasing 
dietary magnesium. The individual linear 
slopes in order of increasing pyridoxine con

tent of the diet were variable, P < 0.05, 0.4, 
1.9, -3 .0 , 0.9 and 5.1 mg./lOO gm. fresh 
tissue/log 10 mg. Mg./kg. of diet with a 
common standard error of 1.5. Only the slope 
of the response at the highest level of dietary 
pyridoxine, 3,001 mg., was statistically sig
nificant, P < 0.01. Dietary pyrdoxine's effect 
was variable, since it significantly affected 
only the magnesium content of the kidney 
of those chicks fed the highest magnesium 
containing diet, 1875, as follows: 

Y 4 = 1 8 . 7 - 1.249 X + 0.437 X 2 ± 0.6 

where Y4 = magnesium content of the kidney 
in mg./lOOgm. of fresh tissue and X = log10 

pyridoxine content of the diet in mg./kg. 
The minimum kidney magnesium concentra
tion occurred at a log10 dietary pyridoxine 
content of 1.42 equivalent to 26 mg. of 
pyridoxine per kg. of diet. 

(c) Heart. Neither dietary concentration of 
magnesium nor of pyridoxine affected the 
concentrations of sodium, potassium, calci
um and magnesium in this tissue. The average 
concentration in mg./lOO gm. of wet tissue 
was for Na, 131.2, for K, 251.6, for Ca, 
10.2 and for Mg 20.1 with standard deviations 
equal to, respectively, 3.8, 8.0, 0.4 and 1.2. 

DISCUSSION 

(a) Sodium and Potassium. The sodium 
content of the liver decreased with increasing 
dietary magnesium and this decrease was 
consistent across all levels of dietary pyri
doxine. The potassium content of the liver 
exhibited opposite trends to those for sodium 
but were not as consistent when comparing 
these at each level of dietary pyridoxine. The 
sodium concentration of the liver decreased 
with increasing pyridoxine content up to an 
estimated 40 mg./kg. of diet and thereafter 
sodium concentration increased. Opposite 
trends for the potassium concentration of 
liver were observed with the maximum con
centration estimated at a pyridoxine content 
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of 48 mg./kg. of diet. Liver sodium content 
remained constant or decreased and potassi
um remained constant or increased when 
pyridoxine-deficient rats were compared to 
rats receiving 10 mg. pyridoxine/kg. diet 
(Hartsook and Hershberger, 1960; Hartsook 
et ai, 1958). The effect of magnesium and 
pyridoxine on kidney sodium and potassium 
was less pronounced than on liver sodium 
and potassium. 

Magnesium and pyridoxine had no effect 
on the concentrations of sodium and potassi
um in the heart. Hsu et al. (1958) observed 
that sodium and potassium levels in the heart, 
liver and kidney were not affected by pyri
doxine deficiency. Hartsook and Hershberger 
(1960) found no significant differences be
tween pyridoxine-deficient and pyridoxine-
adequate animals in either sodium or potassi
um of the heart. Rinehart et al. (1969) have 
suggested that the level of potassium in the 
vital organs of chicks (heart, liver and kidney) 
was maintained more uniformly than plasma 
or skeletal potassium. 

Pyridoxamine phosphate and pyridoxal 
phosphate constitute a very large portion of 
the total pyridoxine content of the liver (Bain 
and Williams, 1960; Lyon et ai, 1962). Phos-
phorylase, the most plentiful pyridoxalphos-
phate dependent enzyme (Snell and DiMari, 
1970), is situated at an important point be
tween glycogen as a fuel reservoir and the 
enzymatic apparatus for utilizing the fuel 
(Lehninger, 1970). Krebs and Fischer (1964) 
have suggested that phosphorylase may serve 
as a reserve storage for pyridoxal phosphate. 
McCormick et al. (1961) have demonstrated 
that potassium exerts an activating effect on 
pyridoxal phosphokinase which phosphory-
lates pyridoxine analogs to their active coen
zymes. Thus one may speculate that the 
increased potassium retention obtained in 
livers of birds consuming 48 mg. pyridox-
ine/kg. diet may be due to increased glycogen 
turnover or increased phosphorylase activity. 
Also, sodium and potassium movements in 

the liver may be due to enzymatic or non-en
zymatic reactions involving pyridoxal phos
phate and monovalent cations that activate 
some pyridoxine enzymes as suggested by 
Fasella (1967). 

When pyridoxine was increased in the diet 
above the 48 mg./kg. of diet, the potassium 
content of the liver was reduced. The loss 
of potassium at high levels of pyridoxine was 
in agreement with the investigation of Chris-
tensen and Riggs (1953) who found that at 
levels above 10 millimolar, tumors, cells and 
erythrocytes shrank because they lost potas
sium more rapidly than they gained sodium. 
Christensen (1965) has given evidence for 
differential chelation of alkali metals with 
pyridoxine indicating that sodium chelated 
more strongly than potassium. 

(b) Calcium and Magnesium. The associa
tion of calcium oxalates with human disease 
is of considerable importance. Two-thirds of 
all kidney stones and over three-fourths of 
endemic bladder stones contain calcium oxa
late (Hagler and Herman, 1973). Prien (1949) 
has suggested that the metal cation rather 
than the acid radical is most important in 
consideration of calculi from the standpoint 
of pathogenesis. It is estimated that calcium 
salts constitute over 70% of all urinary calculi 
formed during urolithiasis. 

In this study, magnesium, pyridoxine and 
the interaction between the two affected 
calcium concentration in the kidney. In con
trast, calcium in the liver and heart was 
unaffected. Gershoff and Andrus (1961) have 
shown that feeding diets high in magnesium 
(400 mg./100 gm. diet) markedly reduced the 
deposition of oxalate in pyridoxine deficient 
rats. In their experiment, 13 out of 16 rats 
fed diets containing 0.4 mg. pyridoxine and 
20mg. magnesium/100 gm. diet showed renal 
apatite deposition. The protective effect of 
magnesium was obtained not only without 
a decrease in urinary oxalate but might be 
associated with an increase in urinary calcium 
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(Faragalla and Gershoff, 1963). The results 

reported in this study agree with data reported 

by Forbes (1966) showing that kidney calcium 

dropped from 3.21 to 0.36 mg./gm. dry 

weight when dietary magnesium was in

creased from 40 to 1020 p.p.m., but fail to 

support his finding that heart calcium de

creased from 0.64 to 0.25 mg. /gm. dry weight 

with the increased magnesium. 

The levels of dietary magnesium and pyri

doxine had no consistent effect on liver, 

kidney and heart magnesium concentrations 

in this study. Forbes (1966) has reported that 

the magnesium composition of the kidney was 

unaffected by increasing the magnesium level 

of the diet from 70 p.p.m. to 330 p.p.m. at 

various levels of sodium and potassium, 

whereas heart magnesium increased slightly 

from 0.92 mg. to 1.00 mg./gm- dry weight 

when dietary magnesium was increased from 

40 to 1020 p.p.m. Grace and O'Dell (1970) 

found that the calcium concentration of the 

guinea pig heart and skeletal muscle was 

significantly elevated when the animals con

sumed diets deficient in magnesium. The 

addition of 0.05-0.3% magnesium to the diet 

at various levels of potassium resulted in no 

significant difference in the magnesium con

centration of the cardiac muscle. It is possible 

that the increased dietary magnesium may 

have been deposited in the bones as suggested 

by Forbes (1966) who found that increasing 

the dietary magnesium level from 40 p.p.m. 

to 1020 p.p.m. caused an increase of over 

320% in bone magnesium. 
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processing plants. Such "grow-trans" cages 
have been developed for broiler rearing (Muir 
et ai, 1970; Lloyd et ai, 1970). A problem 
that developed in cage-reared birds was 
feather follicle infection and inflammation 
(Lloyd, 1971; Lloyd et al., 1971; Andrews 
et ai, 1975). The present study was designed 
to investigate the influence of age at process-

Infected Feather Follicles in Cage Reared Broilersl 

R. C. BAYER, F. V. MUIR, C. B. CHAWAN AND T. A. BRYAN 

Department of Animal and Veterinary Sciences, University of Maine, Orono, Maine 04473 

(Received for publication August 7. 1975) 

ABSTRACT A high incidence of feather follicle infection was observed in broilers reared 
in cages with wood slat floors. The incidence of feather follicle infection was significantly 
higher for males than for females within cage-reared broilers at 59 days of age. Male broilers 
at 50 days of age had a significantly lower incidence of the feather follicle condition than 
hatch mates at 59 days of age. 

Intact feather follicles were removed from freshly killed cage-reared birds and prepared for 
scanning electron microscopy (SEM). Examination of infected follicles revealed surface detail 
about the lesions. Removal of the encrustations covering the infected follicles revealed numerous 
cocci type bacteria at the base of the follicle. Infected and non-infected follicles were also 
examined by conventional histological techniques. Gram positive cocci were observed at the 
base of the infected follicles. 

POULTRY SCIENCE 55: 1194-1200, 1976 
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