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ABSTRACT

The cifects of vitamin Bg deficiency on. energy utilization during fasting or underfeeding
were studied in rats. Fifteen rats were fed a vitamin B deficient(—B6) diet and another 15
rats were fed a control (+B6) diet. Thesc rats were fed for 5 weeks with respective diet, and
then subdivided into 3 groups . non-fasted group, fasted group, underfed group. Rats of the
fasted group were fasted for 3 days and those of underfed group were fed a half amount
of the average consumption of non-fasted group for 6 days. At the respective time (non-fast,
3 day-fast, 6 day-underfeed at 5 weeks), animals were sacrificed.

Fecd efficiency ratio of —B6 rats was significantly lower than that of +B6 rats. In —B6
tats, the liver and kidney weights werc significantly heavier than those of +B6 rats but spleen
and heart weights were not. In non-fasted group, liver protein and triglyceride level of —B6
rats were significantly higher than that of +B6 rats, and muscle protein level of —B6 rats
was significantly lower than that of +B6 rats. After —B6 rats were fasted for 3 days, plasma
free faity acid level was significantly lower but liver glycogen level was higher than that of
+B6 rats and muscle protein level of +B6 was decrcased while that of —B6 was not changed.
Vitamin B deficiency had little cffect on the energy utilization with 6 days underfeeding,

These results suggest that vitamin Bg deficiency may impair the utilization of stored fuel

during fasting.
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Introduction

The metabolic events that occur during flasting
allow animals to live for a period of time in spite
of the lack of caloric intake. It has been reported
indirectly that vitamin Bg may be involved in fuel
metabolism during fasting. First. vitamin Bg is
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required in carnitine biosynthesis in vivo!’. Car-
nitine acts as a carrier of fatty acyl group across
the mitochondrial membrane for subsequent oxi-
dation. Second, pyridoxal 5-phosphate(PLP), the
biologically active form of vitamin By, is a cofac-
tor for aminotransferase, which catalyze the con-
version of certain amino acids to glucose? . Third,
PLP acts as an integral part of glycogen phospho-
rylase(EC 2.4.1.1) which catalyzes the breakdown
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of glycogen to glucose l-phosphate®’. However,
the direct ecvidence which vitamin Bg deficiency
affect the body fuel metabolism has not been re-
ported.

Therefore, the objective of this rescarch was
to investigate the direct cvidence of vitamin Bg
deficicncy on the concentration of body fuel in

vivo.

Materials and Methods

1. Animals and diet

Thirty weanling male Sprague-Dawley rats of
40~60g were fed either vitamin Be deficient(—B
6) diet or control(+B6) diet. Control diet was
the vitamin-[ree, casein-based semisynthetic diet
which met AIN-76 recommendation, The compo-
sition of —B6 diet was the same as that of control
dict exccpt that vitamin Bg were not added to
the vitamin mixture. These rats were fed for 5
weeks with respective dict and then subdivided
into 3 groups : non-fasted group, fasted group,
underfed group. +B6 rats were pair-fed against
the intake of the —B6 rats to minimize the varia-
tion due to the difference of the amount of diet
consumption. Fasted group was fasted for 3 days
and underfed group was fed a half amount of
the average consumption of non-fastecd group for
6 days. Thus, the total diet consumption of fasted
group and underfed group was same. At the rcs-
pective time points(non-fast, 3 day fast, 6 day un-
derfeed at 5 wecks), animals werc sacrificed by
decapitation under light cther anesthesia after 16

hrs fasting. Immediately following decapitation,
blood was collected in heparinized tubes and cen-
trifuged to seperate plasma. Organs(liver, heart,
spleen and kidneys) werc blotted dry and wei-
ghed. Skeletal muscle(gastrocnemius) was rapidly
removed. Plasma and tissues were stored at —20C
until analyzed.

2. Biochemical analysis

Plasma glucose concentration was measured by
an enzymatic method®. Plasma protein was mea-
sured by Biuret method®. Plasma triglyceride was
measured by TRI-25 triglyceride method modified
by Giegel et. al® Free fatty acid was measured
colorimetrically”. Liver and muscle glycogen was
measured by a colorimetric procedure®. Liver
and muscle protein afler homogenization was
measured by Biuret method. After the liver was
homogenized, liver triglyceride was measured by
the same method as plasma triglyceride. All data
were subjected 10 an analysis of variance and tes-
ted for significant diffcrences by the least signifi-
cant difference(LSD) test”. A p value <{0.05 was
considered to be significant.

Results

The effect of vitamin B deficiency and the va-
rious fasting pattern on body weight and feed effi-
ciency ratio(FER) are shown in Table 1 and 2.
At week 5, the mean body weight of the —B6
rais was lower than that of + B6 rats and the FER
of —B6 rats was significantly lower than that of
+B6 rats. In +B6 rats, the body weights ol fasted

Table 1. Effact of vwtamin B deficiency on body weight(g) and feed efficiency ratio(FER)

0 wk 1 wk 2 wk 3 wk 1 wk 5 wk FER:
+ B6 6091 5.0 955+ 8.3 117.3+6.8 1865+ 76 1458+ 3.0 152.9%f 3.6* 0.331£0.02°
—B6 6191 5.3 102.0£ 8.1 120.6+ 8.5 138.7+ 14.6 148.1%+17.3 1388+ 1747 0.27£0.05°

1) +B6=control diet, —B6=vitamin B, deficient diet

2) Values are mcan® 8.D., n=15.

) Within a given column, those values with different superscripts are significandy different(P<{0.05).
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Table 2. Effect of vitamin Bg deficiency on body wel-
ght(g) dunng 3 days fasting or 6 days un-

derfeeding In rats
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+B6! —B6
Non-fasted 152.9% 5.6 138.84£ 17.4¢
Fasted 131.9+12.0" 124.04 11 8%
Underfed 138.44 8.7b 128.5+ 15.4*

1) +B6=control diet, —B6=vitamin B; deficient

diet

2) Values are mean S.D., n=15 for non—fasted

group, n=5 for fasted and

3) Within a given column, those values with dilferent
superscripts are significandy different (P<20.05).

underfed group.

group and underfed group were significantly lo-
wer than that of non-fasted group but in —B6
rats, there was no significant difference among
3 groups. Table 3 shows the effect of vitamin Bg
deficiency on organ weights during fasting or un-
derfeeding in rats. The weight of liver and kidney
was significantly increascd in —B6 rats. Therc
was no difference in heart and spleen between
+B6 and —BO rats.

The cffect of vitamin B deficiency on plasma

glucose, protein, triglyceride and tree fatty acid

Table 3. Effect of vitamin B6 deficency on organ weights during fasting or underfeeding In rats

Non-fasted Fasied Underfed
+B6! —B6 +B6 —B6 +B6 —B6

Liver(g) 4433089  5.54%0.87 3.09+ 0.20¢  3.95+0.73¢ 3.20%1.78%  8.64=+ 0.68™

(g/100g BW) 2.90%0.28% 4.01%0.572 2.32+0.17¢ 528+ 0.74" 2441299« 292+041"
Kidney2(g) 0671 0.04b  0.94% 0.07° 0.61+ 0.04™  0.86% 0.16° 0.59+ 0.06°  0.71% 0.04"

(g/100g BW) 0.44+0.02¢  0.68% 0.05 0.46+0.00¢  0.70% 0.07? 0.45+0.05°  0.57%0.05"
Heart(g) 0.50%+ 0.04*  0.49%0.07° 0421+ 0.03" 046+ 0.06®  0.41£0.0%* 0574 0.02°

(g/100g BW) 0.38£0.02"  0.835+0.04®  0352+0.04" 037003 0.31£0.08"  030%0.02
Spleen(g) 0.42:+0.22°  0.34% 0.08" 0.24+0.02" 03040080  029F0.11% 0.88x0.11"

(g/100g BW) 0.27+0.11% 025£0.06%  0.18+0.02° 024+ 0.06® 0.25+0.10%  0.3140.02%

1) +Bé6=conwol dier, —B6=vitamin Bs dcfcient diet

2) Mcans of wo kidneys

$) Values are meant S.D., n=5.
4) Within a given row, thosc values with differcnt superserips are significanty different{ P<0.05)

Table 4. Efiect of vitamin Bg deficiency on plasma glucose. protein, triglyceride(TG) and free fatty acid(FFA)
during fasting or underfeeding in rats

Non-fasted Fasted Underfed
+B6! —B6 +B6 —B6 +B6 —B6
Glucose X )
6.55 1.89° 6.66%+ 0.17° 518 0.28° 515+ 0.85° 5.06+ 0.24b 5.2540.550
(mmol/L)
Protein
(/L) 1453 +929.4% 1517 £125 2 119.0 £18.1° 1225 +104P 122.1+ 820 1167 +6.9"
g
TG )
0.34% 0.16*% 0.30+ 0.13% 0.36+ 0.13¢ 035%+ 0.18° 0.22+ 0.06% 0.24+0.114
(mmol/L) ;
FFA
161+ 8 165+ 4P 296+ 267 117+ 86¢ 1424 28be 1674 6"
(mg/L)

1) +B6=congol dier, —B6=vitamin Bg deficient diet
2) Values are mean $.D., n=5
3) Within a given row, those values with different superscripts are significantly different (P<{0.05).
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during fasting and underfceding is shown in Ta-
ble 4. In non-fasted group and underfed group,
therc was no significant difference in plasma glu-
cose, protein, triglyceride between —B6 and +B6
rats. In fasied group, the mean conccniration of
plasma free faity acid of — B6 rats was signjlican-
tly(p<C0.05) lower than that of +B6 rats.
Tablc 5 shows the effect of vitamin Bg deficie-
ncy on liver glycogen, protein and triglyceride du-
ring fasting or underfecding. Liver triglyceride co-
ncentration of —B6 rats was significantly higher
than that of +B6 rats in non-fasted group. This
large difference between +B6 and —B6 rats in
non-fasted group is lessened on fasting or under-
feeding and the differcnce became insignificant
in fasted and underfed group. There was no diffe-
rence in liver protcin between +B6 and — B6 rats

of all group. Liver glycogen concentration of —B6
rats is higher than that of +B6 rats in fasted
zroup while there was no differcnce in liver glyco-
gen betwcen +B6 and —B6 rats in non-fasted
group and underfed group.

The effect of vitamin Bg deficiency on muscle
glycogen and protein during fasting or underfee-
ding is shown in Table 6. Neither vitamin By defi-
cicney nor feeding type affected the muscle glyco-
gen concentration. Muscle protein concentration
of —B6 rats was significantly lower than that of
-+ B6 rats in non-fasted group. After 3 days fasting,
muscle protein level of +B6 rats was decreased
while that of —B6 rats was not changed and the-
rcby this difference became insignificant in fasted
group and underfed group.

Table 5. Effect of vitamin By deficiency on lver glycogen, proten and tnglycende(TG) during fasting or

underfeeding n rats

Non-fasted Fasted Underfed
+ B6! —B6 +B6 —B6 +B6 —B6

Glucose _ o ) . ) J
296.7 % 108.7° 305.9+ 167.9% 186.5+ 65.2" 364.0% 135.57 222.0+ 25.5" 233, 9 44.6%

(ug/e)
Protein b ) u a .
280.8 £ 13.4" 290.1% §9.6° 22214 10.1" 2739+ 51.2* 23324 1322 947, 54 2527

(mg/e)
TG I : b ¢ b b

339+ 2.8° 1231+ 102.8% 239+ 02" 380t 19" 148+t 0.3 2.60+ 14
(umol/g)

1) +B6=control diet, —B6=vitamin B deficient diet

9) Values are meant $.D., n=35

$) Within a given row, those values with different superscripts are significandy diflerent(P<C0.05)

Table 6. Effect of vitamin Bg deficiency on muscle glycogen and protein during fasting or underfeeding

In rats
Non-fasted Fasted Underied
+B6! —B6 + B6 —B6 + B6 —B6
Glucose
129.4+ 60.77 106.04 35.32 122.1+ 29,12 104.4+* 29.5¢ 130.8% 48.02 118.7% 36.8°

(hg/e)
Protein b 1 1 b b
(mg/e) 2759+ 24,82 23544 10.7 22514 117"  237.4%29.7° 210.5£10.0 2268+ 22.5

mg/g

1) +B6=control diet, —B6=vitamin B¢ defident diet

2) Values are mean+ $.D., n=5

3) Within a given row, those values with different superscripts arc significantly different (P<Z0.05)
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Discussion

At various points during the stdy, the vitamin
Bg status of the rats was evaluated using body
weight and FER as a long-term measure. From
lower growth rate and the FER of —B6 rats ins-
pite of pair feeding 1o + B6 rats accompanied with
the typical clinical deficiency symptoms of vita-
min Bg, ie, characteristic skin lesions and cnlarged
liver, it was considered that —B6 animals were
to be deficient in vitamin B¢ by the 5th week.

In relation to body weight, the weight of liver
and kidney was significantly increased «in —B6
rats of non-fasted group. This enlarged liver is
in agreement with that of our previous study'®.
Because the concentration of liver triglyceride was
higher in —B6 rats of non-fasted and fasted
groups, this enlarged liver is assumed mainly due
to triglyceride in the liver. The support for this
comes from the underfeeding study''"'®. After
- B6 rats was underfed, the liver triglyceride level
is decreased and the weight of liver returned to
the level of -+B6 rats.

Since fasting state needs more utilization of sto-
red fucl, the release of free fatty acid from adipose
lissue is important for living. In fasting state, com-
pared to -+ B6 rats, —B6 rats had significant lower
free {atty acid concentration, which was also obse-
rved in other vitamin B deficient study'®’. The
low free fatty acid values reflect either lower stores
or impaired release from adipose tissue. Since tri-
glyceride of liver and plasma of +B6 rats was
higher or was not diffcrent from that of + B6 rats,
the lowered free fatty acid concentration in pla-
sma suggest that the releasc of free fatty acid from
adipose tissue into the plasma may be impaired
as a result of vitamin B¢ deficiency.

Another important source of energy during fas-
ting is glycogen of liver and muscle. The higher

+ Choi, Sung-Sook

glycogen content in liver of —B6 rats may bc due
to cither an impaired breakdown of glycogen or
to an increased synthesis of glycogen. Because
PLP acts as an integral part of glycogen phospho-
rylase (EC 2.4.1.1.) which catalyzes the breakdown
of glycogen to glucose 1-phosphate, it can be inlc-
rred that vitamin Be deficicncy may depress the
breakdown of glycogen, then progressively accu-
mulatc glycogen in the liver. Thus, the difference
of liver glycogen between +B6 and — B6 rats be-
came more significant with fasting,

Although the utilization of stored energy is nee-
ded during fasting, if liver glycogen and fat from
adipose tissue can not be available for energy in
vitamin B¢ deficient group, muscle glycogen or
protein should be used. However, muscle glycogen
of —B6 rats was not different from that of +~B6
rats. This result is consistent with the finding of
Tllingworth ct. al.'” which muscle glycogen con-
tent of rats maintained on a pyrdoxing delicient
diet was not different from the control rats al-
though the total phosphorylase activity of the ske-
letal muscle of rats maintained on a pyridoxine
deficient diet has been found to fall to 35% of
the normal value. Also, fasting did not .affect the
level of muscle glycogen in all rats. In contrast
to the observation of the present study. Zorzano
ct. al.’® reported a decreasc in starved skelctal
muscle glycogen. A possible reason for this disc-
repancy may be the feeding pattern before fasting
(ad libitum vs pair-feeding). It is assumed that,
with feeding, while there was no necd to utilizc
the muscle protein for energy source in + B6 rats,
muscle protein might be alrcady used for energy
although some difficulty due to the deficicncy of
PLP was occurcd because —B6 rats could not
utilize glycogen cffectively, and muscle protein
concentration of —B6 rats was significantly lower
than that of +B6 rats. Also. with fasting, while

muscle protein of —B6 rats might be difficult to
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be used for energy source due 1o lack of PLP
for aminotransferase, muscle protein in +B6 rats
can be easily used for glucose source and muscle
protein concentration tends to be decreased. Thus,
the difference of muscle protein between two
groups became to be insignificant in fasted group
and underfed group.

In conclusion, with 6 days underfeeding, vita-
min By deficiency did nol affect the fuel utiliza-
tion while with 3 days fasting, the effects of vita-
min B deficiency on fucl utilization was evident
although the total food consumption of fasted
group and underfed group was same, Considering
the physiological importance of the utilization of
stored fucl during [asting, the dilficulty with the
use of glycogen, {ree fatty acid, or protcin results
in a decrease of an available fuel source. Thus,
a lowered intake of vitamin B¢ may impair the
adaptation of animals during [asting related to
fuel utilization and thereby aggravate the health

condition.
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