J. Korean Soc. Food Nuir.
23(3), 396 ~ 407 (1994)

=g FAFEHR
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in Rais in Various Vitamin Bi Status
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Abstract

The effects of vitamin B12 status and pectin feeding on vitamin B12 absorption in rais were studied. Rais in low,
medium, and high vitamin B12 status were fed either fiber-free or 10% pectin diet and absorption of a single oraf
dose of vitamin Biz was determined. Various vitamin Biz status of rats was verified by urinary methylmalonic
acid and liver vitamin B12 measurements. Abserption of vitamin Bi2 tended to increase as the rats became
deficient in vitamin B1z, although the difference was not significant. Pectin inhibited absorption of vitamin Biz
regardless of the vitamin B12 status of the rats. The results demonstrated that inhibition of vitamin Bi2 abserption
by pectin would be a possible mechanism for the impairment of vitamin Bi2 status due to chronic pectin feeding.
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INTRODUCTION

Public interest in the importance of dietary fiber in
human health has increased since Burkitt et al." repo-
rted the correlation between lower intake of dietary
fiber and higher incidence of diseases common in ec-
onomically developed countries such as diabetes, ob-
esity, heart disease, diverticulosis, and other noninfec-
tious bowel diseases. The benificial effects of dietary
fiber in human health were reported by many inves-
tigators™™ and increasing intake of fiber has been enc-
ouraged. However, dietary fiber was also reported to
have harmful effects on health, such as its interferen-
ce with micronutrient utilization®'®. Thus, it is impor-
tant to elucidate both the beneficial and the detri-
mentai effects of dietary fiber on human health.

Pectin, a soluble and fermentable fiber, has been
reported to decrease blood cholesterol and glucose
levels in normal and diabetic subjects”'*. it has been
suggested that pectin, in the form of natural food co-
mponents of supplements, could be used aggressive-
ly to prevent and treat coronary heart disease and di-
abetes, but for some of its complication effects on
health. It has been reported that chronic feeding of
pectin has negative effects on vitamin Biz status in
rats'™". Feeding pectin at the level of 5 10 15% of a

vitamin B1z deficient semipurified diet for 10 weeks
increased excretion of urinary methylmalonic acid
(MMA]) 9- t0 21~ fold and increased the rate of elimi-
nation of an injected radioactive vitamin Biz dose
from the body of the rat”™"™. Pectin also decreased the
fevel of Tliver vitamin B1z in rats’™. However, the mec-
hanism by which pectin could have a negative influe-
nce on vitamin Biz status was not clear™?.

Acute pectin feeding interfered with absorption of
vitamin Biz in rats®®. Feeding pectin at the level of 5
to 10% of diet inhibited absorption of a single oral
dose of vitamin Brz2. Pectin intake was inversely cor-
related with the absorption of vitamin Brz. Thus, it
was suggested that the possible mechanism of deteri-
orated vitamin B1z status in rats fed pectin for a long
term could be the inhibition of vitamin Bi2 absorpt-
ion by pectin. However, the effect of pectin on vita-
min Biz absorption in rats fed pectin for a long term
has not yet been studied. Long term pectin feeding
results in lowering of vitamin Biz states of rats™™. §i-
nce absorption of many nutrients becomes more effi-
cient as animals become deficient™, differences in
vitamin B12 states would confound the interpretation
of the relationship between length of feeding pectin
and vitamin Bi2 absorption. The present experiment
was designed fo investigate the influence of vitamin
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B12 status on vitamin 812 absorption. In addition, this
experiment examined whether or not the negative
effect of pectin on vitamin B12 absorption was modi-
fied by vitamin Ba2 status of rats.

MATERIALS AND METHODS

Experimental desigr and vitamin Bi2 absorption
test

Thirty six male Sprague-Dawley rats (mean body
weight of 72g) received a vitamin Bz deficient fiber-
free (FF) diet for 4 days and then a vitamin B12 deficie-
nt 10% pectin (10P} diet for 7 weeks (a 5 week deplet-
ion period and a 2 week repletion period) as is shown
in Fig. 1. The 10P diet was prepared by adding pectin
(Sigma Chemical Co., St. Louis, MO, USA) to the ba-
sal fiber-free diet. The composition of the basal diet is
shown in Table 1. The approximate polygalacturonic
acid concentratfon and methoxy content of pectin
were 86% and 9.9%, respectively. Rats were housed
individually in stainless steel wire-bottomed cages
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Fig. 1. Experimental design,

and located in a room where temperature (20 ~24° C},
humidity (55~65%), and lighting cycle (G700-1900h
light and 1900-0700h dark) were controlled. Diet
and water were allowed ad libitum. The rats were tr-
ained to drink 0.5ml of 10% sucrose solution every
other day in order to avoid traumatic method of dose
administration later.

To develop different vitmain B2 states of rats, ani-
mals received different amounts of vitamin Biz suppl-
ement during the repletion periad, Rats were supple-
mented with 10 doses of 0, 100, or 10,000 ng of vit-
amin B12 in 0.5mi of 10% sucrose solution to yield
three groups whaose corresponding vitamin Bi2 states
were fow, medium, and high. Following the repletion
period all rats were fed a vitamin B12 deficient FF diet
for one week (transition period). During the last three
days of the transition period, daytime train—feeding
was developed. Rats had their food cups removed
overnight and returned in the moming. At the end of
the transition period, rats were individually transferred
into metabolic cages and 24-hour urine samples
were collected. Urinary MMA was measured by the
colorimetric analysis developed by Giorgio and
Plaue™.

On the iirst day of the dosing period, rats in each
vitamin Bz status were randomly divided into two
groups and were offered either a vitamin B12 defici-
ent FF or a 10P diet during the daytime. On the follo-

Table 1. Compaosition of the fiber-free diet

tngredient Amount {g/ 100g diet)
Soy protein' 200
Corn starch? 70.0
Corn oif® 5.0
Salt mix* 35
Vitamin mix® 1.0
D,L-methioning' 0.5

! Teklad Test Diets, Madison, W1, USA

* Miwon Food Co., Korea

* Baeksul Food Co., Korea

* Rat mineral mix, provided  (in mg/100g of diet) CaCQs3,
725 ; CaHPO4, 1130 5 NazHPO4, 651 5 KCI, 730 ; MgSOs,
230 5 MnSQ4 - HaO, 15.4 ;5 CuSQ4, 1.3 ; ferric citrate (16.7%
H20), 15.1 ; ZnCOs, 2.7 5 KIO3, 0.1

® Vitamin Biz—free mix prepared in glucose, provided : (in mg
/100g diety D-biotin, 0.20 ; choline bitarirate, 100 ; folic acid,
1.00 ; nicotinic acid, 5.00 ; D-calcium pantothenate, 5.00 ;
pyridoxine - HCl, 1.50 ; (in IU/100g of diet} retiny! acetate, 1,
000 ; ergocalciferal, 125 ; D,L-a-tocopherol acetate, 5.00
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wing day a vitamin B2 absorption test was carried
out. in the moming rats received 2g of their assigned
diet and then 0.5ml of 10% sucrose solution contain-
ing 0.1uCi of 100ng ¥Co-vitamin Bz dose (Amersh-
am Co., Arfington Heights, 1L, USA) in a petri dish.
The rats voluntarily consumed the food and ¥Co-vita-
min B12 dose without intubation or any other trauma.
After consumption of the test dose each petri dish was
filled with Radiacwash solution (Radiac with EDTA,
Atornic Products Co., NY, USA) for 24 hours. Any
“Co recovered in the Radiacwash solution was mea-
sured by p-counter (1282 CompuGamma CS Gamma
Counter, LKB-Wallac Instrument, Turrku, Finiand).
The administered dose adjusied for any dose left in
the petri dish was considered consumed dose.

Additional food was allowed after dosing. Rats we-
re sacrificed by open heart puncture at & hours after
dosing. Stomach, small intestine, cecum, colon, and
liver samples were collected and “Co recovered in
the stomach, small intestine, cecum, and colon was
measured by y-counter. The counts recovered in
each sample were expressed as a percentage of the
consumed dose. Since pectin appears to affect the
gastrointestinal transit rate™?, vitamin B12 absorpt-
ion was expressed as relative absorption. The consu-
med dose minus Yo recovered in stomach and smal!
intestine was defined as available dose®, since
vitamin B2 is absorbed in the small intestine?*”, Av-
ailabie dose represented the vitamin B12 dose which
had a chance to contact absorption sites in the small
intestine. The consumed dose minus "Co recovered
in gastrointestinal tract (stomach, small intestine, cec-
um, and colon) was considered absorbed dose. Relat-
ive absorption was defined as absorbed dose as a per-
centage of available dose.

Liver samples were first counted by y-counter to
measure “Co recovery and then the vitamin B12 cont-
ent of fiver was measured by competitive binding rad-
oassay™ ™, The amount of "Co in the liver derived
from the absompticn test was 100 small (fess than 1%
dicassay using ¥Co-viia-
papain-
cyamide solution (Sigma Chemical Co., St Louls, MO,
LUSA) 1o extract vitamin Biz from protein binders and
vitarnin Bi2 was measured using vitamin 812/folate

eror) o interfere with the ra
min Bz The liver samples were treated with

dual RIA kit(Amersham Co., Arlington Heights, iL,
LSA).

Statistical analysis

One-way analysis of variance was performed on
the data of urinary MMA and liver vitamin Bi2 and
two-way analysis of variance was performed on the
data of relative absorption to detect significant differe-
nces between groups. Logarithmic or arcsine transfor-
mation of the data was performed if it was necessary
o more nearly satisfy the assumptions about the vari-
ances and distribution of the observations”™*. Tuk-
ey’s multiple range test with a procedure-wise error
rate of 0.05 was used as a follow-up procedure.

RESULTS AND DISCUSSION

To develop various vitamin Bz states in rais, a depl-
eticn and repletion regimen was used. All rats beca-
me poor in terms of vitamin Biz status during the de-
pletion period and then were divided into low, me-
dium, and high status groups according to the amo-
unis of vitamin Biz supplement offered during the re-
pletion period. Long term feeding of pectin has been
reported to change morphology and function of int-
estinal mucosa®™™, so generalized malabsorption cou-
ld ke introduced by fong term pectin feeding. In this
experiment a FF diet was offered to the rats during the
transition period to allow the intestinal mucosa to
recover from the possible changes induced by chro-
nic pectin feeding. Following the transition period the
rats were fed either a FF or a T0P diet and absorption
of a single oral dose of vitamin Biz was studied.

To verify different vitamin Bi2 status in the rats, ur-
inary MMA excretion and levels of vitamin Biz in the
liver were measured. The average amounts of urinay
MMA, were 103, 18, and 8.1umoli/day in the low,
medium, and high vitamin 812 status groups, respecti-
vely (Table 2. Urinary MMA serves as an indicator of
vitamnin Bix deficiency since vitamin Bz s a U;{a&or
for the enzyme methyimalony! CoA mutase™, MPAA
excretion in the low stalus group increased significa-
nthy cornpared with the medium and the high status
groups. Although MMA excretion of the mediem
group was significantty higher than that of the high
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status group, the average excretion of both the medi-
um and the high status groups did not exceed 18u
mol /day.

The levels of liver vitamin B12 are shown in Table 3.
The average liver vitamin Bi2 concentration of the
medium status group (18.9ng/ g liver) was significant-
ly higher than that of the low status group (8.4ng/g
liver). Liver vitamin Bz concentration of the high sta-
tus group {75.7ng/g liver) was significantly elevated
compared with that of the medium status group. Th-
us, the low status group was vitamin Bi1z deficient and
the high status group was in a good vitamin Biz state.
The liver vitamin B2 content of the medium status
group was between the high and the low groups, but
its vitamin Bi2 status was good enough to prevent
elevated excretion of MMA. The mean body weights
of the low, medium, and high status groups were 324,
328, and 330g, respectively.

Relative absoption is shown in Table 4. When a FF
diet was fed, relative absorptions of the low, medium,
and high status groups were 62.0%, 56.0%, and 53.

Table 2. Urinary methylmalonic acid excretion™*

Group (ny* Urinary MMA (umol/day)

Vitamin B1z status

Low (12} 103 £27
© Medium (12) 18 +6.0°
High {12} 8.1+£2.6*

2%, respectively, and there was no statistically signifi-
cant difference among groups. Although the differe-
nces were not significant, there was a trend in the rel-
ationship between relative absorption and vitamin Bi2
status. Relative absorption tended to increase as the
vitamin Bi2 status of rats became poor. However, wit-
hin the range of vitamin Bi2 status assigned in this
experiment, significant differences in relative absorpt-
ion depending on vitamin Biz status were not obser-
ved. When a 10P diet was fed, relative absorptions of
the low, medium, and high status group were 40.7%,
38.8%, and 33.2%, respectively. There was ro statist-
icafly significant difference among groups. Relative
absorption of rats fed the 10P diet (37.6%) was signi-
ficantly lower than that of rats fed the FF diet (57.1%)
regardless of their vitamin Bz status.

It has been reported that chronic pectin feeding det-
eriorates vitamin B1z status in rats™™® and acute pectin
feeding impairs vitamin B12 absorption in rats with
good vitamin Bz status™. In this experiment the inhib-
itory effect of pectin on vitamin Biz absorption was
not modified by vitamin B12 status of the rats. It is con-
cluded that inhibition of vitamin B1z absorption by pe-
ctin would be a possible mechanism for the deterior-
ation of vitamin Bz status by chronic pectin feeding.

Table 4. Relative absorption of *Co-vitamin B12 dose’

* Urinary methylmalonic acid excretion was measured dum-
ing the transition period.

* Values are means+SD. Variables were transformed using
logarithmic function for the analysis and then analyzed by
one-way ANOVA. Tukey’s muitiple range test was used as a
follow-up test. Means differ significantly (p<0.05) if they do
not share a common alphabetic superscript.

* Number of rats per group.

Table 3. Liver vitamin B12'?

Group (ny Liver vitamin B12(ng/g)
Vitamin B12 status

Low (12} 8.44.0.9"

Medium {12} 18.923.8°

High (12) 75.7+8.6°

' Liver vitamin B1z was measured after vitamin 812 absorption
test.

*Values are means+5D. Variables were aznalyzed by one-
way ANOVA. Tukey's multiple range test was used as a fol-
low-up test. Means differ significantly (p<0.05} if they do
not share a common alphabetic superscript.

* Number of rats per group.

Group (n)? Relative absorption (%)
Individual groups
FF-Low {6) 62.0211.0
FF-Medium 6) 56.0£12.8
FF-High 6 53.2+ 9.1
10P-Low (6) 40.7+ 6.3
10P-Medium {6) 38.8+ 49
10P-High 6) 332+ 7.3
Pooled groups
Dietary treatments
FF (18 57.1%11.1°
0P (18 376 6.7°
Vitamin B-12 status
Low {12} 51.4x14.1
Medium {12} 47,4129
High {12} 43.2+13.1

' Values are means+SD. Variables were transformed using arc-
sine function for the analysis and then analyzed by two-way
ANOVA, Tukey's multipie range test was used as a follow-up
test. Means differ significantly (p<0.05) if they do rot share a
common alphabetic superscript.

* Number of rats per group.
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