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EFFECT OF FOOD AVAILABILITY ON THE DAILY RHYTHM OF TOTAL
IRON-BINDING CAPACITY IN MUS MUSCULUS

WILLIAM J. LAMOREAUX, CHARLES J. BIGGERS, KENNETH B. DAVIS,
AND PRISCILLA S. RUSHTON

Department of Biology, Memphis State University, Memphis, TN 38152

ABSTRACT--A study of the daily rhythm of the total iron-binding capacity (TIBC) for the plasma protein transferrin was
performed. Twenty mice were examined for TIBC at eight different times during the day using a microprocedure. Asignificantly
higher TIBC occurred during the dark phase of the photoperiod. A second experiment, designed to determine if the rhythm was
due to food availability, showed that all groups studied had a similar rhythm and that TIBC was still significantly higher in the
dark. We conclude that the rhythm of TIBC exhibited was not directly influenced by food availability.

In vertebrates, the ability to bind and transport iron is important in
the maintainence of cell function and in controlling microorganisms.
The plasma protein that is responsible for binding the majority of the
iron in the vertebrate is transferrin. Albumin and ceruloplasmin also
have a minor role in binding iron (Aisen and Listowsky, 1980).

Transferrin is a plasma protein of low molecular-weight
(MacGillivray et al., 1982) synthesized in the liver and transports ferric
iron from iron-donating tissues to cells in need of iron. The major iron-
donating tissues are reticuloendothelial cells, hepatocytes, and intesti-
nal mucosa. The bulk of iron carried by transferrin is destined to be
delivered to reticulocytes for heme synthesis, although, in pregnant
women, 20 to 25% of the maternal iron stores are delivered to the fetus
by transferrin during the last trimester (Van Dijk, 1988). When iron is
delivered by transferrin to the iron-accepting cells, the protein is taken
up by receptor-mediated endocytosis, with the receptor being internal-
ized along with the transferrin (Enns et al., 1983). Subsequent pH
changes result in the iron separating from the transferrin (Dautry-Varsat
etal., 1983). Once the iron has been delivered to the cell, the receptor-
transferrin conjugate is returned to the cell surface, the apotransferrin is
released, and the receptor remains intact on the cell surface. The
concentration of transferrin in human serum increases during iron-
deficiency anemia and decreases during hemochromatosis. Tuil et al.
(1985) suggest that regulation of transferrin concentration in serum in
response to an altered level of iron is not at the transcriptional level.

A second role of transferrin is to serve as a bacteriostatic agent
(Schade and Caroline, 1946). Tron is the cation whose concentration is
the most important in competition between the establishment of a
microbial disease and the successful suppression of the disease by
animal hosts (Weinberg, 1978). Because transferrin is the iron-
sequestering protein of vertebrates and will tightly bind free plasma iron
at the sites of bacterial infection, it deprives invading microorganisms
of the ferric iron needed for growth. Growth of Klebsiella is inhibited
by three forms of human transferrin (Lawrence et al., 1977).

This study describes the daily thythm of total iron-binding capacity
(TIBC) and the influence of a change in food availability on the rhythm.
This study may aid in attempting to explain the mechanism of iron
procurement of reticulocytes for hemoglobin synthesis and to establish
if there is a time when vertebrates may be more susceptible to bacterial
infection.

MATERIALS AND METHODS

Retired male breeder mice, random-bred Dub-ICR Mus musculus
(Dominion Laboratories), approximately 7 months old at the initiation
of the study, were housed individually in either hanging stainless-steel
cages or in polyurethane cages with stainless-steel tops. Twenty mice
were entrained to a 12L:12D cycle for 1 month prior to the initiation of
the study. The cycle was divided into a light phase (0600 to 1800h)and
a dark phase (1800 to 0600 h) in a light-tight room. Rodent Chow
(Wayne Feeds, Memphis, Tennessee) and water were available ad lib.
or as noted later. Using the entrainment light cycle and feeding
conditions already described, total iron-binding capacity and hematocrit
were measured eight times over a 24-h period at 0200, 0500, 0800, 1100,
1400, 1700, 2000, and 2300 h.

For the second part of the study, three groups of mice on the same
12L:12D cycle were used and grouped according to the availability of
food. Group A (n =9) had food during the light phase; group B (n = 2
had food available during the dark phase. Duringthe initial entrainment
period for the food-availability study, disturbance caused by changing
food could induce activity that would mask the rhythm of TIBC. A third
group (group C; n = 8) was included that was fed ad lib. to serve as a
control. After mice were entrained to light or placed on the restrictive
feeding regime, they were allowed to acclimate for a minimum of 2
weeks before sampling procedures began.

All mice were bled from the suborbital canthal sinus under ether
narcosis. A minimum of four heparinized microhematocrit tubes were
used per mouse per sampling time to guarantee a sufficient amount of
plasma. The hematocrit was determined, and plasma was separated
from the packed cells and stored at -20°C until analyzed. Each mouse
was bled at each time period with a 1-week interval between sampling
to prevent anemia and reduce stress.

The plasmasamples were analyzed according to the microprocedure
for TIBC of Caraway (1963). This assay determines the TIBC of all
possible iron-binding sources. Because of the low iron-binding capacity
of albumin and ceruloplasmin, they are considered to be negligible and
are not considered as iron-binding sources (Aisen and Listowsky, 1980).
The procedure was modified according to Williams and Conrad (1972)
in that magnesium carbonate precipitate was centrifuged for an addi-
tional 5 min to remove any excess magnesium carbonate particles, which
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could give a false spectrophotometric reading. Total iron-binding
capacity was expressed as micrograms per milliliter.

Statistical analyses were performed using the Biomedical Data
Package (BMDP; Dixon, 1983)and the Statistical Package for the Social
Sciences (SPSS-9; Nie, 1975). The BMDP package was utilized to
perform a repeated measure analysis (BMDP2V), the SPSS package
was used for the Duncan’s multiple range test, using a probability level
of 0.05. Therepeated measures program was used to determine if there
was a significant difference among the means for the sampling times. In
the second part of the study, this measurement compared the means of
the three events at each sampling time to determine if there was a
statistically significant difference among the means for the three feeding
regimensas well as between sampling times. With a positive correlation
from the repeated measures test, the Duncan’s multiple range test was
used to compare the means from each sampling time. The subsets from
the multiple range test indicate groups whose highest and lowest means
do not differ by more than the shortest significant range for a subset of
that size.

RESULTS

The TIBC values (mean +1 SE) at each sampling time are shown
inFig. 1. The amplitude of the TIBCs ranged from 1.54 to 3.11 pg/ml.
Statistical analyses on the TIBCs, using the repeated measures test,
indicated that at least one time period was significantly different (P <
0.05). Thelowest levels measured at 1700 h were significantly different
from the highest levels at 2000 to 0200 h. This establishes that a daily
rhythm exists, with a maximum concentration occurring in the dark
phase of the cycle. Statistical analyses on a parallel study of hematocrit
showed that there were no significant differences between mice or
sampling times (43.8% + 0.55; data not shown).

The means per time ranged from 2.73 t0 4.29 pg/ml for the group
fed during the light phase, 2.48 to 3.46 pg/ml for the group fed during
the dark phase, and 2.38 to 3.93 pg/ml for the control group (Fig. 2). The
BMDP analysis indicated that all the wave forms for all three groups
were similar and that, for each time period, none of the three points per
time was significantly different at P <0.05. The repeated measures test
showed that there was at least one time period that was significantly
different when all groups from each time were combined. Duncan’s
multiple range test indicated that the mean concentrations at 2000 h
were significantly higher (P <0.05) from all other times, including the
concentrations at the lowest level at 1700 h. This suggests that the
thythm is similar regardless of food availability.

DISCUSSION

These data demonstrated that TIBC exhibited a daily rhythm in
mice with peak levels during the dark phase of the photoperiod. The
rhythmicity of transferrin has not been widely studied; however, labo-
ratory rats also exhibit a daily rhythm with a peak transferrin concentra-
tion in the dark phase (Schade et al., 1980). Our study shows that a
similar rhythm exists in M. musculus. The peak concentration in rats
was late in the dark phase, while the mice in our study had the peak
concentration early in the dark phase. Normal values for TIBC in
humans were reported by Ramsey (1958) torange from 2.5 t0 4.0 ng/ml.
No range of values of TIBC for mice have been previously reported.

No significant difference in hematocrit values with respect to time
of sampling was found. Had there been a significant difference in
hematocrit values, the difference in TIBC might have been due to a
change in blood volume. The data demonstrate that the time between
sampling was adequate to prevent anemia and reduce stress and
validates that the plasma protein transferrin does exhibit a rhythm as
described.
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FIG. 1. Plasma total iron-binding capacity for eight times over a
24-h period (mean +1 SE). Each point represents the mean of 20 mice.
The dark bar represents the dark phase of the photoperiod. The small
lettersunder the times represent the statistical subset of the mean for that
time as calsulated by Duncan’s multiple range test.

The maximum concentration of TIBC coincide with feeding time.
At theonset of the dark cycle, it was observed that the activity of the mice
increased. The increase in activity included an increase in feeding at
about 1830 to 1930 h. We believe that the peak may, therefore, be due
to the demand for transport of iron from the intestine. Numerous
investigators have reported the influence of feeding schedules on daily
changesin tissue-wide metabolic patterns (Nelsonet al., 1975; Phillipens
etal., 1977, Russell et al., 1983).

The data also suggest that light was the dominant entrainment
stimulus. Changing the feeding time caused no change in the daily
thythm of TIBC, indicating that the rhythm was not affected by the
presence or ingestion of food. An investigation by Schevingetal. (1974)
demonstrated that not all rhythms are overriden by feeding schedules.
This phenomenon was also investigated by Spiteri (1982), who con-
cluded that, when food is restricted to the light phase, rats donot become
diurnal in the sense that they show a complete shift of nocturnal
behavior. It is believed that those traits that do not become diurnal are
controlled by endogenous factors. The increased concentration of
transferrin may be brought about by some hepatic mechanism generated
by cells in need of iron.

In a study comparing total plasma protein levels and y-globulin
levels in the diurnal chinchilla and nocturnal rabbit, Jakubow and
Gromadzka-Ostrowska (1987) found that rabbits show a circadian
rhythm in total plasma protein concentrations but not in the y-globulin
levels, The maximum total protein concentrations occurred in the dark
phase of the photoperiod. In a separate study, rabbits showed similar
circadian rhythms in plasma iron concentrations but no variation in
plasma transferrin (Schumann and Haen, 1988). Chinchillas show a 24-
h cycle for y-globulin levels but not for plasma proteins. The highest y-
globulin levels occurred during the light phase of the photoperiod.
Comparing the data on mice (present study), rats, rabbits, and chinchil-
las, it appears that the rhythm of immunologically important proteins is
dependent on whether the animal is nocturnal or diurnal.
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FIG. 2. Plasma total iron-bindingT 1cnz?t}e)acity for eight times during a
24-h period for three groups of mice fed during (A) the light phase of the
photoperiod (n = 9), (B) the dark phase of the photoperiod (n =9), and
(C) ad lib. (n = 8). The dark bar represents the dark phase of the
photoperiod. The small letters under the time of day are the subsets from
Duncan’s multiple range test.
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