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Diet composition and sex influence
bioperiodicity in rat’s central nervous
system histamine (H) receptors

L. Preston Mercer, Akram-ul Hag, Danita Saxon Kelley, Holly M. Bundrant, Laurie
L. Humphries,* and William Markesbery *

Department of Nutrition and Food Science, *Department of Psychiatry, andSheders-Brown
Center on Aging, University of Kentucky, Lexington, KY USA

The central histaminergic system (including histamine and jtsddeptor) has been implicated in the regulation

of food intake. These studies were designed to examine both gender and dietary effects on bioperiodicity of
histamine receptors (H in the central nervous system of rats. Groups of male or female rats were freely fed
either a 25% casein diet or a 1% casein diet. Brain tissue was collected every three hours for a 27-hr period.
Significant bioperiodicities in central nervous system fdceptor binding were identified in both sexds<

0.01). Female rats fed 25% casein displayed a period length,cédéptor binding approximately one-half that

of male rats (P< 0.001). Average Hreceptor binding values were significantly elevated by the low protein diet

in males P < 0.001). Significant decreases in food intake and efficiency of growth were also observed, with the
larger effect being observed in males. This study indicates that bioperiodicities exist in ceptratéptor
binding, bioperiods of binding are sex-related and low casein diets affect binding in a sex-related manner. A
preliminary study of human hypothalamic tissue taken at autopsy also indicates the possibility of bioperiodicity
of H, receptor binding. (J. Nutr. Biochem. 9:142-148, 199@) Elsevier Science Inc. 1998
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Introduction Histamine receptors (including ;HH,, and H, forms)
have not been as well studied as histamine in terms of
relationship to food intake. We have recently found that
food intake is inversely proportional to central binding in
male rats. Also, K binding is subject to modification
through dietary manipulatioh:*? H, receptor binding is
elevated in males by feeding imbalanced protein diets, and
decreased by restricting food intake or energy intake
through dietary dilution with fiber. Elevated receptors are
associated with hypophagia in male rats, whereas decreased
receptors are associated with hyperphagia.

It is known that several central neurochemical systems
e characterized by bioperiodicity or biorhythidsyhere a
rhythm is defined as a sequence of events that repeats itself
through time in the same order and at the same interval; for
example, histamine demonstrates a diurnal variaffdrhis
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The central histaminergic system functions in brain as a
neuroregulator or neuromodulator and has been implicated
in control of food intake. Histamine concentration in the
brain influences various hypothalamic functions, such as
feeding? drinking? neuroendocrine secretidnthe sleep/
wakefulness cyclé free running rhythn¥,locomotor activ-
ity,® catalepsy, neuroendocrine regulatimand thermoreg-
ulation® An inverse relationship between brain histamine
concentration and food intake has also been repdrted.
Alterations in brain histamine concentration (or its amino
acid precursor histidine) have been shown to be associatedar
with changes in food intake and/or weight gafh.
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Table 1 Composition of diets Protein analysis

Component 9/100 g diet Protein qnalxsis was done by l.JtiIizin'g the Bio-Rad Protein
Assay Kit (Bio-Rad Laboratories, Life Science Research

AIN vitamin mixture 76 10 Products, Melville, NY USA). All samples and standards

AIN mineral mixture 76 35 were analyzed in duplicate.

Cellulose 5.0

Corn ail 5.0 _

Chofim oo H,-receptor assay

Cornstarch + casein’ 85.3 The assay was based on the specific binding of tritiated mepyra-
mine (PH]-mepyramine) to H receptors in rat braik?=17 All

All dietary ingredients purchased from ICN Nutritional Biochemicals, samples were analyzed in trlpllcate_.

Cleveland, OH. Reagents: 2nmol/L*H)-mepyramine (9.18< 10** Bg/mmol,

"L-Methionine was added to casein diets at 0.1 g/100 g. The 1% casein New England Nuclear, Boston, MA USA) sodium-potassium

diet contained 84.3% cornstarch. The 25% casein diet contained (Na/K) phosphate buffer (50 mmol/L, pH 7.5); 3% (vol/vol)

60.3% cornstarch. polyethyleneimine (PEI) (Sigma Chemical Company, St Louis,

MO USA); 2 umol/L triprolidine (Sigma); scintillation mixture
(Scintiverse Bio-Hp, Sigma).

. L e . . To determine total binding, whole brain tissue preparations
CNS H, receptor bioperiodicities exist; to determine if (total protein approximately 0.7 mg) were incubated with 2nmol/L

bioperiodicities of H receptors vary by sex; to determine if 3. mepyramine and with Na/K phosphate buffer to a total
dietary protein composition affects bioperiodicities; and to yolume of 1.5 mL. To determine nonspecific binding, tissue
perform a preliminary analysis of human, lfeceptors in  preparations (total protein approximately 0.7 mg) were incubated
brain tissue collected during autopsy. with two wmol/L triprolidine, 2nmol/L PH]-mepyramine and with
Na/K phosphate buffer to a total volume of 1.5 mL. Incubation was
performed for 60 minutes at 30°C. After incubation, the mixture

Methods and materials was filtered onto Whatman glass-fiber filters (GF/B), presoaked in
. 3% (vol/vol) polyethyleneimine (PEI), positioned over vacuum.
Animals Filters were washed three times with 4 mL cold Na/K phosphate

Experiments were conducted using 1521.2 g male or 136+ bqffer. Filters were soaked for 12 to 18 hrin 10 mL scint?llation
2.2 g female albino rats (Harlan Sprague-Dawley Inc., Indianap- mixture. [*H]-mepyramine concentration was then determined by
olis, IN USA). All animals were housed and fed in the animal care SCintillation counting. Specific radioactivity was equal to total
facility of the Division of Laboratory Animal Resources, which is Pound radioactivity minus nonspecific binding determined in the
fully accredited by AAALAC. The room where rats were housed Presence of 2umol/L triprolidine.

was windowless, with a 12-hr light-dark cycle (light on 0630 to . . .

1830). The temperature was controlled at 23 to 25°C and 55 to Analysis of bioperiods

60% relative humidity. Studies were performed with minimum
disturbance of normal feeding patterns to allow a more sensitive
approach to verification of changes in bioperiodicity. Rats were
weighed on a time integrated Sartorius balance (Brinkmann
Instruments, Westbury, NY USA) interfaced to an IBM-clone

Halberg's cosinor model was used to quantify the rhythm. The
hypothesis assumes that the measured data (i.p.rekeptor
binding) follow a deterministic series model. Deterministic series
are obtained when successive observations are dependent variables

. . and any future values may be predicted from past observations.
computer. Data was transmitted to the computer via an RS232 portryq ¢oginor method is based upon the least-squares regression of
to facilitate analysis and minimize time and transcription errors. a cosine function of the form:

Food intakes were measured by disappearance from the food cups
with adjustments made for spillage. g(t) = M + A-cos(wt + &) + e(t), (1)
On arrival the rats were fed a commercial rat chow (Wayne
Laboratory Animal Diets, Denver, CO USA) for 4 days to Wwhereg(t) is the value at timet] of the regression function (more
acclimate after shipping. Water was freely available. On the fifth cosine and sine terms may be added if necessary to describe the
day, rats were individually housed in stainless steel wire-bottom response)M, A, w, and ¢ denote the mean level (termed the
cages and fed 25% casein powder diet (formulated in our labora- MESOR), amplitude (half the range of oscillation), angular fre-
tory, Table 1 for 3 days to acclimate to the experimental regimen quency (radians per unit time) and phase of the periodic variation,
and powdered diets. All diets were stored at 40°C in plastic respectivelye(t) is an error term assumed to be an independent
containers and handled with gloves and appropriate utensils torandom variate with mean 0 and unknown variane The angle
avoid contamination. The diet was placed in shallow glass food (wt + ¢) is measured in radians. Some authors refer to the
cups with stainless steel follow-through disks to reduce food spills. frequency as the number of cycles per unit timé2().
The period £) of a sinusoidal cycle is equal ta2w or 1/f (unit

Tissue preparation time per cycle). One method of determining the period is by

spectral analysis or, more simply, a periodogram, which estimates
Whole rat brains were homogenized in 5 volumes cold sodium- the spectral density by plotting the square of the magnitude against
potassium phosphate buffer (50 mmol/L, pH 7.5). Centrifugation frequency. After determination of the period, the frequency of the
was then performed at 25,0009 for 20 min at 4°C. Pellets were  periodic variation ¢) can be calculated using the equation=
suspended in same volume of buffer. Pellets were again centri- 2m/T. M, A and ¢ are estimated from regression analysis after
fuged at 25,000 g for 20 min at 4°C and resuspended in original replacinge in equation 1 by a numerical value. The cosinor model
volume of same buffer (5.5 mL buffer/g wet weight tissue). The assumes that the (period) can be anticipated a priori based on
homogenate was frozen at80°C until analyses could be per- some knowledge of the biological system being analyzed.
formed. Human hypothalamic tissue was handled in a similar A complicating factor arises if the data follow a trend, which
manner. must be accounted for (i.e., removed) before analysis for bioperi-
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odicities. Trends can be removed by “differencing” the data; i.e.,
replacing observed values by the difference between each value
and the previous value. This approach was used for female rats fed
25% proteint®

120~ MALE

25% protein ac
ac

1101 a

Statistical analysis

All time series, statistical analyses and graphics in this study were
performed using the PC-based statistics/graphics program
SYSTAT and its companion time series program, MESOSAUR
(SYSTAT, Inc., 1800 Sherman Ave., Evanston, IL USA). Analy-
ses were carried out by 1- or 2-way analysis of variance (ANOVA)
and post-hoc comparisons using the Tukey Honestly Significant
Difference test® Results were considered significant r< 0.05.
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Experiment 1—Bioperiodicity of Heceptors in AQ? q}?’ N AQ
male and female rats fed 25% casein diets HOUR

H, RECEPTORS (pmol/g protein)

In this experiment, whole brain Hreceptors were measured in
male or female rats fed 25% powdered protein diets. Fifty-four tions of male rats freely fed a 256% casein diet. The theoretical cosinor
male or femalg rats were housed and fed as noted above. Wate'E:urve has been imposed on the data (parameters are given in Table 2).
was freely available. After 3 days, six rats were taken every 3 hr gach point is the mean of six rat brains = SEM. (Experiment 1).
beginning at 1030 hr and killed for subsequent tissue analysis. Responses not bearing the same superscript are significantly different
Food was leftin rats’ cages until their removal. Rats were removed (P < 0.05).

individually from the animal quarters to a nearby preparation room
where they were rapidly decapitated30 sec after cage opening).
Immediately after decapitation, brains were removed, frozen on
dry ice and stored at80°C for H, analysis. Cosinor analysis was
performed using the Hreceptor binding of each time period.

Figure 1 Specific [°H]-mepyramine binding in whole brain prepara-

3-hr intervals showed a statistically significant difference
(rhythm) in whole brain H receptors throughout the 24-hr
period of analysis B < 0.005). Female responses are
Experiment 2—Bioperiodicity of Heceptors in shown in Figures 2 and 4. Receptor binding showed

le or female rats fed 1% casein diets significant drops from the dark period to the afternoon. The
ma female responses also showed a downward trend through
In this experiment, whole brain Hreceptors were measured in  the 24-hr period, which had to be removed by detrending
male or female rats fed 1% powdered casein diets. Fifty-four male before cosinor analysis could be performed. The trend
or female rats were housed and fed as noted above. Water wasquation H = —1.49*Hour + 114.9 removed the trend
freely available. After 3 days, six rats were taken every 3 hr (P < 0.005). Cosinor analysis indicated a rhythm with a
beginning at 1030 hr and killed for subsequent tissue analysis asperiod of about 10.3 hr. half that seen in males. Parameters
outlined under Experiment 1. - ; .

of cosinor analysis are given ihable 2

Experiment 3—Human hypothalamic tissue Combination of all rats from Experiment 1 followed by
Brain tissue was collected from humans within 6 hr of death.
Times of death were recorded and tissue samples were taken from
the hypothalamus. All subjects in this experiment had been
diagnosed with Alzheimers disease and were part of an ongoing
study at the Sanders-Brown Aging Center, University of Ken-
tucky. Tissue samples were assayed as indicated above. Cosinor
analysis was performed using thg keceptor concentration as a
function of time of death of each subject without regard to sex.
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Male rats fed a 25% casein powdered diet showed a [
statistically significant difference (rhythm) in whole brain DARK P,ER|OD |

H, receptors throughout the 24-hr period of analy$ls< ) ) ) o A\
0.005). Male responses are shown Figures 1and 3. '\0‘2>0 '\‘550 ’L'I:E’Q p° \0'3’0
Receptor binding showed two significant drops from the HOUR

dark period (430 hr) to the afternoon (1330 hr) and began

rising again before the onset of the next dark period. Figure 2 Specific [°H]-mepyramine binding in whole brain prepara-
Cosinor analysis indicated a rhythm in, Binding with a tions of female rats fed a 25% casein diet. The theoretical cosinor curve

. P . has been imposed on the detrended (differenced) data (parameters are
period of about 22h. Parameters of cosinor analysis a‘regiven in Table 2). Each point is the mean of six rat brains + SEM.

given in Table 2 ] . . (Experiment 1). Responses not bearing the same superscript are sig-
Female rats fed a 25% casein powdered diet and killed atnificantly different (P < 0.05).

H; RECEPTORS (pmol/g protein)
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Table 2 Parameters = S.E. of cosinor analysis of central nervous system H, receptors and daily food intake of male or female rats fed 1% or 25%
casein diets for 3 days (experiments 1, 2)

Casein content

Male Female

Parameter 25% 1% 25% 1%

MESOR (pmol/g protein) 103.02 = 1.15 122.91 + 3.28 107.42 + 2.07" 120.91 + 2.93
Amplitude (pmol/g protein) 7.36 = 1.64 12.69 = 2.79 18.70 = 4.32 10.87 = 4.02
Period (hr) 21.66 = 1.85 6.31 = 0.30 10.23 = 0.71 13.38 = 2.30
Phase (hr) 1.73 = 0.36 1.34 = 0.50 0.17 £ 0.62 0.17 = 0.08
Specific food intake day 3 (g/g) 0.37 = 0.08 0.23 = 0.05 0.35 = 0.08 0.29 = 0.02
Weight day 1 (g) 131.13 = 0.74 132.84 = 0.43 122.63 = 0.64 129.77 = 0.29
Weight gain day 3 (g) 25563 + 0.16 —16.95 = 0.47 14.48 = 0.90 —7.08 = 0.50
Efficiency (g/9) 0.49 = 0.07 —0.60 = 0.07 0.33 = 0.03 -0.31 = 0.01

Based on differenced data. Mean shown rather than MESOR.

ANOVA showed that there was a significant sex difference casein diet, rats lost onl7 g and specific food intake
in response® < 0.005). (g eaten/g body weight) was decreased by about 17%.
Combination of all groups from Experiments 1 and 2
followed by ANOVA showed that there was a significant
sex difference in H binding (P < 0.005). Also, mean
response of male rats fed 1% casein was greater than the
mean response of male rats fed 25% casBin<(0.001).
Additionally, the greater increases seen in male rajs H
binding was correlated with greater food intake suppression,
greater weight loss, and decreased efficiency of growth
when compared to the results in female ratakile 2.

Experiment 2

Male rats fed a 1% protein powdered diet and killed at 3 hr
intervals showed a statistically significant difference in
whole brain H receptors throughout the 24-hr period of
analysis P < 0.005).Male responses are shownHigure
3. Receptor binding showed significant increases through-
out the 24-hr time period. Cosinor analysis indicated a
rhythm in H; binding with a period of about 6 hr. Param-
eters of cosinor analysis are given Trable 2. Voluntary
food intake was depressed by the low casein diet, rats lost
nearly 17 g and specific food intake (g eaten/g body weight) Only single individuals were available for;Hanalysis in
was decreased by about 38%. humans, therefore no statistical tests could be performed.
Female rats fed a 1% protein powdered diet and killed at However, ignoring sex, a bioperiodicity of ;Heceptors
3-hr intervals showed a minor difference in whole brain H versus time of death could be determined with a period of
receptors throughout the 24-hr period of analyds < about 7 hr. Parameters were: MESOR 30.36 pmols/g pro-
0.05).Detrended female responses are showrigure 4. tein; amplitude 13.31 pmols/g protein; period 6.98 hr; and
Receptor binding showed significant drops from the dark phase 1.48 hr.
period to the afternoon, very similar to the rats fed 25%  All patients had been diagnosed with Alzheimers Dis-
casein. Voluntary food intake was depressed by the low ease, which is usually associated with anorexiaréd¢eptor
concentrations in human hypothalamus were only about
one-third the values seen in rats.

Experiment 3
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Figure 4 Comparison of specific [°H]-mepyramine binding in whole
brain preparations of female rats fed 25% or 1% casein diet. Each point
is the mean of six rat brains = SEM. (Experiment 2).

Figure 3 Comparison of specific [°H]-mepyramine binding in whole
brain preparations of male rats fed 25% or 1% casein diets. Each point
is the mean of 6 rat brains = SEM. (Experiment 2).
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between these drugs in producing weight gain is their potent
antagonism of histamine jeceptors'! Pretreatment with

H, antagonists attenuates decreased food intake in animals
fed diets which increase systemic histidfif¢">H,-receptor
antagonism does not modify histaminergic suppression of
feeding?43¢

Biorhythms in both histamine and
histamine receptors

H, RECEPTORS (pmol/g protein)

10
HUMAN In the reported studies, biorhythms are evident in the
0 ! I | histaminergic system. Histamine concentrations vary from
\ ot O O Q¢ morning to afternoon in rats. Inhibition of histamine syn-
N N NA AD ah . o . . .
thesis reduces light-induced phase shifts of circadian
HOUR OF DEATH rhythms in hamster$> Daily rhythmic variations in hista-

) A o . mine in human blood has been reportéd.
Figure 5 Specific [°H]-mepyramine binding in hypothalamic prepara- Both ultradi iodc 24 h d ci di hvth
tions of male or female (indicated “m” or “f”) humans taken at autopsy. otn uitradian (peI’IO I’) ana circadaian rnythms

The theoretical cosinor curve has been imposed on the data. Each point (period = 24 hr) of histamine release have been reported.
is a single individual. (Experiment 3). Using superfusion techniques, Prast reported that histamine
is released from the posterior hypothalamus of freely
Discussion moving, conscious rats with a freq_uen(_:y of 1 cy_cle per 1.5
hr; thus, an ultradian rhythm was identifiétAdditionally

Voluntary food intake is a complex, hierarchical phenome- the release rate of histamine was significantly increased in
non known to be influenced by many internal and external the dark cycle compared with the light cycle; thus, a
factors, including diet compositiof?.”?2 Because food in-  circadian rhythm was also measured. Experiments using
take is regulated by neurochemical activity, dietary factors microdialysis also suggest increased activity of the hista-
that have the potential to influence neurochemical activity minergic neurons in the dark. The investigators reported that
are of interest. Amino acids serve as metabolic precursors ofthe mean histamine release was significantly increased
several neurotransmitters, including histidine (precursor of during the dark than during the light for conscious, freely
histamine)©-23:24 moving male Wistar rat&

Along with histamine, H, H,, and H; histamine recep- Experiments 1 and 2 in this study extend the observation
tors are located in the hypothalamus, the brain region that isof bioperiodicity to the H receptor system. Assays indicate
intimately involved in fuel substrate homeostasis, hypopha- significant bioperiodicities and sex differences in CN$ H
gia and hyperphagi#. Histaminergic cell bodies project binding when measured throughout the day. Bioperiodicity
from the tuberomammillary nuclei of the posterior hypo- in other neurotransmitter systems has been reported. Kafka
thalamus to all regions of the braff. and associates report that adrenergic, muscarinic cholin-

Eating behavior is correlated with histamine. Food intake ergic, dopamine, opiate and benzodiazepine receptors have
can be predicted as a function of whole brain histidine circadian rhythms in the CNS of rat8.
concentratiort’ Intracerebral infusion of histamine or his- The experiments also indicate that the increases in
tidine, intraperitoneal injection of histidine and histidine central histamine in animals fed low protein diets is accom-
feeding elevate brain histamine and depress food intake inpanied by increases in central, lfeceptors, particularly in
rodents?®—31.2 Cerebroventricular infusion of a histamine male rats, thereby offering the possibility of potentiating the
Hs-receptor antagonist (which results in increased synthesiseffects of histaminergic activation.
and release of brain histamine) depresses feeding if%ats, =~ What are the potential implications of bioperiodicity in
whereas reduction of neuronal histamine by blocking the the histaminergic system? Evidence in lower eukaryotes
enzyme histidine decarboxylase witifluoromethylhisti- repeatedly suggests that a function of the ultradian clock is
dine elicits feeding in rat®® Protein-deficient diets produce to provide temporal intracellular coordinatiéh.Energy-
increased serum histidine, brain histidine, and brain hista- yielding processes and the cell division cycle are but two
mine, which correlate with decreased food intake and examples where the importance of time and phase relation-
weight gain®*3®The previous studies indicate a reciprocal ships in both concurrent and sequential cellular processes
effect: histamine concentration can affect food intake, and has been suggested. Recent experiments have implicated the
dietary patterns can affect histamine concentrations. histaminergic system in the regulation of energy deficiency

Food intake is also influenced through drug antagonism in the brain of rat$! Because the ultradian clock could be
of the H, receptor. Studies report that cerebroventricular, important in coordinating cellular events, the phase of
intraperitoneal, and subcutaneous infusion gfreceptor receptors in synchrony with other cellular processes may
antagonists, such as doxepin, cyproheptadine, promethaaffect normal physiologic function. For instance, rhythms
zine, promazine, and chlorpheniramine induce feeding in with which the histaminergic system is associated, such as
rats26-37 Clinical studies using antidepressant and antipsy- the sleep/wake cycle, may become altered. Ultradian mod-
chotic drugs, such as promethazine, amitriptyline, and els containing both concentration (threshold) and timer
doxepin, report the side effects of appetite stimulation and (phase) components have been prop&Setius, for H
weight gain®®-—4° The proposed cause of the similarity receptors, it could be that normal physiologic function is

146 J. Nutr. Biochem., 1998, vol. 9, March
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Table 3 CNS H, receptor binding (literature values)

Reference Species H, binding 4.

Tran et al.%? rat 6 pmol/g tissue 5

Hill'® rat 40 pmol/g protein '

Taylor®® rat 170 pmol/g protein

Nakai et al.’” human 5.3-57.3 pmol/g tissue

Mercer et al.’4354 rat varies with diet, gender 6
and time of day '

Sex either male or unspecified. 7.

. . . 8.
characterized by certain concentrations of receptors and a

specific time or phase component. Therefore, data presented

in this paper suggests that normal physiologic function, as 9.

indicated by concentration of ;Hreceptors, is altered
throughout the day.

Measurement at equivalent times is crucial for compar- ;o

isons to be valid in biological processes exhibiting bioperi-
odicity. Table 3gives literature values for CNS;Heceptor

concentrations. The wide range of reported values is puz-11

zling until one realizes that the presence of dietary effects
and/or bioperiodicities would produce these seemingly con-

flicting results if no time sequence were followed by the 12,

investigators, so that peaks and valleys were measured
inadvertently. The presence of bioperiodic effects identified

in our studies calls into question any reported values not 13.

associated with a particular time frame.
The CNS controls feeding/weight gain behavior. How-
ever, the mode of action governing food intake remains

poorly understood. This study may provide information 14

toward a better understanding of the mechanism of action of
the histaminergic system in voluntary food intake. This
study provides the first data, based on known literature of
bioperiodicity of H,-receptors and their relationship to sex.

Also, the possibility exists that bioperiodicity may play a 16.

role in human H receptor trafficking. Thus, normal phys-

iologic function is characterized more completely by simul- ;.

taneously documenting concentrations of receptors, concen-
trations of neurotransmitters, and their specific time or
phase components.

Any dietary intervention, clinically- or self-imposed,
which modifies food intake or food composition patterns, as
well as drugs with antihistaminergic properties, has the

potential of further affecting the histaminergic system. We 19.

have proposed that normal regulation of the histaminergic

system is associated with both dietary-induced anorexia and2-

hyperphagia, whereas dysregulation of the histaminergic
system could be involved in the etiology of eating disor-

ders!? Many factors impinge upon eating behaviors, and 21.

central histaminergic activity seems to be directly involved
in food intake patterns in the rat.
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