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Changes in the components of biorhythms of functionally active basophils were studied in
the frontal, parietal, and occipital areas of the dura mater of adult rats in the circadian and
ultradian ranges. Spectral analysis revealed differences in rhythm parameters in each area of
the dura mater, synchronized for 24-h period.
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Functional activity tissue basophils (TB) in the dura
mater (DM) varies over 24-h period in accordance with
certain time-synchronized regularities [2,7]. Rhythmic
fluctuations in the structural arrangement of these cells
were studied under the effects of drugs [2], noise and
vibration [7], laser [9], but specific features of TB lo-
calization in DM have never been examined. How-
ever, variations in the TB functional activity depend-
ing on their location in DM were noted [8].

We examined local differences in the time orga-
nization of TB in rat DM.

MATERIALS AND METHODS

Dura mater from samples 108 adult non-inbred albino
male rats were examined. The animals after birth were
kept under the same day/night regimen with the same
feeding, drinking, humidity, and temperature condi-
tions. The study was carried out during the autumn
equinox (September 22-24). The material was collect-
ed every 2 h (3 animals per point) during 3 days. The
rats were decapitated, the dura mater was isolated and
stained with 0.5% methylene blue (pH 5.3).
Functional activity of TB was assessed by their
number per standard arca (population area) of DM in-

Department of Human Anatomy, Vladivostok Medical University

dividually for the frontal, parietal, and occipital parts
and by the ratio of intact to degranulated TB. Local
biorhythms of TB in DM were studied by the spectral
analysis algorithm for nonequivalent observations with
plotting a periodogram (curve reflecting rhythmic os-
cillations); oscillation parameters and their confidence
intervals were estimated, and true course of the rhythm
curve was approximated [1,3].

RESULTS

Tissue basophils in the dura mater are located mainly
along blood vessels; their size is 9-20 p. The shape of
cells is determined by their function. Intact cells are
usually round with regular even contour. As the func-
tional activity of TB increases, they acquire an oval
or spindle-like shape, clear-cut contour disappears, and
multiple secretory granules appears around them. Es-
timations revealed local specificities in the functional
activity of TB in the studied areas of DM. The high-
est values were detected in the frontal DM; the number
of TB in the parietal and especially in the occipital
DM was significantly lower (68 and 56%, respecti-
vely, p<0.01); degranulated cells in these areas con-
stitute 79 and 68%, respectively.

The results of mathematical processing of chro-
nobiological data on degranulated TB in all studied
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areas of DM and parameters of harmonics with the o
critical significance level above 0.95 are summed up <
in Table 1. The observation was carried out for 3 days, e w598
but we detected no infradian component in the rhythm R - 8 8 © S o«
of TB functional activity (28-60 h). Circadian (20-28 ot ior' ® 22 ﬁ 2 flj' 233
h) and ultradian (period less than 20 h) components § © TS a9 E 5 § oo
in the spectra of these cells were found. The rhythms T3 o~ SO
of degranulating frontal TB possess only a highly po- 8 e~
tent circadian component. Similar, but less potent &
component was noted in the rhythms of occipital DM.
Functionally active parictal TB showed not only cir- &
cadian but also 8- and 12-h ultradian components in 3 -0 2N
their rhythmic spectra. However, because of low po- s °§ L2
tency of both ultradian components, 24-h component ~ e3Eds5gs8 8
of TB rhythm dominates in all DM areas, and the pat- a o 228 § b ult; a W
tern of rhythmic wave is more complex than regular Zf g; % & e 3 '
sinusoid. Since the period of ultradian components is e 5 wWogR®
divisible by 24 h, the cycle in the parietal area is com- = h
pleted every 24 h. Ultradian rhythms are most often at- 2
tributed to local fluctuations in biochemical processes c
[7,11]; they also can be involved in adaptation pro- @ -
cesses. For example, simple spectra often attest to g Py o 2 % >
exhaustion of adaptation potential in individual struc- =l 3|s|2 B -0 S®®® o o
tures or whole organ [3,4]. Z| 5|z 2983934888
] . = = !l o & 0 H o Dy - =
Pronounced local differences in the mean number s 2188|8858 g9
of degranulated TB (mesor) in various areas of DM = - g9«
over 24 h were detected (Table 1). The amplitude in = ° °y -
the frontal area are 3.8 times higher than in the pari- g
ectal and more than 4-fold higher than in the occipital a
area (p<0.001). The relative amplitude of the 24-h 3 o
component is similar in all three areas of DM. & & o o
Rhythms of functional activity of TB in all cases g < 3=
possess a potent 24-h component; in other words, rhythm p g RN i S88
parameters return virtually to the initial level every 2 eReRIFgHSC
24 h (Fig. 1). Approximation traced the true course of = $y°°g § N § &
the wave of circadian rhythmic oscillations [1,3]. In & o 2@
the frontal arca the wave approximated a sinusoid and g 5
the values smoothly increased from 0.00 to 6.00, de- 2 “
creased from 6.00 to 18.00, and increased again till s -
6.00. In the parietal area the wave was not sinusoidal, gog g - o
despite the extreme values were recorded at the same a S Todnr.
time as in the frontal area. The values increased rap- :‘3’ = b 2Q = 2 28 © o
idly and dropped smoothly. In the occipital area the 2 t | & B ce g HHH Qo
count of degranulating TB gradually increased from % E $oo & & g © ?®
0.00 to 6.00, most rapidly from 2.00 to 6.00, after o ) 3 3 8 -
which the wave course was slower; the lowest values %,’ z
were observed at 18.00-20.00, after which they grad- E o
ually increased again. It is noteworthy that acrophases @ "
of the circadian rhythm component of TB functional nt: £ 5
activity in all three areas of DM were recorded at 5.00- £ = 2 289 5.
h . . > Q = o 2 2 c
6.00, i.e., the rhythm parameters increased during day- & ° > Zsaofg
time and dropped in the dark time of the day, with the < E e g v §¢gdg38
minimum about 18.00. Analysis of the acceleration w g - >335 ¢88E 5
. . . B £ 286 § o
curves (Fig. 2) showed phase inversion with respect a 22858800 C,
to the main process: in all DM areas the zero values g SPEREREESS
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Fig. 1. Circadian oscillations of tissue basophil functional activity in
various dura mater areas in rats. Ordinate: number of degranulating
cells. Here and in Fig. 2: 1) frontal; 2) parietal; 3) occipital area.
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Fig. 2. Acceleration of circadian oscillations of tissue basophil func-
tional activity in various dura mater areas in rats. Ordinate: double
smoothened acceleration.

of the parameter occurred at 0.00 and 12.00 and the
maximum at 6.00. The highest values of positive and
negative acceleration were observed in the frontal area.
The presence of different rhythms in all DM areas is
most probably explained by the presence of several
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(not one) oscillators in DM. At least, phase inversion
with increase in parameters during the light phase and
decrease during the dark phase indicate [5,6] the pres-
ence of a “day” (direct) and “night” (inverted) circa-
dian oscillators.

Hence, a potent 24-h circadian rhythm of TB acti-
vity was detected in all studied areas of rat DM; the
parietal area possesses additional ultradian compo-
nents in the rhythm of TB degranulation, which little
modify the wave course, due to their low power [3,10].
Parameters of circadian rhythms have pronounced lo-
cal differences: the highest mesor values were obser-
ved in the frontal TB rhythm and the lowest in the oc-
cipital area. The oscillations were the greatest in the
parietal area and the acrophase in the frontal area. The
course of rthythmic wave approximated a sinusoid only
in the frontal area and was not sinusoidal in the parietal
and occipital areas, where it was characterized by other
rates of wave course deceleration and acceleration.
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