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Franz Halberg, M.D., Dr. h.c. (Montpellier), Dr. h.c. (Ferrara), Dr. h.c.
{Tyumen), Dr. h.c. (Brno), Professor of Laboratory Medicine and Pathology,
Physioclogy, Biology, Bioengineering and Oral medicine, Director, Halberg
Chronobiology Center, University of Minnesota, Mayo Mail Code 8609,
Dept of Laboratory Medicine, Minneapolis Campus
420 Delaware Street SE, Minneapolis, MN 55455, USA




Prof. Dr. Franz Halberg
85 years of age

Prof. Halberg has dedicated almost 50 years of his life to chronobiological research. He
is called the fater of chronobiclogy.

Chronobiology, the study of mechanisms underlying diversity in time, and chronomics,
the mapping of chronomes - time structures, could complement genetics. It is the study of
mechanisms underlying diversity in space and also genomics, the mapping of the genomes.
Halberg made here focus on the chronobiologic-chronomic assessment of blood pressure
and heart rate variability as the alternative to the spotcheck of the blood pressure
advocated by official current guidelines. Chronobiology allow us to approach risks,
diagnosis and treatment dependent on appeintment time, especially of the dynamics of
time, gender, age, ethnicity and geographical location.

His chronobiological studies represent a new original Minnesotan branch of science
based upon resolving the chronome and its mapping from womb to tomb. Womb -to- tomb
chronome initiative consists in extension of a unique existing data archive and reference
standard bank on variables of biomedical interests: heart rate, blood pressure, body
temperature, a host of chemical determinations on blood, saliva and urine.

Every biologic variable is characterized by chronomes, describing the structure of
rhythms and trends in its physiological and pathophysiological range of variations. The
chronome provides new endpoints for ruling in health or recognizing increased disease
risk before the occurrence of overt illness. Prof. Halberg “s long lasting basic scientific
work is directed, at the beginning of the new century, to chronobiometry (physioclogical and
statistical evaluation of the pgensetically anchored and cosmically influenced time
structures), chronobioengineering (collecting physiological data by means of sophisticated
equipment), chronobiological diagnosis of disease risk syndromes, and the chronotherapy,
improvement of prognosis and treatment in different fields of medicine, and last but not
least, chronoastrobiology focusing on rhythms and broader chronomes to explore the
origins of life.

Needless to say, not only those researchers who are deeply interested in this field, but
also others who are less interested, have all been strongly impressed by such
incomparable records of work achieved by Prof. Halberg. In recent years he has been
strenuously promoting chronobiclogical research further in the field of clinical medicine on
the worldwide scale. We feel honored to have had the possibility of cooperation with Prof.
Halberg since 1980s. In the year 2000, Prof Franz Halberg from University of
Minnnesota, USA, received the degree of honorary doctor of Masaryk University and thus
have the honor also te be members of Masaryk University Brno. In the last 15 years, the
cooperation between Masaryk University and University of Minnesota was intensive and
was enlaged also to the international project BIOCOS.

The international project on The BiOsphere and the COSmos originated on June 30,
1997, when the Russian Academy of Medical Sciences convened a special session at its
headquarters in Moscow to discuss and, at the end of this meeting, to unanimously
endorse a project on "The BIOsphere and the CCSmos" (BICCOS).




The role of chronomics within the context of Non-communicable Diseases and Mental
Health is mostly studied in cardiovascular variables but not limited only to the
cardiovascular system. The same methodology remains applicable to a wide range of
problems. Cancer prevention and optimization by the scheduling of treatment
administration is another important problem. But the main focus of BIOCOS in health
promotion upon the circulation by "prehabilitation”, to reduce the cost of rehabilitation by
education of use of chronobiology.

In 2004, Prof. Halberg is full of energy directed to discovering new laws of chronobiclogy.
Ad multos annos!

Prof. MUDr. Jarmila Siegelova, DrSc.

Head, Dept. of Functional Diagnostics and Rehabilitation
St. Anna’s Teaching Hospital

Faculty of Medicine

Masaryk University

Pekatska 53

656 91 Brno




TIME STRUCTURES (CHRONOMES) IN Us AND
AROUND US: A TRIBUTE TO FRANZ HALBERG*

Germaine Cornélissen
Halberg Chronobiology Center
University of Minnesota, Mayo Mail Code 8609
420 Delaware St. S.E. Minneapolis, MN 55455, USA
TEL +1 612 624 6976 FAX +1 612 624 9989
E-MAIL corne001@umn.edu
Website: http://www.nsi.umn.edu/~halberg/

*Update of "Chronobiology: a frontier in biology and medicine" published in
Chronobiologia (16: 383-428, 1989) to honor Franz Halberg on the occasion of his 70th
birthday.

La pensée ne doit jamais se soumettre,
Ni a un dogme, ni a un parfi,

Ni a une passion, ni a un intéret,

Ni a une idée préconcgue,

Ni a quoigue ce soit,

Si ce n'est aux faits eux-memes,

Parce que pour elle, se soumettre,

Ce serait cesser d'etre.

Henri Poincaré

Support: Dr h.c. (mult.) Earl E Bakken Fund, University of Minnesota Supercomputing
Institute




APPRECIATION

Gratitude is expressed to Jarmila Siegelova for organizing this symposium in honor of
Franz Halberg, for being the pillar of BIOCOS in Europe, and for a professional lifetime
of friendship which is deeply appreciated and cherished. It is fitting that Brno that saw
the birth of genetics in the pea patch of Gregor Mendel is now embracing the development
of chronomics, the mapping of broad time structures in us and around us. With Jarmila
and her team, we learned about the changing time structure in early extrauterine life. We
witnessed firsthand how the same low dose of aspirin was effective against blood clotting
in the morning but not in early afternoon, and how this optimal time could differ with
respect to the blood pressure lowering property of aspirin or the toxicity of its side effects
to the gastrointestinal tract. Jarmila's current endeavors of 7-day/24-hour monitoring of
blood pressure and heart rate establish new roadmaps. She aims with us in Minnesota at
recognizing earliest rhythm alteration, as a warning of increased vascular disease risk.
These harbingers can prompt the institution of prophylactic countermeasures,
prehabilitation. This is a gift to Franz, who hopes that self-surveillance for risk detection
and risk lowering will someday complement and possibly replace current spotcheck
medicine based only on deviations from a broad homeostatic normal range.

Fifteen years ago, we celebrated the birth of a new science, chronebiology, in a special
issue of the journal Chronobioclogia, by honoring the 70th birthday of Franz Halberg [1].
While the discovery of important physiological problems and their mechanisms is
certainly one of Franz's major achievements, the science itself would not have developed
without his changing the very fundamentals of medicine and biology, by recognizing that
variability and not homeostasis is the essence of life [2-6]. It is the privilege of only very
few to have an impact in science, not only by original findings but primarily by a vision of
their implications, that lead beyond a scientific breakthrough to a new way of thinking. By
his deep sense of humility and his ability to sit in front of the facts without preconceived
ideas, I'ranz has made a lasting dent in the history of medicine.

The purpose of this tribute is not to recount the early discoveries of the endogenicity of
the circadian adrenal cortical eycle [2, 7-10], based on the free-running of circadian and
other “circa” rhythms in (genetically) blind mice (born anophthalmic) [3, 11-13] and
blinded mice (with surgery removing the transducer of light} [14], or in the absence of
dominant environmental synchronizers such as the lighting regimen or mealtime, or a diet
restricted in calories [4, 14, 15]. It is not to emphasize how the sequential phase
relationship of circadian cellular rhythms, the labeling of phospholipid and the formation
of hepatic RNA preceding that of DNA [12, 16] may shed light on life's origins, or to
demonstrate the important clinical implications of the difference in outcome, life or death,
from a variety of stimuli (noise, endotoxins or drugs) [17-201, or the rules of schedule shifts
4, 14, 16, 21-23]. It is not to enumerate each new rhythm added to the existing body of
knowledge {4, 5, 24], or even to list multifrequency rhythms responsible for the
chronomodulations {feedsidewards] that underlie the difference between the stimulation
or inhibition of DNA synthesis [25] or cancer growth [2€, 27] or the difference between life
and death in response {o the same dose of the same molecule [28]. Nor is it to document
the early indirect evidence for an endogenous organismic time structure based on free-
running [11; cf. also 9, 10, 13, 15], notably in objectively quantified isolation studies [29-
311 and on work on human twins reared apart {5, 32], or to review the evidence for the
synchronizing role of the socioecologic setting [12] that underlies the amenability of
rhythms to change their temporal location in relation to environmental cycles, according




to specific rules of adjustment. An account of these early developments is reviewed
elsewhere {179].

In 1989, we already noted that for chronobiology to evolve as a science, it was necessary
to document the ubiquity of rhythms, to demonstrate their critical importance, and to
develop the methods for their assessment and their interpretation {1, 4, 5]. With the help
of several generations of chronobiologists worldwide who have in one way or another been
associated with Franz Halberg and have contributed to what quantitative chronobiology
is today, the pitfalls of a time-invariant physiology have been identified and the limiting
view of homeostasis replaced by that of a partly built-in time structure (chronome) in
health.

The purpose of this laudatio is to summarize the highlights of Franz's achievements
during the last 15 years, thereby attempting to present a synthesis of the field Franz
developed. Central to the new discipline is the concept of chronomes, broad time
structures in us and around us, which Franz formulated explicitly following a session on
chronobiology organized by the late Norberto Montalbetti at the XIV International
Congress of Clinical Chemistry in San Franciseco (July 22-26, 1990) (33, 34]. It led to the
new field of chronomics [180}, the mapping of chronomes, providing the needed foundation
for future inroads in the dynamics of life.

It was tempting for Franz to cite Johnson [35] when he discovered the adrenal cortex
to be indeed an "exceptionally substantial and durable self-winding and self-regulating
physioclogical clock" [2]. But, as he accumulated data on a host of interacting rhythms with
several frequencies, it rapidly became clear to Franz that organismic time structures are
so much more than just "clocks". When rhythms (such as circaseptans) may have been
acquired through evolution from cycles in the environment, and may still be influenced by
them, “clocks” in the sense of time structures are much more than a timing system; they
do not only adjust and even respond to the challenges of everyday life, but they also
prepare us for them [2, 4]. For these reasons, Franz recognized early on the need for
inferential statistical methods. He recognized time-measurement in biology as an
important, but limited and potentially limiting concept (for instance, when the circaseptan
aspects of a cancer treatment are ignored [36]).

Not only is hypothesis testing on more than one chronome component essential, 80 38
parameter estimation. Visual inspection is insufficient to reliably appraise the information
contained in a data set. By contrast, chronobiclogical analyses may resolve variability
within the physiological range while also yielding information about any environmental
influence and/or the endogenous nature of rhythms. It is no surprise that Franz
introduced the periodogram [11, 37] and power spectrum [38, 39} into what became
chronobiology, further developing a series of statistical procedures, of which the single
cosinor [4, 40} is perhaps the most widely disseminated.

Among Franz's accomplishments during the past 15 years, apart from didactic
endeavors with materials also posted on the Internet [41-45, 179; cf. also 46-49], three
major avenues of research can be identified, namely cancer chronotherapy,
chronocardiology and chroncastrobiology.

CANCER CHRONOTHER/

When, on December 27, 1990, Franz's wife, Erna, then 70 years of age, was diagnosed
with a widely metastatic, undifferentiated (miillerian duct) adenocarcinoma involving the
ovary, everything was placed on the back burner to shift the laboratory's focus to cancer
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chrenotherapy and how it could be optimized for the individual patient. As reviewed
earlier [1], and elsewhere [50-54], with Erna's help, Franz had already worked extensively
in two fields:

1. The chronobiologic N-of-1 studies, which in Franz's view are the essence of health care.
In particular, two of his closest friends practiced extensive self-measurements, notably
of blood pressure, since they were both MESOR-hypertensive: Frederic C. Bartter, of
Bartter syndrome fame {55], head of the then-Endocrine-Hypertension Division and
thereafter director of the Clinical Center at the U.8. National Institutes of Health
{NIH), and Howard Levine, professor at the University of Connecticut and chief of
medicine at the New Britain (Connecticut) General Hospital [56] (Franz served as a
consultant to both institutions).

2. Cancer research, which in part led Franz to chronobiclogy [57]. In the experimental
laboratory, cures not otherwise possible were achieved hy Franz's chronotherapeutic
designs of timed drug administration [58]. More importantly, 2-year disease-free
survival was doubled for patients with perioral tumors when radiotherapy was
administered at the time of peak tumor temperature [53, 59]. The usefulness of marker
rhythmometry as a guide for treatment timing and for assessing the patient's response
to treatment was demonstrated.

Erna, who with Franz had introduced autorhythmometry at home, among friends, and
in schools [60, 61], was more than willing to collect blood, urine and saliva sarmples
throughout her illness, while also wearing an ambulatory blood pressure and heart rate
monitor, with occasional additional self-measurements or self-ratings (e.g., of meod). Her
active participation in research related to her own treatment, most of it published [62; cf.
also 63-78], in the opinion of her oncologist, contributed to her 3-year survival [69]. During
these 3 years, much new information was gathered. First and foremost, emphasis was
placed on timing to optimize treatment effectiveness first while also attempting to
minimize toxicity [41]. This was made possible to a large extent by the availability of
tumor markers assessable non-invasively in urine and/or saliva {70, 71], whers they can
undergo large and statistically predictable changes [62]. Methods applicable to the
individaal patient were badly needed and were forthcoming. Designs for "phase-zero"
trials were formulated and their statistical power assessed and compared with
conventional approaches {72-74]. Too late for Erna’s sake, the control charts of Hawkins'
self-starting camulative sum [75, 76] later found applications in optimizing the timing of
anti-hyperiensive meadication {42, 77].

At the very end of a long battle with cancer, Erna's last contribution, named after her
(the Erna-test) (78], combined chemosensitivily assays in vitro {79] with marker
rhythmometry for targetting cancer treatment both in time and in kind. Erna
demonstrated, in the very last days of her life, just how critical timing can be: a depression
of the tumor marker used (urinary gonadotropin peptide) was observed when 5-FU,
identified by a ChemoResponse Assay to show in vitre antineoplastic activity in her ascitic
fluid, was administered in the late evening (at 22:00), but not in the morning or in the
afternoon [67, 78]. Remarkably, this timing is in keeping with the recommended infision
schedule of the drug (with maximal dosing by night), based on a subsequent large clinical
trial [80], a result supporting the ultimately indispensable N-of-1 chronobiologic design,
that gains greatly when it relies on time series collected and analyzed chronobiologically
in lieu of spotchecks on rollercoasters. The assessment of statistically significant changes
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in rhythm characteristics of the given patient in relation to risk elevation and/or as a
response to treatment is then feasible and should become indispensable in routine care.

The non-invasively sampled marker rhythms of large amplitude in CA125, CA130,
UGP, M-CSF and OVX1 in saliva and urine are a testimony of Erna's discipline and
devotion to science. Some of these marker rhythms were in their stage of development at
the time of her diagnosis. Erna's legacy is her careful mapping of their time structure and
of their promise to help guide the timing of chemotherapy for an optimization of treatment
efficacy first and foremost. On September 8, 1993, the day she died, the world lost not only
a conscientious researcher but a devoted friend, and to me a mother-away-from-home. On
her request, her ashes were scattered in the Mississippi River, but her spirit remains very
much with us, ever present in her kind and gentle way to guide the research by the
extensive data bases she amassed on herself unselfishly to help others.

Her data remain a priceless source of information to which we can turn to whenever
the need arises. Recently, her data helped solve a question raised in evaluating a thesis
from Armenia. The thesis reported a 12-hour component in melatonin, We were testing the
hypothesis that there was a secondary peak in melatonin production in the affernoon,
intimated, for instance, by a re-analysis of salivary data from Vollrath [81]. We couid not
obtain an answer by numerical analyses alone (aimed at demonstrating a secondary peak
in the afternoon; the statistical significance of the 12-hour harmonic could merely reflect
the non-sinusoidality of the circadian rhythm in melatonin). Erna's abundant urine
collections provided at least a tentative answer in the affirmative to the question whether
there can be a peak in the afternoon that may be physiclogically independent of the
nightly peak. For a while, at a time when the disease had progressed beyond the hope of
recovery, Erna's pattern in urinary melatonin concentration was characterized by a single
prominent peak in the afternocon, in the absence of the nocturnal elevation usually found
for melatonin in her and almost all others. The disease had shown what numerical
analyses could not resolve: at least for a while, the nocturnal peak was removed. Thank
you so much, Ernal (We also wish to thank Robert C. Bast Jr., whom we had never met
until that time, and who upon our inquiry asked whether 100 free determinations of
CA125, the marker he had discovered, were enough as a start. Thereafter, he did very
many more determinations, also on additional markers. Qur thanks are also addressed to
Kohji Tamura, who called the Daiichi company, which donated $50,000 worth of CA130
kits to help Erna. We thank Roger Walker, who helped with the determinations of UGP,
and of course Erhard Haus, who eventually took charge of the laboratory work, including
the determinations of melatonin. We are greatly indebted to all of them, and many others.
We are indebted to RK Singh and his team for resuming marker rhythm-guided cancer
chronotherapy in Lucknow, India, and to Zhengrong Wang for attempting to do the same
in China {181].)

CHRONOCARDIOLOGY

Through the generosity of Masayuki Shinoda, then President of Colin Electronics
(Komaki, Japan), extended to Franz and his team, large archives of ambulatory blood
pressure (BP) and heart rate (HR) profiles accumulated. They provided strong evidence
for the need to account for day-to-day changes in these variables in the same way a
circadian assessment considers the hour-to-hour variability. The evidence led to the
recommendation of around-the-clock monitoring for 7 days at the outset [182, 183], to be
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continued whenever needed, until monitoring for a lifetime becomes more readily feagible,
a goal pursed by the Phoenix group (http://’www.phoenix.tc-ieee.org/).

By 1988, major findings had been summarized in a volume of annotated illustrations
[82]. Methodology had developed concomitantly under Franz's leadership. In particular,
the "sphygmochron” [83] was introduced. We were favored by the help of Patrick Delmore,
Head of Communications at Medtronic, and Earl E. Bakken, the founder of that company,
the builder of the first implanted pacemaker for long-term use, a chronobiologist in his
own right, who with Franz introduced the concept of a free-running rhythm half a century
ago.

The sphygmochron is a computer summary of results from chronobiological analyses
performed on BP and HR data collected around the clock, preferably by ambulatory
monitoring. It consists of two approaches, one parametric (model-dependent), the other
non-parametric (model-independent). The parametric approach entails the least-squares
fit of a two-component model consisting of cosine curves with periods of 24 and 12 hours.
Estimates are obtained for the MESOR (midline-estimating statistic of rhythm), a
rhythm-adjusted mean, and for the amplitude and (acro)phase of each component,
measures of (half) the extent of predictable change within a cycle, and of the timing of
overall high values recurring in each cycle, respectively.

To circumvent any limitations of the parametric approach based on a model that may
not invariably suffice to appropriately describe the circadian pattern, the analyses include
a nonparametric approach, based on stacking the data over an idealized cycle. It was
deemed desirable since it was readily understood and could serve as a guide for timing
treatment. It can serve as a complement to adjusting the model by the choice of different
harmonic terms for each profile. Despite the merits of improving each individual fit, it was
felt important to standardize the model, so that reference values could be derived for each
parameter of the model. The given subject's rhythm characteristics could then readily be
compared with those of peers. Values outside the norms could then become putative risk
indicators.

In the nonparametric approach, the subject's data are compared by computer to the
time-varying upper 95% prediction limit (chronodesm) of clinicaily healthy peers, matched
by gender, age and ethunicity. Instead of asking only whether a BP value is teo high or
acceptable, this approach answers more complete and often more pertinent questions,
such as "For what percentage of the 24-hour day are the subject's BP readings above the
chronodesmic limit?", "By how much is the BP excessive 7" (gauged by the "area under the
curve", delineated by the subject's profile when it exceeds the limit and the Hmit itself;
expressed in mm Hg x hour during 24 hours), and "When does most of the excess occur 7",
Years later, part of this "hyperbaric index" (HBI) concept was copied to assess a BP load,
with the shortecomings, however, that the BP load considers only the percentage time
elevation and not the "area under the curve”, and that it uses time , gender , age , and
ethnicity-unqualified fixed limits as reference [82, 83]. Elsewhere, the advantages of the
HBI over the BP load are illustrated by a comparison of patients seen at the Mayo Clinic
who have very similar BP loads but drastically different HBIs [84).

In addition to the time-specified reference limits for the interpretation of time-
measurements, reference limits were also derived for the interpretation of the circadian
rhythm characteristics. If the BP MESOR exceeds the upper 95% prediction limit,
MESOR-hypertension is diagnosed; if the circadian amplitude is excessive, CHAT
(circadian hyper-amplitude-tension) is diagnosed; and if the circadian acrophase occurs at
an odd time, circadian ecphasia is diagnosed.
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Analyses of long time series [85-92, 182, 183] yielded added evidence for the need to
monitor for spans longer than 24 hours. The extent of day-to-day variability can be so
large for some individuals that a diagnosis based on a single 24-hour span can be very
misleading. At a meeting of the International Society for Research on Civilization Diseases
and the Environment (New SIRMCE Confederation) in Brussels, Belgium, on March 17-
18, 1995, a resclution was reached that recommended monitoring for 7 days at the outset
[42]. Not only does the circadian assessment become more reliable, a glimpse if not insight
into the about-weekly (circaseptan) component is also obtained. Circaseptans were found
to be particularly prominent in early extrauterine life [93] and to regain prominence in the
elderly [94], while persisting in isolation from society [95, 96].

The resolution reached in Brussels {42] also made provisions for the handling of large
volumes of data by Franz's introduction of three easy steps: windowing, compacting, and
recycling [97]. Instead of being discarded, the data are saved for as-one-goes analyses in
a form compacted into characteristics of the rhythms with the next higher frequency,
resolved by repeated passes directly from the original data, as long as data storage
permits it, or from the computed endpoints of chronome elements such as rhythm
characteristics of already-resolved higher frequency components, when compacting
becomes indispensable [95, 97]. The "recycling” by these repeated passes of accumulating
BP and HR data led to the identification of new disease risks, such as CHAT CAHRVs
(chronome alterations of heart rate variability - e.g., a deereased heart rate variability,
DHRY, along the circadian scale}, and an excessive pulse pressure (EPP). These conditions
relate to altered variability within the physiological range, which, once recognized, can
prompt the institution of preventive measures.

Table 1 provides a chronological account of the several milestones in Franz's laboratory
that led to the identification of CHAT, CAHRVSs, and EPP as disease risks. With or without
the MEBSOR, the circadian BP amplitude was found to be a predictor of vascular disease
risk and mortality [98, 184-186}. Retrospective analyses confirmed the results by showing
that an excessive circadian BP amplitude is associated with an elevated left ventricular
mass index, determined on all subjects, and used as a surrogate outcome measure [99-
1011

In a 8-year prespective study on 297 patients generously provided by Kuniaki Otsuka,
among the risks assessed concomitantly, CHAT was found to represent the largest (720%)
ncrease in the risk of cerebral ischemic events, compared with 310%, 370%, 160%, 170%
and 150% in relation to MESOR-hypertension, old age, a positive family history of high BP
and/or related vascular disease, smoking and alcohol consumption, respectively. A reduced
24-hour standard deviation (8D) of HR (DHRV) was also associated with an increased risk
of vascular morbidity, coronary artery disease and cerebral ischemic events in particular
[162]. In both cases, the endpoint exhibits a nonlinear relation with vascular disease risk
[103].

The lack of a statistically significant correlation between the circadian BP amplitude
and the 24-hour SD of HR suggested that CHAT and DHRYV constitute separate disease
risks. The likelihood of 2 morbid event is about doubled when both conditions are present
than when either diagnosis is present alone [104]. EPP is also mostly a risk factor
separate from CHAT and/or DHRV (Figure 1 and Table 2). The relative risk of a morbid
event is calculated by comparing patients who had one or several chronome alterations
with patients who had acceptable dynamics {(circadian BP amplitude, 24-hour SD of HR,
and pulse pressure).
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To detect CHAT, and for other diagnostic and therapeutic reasons, Franz has advocated
that single measurements should be replaced by an around-the-clock profile, for a week
or longer if need be, at the outset, to be obtained preferably by ambulatory monitoring
[105]. Indeed, several studies comparing the diagnosis reached on the basis of ambulatory
monitoring {(for 7 days) versus single measurements taken in the physician's office,
reached the conclusion that an error of about 40% may be associated with the current
approach. Two culprits were identified, namely:

1.The reliance on single time-unspecified measurements, based on the mistaken
assumption that a procedure used on thousands of people in large clinical trials can
readily be transferred, without qualification, for a decision to be made for the individual
patient. Even the most accurate measurement taken in the clinic, usually associated
with an error of less than 5 mm Hg, needs to be interpreted in the light of a within-hour
SD of BP of the order of 7 mum Hg and a within-day change often exceeding 50 mm Hg;
even a 24-hour profile obtained by ambulatory monitoring is no gold standard in view
of the large day-to-day changes in circadian characteristics [182, 183}; and

2. The anachronism of interpreting measurements of a variable known to undergo a
prominent circadian rhythm in the light of fixed limits, rrespective of time, age, or
gender.

From a purely theoretical viewpoint, a sizeable number of patients with a circadian
amplitude close to the upper limit of acceptability and a commonly found acrophase in
mid-afterncon, is likely to be diagnosed as normotensive in the morming bufb as
hypertensive in the afterncon [166]. This situation was actually encountered in practice,
as described in print in detail by Frederic C. Bartter [107], prompting him to emphasize
the indispensability of the cosinor in routine practice,

The week-long monitoring profile alse serves as a guide for timing treatment
aaministration if need be. Results [42] indicate that certain antihypertensive drugs can
lower an excessive circadian BP amplitude. For instance, in the subjects investigated,
captopril retard and atenolol slightly reduce the circadian amplitude of diastolic BP but
not that of systolic BP, whersas a long-acting formulation of carteolol reduces the
circadian amplitude of both systolic and diastolic BP in the majority of patients, albeit not
in all of them {108, 1871 The timing of treatment administration can also affect the
circadian waveform of BP, and influence outcome, such ag the incidence of strokes and
overall cardiovascular disease [188]. For those patients disgnosed with CHAT who are
otherwise MESOR-normotensive, the first choice of treatment may be non-
pharmacological. In this case, autogenic training, a relaxation technique, can lower the
circadian BP amplitude in some patients [109-111].

As noted by Franz, focus on alterations in pattern (or variability) requires a change in
attitude akin to that needed for the case of universal literacy [112]. The association of
CHAT and CAHRVs with catastrophic disease renders the assessment of variability into
a community concern. Franz rightly notes that we all pay, indirectly if not directly, for the
care of massive strokes, myocardial infarctions or nephropathy, apart from the
nnmeasurable suffering and disability of those afflicted. In Minnesota, Dan Wall - an
attorney and past mayor of Roseville, a suburban city of about 35,000 residents -
suceeeded in acquiring for his constituents ten automatic ambulatory instruments for the
week-long profiles of arcund-the-clock monitoring of BP and HR. The instrumentation
from A&D (Tokyo, Japan) is genercusly offered at a greatly reduced price by the company
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for all those working on stroke prevention with Franz's group. A public service task of
physiological monitoring should indeed be within the mandate of those not only in Iocal,
hut also in federal government agencies dispensing resources, and it is just a first step
toward education in a much broader chronobiologic literacy [112]. The healthwatch
conceived for Roseville was subsequently implemented in Urausu, Hokkaido, Japan, by
Kuniaki Otsuka. The 7-day/24-hour monitoring is currently ongoing in the department of
functional physiology in Santa Anna Hospital, Brno, Czech Republic, under the guidance
of Jarmila Siegelova and Pavel Homolka, in Moradabad, Amritsar, and Lucknow, India,
implemented by RB Singh, Adarsh Kumar, and RK Singh, respectively, and in the general
practice of two Belgian physicians, among other collaboration in Armenia, Italy, Mexico,
Norway, the People's Republic of China, as well as in California, Michigan and Minnesota
[183].

CHRONOASTROBIOLOGY

Since the definition of "circadian” [3], Franz has coined many new terms, as the need
arogse, to introduce new concepts in a new science. He defines "chronoastrobiology” as a
termm  derived from “"chronome" (time structure) and “astrobiology" [49].
Chronoastrobiology, including chronoastronautics, is a branch of biology concerned with
transdisciplinary methods for the coordinated mapping of interdigitated and
intermodulating time structures (chronomes) in us and around us. The mapping of
feedsideward interactions among chronomes for the derivation of reference standards
quantifies the current temporal organization of physiological functions. Photic and other
environmental influences upon it bear upon an understanding of the sites of life's origins
and of worids before ours, while underlying a preventive health care needed in travels
away from hospitals, on earth and in space.

Toward this goal, Franz started a coordinated comparative physiological and physical
{and, when pertinent, archival) monitoring and analyses, known as the project on the
BiOsphere and the COSmos (BIOCOS) [113]. As reported above, this international
andeavor has already borne fruit with the identification of disease risks, as a step toward
risk lowering on earth, as a model also for use during travel in extraterrestrial space.
Work in this direction led to the recognition of a reciprocity between time structures in us
and arcund us [189-195].

The monitoring in different geographic locations of chronomes of selected variables
during human ontogeny is being carried out in the context of a comparative physiclogy,
focusing also on cosmo-helio-seleno-geophysical time structures that may have existed at
the sites of life's origins, wherever they may have been. The analysis of data on "living
fossils" may shed new light about how the organismic structures evolved not only in space
{classical morphology), but also in time {chronobiology as a morphclogy in time). For this
nurpose, physical changes, as events or continuous records, monitored concomitantly, are
being analyzed for matches or near-matches between geophysical features and biclogical
ones, on earth if not yet in space, retrospectively as well as prospectively.

A finding reported at a meeting in Tokyo on Nov. 11, 2000 [114], relates to the ubiquity
of about 10.5-year cycles similar to the solar activity cycle, suggesting that environmental
mfluences consist not only of photic, but also of non-photic solar effects, mediated perhaps,
at least in part, via geomagnetic disturbance. Franz's reasoning is that rhythmic elements
of biological chronomes with a common genetic origin (in the sense of a classical homology)
may also have a common environmental cycle, responsible for their genetic coding to start
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with. Franz postulates a broad physico-biological homology, as compared to the classical
homology implying only a common genetic origin, which he extends to the organismic
make-up in time, as done conventionally, albeit somewhat controversially, with respect to
a spatial morphology. In this framework, a physical near-match in the environment may
be sought for each built-in biological rhythm, and vice versa This rule is now extended
successfully fo components with periods slightly, but statistically significantly longer
and/or shorter than precisely one year, the "transyears' and the “cisyears”. Most
mmteresting is the recent finding of such spectral components in the horizontal component
of the interplanetary induction vector (Figure 2).

Also of interest in the context of magnetoperiodism is the biological week {115], free-
running from the social week [196]. Franz found a weak near-match of about 6.75 days in
a b9-year record of the geomagnetic index, Kp [116], later confirmed by physicists {117,
118, 197]. The near 7-day environmental counterpart's weakness is in keeping with a
prominent about-weekly biological component that may be in part the result of an
integrative evolution: in their genesis Away from the overpowering effect of a daily
alternation of light and darkness, requirements imternal to an organism may have
prevailed, to lock into some other signal, whatever its intensity may be. The weak about
7-day geomagnetic component happened to be nearest to internal needs, such as those for
growth and repair, by processes that took several days. This is the more plausible since a
theoretical biochemical basis for circaseptans has also been proposed [119, 120].

Circaseptans are found prominently in earliest extrauterine life in humans, when they
are synchronized by the single stimulus of birth that carries ne environmental 7-day
information [93, 191]. They are also observed early in the extrauterine life of rats [121]
and pigs [122]. Like humans, rats and pigs lose the prominence of the biclogical week in
early stages of extrauterine ontogeny. By contrast, a circaseptan component is dominant
in the locomotor activity of crayfish at 6 months of age [123], a result suggesting that
certain multicellular organisms may be better "fossils" for specific evolutionary
information, as compared to other species [124]. Circaseptans are a feature of immunity
as well. They are observed, for instance, in the distribution of kidney (and other) graft
rejection episodes, characterizing patients operated on different days of the week in
hospitals in Minnesota, Paris and Milan {125], or in the experimental animal laboratory.
Meta-analyses quantify them in the compensatory hypertrophy after unilateral
nephrectomy or contralateral ischemia [41, 126, 127]. The optimization of the timed
administration of immunomodulators could gain greatly from consideration of the
circaseptan as well as the circadian component [36l. The pineal in particular is
characterized by prominent circaseptans [5, 128, 129]. Amplification of circaseptans has
also been observed after lasioning of the suprachiasmatic nuclei [199,200].

Circaseptans and circasemiseptans are also found in early phylogeny in eukaryotic
unicells and prokaryotes [41, 124, 128-132, 181}, including bacteria [133]. Evidence for a
genetically anchored, environmentally resonant biological week and half-week is provided
by the results of Syutkina et al. [134], showing that the (nonlinearly-assessed) circaseptan
period of neonatal BP and HR correlates with that of the local geomagnetic disturbance
index K recorded during matching spans, as well as by the amplification of circaseptans
in human HR by solar circaseptans [135]. That these components are not trivial is
illustrated by the non-random circaseptan patterns in morbidity and/or mortality from
variotis cardiovascular causes, notably myocardial infarctions and strokes [1186, 136, 1371.

An increase in the incidence of myocardial infarctions in association with magnetic
storms, reported by several investigators from Russia [138, 139], Israel [140] and Mexico
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{141], accounts in Minnesota for a 5% (220 cases/year) increase in morbidity during years
of maximal solar activity by comparison with years of minimal solar activity [48, 49, 149,
190]. Magnetic storms are also found to decrease HR variability {48, 49, 143, 144, 190],
indicating a possible mechanism, since a reduced HR variability is a prognostic factor for
coronary artery disease and myocardial infarction {145-148]. With Kuniaki Otsuka's
Asian, now International Chronome Ecological Study of Heart Rate Variability, which
joined forces with BIOCOS, longitudinal ECG records for one week or longer spans [149]
were collected in different geographic locations, notably in the auroral oval, where
magnetic storms are stronger and more frequent [150].

Melatonin has been invoked as a possible mediator of magnetic effects [151-156]. The
pineal, a site where melatonin is produced, is apparently capable of responding to
variations of the order of a few nT induced by the solar wind via the magnetosphere [157-
160]. Of interest is the report of a decreased melatonin synthesis in patients with coronary
artery disease [161]. Urinary melatonin excretion had also been found to correlate with
cardiovascular disease risk [162].

Non-photic solar cycles are likely to be reflected in the time structure of melatonin.
Tarquini et al. [163] in Florence, Italy (43.47°N) reported that circulating melatonin
during the daytime undergoes circannual changes, whereas by night, when circulating
melatonpin concentrations are high, an about half-yearly pattern predominates. The
pattern is reminiscent of the variation in the geomagnetic ndex Kp, also characterized by
a very stable circasemiannual variation, with a large amplitude, peaking at the equinoxes
[164, 165]. Based on longitudinal monthly data collected (around noon) over one year in
Oulun, Finland (65.00°N), Martikainen et al. [166] reported a prominent half-yearly
component in plasma melatonin. Randall [167] interprets the half-yearly signature by
emphasizing that at high latitudes, the corpuscular radiation enters the atmosphere and
magnetic disturbances induced by the solar wind, also characterized by a stable half-
vearly cycle, are more pronounced [167]. An about half-yearly pattern was also observed
m another study of night-time urinary melatonin excretion by 16 healthy volunteers
followed longitudinally for one year, with peak values observed in June and November
(168; of 169]. A latitudinal dependence was reported for the mean melatonin
concentrations of overnight urine samples collected each month for 12 to 16 months from
321 healthy subjects at 19 medical centers in 14 countries distributed on 5 continents
[174].

CONCLUDING REM

RKS

Half a cenfury ago, the birth of chronobiology as a science sul generis came about to 2
large extent due to Franz's demonstration of free-running. In mice, in the absence of the
eyes, variables ranging from core temperature to hepatic glycogen content and serum
corticosterone continued to cycle with a period close to but statistically significantly
different from 24 hours. The circadian period differed among animals and among different
variables in the same individual. This finding provided a basis for the endogenicity of
rhythms in general and for the adrenal cycle in particular. Today, the genetic basis of
circadian rhythms is no longer disputed [for review see 171]. Thus, fos family genes have
been reported to exhibit differences in their specific expression patterns in the
suprachiasmatic nuclei; phetic and intrinsic circadian coordination may reside in separate
cell populations in the ventrolateral and dorsomedial subdivisions {172], allowing for cell
specificity of their regpective circadian function(s).
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While the vast literature on the molecular genetic basis of rhythms focuses almost
exclusively on the details of the circadian system, a few studies suggest a molecular basis
for ultradian and infradian rhythms as well. Konopka et al. [173] in particular have
followed upon earlier work by Kyriacou and Hall [174], revealing that the period gene in
Drosophila melanogaster coordinates not only circadian rhythms associated with adult
emergence and behavior, but also a much higher frequency rhythm that accompanies the
male's courtship song. About 1-min oscillations in the rate of sound production reportedly,
in turn, are sped up, slowed down, or seemingly eliminated in three "per" mutants, an
extension from "clock" to "chronome". It has also been suggested that infradians may
emerge from a weak coupling of a circadian "clock” gene with its environment [198].

That infradian components also have a molecular genetic basis is likely from work on
plants, when built-in photoperiodic aspects of responses in plants include flowering that
is day-length-dependent {175-177]. Work on C elegans further analyzes a molecular
genetic basis to embryonic development possibly related chemically to the circadian
system, while the heterochronic gene lin 42 oscillates apparently with an ultradian
(reportedly about 6-hour) component {178]. Franz's work on a broader-than-circadian time
structure, that includes trends with age as well as disease risk, is thereby vindicated at
the molecular level. Just as circadians were described as "paranoia” when Franz coined
the term but have become fashionable today, the concept of chronomes (much broader
than clocks) is bound to prevail if concern for them leads to the difference between
delaying rather than accelerating malignant growth [36].

Nearly half a century after showing the effect of light upon rhythms at different levels
of organization, Franz's insight has led him back to realize the importance of
understanding and assessing also non-photic environmental influences on biota Still a
controversial topic, it may nonetheless prove to be a critical one, primarily at a time when
humans are getting ready for long journeys into space, away from hospitals. Any
untoward effects from non-photic solar effects, perhaps on individuals who may be more
susceptible at the outset by virtue of alterations in the variability of their BP or HR within
the physiological range, warrant immediate attention so that countermeasures may be
applied preventively.

Franz's vision, combined with his incredible persistence and intellectual clarity in the
face of entrenched thinking, which established procedures and fields that transcend
disciplinary boundaries, sets him apart as an extraordinary human being and a truly
great scientist. It has truly been an honor and a privilege to have him as a mentor and as
a guide through life, things for which I shall eternally be grateful. From the bottom of my
heart, I do wish you

MANY HAPPY RETURNS!
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TABLE 2A: RELATIVE RISK (RR) OF MORBIDITY ASSOCIATED WITH

DBP-CHAT AND DHRYV, SINGLY OR IN COMBINATION*

-------------------------------------- GFOUP wrrmressem s e mmem i
DBP-CHAT- DHRY- DBP-CHAT
only only and DHRY
N of patients 20 19 5
All morbid 4.43 5.33 10.12
events 2.13 -9.19 2.71-10.46 5.51- 18.58
Cerebral 9.49 13.32 37.95*
ischemic [2.28 - 39.49] [3.61 - 49.11] {11.35 - 126.9]
events
Corenary 3.16 8.32 6.32
artery disease f0.72 - 13.91] [3.01 - 22.97] [0.96 - 41.49]
Nephropathy 6.32 4.99 18.97*
[2.08 - 19.20] f1.44 - 17.30] [7.06 - 50.99]
Retinopathy 2.11 1.1 4.22
[0.51 - B.78] [0.15 - 8.09] [0.67 - 26.50]

*RR histed with 95% confidence interval;

DBP: diastolic blood pressure;

CHAT: circadian hyper-amplitude-tension;

DHRYV: decreased heart rate variability.

Total number of patients: 297,

**RR associated with combined DBP-CHAT and DHRV is statistically significantly

larger than RR associated with either DBP-CHAT or DHRYV alone.
Data of K Otsuka
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TABLE 2B: RELATIVE RISK (RR) AND 95% CONFIDENCE INTERVAL
(CI) OF DIASTOLIC CIRCADIAN HYPER-AMPLITUDE-TENSION (D-
CHAT), DECREASED HEART RATE VARIABILITY (DHRV), AND
EXCESSIVE PULSE PRESSURE (EPP), ALONE OR IN COMBINATION*

Group 1: Reference (Ny) Group 2; Test (Na) RR f95% Cl}
Risk? Risk?

None {214} D-CHAT (17) 6.204 [2.108; 18.794]
None {214) DHRV (13) 8.231 [2.847;, 23.797]
None (214) ERP (39) 8.231 [3.600; 18.819]
None (214) D-CHAT & DHRV (2} 13.375 [2.857, 62.621]
None (214) D-CHAT & EPP (3) 26.750 [13.554; 52.795}
None (214) DHRV & EPP (6} 17.833 [7.364; 43.189]
None (214) D-CHAT & DHRV & EPP (3) 26.750 [13.554;, 52.795]
D-CHAT (17) D-CHAT & DHRV (2} 2.125 [0.417; 10.840]
D-CHAT (17) D-CHAT & EPP (3) 4.250 [1.804; 10.013]
D-CHAT (17) D-CHAT & DHRV & EPP (3) 4.250 [1.804; 10.013]
DHRV (13) DHRYV & D-CHAT (2} 1.625 [f0.325; 8.113]
DHRV (13) DHRYV & EPP {8) 2.167 [0.803; 5846]
DHRV (13) D-CHAT & DHRV & EPP (3) 3.250 [1.438; 7.345]
EPP (39) EPP & D-CHAT (3) 3.250 [2.030; 5.204]
EPP (39) EPP & DHRV (6) 2.167 [1.038, 4.523]
EPF (39) D-CHAT & DHRV & EPP (3) 3.250 [2.030; 5.204]

*Assessed in population of 297 patients, among whom 39 had a morbid event during the
following 6 years. RR is computed as ratio of incidence of morbid event in Group 2
versus that of Group 1. A 95% CI not overlapping 1 indicates statistically significant
increase in risk in Group 2 versus Group 1.

D-CHAT is defined as circadian amplitude of diastolic blood pressure (BP) above the
upper 95% prediction limit of clinically healthy peers matched by gender and age;

DHRY is defined as 48-hour standard deviation of heart rate in the lowest 7™ percentile
of distribution;

EPP is defined as a pulse pressure (MESOR of Systolic BP — MESOR of Diastolic BP)
above 60 mm Hg, where the MESOR is a chronome-adjusted mean value.

Data of K Otsuka.
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Decreased Heart Rate Variability (DHRY), Circadian Hyper-Amplituds-Tension (CHAT)
and Elevated Pulse Pressure (EPP) are Separate Cardiovascular Disease Risks®

CHAT?
EPF?
DHRV?

ND
YES

YES
YES

“Pat ents@ with each risk combination without (

) orwith { i) rmorbid event
CHAT? OO ' - - S
EFP? HO (n} YES YES
DHRY? MO YEES HO YES

“Results from B-vear prospective study on 297 (adding all MNs) palients classified by
3 risks {8 circles), supported by findings on total of 2,807 subjects for total of over
160,788 sels of blood pressurs and heart rale measuraments.  Data from K Otsuka.

Figure I: CHAT is one of several conditions related to the variability in BP and/or HR that
is associated with an increase in vascular disease risk. Too large a pulse pressure (the
difference between SBP and DBP, when the heart contracts or relaxes, or the extent of
change in pressure during a cardiac cycle) and a decreased HR variability (defined as the
standard deviatior of HR) are two other such conditions. Vascular disease risk is elevated
in the presence of any one of these three risk factors, and it is elevated further when more
than a single risk factor is present, suggesting that these abnormalities in variability of
BP and HR are mostly independent and additive. © Halberg.
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Figure 2: Nearly symmetrical nearcis- and neartransyear in the Interplanetary Magnetic
Field (IMF). Daily values of Bx GSE, GSM, the magnitude of the horizontal component of
the IMF, retrieved from OMNI 2, averaged monthly, from Jan 1963 to Dec 2003
(http://nssde.gsfe.nasa.gov/iomniweb/ow.html) (top). A neartransyear and a nearcisyear are
major components of almost equal prominence in the least squares spectrum of By
{middle). The corresponding model, shown with the data (bottom), accounts for about 26%
of the overall variance (P<0.001). These two components are also detected in By GSE and

B, GSM and in o(Na/Np) (RMS-SD of the Alpha/Proton ratie), but not jointly in the other
36 variables of OMNI 2. © Halberg.
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The senior author looks back for more than half a century when Franz Halberg's
professional life in the USA began and then took off to reach worldwide recognition within
less than a decade after his arrival in the USA (in October 1948 at Harvard). In 1957, at
the Semmering in Austria, he presided over an international conference of the
International Seciety for the Study of Biological Rhythms (SBR), now the International
Society for Chronobioclogy. He would preside over many more conferences on very many
topics including but not limited to cardiology, computers in bioscience, human
reproduction, oncology and pediatrics and special meetings arranged by national
academies, the World Health Organization or the International Society for Research on
Civilization Diseases and the Environment, of which he was U.S. vice-president (after he
was offered and refused the international presidency). In fact, as president of the SBR for
well over a decade, he brought about the above-noted name change to indicate the larger
scope than mere rhythms for those dealing with chronomes (time structures) (1). He
proposed chroncbiclogy as a science in its own right, as historians recorded it, against
opposition, as he does now. In 1983 (2), the social historians Alberto Cambrosio and Peter
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Keating wrote:

The opposition of many biologists to the creation of a chronobiological discipline centred
mainly on what was perceived as an attempt to occupy any area where time would play a
role in biological analysis. According to [Colin] Pittendrigh, the matter can be first of all
framed as a question of terms: "The term "chronobiology” is something I oppose because it
is unnecessary, pretentious, and inaccurate'. [Pittendrigh CS, personal communication to
Cambrosio and Keating, 22 Jan 1981, note 20] And, more importantly, as there is not
necessarily any common mechanism underlying rhythmic phenomens, then there is a still
greater reason for opposing the disciplinarization of chronobiclogy: ... I had reached this
position already in 1965 when the proposal arose to create a society for the study of the
phenomena. It seemed to me that this would be comparable to some physiologist like
Bernard suggesting that there ought to be a society for the study of homeostagis.
[Pittendrigh to Cambrosio and Keating, 22 January 1981]

After having been refused the collaboration of researchers such as Pittendrigh and

Aschoff'in his initial 1964 project for the creation of chronobiological societies and journals,
Halberg finally accepted the presidency of the SBR, then in full decline. In the years that
followed, with the help of chronobioclogists like Lawrence E. Scheving, Professor of
Anatomy in Little Rock, Arkansas, and future secretary-treasurer of the International
Society for Chronobiology, Halberg undertook the reconstruction of the SBR.
Franz held the presidency of the society for well over a decade; but in the course of the
ensuing years, this did not prevent a series of contributions recorded, as of mid-September
2004, in 2,877 published titles. His publications and co-authors form a self-explanatory
account of hig life, along with views expressed by his late wife Erna (3), his close associate
(4), Jirgen Aschoff (5), John E Pauly and Lawrence E Scheving (8), and himself (7). His
bibliography is available on his website (http//www.msi,umn.eduw/~halberg/), up to the
time when he started to publish "Season's Appreciations”, each including added
bibliographies, and each summarizing his contributions beyond those in an Introduction
to Chronobiology (8). '

His intense interest and drive, bordering on obsessionl, let him delve into the mysteries
of the human body and its workings and he used his time in the US well. In 1948, when
rocket scientists were brought to the US from Germany, Franz was brought from Austria
for his promise in medicine, being transplanted from the Medical Faculty of the University
of Innsbruck to Harvard Medical School and the Peter Bent Brigham Hospital in Boston.
There, he started counting eosinophil cells in mouse blood in a research project to test for
activity such as that of hormones of the adrenal cortex, at a time when no chemical or
immunoassay was yet available. It was already known that adrenocortical hormones and
epinephrine depressed eosinophil counts. But Franz could not confirm the hypothesis
underlying an epinephrine test for adrenocortical function: the eosinophil count decreased
every day on its own, which fact Franz eventually used as an internal bioassay in humans
{9), and as an external one in the laboratory (10). For the latter bioassay, to cope with
variability, Franz stayed up around the clock and stipulated in print that a check for
gosincpenia with 2.8 mg of a test substance had to be carried out at 24 as well as 10 hours
after implantation of the test substance. A few years later, he found effects with the same
count in g, when he accounted for the rhythm (11). Franz's results were replicated within
the next few years (12)2.

Because Franz went to bed much later than most, he had additional information and
his results and views were at variance with the experience of all the other researchers in
the same department of medicine. Franz's fellowship was terminated and he left Harvard.
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In parting, the late George W. Thorn, the chief of the department, told Franz (using a
colloguial American expression) that he admired Franz's "sticking to his guns", but added
that everyone else could not be wrong while Franz was right. Within a year or sc, Franz
was vindictated and the epinephrine test was withdrawn.

Franz landed in 1949 under the wing of Prof. Maurice B. Visscher, head of the
physiclogy department at the University of Minnesota, whom Franz had met while still at
the University of Innsbruck. Franz has remained in Minnesota ever since and by 1855,
eventually with formal affiliations in many departments of the university, including
physiology, cancer biology, laboratory medicine, oral medicine and bicengineering, with
still broader cooperation in the departments of classics, music and physical education.

As the titles of his publications over his first decade in Minnesota show, he did a great
deal of eosinophil-counting and eventually cell division-counting. Dr. Dennis Lofstrom, a
former student and now colieague, recalled that Franz in one run counted eosinophil ceils
without sleep for a week and, in between counts, briefly played tennis, his favorite sport
{in which he was University of Minnesota faculty champion). The hypothalamic-pituitary-
adrenal network was one of his early main topics. In 2003, Franz was invited by a new
Journal of Circadian Rhythms to publish a description of his early scientific endeavors and
academic development (7). Here and elsewhere, "daily variations", "24-hour rhythm", "24-
hour scale”, "phase relations of 24-hour pericdicities”, "cyecling”, "time dimension",
“periodicity”, "periodicity analysis", "time relations" and "photo-periodism"” appear
frequently in whatever was being studied in bacteria, eukaryotic unicells, a variety of
insects, crayfish, catfish, a variety of stocks of mice (diurnal and nocturnal), rats (normo-
and hypertensive), hamsters, monkeys and humans. The common denominator of these
comparative studies across diverse gpecies in vitro and in vivo time series  gave rise
eventually to the integrated rules of photo- and magneto , among other periodisms, as
reciprocal spectra in and around us.

The measurements required new methods of data collection, and he became a pioneer
m using telemetry in preparation for a Biosatellite project. Starting with periodograms, by
the early 19560s Franz also led the development of methods in data analysis, which in turn
led to biospectroscopy, for which he equated the computer with a prism. Instead of
Frauenhofer lines, he identified innumerable bands as new facts, eventually with a new
terminology. In his research projects, however, an emphasis on time structure is noticeable
from the very start, enabled by the availability by the hundreds of John J. Bittner's (the
discoverer of the first mammary cancer virus) carefully inbred straing of mice, differing in
color from white over yellow and brown to black, perhaps more than the peas in Gregor
Mendel's pea patch at the monastery in Brno. Just as the pea patch was the nursery of
genetics, so was Bitiner's mouse 1ab the cradle of chronobiclogy.

While early in his work Franz pursued the "clock”, by 1851 he had found it in the
adrenal cortex (13-15) and then pointed to another in the hypothalamus (14), an inference
that others who found the suprachiasmatic nuclei called "visionary". But soon, he also
found a clock in the cell (7, 8). The notion of pervasive ubiguitous "circadian" systems was
first suggested in a paper published in 1959 by Franz in a review about 24-hour periodicity
(158). In the part of this paper devoted to the discussion of definitions, he proposed it and
"dian" as replacements for an earlier suggestion of "diel” and "dieloid". "Circadian" was
officially accepted by the Committee of Nomenclature of the Society for Biological
Rhythms, which Franz chaired, and thereafter by a nomenclature committee of the
International Union of Physiclogical Sciences, of which he was a member, nominated by
the late Nathaniel Kleitman. In 1960 "circadian" appeared in the title of the paper:
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"Circadian performance rhythm in men adapting to an 8-hour day" (16). "Circadian” is a
household word today and is rarely confused with "cicada" (the insects that in the eastern
US emerge cyclically to reproduce, e.g., every 17 years). This possibility was considered in
early discussions (perhaps in 1951) of the term with the late Henry Nash Smith, in his
time the foremost scholar in American Studies and Franz's lifelong friend and mentor,
who polished Franz's English while Franz in turn looked after the health of the Smith
family in Minnesota, before Henry accepted the chairmanship of the English department
of the University of California at Berkeley. But their cooperation continued.

In this first decade Franz's conviction about the utter importance to include timing as
the indispensable control inte all testing and/or assessment of physiological variables
resulted first from the large yet predictable extent of 24-hour change in blood cell counts,
Le., its genetically conserved variability among inbred strains of mice. The confusion that
can be resolved only by mapping cycles when phase-shifts and phase-drifts characterize
one of two groups being compared was one of the experiences that set his course for future
years and decades. Opposite results could be had only as a function of timing in concurrent
studies (7). Franz compared a group of mice with a very high rate of breast cancer feeding
in the evening with an ovariectomized group feeding in the morning, with a very low
breast cancer incidence. The former group, with a low breast cancer incidence, happened
to be phase-shifted by meal timing, insofar as the restricted diet, for the laboratory
assistant's convenience, was given in the morning. Franz solved this puzzle, which
determined the subsequent course of his life: he found a statistically significant difference
m one direction (a seemingly beautiful discovery) in the first study, no difference in a
second study carried out earlier in the day, and the opposite result at a third time, getting
up earlier and earlier for each subsequent study (7). He realized (before publication!) that
he had compared a phase-shifted group fed a calorie-restricted diet in the morning in light,
with a group feeding in the dark; this contributed to the contrasting result showing that
one group was higher at one time and the reverse was true about 12 hours later. He still
wonders why rhythms are not the indispensable control.

The methodological importance of rhythms as the control information was reinforced
by his finding of a desynchronized rhythm in mice without eyes, so that by comparing the
same sham-operated and eyeless groups, he found them to be different at one time but not
at another. This was another hint of endogenicity, called by his friend Earl E. Bakken (of
pacemaker and Medtronic fame) "free-running”, another concept that in chronobiology
has become a household word. The most dramatic finding was that the same stimulus,
{irst noise, then X-ray, and eventually drugs, could kill or be survived in the same dose,
only as a function of timing, a topic to be amplified later. Tt culminated in Franz's
development of what his close associate in research Germaine Cornélissen has called
“chronotheranostics”, derived from chronos, time, therapy, and diagnostics (based on
marker rhythms). Chronotherapy, originating in the laboratory, from studies on mice
susceptible to audiogenic convulsions, was thus the second empirical challenge, derived
from the fact that life or death could result from the identical stimulus only as a function
of timing.

The third and major finding was his discovery of rhythms at the cellular level that were
logical in view of earlier findings by others on cycles in mitotic activity, but nonetheless
surprising when nucleic acid was regarded as the organism's most constant feature. The
idea of a cyclic RNA or DNA formation was censidered so outlandish that Franz's request
for a technician was refused. To his good luck, however, Cyrus P. Barnur, the senior
professor in this aspect of biochemistry, gave him the benefit of the doubt and told him "I
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be your technician". Barnum was soon fascinated, and Franz did a great deal of mapping
with him on the liver and brain; they discovered rhythms in the formation of RNA and
DNA and found that the formation of the former preceded that of the latter, probably the
first hint that an RNA-world preceded ours, and certainly at odds with the still-prevailing
linear dogma that information flows from DNA => RNA => protein. These findings were
and probably still are the bases for a pioneering enterprise with the number of dedicated
researchers in the field increasing, as apparent from well over 9,000 citations of Franz's
work.

We also see a gradual widening of the scope and extent of his interests. After studies of
the "circadians” we see the gradual inclusion of the "circaseptans”, followed by the further
extension of the ‘circa-system" to circasemiannuals, -annuals, cisannuals,
neartransannuals, fartransannuals, decadals and -multidecadals. These are all being
mapped with their characteristics and their uncertainties. The provision of 95% confidence
intervals of the periods as well as amplitudes, phases and, when possible and acceptable,
of the waveform has become indispensable. Variables are not only cyelic but alse spectral
in the sense that they undergo cycles with many frequencies that all relate to multiple
environmental frequencies. Hence, nothing is ever totally deterministic, Feed-sidewards (a
concept also coined by Franz based on extensive data obtained first with Salvador
Sanchez de 1a Pena) relate to all physiological and many other processes. By 1969, Franz
showed (7) that not only have different variables related, for instance, to the brain, heart
or hormones, different characteristic frequencies, as seen in EEGs, ECGs or time series of
metabolite excretion, but these same frequencies are shared by more than one variable,
and that the timing of different variables can differ so that in caves, subjective time
estimation may differ from environmental time and other organismic or variable-related
mternal time scales - relativistic biologic time.

While others modeled theorstical multi-oscillator systems, Franz decided to map the
real oscillations so that, in at least some variables, there is a now-known spectrum of
various components with different frequencies. To do this mapping, Franz had to develop
methods. In a paper entitled "Chronobiology”, the study of temporal characteristics of
biologic phenomena, he proposed and documented an objective deseription of biclogical
time structure. It was published in 1869 in the journal Annual Review of Physiology (17)
and has been recognized by Current Contents as a "Citation Classic”. It was also the first
time the term "chronobioclogy” officially appeared, by invitation, in a major official review
journal, thanks to another lifelong friend, the late Arthur Giese, Professor of Biclogical
Sciences at Stanford and a world authority on marine biclogy. Today chrenobiology is, far
too slowly, on the path toward being a science in its own right, and Franz now nurses
chronomics, the cartography of time structures, Scheme 1 (1).

Franz's current hobby-horse, in addition to many other different research fields, is
blood pressure chronomics, and for good reason. Helped by rapidly advancing computer
technology and eventually a total dependence on it, at first with his cosinor method he
pleads for longitudinal nonstop surveillance, preferably automatically and ambulatorily
with an as-one-goes inferential statistical interpretation. For this variable, "the microscopy
of time series" can be introduced into everyday health care. "The endpoints of rhythms are
to represent an objective, numerical and inferential statistical aspect of physiological
variables in making the diagnosis, in deciding on the timing of treatment and in checking
its effects".

In long blood pressure series, the characteristics of the timing of the recurrence of high
values can be determined as period and phase objectively, rather than by eyeballing, each
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endpoint with a measure of its uncertainty (its 95% confidence interval). Likewise, the
extent of change is gauged objectively as the amplitude of an oscillation, whereby
excessive oscillations sound an alarm to do something about a well demeonstrated risk of
very unpleasant cardiac events. The undue swing of blood pressure, among other criteria
of variability, notably when it remains in a range of acceptable values, would be recognized
neither by the conventional single measurement spotcheck, nor by the (false} gold
standard of a chronobiologically uninterpreted 24-hour profile.

The last decade was also governed by a bold foray into the physics of the natural
sciences: a new chronocosmobiophysics. The ability to measure the extent of our
dependence on the environment and trying to quantify it is the Leitmotiv of Franz's work
within the last decade. Kp, aa, Dst, Schwabe, Wolf and Hale's polarity changes, solar wind
speed and, certainly, cosmic rays, all have, albeit confounded signatures in our physiclogy
(18). The importance of the unseen aspects of the sun was long known in Russia (19-23),
albeit without the information on new cycles and the invariably indispensable provision of
inferential statistical uncertainties associated with new and old cycles. The latter
inferential biospectroscopy and bio-cross-spectroscopy remains in the foreground of
discussions and calculations. After all, humans developed under the visible guiding light
of the sun and also under the auspices of non-photic, nen-thermic aspects of environments
driving us from near and far. It is astonishing how far and how close we are in pitch with
the all pervasive and ubiquitous periodicities, or rather broader time structures, of our
terrestrial and extraterrestrial surroundings, which cannot be resolved by eyeballing.
Examples showing the merit of time-microscopy abound, some of them in the appendix
following this text.

The most rewarding and readily immediately usable timing is in the field of blood
pressure disorders. Monitors and analyses are available for a scientific approach in
diagnostics and therapeutics based on timing. Franz is implementing such
chronotheranostics on himself as a model for the use of chronomics in vascular disease
prevention, i.e., prehabilitation, and complementing rehabilitation. Altered variability
that represents a very high risk of severe disease (Figure 1) must be assessed and treated,
notably in areas with limited resources that cannot readily afford coronary artery bypass
grafting. The reduction of a very high risk of vascular disease is a challenge similar to that
of vaccination in dealing with infectious diseases (24). Moreover, by monitoring one may
not only contribute to self-health care but also importantly to science (25).

As to the adjective "unnecessary" (c¢f. 2) concerning chronobiology, cancer
chronotherapy and prehabilitation for stroke prevention may eventually provide answers.
As to "inaccurate”, there is a choice between Franz's time-microscopy with point-and-
interval estimates underlying each statement vs. eyeballing. Eyeballing means
necessarily selection. In the Iaboratory, one can focus on a "good” animal and discard "bad®
records from “rogues”. But one cannot build a biology dealing only with non-rogues.
Rogues then remain unevaluated. When a patient happens to have a rogue's record, that
patient's sibling may help by providing a transplant, but the sibling cannot substitute for
the diagnostic procedure. In most medical research, it has become indispensable to use
inferential statistics. One must not dispense with numerical statistical hypothesis testing
and parameter estimation and with the uncertainties involved in the N-of-1 endeavor of
any one pertinent aspect in clinical practice: computer-implemented "inaccurate"
chronobiology and chronomics could and should eventually fill this void in everyday self-
help in health care, thus detecting alterations in dynamics that eyeballing may miss and
cannot quantify even where noted.
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As to "pretentious", Franz's humility has been emphasized elsewhere (4) and is further
obvious from his happily providing his critic Colin Pittendrigh upon the latter's request
with a no-longer "Inaccurate" and "unnecessary" phase chart, which the critic (apparently
happily) included in the final paper he published before he died (26). Franz in turn
dedicated his own biography (7) to his critics, thereby recognizing that they were eloguent
popularizers of the field, not only to Pittendrigh but also to Jiirgen Aschoff Aschoff
honored Franz in print (5), showing Franz's photograph following likenesses of Claude
Bernard, Charles Edouard Brown-Séquard, Arnold Adolf Berthold, Ernest Henry
Starling, Archilochus, Hippocrates, Aristotle, Galen, Christoph Wilhelm Hufeland and
Julien-Joseph Virey as Franz's intellectual ancestors. Aschoff finished the sequence with
another portrayal of Archilochus, reading his poetry to women, as Franz was often
accompanied by his wife Erna Aschoff then proclaimed Franz a master of two fields,
endocrinology and chronobiology.

Incidentally, Aschoff begins the sequence of Franz's ancestors with the same Claude
Bernard to whom Pittendrigh alluded (2) when he implied (in a letter to two philosophers
which might not have been intended for publication) that Bernard might have suggested
“that there ought to be a society for the study of homeostasis". Conceivably, Pittendrigh
also might not have known that before he turned to the constancy of the internal
environment, Bernard, at the peak of his career, named the variabilité énorme du milieu
intérieur as one of his two major discoveries (27). As apparent from Table 1, Franz has
devoted his lifetime to the debunking of homeostasis that draws a curtain of ignorance
over the range of everyday physiology, justifying baselines consisting of time-unqualified
spotchecks, the essence of clinical and laboratory medicine today Ceterum censeq
homeostasim esse delendam.

EPILOGUE

The search for mechanisms led Franz first to the adrenal cortex, then to the pituitary
and the hypothalamus, and soon to a clock in each cell. But there is more than just a
"clock” -- more than circadians - in the cell. Each cell also contains other parts of
chronomes -- other rhythms, trends and chaos -- and the mechanism acting on them is
found outside the cell in the cosmos in both its photic and non-photic reciprocal eycles that
eventually made it into the genome. Omnis rhythmus, omnis cyclus e cosmo. This led to a
new periodic system with some not-so-old photic components circadians and circannuals
and some older (in physics) half-yearly, about 10.5-yearly and about 21-yearly cycles and
brand new 1.05-year cycles. The biological transyears were discovered in keeping with the
view of reciprocal spectra in and arcund us. First, the physicists found the about 1.3-year
as an oscillation in the solar wind (28); soon, physicists added the 1.5-1.7-year components
(29). But lessons about neartransyears learned in unicells and babies, in phylogeny and
ontogeny, reinforced the search and the finding in the Minnesota chronomic as well as
chronobiological center of near-transyears of the solar wind and geomagnetism.

Moreover, these physical features were traced back far beyond the decades of satellite
recordings of solar wind speed, beyond the about 1.3 hundred years of geomagnetic
recordings and beyond the history of only hundreds of years of sunspots and auroral
appearances. Like Gilbert with hig book on magnetism, Franz with his contributions on a
spectrum of natural photic and nonphotic cycles, first circadians and circannuals, then
many cycles in magnetism, tries to find some answers for the way the physical
environment, unseen as well as seen, acts upon us, in certain frequency windows, wobbly
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ones, spectral regions, rather than wide bands and certainly not Frauenhofer-like lines.
But in a finite record, these are relatively well-defined finite regions such as between 1.0
and 1.2 years for a neartransyear and between 1.2 and 2.0 years for Richardson's (28),
Mursula and Zieger's (28), and other fartransyears (24, 25).

Many more components now in the solar wind may be identified as counterparts in the
dynamic living fossils that constitute organisms. Even if some life forms changed more
than others, they may all show vestiges informing us about past physical environments
that preceded the emergence of physics by a billion years. Biologists showed that the
emergence of leading physicists also shows a cycle (30). By aligning biological and physical
time series, the study of chronomes can trace the latter through evolution. Life can help
physics as physics helped life. But Franz strives for more than such interdisciplinary
endeavors that have just yielded transyears and neartransyears.

By examining the transdisciplinary effects of our environment, from economics to
international battles, chronomics may provide a basis for a better understanding of
societal diseases of war and crime. This endeavor was approached by many, except it was
dealt with as if the periodicities involved were spectral lines a la Frauenhofer, which they
certainly are not. The alternative attitude had been that such changes are unpredictable.
The truth lies in between, in the spectra that consist of photic and nonphotic cycles in the
time structures of both photo- and magnetoperiodism, and in how, what must not be
ignored (at specific frequencies), drummers, from near and far, influence us, through the
adrenal, pituitary, hypothalamic and pineal network, Franz's original love. Working with
Salvador Sanchez de la Pena, Franz has deseribed multifrequency interactions within the
network and with the environment as feedsidewards.

These replacements of time-unqualified feedbacks and feedforwards by feed-sidewards
- time-qualified many-way internal and/or external interactions -- may well be the
mechanisms that, via chronobiology and chronomics, may lead us from the physical world;
from the biosphere; and from the noosphere, in this technological age of the mind (= noos),
to the ethosphere, the sphere of good and bad behaviors. This is why Franz stays in his
study at the university for long hours and on long weekends and looks at precisely the
mechanisms that lead back to adrenals and other endocrines and to the neurons that
imteract with them in certain windows of magnetic frequencies. In this context, Franz
attempts to transplant the endocrinologist's remove-and-replace approach, from the gland
removed by a surgeon and the replacement of a hormone, on the one hand, to the
frequencies removed and replaced by the sun, on the other hand, to test associations of
magnetic cycles with the ethosphere. :

On the personal side, Franz is known for his congenial attitude to co-workers at all
levels, in helping to bring them to the forefront while he stands back. His deeply felt wish
to be a positive influence in the world we live in and in the worid to come emphasizes the
improvement of both preventive individual and societal care by inclusion of the all-
pervasive time factor in testing results and recognizing and treating monitoring-revealed
risk rather than only disease. His impeccable workmanship in his research includes
himself as a subject whenever possible. All this is embedded in his character.

He has not yet taken time to write books in science and has refused extremely lucrative
offers to popularize his findings and his ideas about the importance of timing of all
physiological processes. He chose instead to persist in the nitty-gritty day-to-day work of
his research. Bittner's mouse laboratories were the “cradle of chronobiology”, where he
first secured evidence of a genetically inborn time-dependence of physiological processes.
Now, his current virtual laboratory is a transdiseciplinary world. Franz does not seek the
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limelight, but continues to accumulate evidence for a time structure-based combination of
a chronodiagnosis and chronotherapy of elevated disease risk, of great importance in its
own right, while the same chronomes may be critical for advancing gene-based diagnosis
and gene therapy. I conclude with Franz's phrasing of his outlook into the future: "And so
the learning goes on  the battle against cancer, against stroke and most important
against diseases of society. For all of these endeavors, chronobiologists should be a united
family everywhere". There is no surrender to the more leisurely way of life in the waning
years of his career. The real issue is the control in whatever we do: cycles with their
uncertainties. Only then can science serve the ethosphere. There can be no alternative to
a chronobiology- and chronomics-based chronobioethics. But to show its promise in this
all-important task and to obtain the necessary means, chronomics has to prove itself in
cancer treatment (Appendix 1), in general transdisciplinary scientific method and concept
(Table 1) and in stroke prevention (5, 19, 31; see also 32). John E Pauly and Lawrence E
Scheving wrote in 1987: "Although Franz Halberg probably spends as much time at work
as any living scientist, he still finds time to be a devoted husband and father and a
wonderful friend. Chronobiology is always with him, and those who know him well can
recall discussing experimental procedures on the tennis court or novel statistical analyses
on the ski slopes. ... The exploration of many of the basic phenomena in chrenobiology and
many of the methods for their quantitative study are inseparably tied to the name and the
work of Franz Halberg. These volumes are dedicated to him in recognition of his
outstanding contributions to science, his pioneering efforts in the field of chronobiology,
and the help and encouragement he has provided colleagues all over the world." (6). So
are these lines a quarter century later, while Franz continues in real and figurative tennis
and still tries to return every real and virtual "ball".
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Legends

Figure 1. Altered blood pressure (BP) dynamics (chronomics) raise the risk of
cardiovascular morbidity from 5.3% to 100% (25).

Excessive Blood Pressure Variability
Increases Cardiovascular Morbidity

CHAT? No Yes No ¥Yes
PP=B0mmHg? No No Yes Yes
Morbidity (%) 5.3 26.3 354 164

CHAT: Circadian Hyper-Amplitude-Tension
PP Pulse Pressure (= Systolic ~ Diastolic Pressure)
Results from 6-yvear prospective study of 267 patients,

Footnotes
1. The double entendre of possessed is the contribution solely of the senior author, at
variance with her co-authors, and remains included as another sign of Franz's
humility (GC). For an alternate interpretation, see (31, 32; see also 5, 6).
2. '"For many years conflicting opinions have appeared in the literature concerning
cyclic variation of the circulating leucoeytes. Recently, a diurnal variation of large
magnitude has been well established for the circulating eosinophils in a variety of

animals, Halberg and Visscher (1950), Halberg (1953), Halberg, Visscher and
Bittner (1953), ..." (12).
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Appendix 1: Toward chronotherapy or rather chronotheranostics: From
survival or death because of timing a stimulus or drug

Research on susceptibility to noise showed that, dependent only on the timing of the
stimulus administered to susceptible mice, the animals survived or died (Al). The same
difference between death and survival was thereafter found for drugs and X.rays.
Eventually, cancer radiotherapy became a role model for chronobiological clinical
pharmacotherapy with chronodiagnostics consisting of the use of a marker rhythm,
namely core temperature. In patients with very advanced perioral cancers, accessible
tumor temperature was measured around the clock for days as a marker of dynamics:

Different groups of patients were then randomly assigned to treatment either at peak
tumor temperature, 4 or 8 hours before or 4 or 8 hours after peak tumor temperature, or
"as usual’, L.e., without a systematic scheduling by reference to the tumor's temperature
profile, Figure Al. After treatment, patients were rated according to tumor size semi-
quantitatively.

Of 40 timed-treatment patients, 8 in each of the 5 timed groups, and of 10 patients
treated as usual, Figure A2, shows that those treated at peak tumor temperature had the
fastest tumor regression (left) and the best therapeutic result (right). The improvement in
outcome was statistically significant. Timing can be as much or more important than is
any other choice with a given treatment kind, complementing considerations of dosage.
Multiple marker rhythms can reveal different optimal times for specific goals of lowering
toxicity and raising efficacy and for a triangulation of timing among these goals (A2).

The need for servicing immobile instrumentation in special facilities by special staff
during times other than regular hours was and is an obstacle encountered in
implementing chronoradiotherapy. No such obstacles are encountered in many cases of
marker rhythm-guided drug therapy, which can be self-administered by the patient, as in
the case of blood pressure disorders. When self-treatment at home is not possible and care
providers are not flexible, the patient can adjust his/her schedule to that of the staff and
can validate this adjustment by self-monttoring. Thus, when a former president of the
American Statistical Association needed cancer chemotherapy at times different from the
provider's office hours, he was sufficiently motivated to change his sleep-wake schedule
and to monitor his temperature rhythm. He was then treated at the best circadian time
estimated by temperature rhythmometry. He lived for years thereafter and died of a
vascular disease.
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Legends

Figure Al. Circadian stage-dependence of tumor regression on the timing of irradiation by
reference to the time of peak tumor temperature.
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Figure A2. Treatment at the time of peak tumor temperature is associated with a faster
tumor regression and with a better disease-free survival at a 2-year follow-up.
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Imaging biological structural diversities in space-time
for alignment with complementary environmental
structures®

......................................................

| DIVERSITY IN g b VARIABILITY IN |
| SPACE: GENETICS | TIME: CHRONOBIOLOGY |

"_CHRONQM!CS

GENOMICS

1
i
'
'
....................... l [N

Now of the ABNORMAL
with homeostasis™

LY

ENVIRONMENT

1 Functionat genomics based on time
e | structures (chronomes) assesses the
Also of the NORMAL variability of everyday physiology and
with chranomics may allow molecular biology to focus
on the normal as well as on the
grossly abnormal

The major menﬁ: of e‘:hmnomlcs in ‘s%s own nght is the quanﬂﬁc&@mn
| of normalcy and the detection of earliest risk elevation, shadowing

! meritorious current, only circadian approaches to jet lag, shift-work

| and even the addition by timed treatment of years to a cancer

I patient's (partly high quality) life, achievements second only to

| prevention: PRE-habilitation rather than only Rehabilitation, the
| basis of a timely & timed treatment of risk elevation for health

*An outcome of puzzles encountered in the 1950s {Halberg F, Visscher MB. Proc Soc exp Biol [N.Y.] 1950, 75:
846-847); more in Hatberg F et al., .} Circadian Riwthms, http:/ /vww. jcircadianrhythms.com/

**Based on usually time-, gender-, age-, geography-, ethnicity- and social class-unspecified normal ranges that
censtitute the curtain of ignorance drawn over everyday physiology by homeostatic baselines, lifted by imaging
time structures of rhythms with frequencies covering over 10 orders of magnitude in and around us
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FRANZ HALBERG AND
NEUROIMMUNOMODULATION

Novera Herbert Spector
International Institute for NIM Research
4014-G Layang Circle
Carlsbad, CA 92008, USA

I am honored to be asked to add my tribute to this Festschrift for Professor Halberg.
Franz Halberg is one of the (few) giants of science of the twentieth century.

I first met Franz 35 years ago, when I was Chief of Neurophysioclogy at the Walter Reed
Institute of Research. I was immediately impressed by his breadth of knowledge, his
absolutely straightforward (but always courteous) manner, and his unswerving devotion
to science, scientific research, and humanity.

Since then my respeet for him has constantly grown. He has spawned an ocean of new
ideas, even coined the terminology for one of the most important fields of biomedical
research. He inspired and taught others In many countries around the world to
collaborate and to produce mountains of invaluable data His own exemplary research,
along with his students and colleagues, most especially the great Germaine Cornélissen,
covers every area of the practice and theory of chronobiology, and inevitably flows over to
many other domains of biomedical research.

Dr. Cornélissen has asked me to mention Franz's contributions to one of my own
favorite fields, neuroimmunomodulation (NIM). NIM deals with the 3-way interactions
among the nervous, endocrine, and immune systems. (For a slightly expanded definition
and very brief history and further references on this subject, see Spector NH [1999].
Neuroimmunomodulation, in Encyclopedia of Neuroscience, 2nd ed.)

The first "official” symposium on NIM was held at the International Congress of
Physiological Sciences in Budapest, Hungary, in 1981. At this congress and at many
subsequent formal and informal symposia on NIM, Franz was an invited speaker and
enthusiastic participant, as usual (for Franz) contributing many novel ideas and offering
excellent research data.

As early as 1955, Halberg (et al.) was publishing papers on immune function which
change daily in a rhythmic fashion (Halberg et al., 1955; Wrba et al., 1985). Later with
Carnélissen, they introduced the term chrononeuroimmunomodulation, stressing the
periodicity of neural, endocrine, and immune functions. He and Cornélissen were co-
authors of the first review of interactions of NIM and the environment (Spector et al.,
1995).

One of the most important teachings of Dr. Halberg to the medical professions, which
he has been preaching emphatically for as long as I can remember, has still not penetrated
into the resistant dogma and daily practice of most physicians. This lesson is the dire
warning: A medication prescribed for the ailing patient, administered in the evening, may
have an opposite effect from the desired one when administered in the morning (Wrba et
al., 1989} (We need hardly add the also too-often ignored reminder to the practitioner:
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that three green pills per diem to the 250-pound 20-year-old male cannot be the correct
dosage for the 100-pound 80-year-old female!)

The teachings of Franz Halberg and his colleagues with regard to chronobiology have

already had a profound effect upon the healing professions. Let us hope that in the 21+
century his voice will be heard to an even greater extent.
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Men sought to chart the rhythms of the heavenly bodies and they experimented with
herbs to heal the body well before recorded history. Astronomy and medicine in this sense
may well be the deepest roots of scientific investigation.

Men with curious minds often take an interest in both, and even search for links
between the rhythms of the heavenly bodies and health. Once writing was invented, the
names of Hippocrates, Galen, and Avicenna were recorded, for example.

It is fascinating to consider that the man who has made so many essential
contributions to the development of Chronobiology has also in effect brought astronomy
and medicine back together again, and now on a modern scientific basis.

Discovering the Internal Community of Semi-independent Rhythms

Biological rhythms are ubiquitous. Before Franz Halberg was born the world knew, of
course, that there were rhythms in flower opening and leaf movements, in bee activity, in
the wheel running locomotor rhythms of rodents, and obvicusly in our own sleep-
wakefulness patterns, and these were eventually shown to be endogenous.

What Halberg first did was to reveal a new internal world of highly orchestrated
multiple and semi-independent physiological rhythms. Fly a rodent or a human across the
ocean, or do the equivalent by changing the light schedule in the laboratory, and monitor
what is happening in and under the skin. There are many physiological rhythms, and
clearly each is semi-independent because it adjusts to the new time at its own rate. Thus
he developed a new insight into basic physiclogical organization. Moreover, he devised
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model laboratory protocols comparable to electrophoresis where one can isolate different
proteins because they travel in an electrical field at different rates and thus make a trail
of separated dots on a gel.

These studies offered a new way of thinking about and studying physiological
organization. Suppose by analogy that a traveler started hearing up the road a sound
coming out of a big building and it would get louder and softer, louder and softer. The
analogy here is to a rat speedily running inside a wheel In its cage and then quietly
resting, running again and resting again, ete. Perhaps, scientists were hoping, there is a
gimple explanation for whatever mysterious physiology is driving the rat, and the naive
traveler might expect a simple cause of the sounds inside the mysterious building.

But then one enters the building and starts hearing not at all some simple engine
humming energetically then slowly and so on, but instead hears subtle melodies and
intricate changes in tempo being played on a variety of instruments. One is in a concert
hall, and has encountered their first symphony orchestra. One finds dozens of instruments
playing first allegro passionate, and then moving into soft adagio, and so on. This would
be an eye opener to a new and different world of sound. And similarly the concept of
multiple semi-independent physiological interacting rhythms offered a new perspective
and handle on physioclogical organization.

Fashioning the Tools for Analysis

Opening this door would in itself be the lifetime achievement that any scientist could
hope for. But Franz Halberg had the vigion and the creative imagination to do even more
once he had opened the door to the concert hall where the rhythms that make up our
physiclogy play their tunes.

He developed statistical methods and experimental laboratory models to begin to probe
this complex new world and chart it with regard to our basic understanding of biclegy.
Hormones cannot run a wheel, and the internal rhythms are not so easy to see. The
internal music can in this sense sometimes be more like jazz than Bach or Beethoven. Yet
there is chronomic structure in physioclogical variability just as there is structure in jazz.
So new statistical methods had to be developed to pursue his vision of a true science of the
tire structures within organisms. Halberg developed a statistical microscope and showed
how to use it as an analytical tool for characterizing physiological rhythms.

Rbythms in the Clinical World

Still -~ this story is far from over. Next comes the fascinating story of how the rhythms
of nature are beginning once again to join with medical science.

Professor Halberg the biclogist was alse Franz Halberg M. D, He very quickly grasped,
and more clearly than any of the other workers on biological rhythms, that these new
ingights could ultimately have clinical implications and could lead the way to new ways of
diagnosing disease and poor health, and indeed could lead to new ways of health
enhancement and treatment. He was mapping out a long steep and difficalt trail, but he
forged ahead and alsc blazed the way for many others.

The basic premise was simple. The more physiological information we have the more
likely we are to be able to diagnese and treat. By analogy the electrocardiogram gives
more information than the stethoscope, and this can improve diagnosis and lead to more
effective treatments.

But there were huge rocks in the trail. Mostly they were economic. But there were also
philosophical rocks -- or at least if not true Philosophy they were "perspectives” at the
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shadowy interface between econcmics and philosophy, which is where so many attitudes
in life are gituated.

One big rock was and is the fact that in order to map chronomes clinicians would have
to increase the amount of data that they would have to collect on patients, and this would
be a burden. Not to be deterred, Halberg the physician hammered away to make the rock
smaller. He worked for decades to develop education programs in self-measurement and
to persuade Instrument manufactures to design small and convenient portable self-
measurement devices. His passion had blossomed into a crusade.

The crusade was firmly based on new science that was revealing the body to be a
comniunity of many individual and yet interacting rhythms.

The data from the new scientific approach was supporting Halberg's vision of medical
chronodiagnosis and chronotherapy. By monitoring rhythms such as those in blood
pressure, it did prove possible to develop sarly warning criteria for at least some diseases.
That is, when the viclin section in the physiclogical orchestra had been playing
progressively off tune, and was starting to confuse the woodwinds, which in turn was
starting to confuse the brass section, this could not be heard before from outside of the
concert hall, and so no one thought o step in and correct such situations,

In addition to such chronodiagnosis, Halberg organized coworkers to pioneer a
scientifically diseiplined chronotherapy.

Eecclesiastes 3:1-8 ingists that for everything there is a season and a time for every
purpose under heaven. A time to heal, and a time to break down, and a time to build up.
Modern chronobiologists began discovering conditions for which there would indeed be a
best time to give medications, to make organ transplants, for the malnourished to eat, and
S0 on.

The very successes of Chronobiclogy with regard to the progress of basic scientific
understanding, medical diagnosis, and clinical applications bring into sharp focus,
however, the challenge that these findings raise for the ways in which medicine on the
whole is organized and funded. Challenges in economics, tradition, policy, and "philosophy"
merge here.

Mainstream medical practice has progressively committed itself o industrial
pharmaceutical and instrumentation technologies. The mdustrial/market approach
searches for simple scientific principles that can be turned into marketable products.
Clinicians then broker the sales of these products and associated treatments to sick
people. It is a philosophy or policy that in a great many cases works wonderfully to heip
many sick people.

Even more people might be helped, however, by exploiting Chronobiology selectively or
fully. But fully exploiting its potential for health would require an adjustment in
conventional cutlook. In the most extreme scenarios, for example, the patient would no
lenger simply bring the body in for repairs, but would become a considerably more self-
aware and involved participant. And a medicine fully educated in Chronobiology would be
more open to research into new types of physiological complexities, and it would have to
expand on the simple "magic bullets” approach to diagnosing and treating illness.

This was a far-gsighted course to chart in the 1960 and 70s. It was difficult then for
other practitioners to imagine that by the end of the millennium more people would be
taking individual responsibility for their own health, or the trends in the miniaturization
of technology and in rapid data processing that would emerge.

It was also a bold course to chart because in some ways it seemed superficially that
while chronodiagnosis and chronotherapy might save lives, they might alsc make life
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more complicated for physicians, rather than more simple. Understandably, not all in the
medical profession welcomed something that might slow down the processing of patients,
even if it was effective. Yet true to the scientific spirit Halberg and his coworkers continued
to plow ahead and develop clinical sciences that exploited the potentials of Chrenobiology.
The science and the clinical models could be developed, even if their more widespread
application would have to wait for a technologically advanced era in which the economics

could be worked out, and for a public better educated in how to participate in one's own
health care.

Deeper Levels of Medicine and Astronomy - New Roles for the Sun

It is relatively easy to grasp the fact that there are biological rhythms that approximate
the rotation of the earth and the revolutions of the earth and moon. These astronomical
cycles are familiar to everyone.

But the powerful statistical methods of Chronobiclogy have more recently been
characterizing rhythms in the physiological concert hall that would seem strange to most
people, other than astronomers.

The rhythms of light on earth are produced by the motions of the earth itself and the
moon. But the sun produces many of its own rhythms, and these can be very different
from our familiar rhythms of light. Dense matter and intense energies flow within the sun
much like the turbulent convection cells within a caldron of bubbling soup. These moving
cells generate enormous magnetic pulses that fan far out into space, and can be recorded
on the surface of the earth.

Chronocbiclogists are finding that past and/or present influences of the magnetic pulses
can be recorded as well in the physiclogy and behavior of humans and other organisms.
Numerous publications now report rhythms that would seem utterly bizarre if
astronomers were not able to show data for similar rhythms in the sun's magnetism. It is
becoming clear that the sun's invisible rhythms can influence organisms on any given day,
and apparently have also left their imprint, "genetic footprints," on the endogenous
chronomic organization of humans and other organisms.

The more we learn, the more we learn how very much there is yet to learn. This is a
good thing, for history shows that intellectual complacency can be the greatest demon that
has plagued true science.

A Remarkable Career

If one scans the bibliography of Franz Halberg it will be obvious that he has been an
extraordinarily busy and productive scientist, has inspired many other scientists around
the world to pursue the research agendas that he has pioneered, and that he has received
many honors,

But there is a problem with such a long list of accomplishments - one can get lost in it
and not see the forest for the many, many admittedly interesting trees, except to see that
the forest is vast and that it can be called Chronobiology.

One way to look at this forest is to try to glance away from the sea of trees and take a
look at the man himself -- as a dedicated scientist, and from the perspective of the history
of biology and medicine.

We have here not simply a string of important accomplishments. We have a multitude
of important discoveries within the context of a truly unusual effort to take one's insights
and understand the scope of their importance; then shape them in turn into a grand
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scientific and humanitarian vision; and then doggedly pursue that vision on a very broad
front and turn the vision into a scientific and clinical reality.

One has to think hard for historical parallels. In the basic sciences, Galileo, Newton,
Darwin, perhaps Cajal did something close to this, not to slight a few others of the greats.
They had insights into important and general natural phenomena, invented models of
ways to gather and present data, and showed others how to pursue in a scientific manner
the issues that they had worked out and outlined as a broad research agenda. In medicine
Koch would be near the top of most lists, and arguably the dynamic Louis Pasteur and
Paul Erlich, as the matter is framed here.

We live in an age when science is becoming evermore managed from above, and defined
by managers. We should never forget that the historical progress of science has depended
on individuals with insight, vision, determination, and courage and not simply on well-
funded government programs and races to get "the answer" first. A tribute to Franz
Halberg is well deserved for him personally, but it serves us all as well in that it serves
the historical spirit of science and commemorates the integrity of that spirit.
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IN MEMORIAM
ION BACIU
MUTUALLY SUPPORTING NEARTRAT \R
SOLAR AND TERRESTRIAL MAGNETICS
MICROBIAL AND CELL BIOLOGY, PHYSIOLOGY
AND PATHOLOGY

Halberg Chronobiology Center, University of Minnesota, Minneapolis, MN, USA;
international Project on The BIOsphere and the COSmos (BIOGCOS)

Ion Baciu (1921-2004) was a physiologist, investigator and teacher par excellence (1),
member of the Romanian National Academy of Medical Sciences, founding member of the
International Society for NeurolmmunoModulation, and with Novera Herbert Spector
honorary member of the Halberg Chronobiclogy Center. In 1999, Spector, the father of
neuroimmunomodulation, dedicated a 16-page editorial in the Romanian Journal of
Physiology to Ton (2), Figure 1. In the dedication, he wrote: "More than a half-century ago,
[Baciu] began to experimentally explore the influence of the central nervous system on
the peripheral vascular system including the mysteriously complex actions of
phagocytosis and erythropoiesis.” Novera went on to desecribe his encounters with Ion and
will honor him elsewhere. To simplify complexity and the resulting stress, when
variability is as yet unassessed, Ion met with chronobiology in hematology, as it evolved
from time-macroscopy to time-microscopy (3), including phagocytosis (4). For
Minnesotans, it was eventually the start of an invaluable cooperation (5, 6), extending to
the hard-to-define problem of wear and tear, i.e., stress/strain (7-12) and touching the
transyear (13). Near- and far-transyears cnstitute a further control among many other
nonphotic cycles, genetically preserved with the photic biclogic day and calendaryear, as
circadian and circannual rhythms. The new nonphotics as magnetoperiodisms
complement the well known photoperiodisms and may enhance or dampen the latter
when nearly in phase or nearly out of phase, respectively (3).

At their last personal encounter in Oradea, Ion planned with one of us (FH) on a large
scale, including an institute in Oradea for chronobiology, to be headed by Germaine
Cornélissen. Thereafter, we planned on an action in stroke prevention in Cluj, all awaiting
implementation in Romania, delayed by lon's failing health. One can hope that some of
these plans, notably those revolving around blood pressure (BP) and heart rate (HR)
monitoring in the normal range, will still come about in Ion's memory.

- In this perspective, those of us who had the pleasure and privilege of cooperating with
Ion on his and Monica Hriscu's actual data (5, 6), only by mail from a distance, dedicate
to Ion's memory, as they already did with him as co-author {13), the finding of years
related to terrestrial and solar magnetism, usually statistically significantly longer and
sometimes shorter than a year. These cycles are beyond (transyear) or on the near side of
{cisyear) 1 year in length. Ion wished to pursue chronobiologically qualified physiology by
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deeds. Words, such as stress/strain or homeostasis, can be replaced by the actual mapping
of chronomes (time structures), including rhythms, not only circadians but also others,
among which transyears are a case in point. A health care and broad basic and applied
transdisciplinary science all have to undergo a change from spotchecks to continuous
surveillance.

In Ion's memory, we dedicate a set of new spectral components of about 1.05 years, with
their respective 95% confidence intervals that do NOT overlap the calendar year, Figure
2. They were found by linear-nonlinear spectral analysis (14-16) in biology, physiology and
pathology on the one hand, and in the changes of the speed of the solar wind and in the
geomagnetic disturbance index aa, i.e., in helio- and geo-magnetism on the other hand, The
uncertainty of the period estimate and the difference as compared to a precise l-year
length was new to physicists who discovered before us an about 1.3-year in the solar wind
(17) and in the rotation speed of the solar dynamo itself (18). Similar periods, without
specification of any 95% confidence intervals, had been reported (17-22), without any
known attempt to serutinize any difference between the period and the precise calendar-
year.

Baciu's near-transyear is found in bacteria (23), in the eukaryotic unicell Acetabularia
acetabulum (24), and in early human ontogeny in BP and HR (25-27). These biological
compenents may mimic spectral components found in the solar dynamo by those who have
used helioseismology to probe the dynamics of the sun (18) and have found that (19):

.rotation rates at the bottom edge of the [Sun's] convection zone, presumably
providing important clues on how the solar dynamo works. The Sun does not rotate
at a fixed rotation rate down there (near the base of its convection envelope). The
rotation speed varies periodically, spinning fast and slow and then fast again. These
alterations in rotation speed have a period of 1.3 years, or 16 months, in equatorial
regions. There i a more complicated variation with a dominant 1.0-year period at
higher latitudes.
The periodic variations at different depths are out of phase with each other, and
the contrast in speed above and below the dynamo region can change as much as 20
percent in 6 months. When the lower gas speeds up the upper gas slows down, and
vice versa [...]. These pulsating relative motions between neighboring layers of
electrified gas probably drive the dynamo that amplifies and generates the Sun's
magnetic field.
A more esoteric implication of the rotation results involves tests of Einstein's
theory of gravity ...
Almost certainly, the last implication touches on diverse agpects not only of physics
broader than the solar wind and geomagnetics, but also upon the relativity of time in
biology. The physiological finding of concomitant different albeit close cycles in different
biological variables of the same person in isolation from society may be of interest to those
in physics who described about 1.3- and 1.0-yearly components on the sun itself at
different solar latitudes by helioseismology (18, 19).

The neartransyear between 1.0 and 1.2 vears, with its 95% confidence interval (ChH
overlapping neither of these lengths, was detected by us in the solar wind speed and in
the proton density of time series downloaded from the OMNI 2 series (28). The
neartransyear's period length in most cases is statistically significantly different from the
precise year and from the about 1.3-year "transyear” of physies (17) or biology. Tts
biological counterparts with periods and Cls between 1.2- and 2.0-year length (13, 25-27)
are best called fartransyears (for separation from the neartransyear reported herein).
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A neartransyear was found in some but not all variables examined, not all shown in
Figure 2. It represents an oscillation ascertained in a longitudinal study of the products of
excretion of steroidal hormones (29) and in a hybrid (linked cross-sectional) investigation
of human BP and HR in health at birth (30). It is thus found early in human extrauterine
ontogeny as a feature of Ton's beloved physiology. Human pathology, such as suicide (31)
and autism (32), also exhibits a near-transyear. In autism there are three different
signatures of magnetoperiodism, the other two being a signature of the about 21-year
Hale cycle of sunspot bipolarity and of the half-year of geomagnetic activity (33).

The finding of the same components in bacteria and in a eukaryotic unicell may be a
hint that a qualified concept in spatial morphology, that ontogeny recapitulates phylogeny,
does have a counterpart in the physiological structure of life early in phylogeny as well as
early in human extrauterine ontogeny. Features of chronomics far beyond mere
transyears complement genomics in biology, and complement the study of the solar wind.
Bacteria and Acetabularia document as "eyewitnesses”, the similar dynamics of the sun
and of its wind as the latter blew for the past billion or more years, an extrapolation based
on independent physical evidence as well (34). Eventually, Figure 2 may be considered for
any update of Ton's classical Romanian textbook of physiology (1)?

The foregoing is a summary of a more extensive original prepared for the Leibniz Society
{the former DDR Academy of Science) in Berlin (33).

For chronobiology and chronomics, Franz Halberg, Germaine Cornélissen, George
Katinas, Mary Sampson, Othild Schwartzkopff and the members of the BIOCOS project
For neuroimmunomodulation, Novera Herbert Spector

For microbiology, Piero Faraone

For Ion's family, Sanda Tomescu

For Ion's academic family, Monica Hriscu

Farewell Jon, farewell siress-strain

Your preoccupation with science remains everyhody's gain
From Cluj you reached out to the world

Your message in NeuroIlmmunoModulation, NIM, was heard
But whatever one measures, NIM or otherwise

Needs controls, an indispensable price:

In phagocytosis you found a change on the day's scale
Circadians for many became a Holy Grail

But we must explore also other variation

Changes with the year are another research station
There we found a Neartransyvear now dedicated to you
As a friend in everyday physiology so frue

"Din codru rupi o ramurea,
Ce-i pasa codrului de eal

Ce-1 pasa unui univers intreg
De-al meu amurg.”

BUT NOT FOR ION BACIU
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In Romania's scientific forrest, one tree

Ion Baciu's transyear one can not fail to see

The world may not care about you and me

But it needs the transdisciplinary control: periodicity

Franz Halberg

The help of Crina Turtoi, Scientist, Institute of Agrarian Economics of the Romanian
Academy of Sciences, who in many ways, including the locating of a poem by George
Cosbuc here cited in memoriam, is greatly appreciated. Qur gratitude also extends to
Rachel Howe, Associate Scientist, National Optical Astronomy Observatories, Tucson,
Arizona, for providing the demonstration of 1.3- and 1.0-year components on the sclar
dynamo and data for a follow-up.
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Legends

Figure 1. Ton Baciu, in his forties and in his fifties.

Figure 2. Transyears with their uncertainties. It is anticipated, however, that the
dynamics of the sun are largely independent of the movements of the earth around the
sun, and the solar dynamo apparently has a distinctly different period, demonstrable as
longer than a year, as the major component in the spectrum. With this finding, on the one
hand in physical variables like changes in the speed of the solar wind and in proton
density of the solar wind (the latter not shown), and on the other hand in biclogical
variables being mutually reinforcing, the reality of their occurrence and the rule that the
periods that have characterized the solar system, whether of photic or non-photic origin,

have been genetically preserved and constitute a structure in time resolvable by spectral
analysis.
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CHRONOMICS:
NEARTRANSYEARS AND A NEARCISYEAR
AROUND (1, 2) AND IN (3 - 16) ORGANISMS
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1 = data from OMNI 2; 2 = first 131 years; 3, 4 = sectoring, i.e., probable
mutations and/or other genetic changes; 5 = Circadian acrophase of oxygen
production during 14 years; 6 - 13: S = systolic, MA = mean arterial, D =
diastolic, BP = blood pressure, HR = heart rate; 14 = daily excretion for 15
years of urinary steroidal metabolites (17-ketosteroids, CH); 15 = incidence in
California; 16 = incidence in Minnesota. Circle: period, point estimation: gray
or white if 95% confidence interval of amplitude does not overlap (P<0.065) or
overlaps (P>0.05) zero, respectively; horizontal line through circle:
conservative 95% confidence interval.

Figure 2
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CHRONOBIOLOGY OF ACUTE /
DISEASE EVENTS

Thomas KENNER, Klaudia TERTSCHNIG
Karl-Franzens-Universitiat Graz
Department of Physiology
Graz, Austria
Thomas.Kenner@kfunigraz.ac.at

INTRODUCTION

Franz Halberg (1) was the first to use the term chronome for the description of the
entirety of biological effects related to internal biological clocks and to the interaction with
external Zeitgeber. Thus, the chronome is equivalent to the individual biological time
structure of an organism.

Greek words are used In science and medicine to underline facts of particular
importanee. The word chronos for time is included in “chronobiology", which is the
complete field of time-related phenomena in biology and medicine. Chronobiology
describes normal healthy, and pathological mechanisms of biological systems, all of which
are related with or interact with the chronome of the system.

Since there is nothing existing outside a time frame, chronobiology has to include any
aspect of time in biological systems. In essence, we can state that biology is identical with
chronobiology.

The word chronome indicates the existence of a time structure of an organism and
implies a relation to the genome.

The spectrum of biological rhythms extends from milliseconds to lifetime and may even
include the life cycle of societies. Concerning the basic concept of chronomics, the biological
control of biclogical rhythms is based on hierarchical sets of control systems with time
delay and negative feedback. Disturbances from internal and external sources can
mmterfere with biological rhythms.

Acute and chronic

In the description of diseases the word chronos is included in chronification and in the
corresponding adjective chronic. Chronification describes a process which extends a
pathological condition or event over a prolonged period. In contrast to chronic, acute is
used to describe a pathological process, which starts suddenly and ends after a short
period either with death or with recovery or is extended by chronification. An exact
definition of a limit between acute and chronic is impossible or is quite vague.

Any disease, be it acute or chronic or be it a sudden and unexpected event (like e.g.
sudden infant death, or as an accident) has a preceding history - a "strategy of disease”,
In infections this history includes behavioural risk, inborn strength of defence mechanisms
and incubation time.
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Example 1

Any state or condition of a complex system at a certain time depends on its history. The
following example demonstrates how a specific and apparently singular biological event -
the contraction of the heart - is markedly influenced by the preceding history of this event.
We could illustrate this phenomenon by a study on the time sequence of arrhythmic
arterial pressure pulses by methods of time series analysis. It can be shown by time series
analysis that each consecutive blood pressure amplitude depends markedly at least on
properties of 5 or even more preceding beats (2). The heart seems to have a short-time
memory on what had happened a few contractions ago. The cellular process on which this
kind of memory process is based, is the uptake and release of calcium by the myocardial
cells. A phenomenon which was described by Bowditch (3) quite some time before the
discovery of Frank and Starling of the "law of the heart", can be found in physiology text
books under the key words "stair case phenomenon" or more recently "post extrasystolic
potentiation"”,

Example 2

This example demonstrates the cooperation of influences and factors which, as in the
first example, act in a time dependent sequence. In clinical medicine, the present condition
of a system or of an organism at a certain moment of time depends on the whole life history.
In discussing a disease the influencing factors - they may be called protective factors or risk
factors, respectively - can be subdivided into three categories: 1. Factors which have
something to do with age or with the degree of previous development. 2. Factors which
increase the individual vulnerability and/or deteriorate internal conditions. 3. The outbreak
of disease may be triggered by a critical occasion or by an exogenous event.

An example of this "triple hypothesis" was proposed in connection with the explanation
of risk for sudden infant death (SIDS) as summarized by Kurz, Kenner and Poets (4). In
the case of SIDS the three groups of risk factors can be summarized in short: critical child,
critical time, critical trigger.

In contrast to the first example the preceding history prepares an acute, an unexpected
and sudden, extremely dangerous situation.

The following more complex sequence of events, the "strategy of disease" which may lead
to a sudden and unexpected apparent life threatening event (ALTE) or to the sudden and
unexpected death of an infant (SIDS) is hypothesized: 1. In the time of the second and third
month of life the development of the brain of an infant has reached a state where a "major
transformation” (5) takes place. 2. As a consequence the individuals vulnerability is
increaged. Furthermore, a majority of babies whose death was diagnosed as SIDS was
found in prone position. There is recently extensive information available concerning
sleeping position, temperature, clothing, condition of baby's bed, effect of passive smoking
ete. In Styria our SIDS-prevention- and information-project had very a favorable success
(6). 3. The most probable sequence of pathophysiologic events which may lead to death can
be summarized as follows: baby sleeps in prone position > REM sleep > reduced muscle
tone > head may be in mid position > because of muscle relaxation and soft pillow support
the baby is not able to turn his head aside > arousal mechanism is unable to overcome the
situation > apnea and progressive bradycardia > which finally may lead to cardiac arrest.
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The sequential strategy of disease

Each physician certainly knows such sequences of events which acutely or chronically
progressing may modulate a disease process. In earlier time physicians were then hoping
for the so called crisis which in the positive case then may lead to recovery.

Interestingly enough there is recently much discussion about a mathematical
description which appears to be a model a disease sequence (7). Expressed in words the
model states that the event Nr. N+1 is a function of event Nr. N. The result, of course
depends on the kind and details of the function. But even a rough consideration brings
some interesting consequences: As already included in the time series model of the first
example, this second model implies again, that chronobiological phenomena may be
‘generated by a sequence of time periods. Furthermore, the type of equation of the second
model may - depending on the exact formulation and on the chosen parameters - lead to
following solutions: monotonous growth, different periodic oscillations and finally,
deseription of a chaotic sequence (7).

It seems that chronification leads to a pattern of disease, which more closely resembles
chaos.

Example 3

One of the most frequent chronic complains of persons in higher age in western society
is pain, and particularly back pain (8). We can try to adjust the three categories of "the
strategy of disease" - as it was mentioned with the second example:

1. Factors, which have something to do with age or with the degree of previous
development. In aging people this may most probably be spondiyarthrosis and some
consequences of osteoporosis. Z. Factors, which increase the individual vulnerability
and/or deteriorate internal conditions. In spite of extensive information the following
mistakes are made: no attempt to reduce overweight, no gymnastics. 3. The outbreak of
disease may be triggered by a critical cccasion or by an exogenous event. Then, the
following pathophysiological effects which inhibit healing, take place: pain as such tends
to be perpetuated on a neural level. This effect is aggravated through psychological factors
and particularly, emotions. Life history plays an extremely important role. Chronification
is essentially based on the effects of information storage and memory.

Conclusions

The chronobiological implications of the following daily problems of medicine are: 1. The
development of an acute event, and 2. chronification.

An acute attack of a disease event - e.g. ALTE, Apparent Life Threatening Event - or
an accident, or sudden death, can only be understood if as much as possible is known
about the preceding "strategy of disease”.

The history of influences and their interaction may through a slightly different
"strategy of disease” lead to chronification. The term chronification describes the time
dependent process, which from a single initial impact leads to a continuing deviation from
normal, which continuously is stored by some kind of memory. Any disturbed system
needs a certain characteristic time to reestablish its normal condition. Any process, which
inhibits the correction of the variable, may lead to chronification. Chronification may be
generated externally by repetition or continuation of a disturbance, which may be due to
a disturbance of the characteristic properties of the chronome.

Using a very simplified description of a mathematical model which explains the step by
step development of a pathological as well as a physiological process it becomes clear that
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in each of the possible results the chronome of the organism is changed. The possible
resulting time patterns, which are produced by the disease process are: monotonous
change, new periodicity and chaos. The latter most probably is valid to describe
chronification. It can be hypothesized that this time course, which is generated by the
disease process interferes with the existing internal chronome. The result may be on one
hand generation of complex interference pattern, on the other hand synchronization of
both patterns. Such effects may explain sudden deterioration or even break down in the
course of a chronic disease process.

ABSTRACT

Chronic diseases and the process of chronification belong - as chronobiology - to the words
with the Greek component "chronos” - time. Of equal importance is the consideration of
acute diseases which in spite of lacking chronos nevertheless play a role in terms of the
time course of the disease. With 3 examples the idea of the "sequential strategy of disease”
is explained. It is essential that this strategy has to include history and, therefore, depends
on memory. All diseases have a characteristic time course and thus may force a
restructuring of the chronome. A simple verbal description of a model-equation explains
the possibility that a basic process of a sequence of time periods generates the time
dependent characteristics of any disease.
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CONTROL OF TEMPERATURE IN MEN IN SENEGAL
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INTRODUCTION

Mammals and birds are characterized by a very stable average body temperature in
physioclogical conditions with limited and regular fluctuations over 24 hours, because
normal tissue metabolism requires a precise and constant thermic environment.
Furthermore it was well demonstrated that fluctuations in central temperature are
periodic and mainly generated by periodic variations in heat production and heat loss,
depending on alternation of day and night and concomitant changes in environmental
temperatures, professional work, food intake, participation in social life. All these
influences are closely interconnected and determine regularly cyclic increases and
decreases in core temperature. Nevertheless if we may observe a circadian rhythm in body
temperature, the period amplitude of this phenomenon is not constant. Thus some
physiologists have observed in the hottest areas of Asia or Africa that big mammals could
have central diurnal temperatures higher in summer than in winter. In man, it was
observed that the amplitude of the central temperature was not absolutely constant. Then
in order to know how some external factors could influence the maximal and minimal
levels of body temperature, a series of measurements was carried out with exposure to
temperate and hot temperatures with and without food intake in subjects naturally
acclimatized to hot climates.

MATERIAL AND METHODS

All experiments were carried out in the intertropical area of western Africa : Senegal,
Mali, Togo, between 10 and 13° north latitude. The aim of this study was to determine the
influence of increased ambient temperatures on the central (or core) temperature in man
and its modifications with normal alimentation or during fasting. We carried out our
experiments during winter (moderate climate) and summer (hot season).

The first and second series of measurements on circadian rhythm of central
temperature were carried out in Kedougou (western Senegal) during the months of
¥ebruary (moderate ambient temperature) and June (hot period) in normal dietetic
conditions. 50 healthy young men (19-26 years old) participated in two trials, for
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comparison of responses of their circadian cycle in both situations in order to determine
the exact influence of two external stresses.

The third and fourth series of measurements were conducted in Dakar, sea-sided
capital of Senegal during the month of March to establish a possible influence of feeding
on central temperature. 22 healthy young men (20-25 years) were tested successively with
normal alimentation and during a 24 h fasting, when the environmental temperature was
moderately elevated. The last series of measurements was performed in various sites in
Senegal (Dakar, Podor, Ourosogui, Kedougou), Mali (Bamako), Togo (Lome) to determine
body temperatures in very different temperatures {20 to 47 °C), either in the morning or
in the afternoon. 700 subjects, all males (18-65 years) participated in this study.

RESULTS

In the first and second series of rectal temperatures determination, we observed at first
nermal variations of core temperature , in winter as well as in summer, with the highest
values in the afternoon and the lowest at night. Furthermore these minimal values were
not statistically different according to the season : 36.40 in winter and 36.30 in summer.
Comparisons between values of the other components of the circadian eycle showed highly
statistically significant differences : in summer the highest ambient temperature was
associated with an increase in MESOR - approximately 24 h mean value) by 0.26 (MESOR
in summer, 37.09, MESOR in winter, 36.83) and an increase in the circadian temperature
amplitade (double amplitude corresponds to the difference between the highest and the
lowest values) by 0.25 (amplitude in summer 0.50°C, in winter 0.25); there was a
difference of 60 min in the delay for the circadian acrophase (interval between midnight
and the highest day time value, in winter 4.30 PM, in summer 5.30 PM).

For the third and fourth experiments, comparison of two series of determinations
showed statistically significant differences for the circadian components of central
temperatures. Fasting was associated with a decrease in MESOR by 0.19°C (MESOR
during fasting, 36.65°C, in normal dietetic conditions, 36.84), a decrease in the circadian
temperature amplitude of 0.09°C (in fasting, 0.40°C, in normal conditions, 0.49) and a
delay in acrophase, 50 min ( in fasting, 4.50 PM, in normal conditions, 4 PM). The lowest
values of core temperatures observed between 3 and 6 AM were not different, however,
36.35°C during fasting, 38.30 with normal dietetics.

In the last series of measurements, we could establish two statistically significant
correlations between central (Te) and ambient (Ta) temperatures using a number of
measurements in various places. First in the morning, at Ta = 20°C, Te was 37.25°C and
at Ta = 356°C, Te was 37.40°C, and between these two points, there was a statistically
significant linear relaticnship. Then with ambient temperatures higher than 385-36°C, and
up to 46°C, there was no more increase in body temperaturss. The constant value for
central temperature independent of environmental temperatures was 37.55°C.

DISCUSSION

internal temperature is maintained constant in human beings In spite of great
variations In environmental conditions: indeed thermoregulation is characteristic of the
human life, but mammals and birds have the same capacity. In man, there are
physiological but limited modifications of the body temperature, regular over 24 h
(circadian cycle), periodic with the menstrual cycle in women, crcumstantial with feeding
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and physical activities. On the other hand, it is known that in desert and arid
environments mammals can survive developing adaptations allowing them to withstand
high increases in internal temperature during very hot days. For example, the body
temperature of camels may vary considerably: in the absence of heat stress, the daily
fluctuations are about 2°C, but in extreme conditions the variations may reach 6°C. This
is of significance in the water economy which is a real problem in desert environment. The
prevailing external temperature fall during the night makes easier and cheaper the heat
dissipation. Consequently desert animal species have no unusual ability in
thermoregulation but tolerate increased body temperatures. Various authors reported
that the body temperatures of residentially acclimatized men in humid heat were higher
than those of men living in temperate climates. Then the question is : does the human
organism possess any physiclogical mechanism for coping with the highest ambient
temperatures and increased body temperature. Our first series of measurements (1 and
2) demonstrate that the 24 h cycle is still present at temperatures as hot as 45°C and that
thermoregulation is still efficient. There is a clear adaptation of the circadian cycle during
the hottest hours of the day in summer while the internal temperature increases more
than usually and the organism waits for the night when energy and water economy is as
cheap as possible to dissipate heat.

Among the factors increasing the metabolic rate and consequently the internal
temperature, food intake, especially proteins is an important one. Then the second
question is: what is the origin of the increased body temperatures during exposure to heat
stress or only environmental temperature or with participation of a nutritional factor? The
second series of experiments (3 and 4) demonstrated that a nutritional element is present
in hyperthermia Indeed the thermoregulatory system doesn't correct entirely the protein-
induced thermogenesis. But with our experiments it was not possible to ensure that it's
the only factor responsible.

The third series of measurements in usuval conditions at very varying ambient
temperatures (5 and 6) allowed us to observe a linear relationship with body temperatures
in the morning as well as in the afternoon, i.e in fasting situation and after food intake. Of
course the slopes of two regression lines were slight but significant correlations were
present, showing unquestionably that environmental temperature modifies the responses
of the human thermoregulatory system. Furthermore numerous measurements above
33°C of ambient temperature disclosed an upper limit for the relationship, approximately
87.5°C for the body temperature. This corresponds to 35-37°C for ambient temperatures
and for higher values there was not supplementary increase in core temperature. So
above this level there was a more efficient reaction of the thermoregulatory system in
order to maintain the body temperature in good conditions for tissue metabolism.

CONCLUSIONS

The studies carried out in the subtropical zone during temperate (winter) and hot
(summer) seasons demonstrated that the circadian cycle of body temperature was
present in all circumstances, but with increase in his amplitude during the hottest seascn,
by increase in the diurnal values, revealing a physiological adaptation of the
thermoregulatory system to the environment. This increase was at least partially due to
the food intake, particularly proteins inducing a specific thermogenesis (4, 5, 6, 7).
Furthermore a relationship was established between central and ambient temperatures
with an upper limit. This limit was approximately 37.5°C for the central temperature,
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corresponding to 35-37°C for environmental temperatures (8, 9, 10, 11). For higher values
human organism becomes again a strict homeotherm, showing the limits of physiological
adaptations to the thermic stress.

REFERENCES

1. Cisse F, Martineaud JP. Circadian cycles of central temperature in hot climate in man.
Arch Internat Physiol Bioch Biophys 1991;99:155-159.

2, Cisse F, Ndoye R, Martineaud JP. La température centrale et son rythme circadien
chez l'homme acclimaté a la zane intertropicale. Dakar Médical. 1992; 37: 171-177.

3. Martineaud JP, Cisse F, Samb A. Circadian variability of temperature in fasting
subjects. Scripta Medica 2000; 73:15-24.

4. Astrand PO, Rodahl! K. Physiologie de léxercise musculaire. Paris ; Masson,1992.

5. Cisse F, Martineaud JP, Ndoye R, Gueye L. Retentissement du jeune du Ramadan sur
Texercice musculaire submaximal. Méd du sport 1993 ; 67:76-80.

6. Dohm GL, Beeker RT, Israel RG, Tapscott EB. Metabolic responses to exercise after
fasting. J Appl Physiol 1986; 61: 1363-8,

7. Elati J, Kallal Z, Beji C, Danguir J. Comportement alimentaire durant le Ramadan.
Répercussions sur les parametresd métaboliques, énergétiques et hormonaux.
lerCong Internat "Santé et Ramadan” 1994;159-73.

8. Zhang JQ, Thomas TR, Ball SD. Effect of exercise timing on postprandial lipemia and
HDL cholesterol subfractions. J Appl Physiol 1998 ; 85 : 1516-22,

9. Rieu M. Bioénergétique de I'éxercise musculaire et de lentrainement physique. Paris:
Presses Universgitaires, 1988,

10. Pequignot JM, Peyrin L, Peres G. Catecholamine fuel interrelationships during
exercise in fasting man. J Appl Physiol 1880 ;48 : 1069 - 13.

11. Nielsen M. Thermoregulation in rest and exercise. Acta Physiol Scand 1969 ; suppl

323 1-74.

94




¥ RHYTHM OF MELATONIN IN RA
DUODENUM

Michal Zeman', Germaine Cornélissen’, Katarina Balazoval, Rita Jozsa®,
Andras Olah® Gybérgy Nagy*, Valer Csernus®, Jozsef Kaszaki®, Weihong Pan®,
George Bubenik’, Franz Halberg?®

‘Comenius University, Bratislava, Slovakia; *University of Minnesota, Minneapolis, MN
USA; *University Pees, Hungary; ‘Semmelweis University of Medicine, Budapest,
Hungary; “University of Szeged, Hungary; *Pennington Biomedical Research Center,
Baton Rouge, LA, USA; "University of Guelph, Guelph, Ontario, Canada
Support: ETT 82/2003 (RJ), VEGA1/1284/04 (MZ)

b

Background

Circulating melatonin is known to be circadian periodic in many species, peaking during
the night (dark span) in both diurnally- and nocturnally-active mammals.

Aim
Whereas the circadian rhythm in circulating melatonin is well known, this study aimed
at assessing whether it could also be determined in the duodenum of rats.

Materials and methods

As part of a circadian-circaseptan study, a total of 102 rats (52 males and 50 females)
were subdivided into two rooms kept on opposite LD12:12 regimens, to be sampled only
during working hours at 4-hour intervals (6 circadian stages) for 7 days. Melatonin was
determined by RIA in plasma and in pineal, hypothalamic and ducdenum tissue.
Duodenum melatonin could be determined on only 31 samples. The data were analyzed
by cosinor and by one-way analysis of variance for any circadian variation.

Besulis

A circadian-stage dependent effect is of horderline statistical significance by one-way
ANOVA on the original data (F=2.279, P=0.078). After log10-transformation to normalize
the distribution, timepoint means are found to differ with statistical significance (I'=3.924,
P=0.009). A circadian rhythm is demonstrated by single cosinor overall (PR=26%,
P=0.016), peaking about 16.8 hours after light onset. The circadian variation is similar for
male (PR=34%, P=0.057) and female (PR=48%, P=0.026) rats, with acrophases occurring
about 19.1 and 14.7 hours after light onset, respectively.

Discussion and Conclusion

This study shows the practicability of using staggered lighting regimens to map
melatonin rhythms in the laboratory with sampling restricted to the usual working hours.
Even on a limited sample, a circadian component could be detected for melatonin in the
duodenum of rats. Most important, the study demonstrates a lead in phase of the
melatonin rhythm in the gut and plasma vs. that in the pineal, awaiting replication.
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Melatonin Site

Acrophase Chart of Melatonin in Rats
Note Lack of Phase Difference Between Duocdenum and Plasma
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Log,, Melatonin (ng/g wet weight)

lelatonin in Gastrointestinal Tissue (Duodenum)

3-month old male rats (rattus norvegicus)
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Background

Animals were kept on two opposite regimens of 12 hours of light alternating with 12
hours of darkness (LD12:12, 1D, and DL12:12 or reversed LD12:12, DL) in order to
facilitate the sampling of blood during regular working hours for 7 consecutive days in a
way to cover six timepoints at 4-hour intervals representing six different circadian stages
in relation to light onset. The core temperature of a subsample of animals had been
measured around the clock to check on the synchronization of the animals to their
respective lighting regimen. The feasibility of using staggered lighting regimens was
further assessed for the case of corticosterone assessed in the same animals by around-
the-clock sampling from both rooms during the first 1.5 days. An about 4.2-day component
was validated by nonlinear least squares for circulating corticosterone.

Aim

About-weekly (circaseptan) and half-weekly (circasemiseptan) changes have been
documented for a host of variables. Whereas the circadian rhythm in prolactin is well
known, this study aimed at assessing in rats any infradian variation along the 7-day secale.

Materials and methods

The data were analyzed by single and multiple cosinor, In view of the detection of a sex
difference in prolactin, the data were expressed as a percentage of the mean value
computed separately for males and females, so that the relative data could be pooled for
a global analysis. Parameter tests served to examine any sex difference.

Results

A difference in circulating prolactin is observed between male and female rats, females
having higher concentrations than males. The difference is statistically significant in both
rooms kept on opposite lighting regimens (LD12:12: 1584 = 38.4 vs. 48.3 £ 4.1 ng/m],
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t=2.852, P=0.006; DL12:12: 124.4 + 17.3 vs. 50.8 = 4.4 ng/ml, t=4.204, P<0.001), Mean
values do not differ with statistical significance between the two rooms for males or
females, Whereas the circadian variation accounts for most of the variance (10%, P=0.07%)
in female rats, it is not the case for male rats. The males are characterized by a
statistically significant 12-hour component accounting for 16% of the variance (P=0.016).
Parameter tests confirm the difference in MESOR (F=20.132, P<0.001) and reveal a
statistically significant difference in 24-hour amplitude as well (F=4.440, P=0.040).
Analyses of pooled data are performed on relative data, expressed as a percentage of the
mean values calculated separately for male and female rats. Least squares spectra of the
pooled relative data in the frequency range of one cycle per week to two cycles per day
indicate the presence of a circadian rhythm accounting for 6% of the overall variability,
whereas the half-weekly component constitutes a small spectral peak. Further modeling
of the data yields a composite model consisting of cosine curves with periods of 3.5 days
(P=0.278) and 24 hours (P=0.038), accounting for 8% of the variance (P=0,075). A similar
model is obtained for the logl0-transformed data, accounting for 7% of the variance
(P=0.105), where the 3.5-day component (P=0.140) and the 24-hour component (P=0.113)
do not quite reach borderline statistical significance.

Discussion and Conclusion

By comparison with corticosterone, the prominence of both circadian and infradian
components is much less. Apart from a sex difference in the MESOR of prolactin, this
study shows a difference in the time structure of prolactin between male and female rats
as well, males being characterized by a circasemidian component whereas females are
primarily circadian periodic.
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Background

Animals were kept in two opposite lighting regimens (LD and DL) in order to facilitate
the subsequent sampling of blood and tissues during regular working hours for a week, to
represent six timepoints at 4-hour intervals to cover six circadian stages expressed in
hours after light onset (HALQ). The lighting regimen is a known powerful synchronizer of
circadian rhythms, but the adjustment of the circadian acrophase to a new lighting
regimen Is not immediate and may be fully achieved after more weeks on the new
schedule. Core temperature is also congidered a geod marker rhythm, serving as a guide
and a check for other variables that were planned to be collected as part of this
experiment.

Adme

To determine whether the circadian acrophase of rat's core temperature kept in a
reverse lighting regimen congisting of 12 hours of light alternating with 12 hours of
darkness (DL reversed) coincided with that of rats kept in LD, and to determine whether
any difference in the circadian variation of core temperature between male and female
rats can be found.

Materials and methods

A random sample of 29 rats (13 males and 16 females) served to determine the extent
of synchronization to each of two lighting regimens: 121:12D (LD) (N=18) and 12D12L
(DL reversed) (N=13). Core temperature was measured around the clock every 4 hours for
24 hours {7 samples, the first timepoint being repeated 24 hours later). The data from each
rat were analyzed by single cosinor, involving the least squares fit of a 24-hour cogine
curve to each data series, to yield estimates of the MESOR (midline estimating statistic of
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rhythm, M, a rhythm-adjusted mean value), the double amplitude (2A, a measure of the
extent of predictable change within a day), and the acrophase (a measure of the timing of
overall high values recurring each day). Results were summarized by population-mean
cosinor, separately for males and females in each lighting regimen. Parameter tests
compared the circadian characteristics of male and female rats as well as rats of each sex
kept in opposite lighting regimens. In order fo test for an anticipated antiphase, 180
degrees (12 hours) were added to the acrophase of animals kept in DL before testing the
equality of acrophases of rats kept in LD or DL.

Results

Whether the circadian rhythm in core temperature was tested using 6 or 7 timepoints
(without or with the repeated first timepoint), a circadian rhythm could be demonstrated
with statistical significance (P<0.05) in 7 out of 29 rats. On a group basis, the circadian
rhythm was invariably demonstrated (P<0.05). Parameter tests find that female rats have
a higher MESOR of core temperature than male rats, whether the analyses are based on
6 timepoints (LD: 37.2° vs. 36.8°, F=3.189, P=0.098; DL: 37.5° vs. 37.0°, ¥'=5.547, P=0.038)
or on 7 timepoints (LD: 37.2° vs. 36.7°, F=4,170, P=0,060; DL: 37.4° vs. 37.0°, F'=6.408,

=0.028). A test of equality of acrophases is statistically significant for males (F=5.812,
P=0.035) but not for females (F=0.289, P=0.600) when considering only 8 timepoints.
When all 7 timepoints are considered, the test is not significant for both males and
females, suggesting that the animals were synchronized to their respective lighting
regimens. A small acrophase difference detected with 6 but not with 7 timepoints in the
case only of male rats may be interpreted to indicate that females, with statistically
significantly higher core temperature, adjust faster to the daily routine or are less
disturbed by external noise than males.

Discussion and Conclusion

The around the clock measurements of a marker rhythm such as core temperature
serve a useful purpose to ascertain that animals are properly synchronized prior to the
start of a large experiment involving multiple sampling of blood and various organ tissues
aiming at assessing not only the circadian but also the about- weekly and half-weekly
components of variation. Being able fo work during regular heurs while still covering ail
circadian stages in relation to light onset is particularly important when experiments are
not limited to the study of circadian rhythms but focus also on infradian changes requiring
sampling to continue for several consecutive days. Such marker rhythms are of interest in
the many studies that focus on sex difference.
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Background

During the past 8 years, no circadian rhythm in ET 1 could be detected, while it was
found earlier during the descending stage of the solar activity cycle.

A

To assess any cyclicity of endothelin-1 (ET 1) in plasma and pituitary of mature Wistar
rats of both sexes, sampled from 09:00 to 01:00 on the next day at 2-h intervals housed in
two rooms kept on antiphasic lighting regimens.

Materials and methods

Samples were taken from rats under a short ether anesthesia, blood by cardiac
puncture {Z ml/animal} and mixed with an ice-cold solution containing 1% aprotinum,
0.01% EDTA in physiological saline. The blood was centrifuged (4000 rpm, 20 min) and
sera were removed and stored at 20°C. After bleeding, the animals were decapitated and
the pituitaries were removed and placed in dry ice. They were stored at 20°C until
measurement. Endothelin 1 was measured from both blood samples and pituitaries using
a commercial ELISA ET 1 kit (Biomedica, Hungary). Of the protocols provided with the
kit, protocol A was used for the blood samples and protocol B for the pituitary samples.
Analyses were by cosinor. A study of circadian variation in endothelial cell function in
human health on 9 subjects, 20-41 years of age, was also meta-analyzed.
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Results

A circadian rhythm could not be demonstrated by cosinor with the fit of a 24-h cosine
curve, in keeping with earlier work published during the past 8 years in Italy and Austria
on the circulating ET-1 of humans and in keeping with still earlier work in Russia on the
population density of the ET-1-producing endotheliocytes in mouse pinnal dermis. A 4.8-
hour change is associated with a P-value of 0.024 from the no-rhythm (zero-amplitude)
test for the data on ET 1 in plasma. A statistically significant ultradian was not
demonstrated for ET 1 in the pituitary, but ET 1 in the pituitary correlates with that of
plasma (r=0.376; P=0.084); when an outlier is removed, the ris 0.649 (P<0.001). A 12-hour
component is found with the meta-analysis of data from a recent publication {Clinical
Science 2002; 102: 547-552).

Discussion

A time-structural, broader-than-circadian chronome view recently also led to ultradian
prominence for some neuropeptides. Observations over 10 years ago by contrast to the last
8 years demonstrated a circadian rhythm for ET 1 in France and in Italy, in the latter
country in the very laboratory where a rhythm was subsequently not found.

Conclusion

The results indicate the need for a systematic follow-up work on ET-1 on the same
species and tissue with the same method in the same setting, so that any infradian
modlation, perhaps with a circadecadal or multidecadal cycle of extracircadians and/or
circadians, can eventually be ruled in or out.
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Background

An effect of exposure to a TV screen on the urinary excretion of melatonin has been
observed in children. Melatonin is known to undergo drastic changes as a function of
puberty. Accordingly, it was of interest to examine whether the changes in melatonin
associated with exposure to a TV sereen were dependent on gender and/or age.

Aim

To assess whether the lowering of urinary melatonin excretion associated with
exposure to a TV screen in children depends on gender and/or age.

Subjects and methods

The study involves 74 children (51 without any problem} from two schools in Cavriglia
(Tuscany), [taly. For one week, children were allowed to watch TV in the evening. They
were asked to record from Monday to Saturday (6 days) the time they watched TV, at
which distance from the TV set, and the size of the TV set. For the next week, the children
were asked to abstain from watching TV. At the end of each week, 24-hour urine samples
were collected for the determination of melatonin by RIA. Both the concentration of
urinary melatonin excrefion and the total melatonin content in urine were determined.
Differences were computed between the two weeks for each child, as a gauge of the effect
of exposure to a TV set. The Student t test was used to assess any gender difference in the
effect. Linear regressions were used to assess any trend as a function of age.
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Results

The change in urinary melatonin excretion between the two weeks is changing with
age, the lowering in melatonin concentration observed during exposure to a TV screen
being more pronounced among the younger children (r=-0.403, P<0.001). A similar effect
is found for melatonin content (r=-0.376, P=0.001). When considering only the 51 children
without any problem, the age dependence of the effect remains statistically significant
{concentration: r=-0.436, P=0.001; content: r=-0.378, P=0.006). This effect is consistent
among boys and girls for melatonin concentration (boys: r=-0.391, P=0.039; girls: r=-0.513,
P=0.012), but not for melatonin content (boys: r=-0.295, P=0.127; girls: r=-0.423, P=0.044).
A gender difference is also seen in the overall change in melatonin content between the
two weeks (irrespective of age), exposure to a TV set being associated with a statistically
significant decrease in melatonin content in boys (P=0.023) but not in girls (P=0.296), the
difference in overall response being statistically significant (Student t=3.156, P=0.003).

Discussion and conclusion

The TV exposure effect on urinary melatonin of children is both gender- and age-
dependent. Coordinated laboratory studies on melatonin excretion by tadpoles stunted in
normal growth by TV exposure at different stages of maturation and on more children are
indicated. The effect of the content of programs watched by the children may then be
reduced. The melatonin lowering effect seen at younger ages becomes an increase after 10
or 11 years of age. This reversal of a TV exposure effect on melatonin in children coincides
with the occurrence of puberty, a critical age when important changes also occur naturally
as a function of sexual maturation. Further studies are warranted to investigate whether
such an effect on melatonin in children reverses again since a predictive effect on
melatonin has been found in adults. An approach by chronomics (focusing on 8 elements
of time structures: rhythms, trends and chaos) is warranted, with control of the reduced
physical activity and/or other lifestyle alterations related to watching TV.
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Background

An effect of exposure to a TV screen on the urinary excretion of melatonin has been
observed in children. Melatonin is known to undergo drastic changes as a function of
puberty. Accordingly, it was of interest to examine whether the changes in melatonin
associated with exposure to a TV screen were dependent on gender and/or age.

Aim

To assess whether the lowering of urinary melatonin excretion associated with
exposure to a TV screen in children depends on gender and/or age.

Subjects and methods

The study involves 74 children (51 without any problem) from two schools in Cavriglia
(Tuscany), Italy. For one week, children were allowed to watch TV in the evening. They
were asked to record from Monday to Saturday (6 days) the time they watched TV, at
which distance from the TV set, and the size of the TV set. For the next week, the children
were asked to abstain from watching TV. At the end of each week, 24-hour urine samples
were collected for the determination of melatonin by RIA. Both the concentration of
urinary melatonin excretion and the total melatonin content in urine were determined.
Differences were computed between the two weeks for each child, as a gauge of the effect
of exposure to a TV set. The Student t test was used to assess any gender difference in the
effect. Linear regressions were used to assess any trend as a function of age.
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Hesults

The change in urinary melatonin excretion between the two weeks is changing with
age, the lowering in melatonin concentration observed during exposure to a TV screen
being more pronounced among the younger children (r=-0.403, P<0.001). A similar effect
is found for melatonin content (r=-0.376, P=0.001). When considering only the 51 children
without any problem, the age dependence of the effect remains statistically significant
(concentration: r=-0.436, P=0.001; content: r=-0.378, P=0.006). This effect is consistent
among boys and girls for melatonin concentration (boys: r=-0.891, P=0.039; girls: r=-0.513,
P=0.012), but not for melatonin content (boys: r=-0.295, P=0.127; girls: r=-0.423, P=0.044),
A gender difference is also seen in the overall change in melatonin content between the
two weeks (irrespective of age), exposure to a TV set being associated with a statistically
significant decrease in melatonin content in boys (P=0.023) but not in girls (P=0.296), the
difference in overall response being statistically significant (Student t=3.156, P=0.003).

Discussion and conclusion

The TV exposure effect on urinary melatonin of children is both gender- and age-
dependent. Coordinated laboratory studies on melatonin excretion by tadpoles stunted in
normal growth by TV exposure at different stages of maturation and on more children are
indicated. The effect of the content of programs watched by the children may then be
reduced. The melatonin lowering effect seen at younger ages becomes an icrease after 10
or 11 years of age. This reversal of a TV exposure effect on melatonin in children coincides
with the occurrence of puberty, a critical age when important changes also occur naturally
as a function of sexual maturation. Further studies are warranted to investigate whether
such an effect on melatonin in children reverses again since a predictive effect on
melatonin has been found in adults. An approach by chronomics (focusing on 3 elements
of time structures: rhythms, trends and chaos) is warranted, with control of the reduced
physical activity and/or other lifestyle alterations related to watching TV.
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Background

Animals were kept on two opposite regimens of 12 hours of light alternating with 12
hours of darkness (1L.D12:12, LD, and DL12:12 or reversed LI312:12 D) in order to
facilitate the sampling of blood during regular working hours for 7 consecutive days in a
way to cover six timepoints at 4-hour intervals representing six different circadian stages
in relation to light onset. The core temperature of a subsample of animals had been
measured around the clock to check on the synchronization of the animals to their
respective lighting regimen.

Aim

About-weekly (circaseptan) and half-weekly (circasemiseptan} changes have been
documented for a host of variables. Whereas the circadian rhythm in corticosterone has
been well known since 1958, this study aimed at questioning the variability in period
length and thus the uncertainty of the circadian period by 6 replications, while also
assessing any infradian variation in rats, assessable by sampling around the clock along
a 7-day scale. To facilitate the practicability of the study, multiphasic lighting regimens
were used during standardization and sampling.

Materials and methods

Corticosterone was determined by RIA. The data were analyzed by linear-nonlinear
rhythmometry and by parameter tests.
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Results

A circadian rhythm is demonstrated with statistical significance in male and female
rats and overall (P<0.001). Parameter tests confirm the MESOR difference hetween males
and females (F=34.649, P<0.001). Analyses of pooled data are thus performed on relative
data (and their loglO-transformation), expressed as a percentage of the mean values
caleulated separately for male and female rats. .

Least squares spectra in the frequency range of one cycle per week to two cycles per
day indicate the presence of a prominent circadian rhythm accounting for 40% of the
overall variability as well as a statistically significant 12-hour component (P=0.038)
gualifying the circadian waveform of corticosterone. Further modeling of the data yields a
composite model consisting of cosine curves with periods of 7 days (P=0.061), 24 hours
(P<0.001) and 12 hours (P=0.004), accounting for 49% of the variance (P<0.001). Similar
analyses on the loglO-transformed data account for 51% of the variance (P<0.001) when
considering cosine curves with periods of 7 days (P=0.038), 3.5 days (P=0.039) and 1 day
(P<0.001). Separate analyses of male and female rats indicate the presence of a prominent
circadian rhythm (P<0.001) with the contribution to the waveform by the second harmonic
with a period of 12 hours (Males: P=0.048; Females: P=0.058) together with a circaseptan
component of borderline statistical significance for males (P=0.057) or a weak
circasemiseptan component for females (P=0.180). The model accounts for 65% of the
variance for males (P<0.001) and for 38% of the variance for females (P=0.002).

Nonlinear analyses of the pooled loglO-transformed (relative) data confirm the
presence of both the circadian rhythm, with an estimated period of 24.03 hours (95% CI:
23.30-24.75 hours), and an infradian component with an estimated period of 103.8 hours
(4.3 days) (95% CIL: 79.5-128.1 hours). These results are similar for male and female rats:
for males, the circadian and infradian periods are estimated as 24.00 (23.20-24.79) and
108.2 (61.2-155.1) hours; for females, the respective periods are estimated as 24.08 (22.57-
25.49) and 101.9 (71.5-132.3) hours.

Discussion and Conclusion

This study shows the feasibility of assessing multi-frequency components in the
laboratory based on sampling restricted to the usual working hours by housing animals in
staggered lighting regimens. Such a protocol is of particular interest when sampling is
prolonged over several consecutive days to determine infradian components, as done
herein. Major findings of this study are: 1. a sex difference, female rats having higher
circulating corticosterone concentrations than male rats; and 2. the demonstration of an
infradian component of about 4.3 days found consistently in both male and female rats
together with a prominent circadian rhythm.
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Introduction

Time structures in us and around us are studied in chronobiology.. Most if not all
components of variation found in biota are also found in the environment, and vice versa
{1]. For instance, about daily changes are seen in almost every bioclogical variable under
24-hour synchronized conditions. It has also long been known that the phase of circadian
rhythms can be manipulated by changing the phase of the environmental cycles [2]. At
least for the case of circadian rhythms, their genetic inheritance has been demonstrated
on a molecular basis [3, 4], suggesting that the influence from the envirenment has been
acquired genetically during the course of evolution.

Aim of study

The relationship between age and circadian blood pressure (BP) variation in man was
the aim of the present study.

Subjects

One hundred eight seven subjects (130 males, 57 females), 20-77 years old, were
recruited for seven-day BP monitoring.

Methods

Colin medical instruments (Komaki, Japan} were used for ambulatory BP monitoring
(oscillation method, 30 minutes interval between measurements}. Sinusoidal curve was
fitted (minimum sguare method) and mean value and amplitude of the curve (double
amplitude corresponds to the night-day difference) were evaluated every day of
monitoring. Average 7 day values of the mean (M) and of double amplitude (24A) for
systolic BP (5BP), diastolic BP (DBP) and heart rate (HR) were determined in each
subject.
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Results

Mean values of M (£5SD) for the whole group were: SBP- 127+8, DBP - 79+6 mmHg, HR
- 7026 bpm; of 2A; SBP - 21+7, DBP - 15+5 mmHg, HR - 1546 bpm (Fig. 1, 2, 3, 4, 5, 6).
The linear relationship between M of SBP and age (r=0.341, p< 0.001) and DBP and age
(r=0.384, p<0.001) was found (difference between 20 and 77 vears: SBP - 16, DBP-12
mmHg). 2A of SBP and DBP was increasing with age till 35 years, then the curve
remained relatively flat till 55 years (maximum at 45 years) and then decreased again
(difference between 45 and 77 years: SBP- 13mmHg, DBP-12 mmHg). Heart rate M and
2A were age-independent.
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Relationship between circadian amplitude HR and age
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Discussion

The guidelines for antihypertensive therapy are based on casual blood pressure
measurement in the doctor office. The variation of blood pressure in individual patients
decrease the sensitivity and specificity of this approach. It is self- evident that 24 hour
ambulatory monitoring of blood pressure is better. However the data of 24 hour
ambulatory monitoring are also not representative. Blood pressure record of 7 day
measurement showed that the circadian variability changes from day to day and 24 hour
record is not long enocugh. Seven day monitoring of blood pressure is preferable and can
reflect the differences between working days and weekend. Seven day monitoring enables
also to determine the amplitude of circaseptan {one week) rhythm. Circaseptan rhythm is
inborn. We have demonstrated this fact by monitoring the 86 premature newborns babies
and we could made the following conclusions:

Slow significant oscillations (p<0.05) with a different period between 5 to 10 days (an
about-weekly component, circaseptan) were found either in HR, SBP or DBP in all
newborn babies (100 percent). The significant peak of circadian rhythm (p<0.05) was
found in HR in 50 percent of premature newborn babies, in SBP or DBP only in 43
percent. The frequency peaks of circadian rhythm in cardiovascular parameters were
smaller than the frequency peaks of circaseptan rhythm. Cosinor analysis showed that
circaseptan rhythms are more prominent in blood pressure and heart rate than the
circadian rhythms. Our results gave us the opportunity to analyze the dependence of the
circaseptan rhythm in blood pressure and heart rate on the different days of the week.
Our results showed that the circaseptan rhythms in blood pressure and heart rate are
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mdependent of the week days and the origin of the circaseptan rhythm is dependent on
the time of birth (5).

The analysis of circadian amplitude is very important. Watanabe and Halberg found
significant increase of risk of cardiovascular morbidity (8).

The analysis of 48hour blood pressure data have led to the identification of new disease
risk syndrome CHAT (circadian hyper-amplitude-tension, a condition characterized by a
circadian amplitude exceeding the upper 95% prediction limit)., Together with an
excessive pulse pressure (above 60 mmHg), CHAT and deacreased hear rate variability
can make the difference between <4% and 100% morbidity in a 6-year prospective study
(7).

Comparison of circadian characteristics from day to day in records spanning at least
two days further indicates the shortcomings of monitoring limited to a single 24-hour span
(6,8,9). Prolonging the monitoring from one to two days reduces the uncertainty in the
estimation of circadian parameters by about 35% (10), whereas further information on the
biclogical week (11,12,13,14) requires monitoring for at least 7 days, the current
recomiendation of BIOCOS for everybody at the outset (15).

Conclusion

Mean values of SBP and DBP were increasing with age till 75 years, but night-day
difference of SBP and DBP reached maximum value at 45 years and then decreased.
Support: MSM 141100004,
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INTRODUCTION

Low heart rate variability (HRV) is an indicator of increased risk of sudden cardiac
death after myocardial infarction in patients with chronic heart failure (CHF) (7, 2). It is
supposed that regular physical activity could modify this risk factor; however, most of the
training methods including the rehabilitation protocols used also in our previously
published studies are based on aerobic exercise (3, 4), and until now there is lack of valid
information from actual bibliography concerning the effects of resistance or combined
long-term lasting training on the heart rate variability parameters (HRV). Classical
methodology to evaluate the benefit of physical training is based on cardiopulmonary
exercise testing. However, this examination is time consuming and could be potentially
life-threatening. In contrast, the examination of HRV is comfortable for the patient and
without any risk. The aim of this study was to investigate if HRV testing can be useful for
determination of the influence of 8-weeks combined exercise training on the heart rate
variability expressed in frequency domain parameters in group of patients with CHFE

PATIENTS AND METHODS

Ten patients (mean body weight 85 = 12 kg; mean age 61 + 13 years) with chronic heart
failure were selected according to the inclusion criteria listed below. The treatment
regimen of all selected patients was optimised to ensure that the patients were
symptomatically stable. Standardised pharmacological treatment at the beginning and
the end of the 8-week period included administration of angiotensin-converting enzyme
mhibitors (ACEI), 8-blockers, diuretics and digitalis in varying combinations. Inclusion
criteria were as follows: age over 18 years, symptomatic chronic congestive heart failure
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NYHA class II-III determined for at least 3 months, and stable for at least 6 weeks; left
veniricular ejection fraction <40 % (assessed by 2ZD-echocardiography); valid
cardiopulmonary exercise testing limited by dyspnea or fatigue (wihout chest pain), with a
symptom-limited oxygen consumption (VO2SL) < 20 ml.kg-1.min-1. Before the inclusion to
the study all the subjects signed the Informed Patient's Consent; the study was approved
by the local Ethical Committee and conforms to the principles outlined in the Declaration
of Helsinki and to GCP guidelines of European Community.

Heart rate variability was registered by the system Varia-Pulse TF-3. A short-time
evaluation of the heart rate variability was done using the beat-to-beat non-invasive
monitoring of ECG, spontanecus and metronome-controlled breathing at 0.33Hz before
and after the training period of 8 weeks. HRV frequency-domain parameters were
determined by spectral analysis of pulse interval (PI).

Combined exercise training was realized at the Department of Functional Diagnostics
and Rehabilitation 3 times a week. Resistance training elements were included into the
exercise protocol only after 2 weeks of aerobic training. One exercise session lasted 60 min,
and included: warm-up period (10 min), period of aerobic exercise on bicycle ergometer with
load intensity at the level of anaerobic threshold (20 min), period of fitness (or resistance)
training performed on combined training machine (20 min}, and relaxation period (10 min),
in the period of fitness (resistance) training all the subjects started to exercise at 30% level
of 1-RM (one repetition maximum), and after 2 weeks they continued at 60% level of 1-RM
The rehabilitation programme was performed by the patients for eight weeks.

Standard exercise spircergometry (Blood Gas Analyser, MedGraphics, USA) up to the
maximum limited by symptoms was carried out before and after 8 weeks of fraining to
assess symplom-limited oxygen consumption (VO ), maximal workload (W), metabolic
equivalents (MET,) and maximal heart rate (HR,,). The first spiroergometry test was
applied also to determine the anaerobic threshold (ANP) in order to decide the individual
training intensity.

Statistical analysis of functional data was performed using the Wilcoxon paired test, the
Chi-2 fest, the Friedmann test, and analysis of variance ANOVA. The P value < 0.05 was
congidered as significant.

RESULYS

Control spiroergometry testing after the 8 weeks of training showed gignificant increase
of W, (110 = 20 W, *P < 0.05), and also a significant increase of Vg values (1551 + 261
ml O, .min-1; *P < 0.05); the increase of both values was approximately +20 % compared
to the initial values. Table 1 summarizes the results of all evaluated functional
parameters.
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Table 1
Results of evaluated functional parameters assessed by bicycle spiroergometry testing
(results are expressed as mean = SD),

Functional Wonax Wiax. kg Vs, Vg, kg METs
parameters (W) Wke) |l min)| (Mi02.min” kg™)
before 93 1.0 1399 15.2 4.3
(*17) (+0.2) (+284) (£ 3.4) (1.0
after 110 * 1,2 * 1551 * 16,9 x 4.7
(+20) +0.2) (£ 261) (£2.8) (+0.9)

Winax — maximal woridoad; Waax kg - maximal workload per kg; VOqg, — symptom-
limited oxygen uptake; VOag kg'— symptom-limited oxygen uptake per kg; METs ~
metabolic equivalents; * # < 0.05

Frequency-domain HRV parameters were evaluated as follows: the width of pulse
intervals (PI; ms), the variance of R-R intervals over the selected time interval (or total
power - TP; ms?), the power of low frequency (0.04-014 Hz) component (LF; ms?), the power
of high frequency (0.15-04 Hz) component (HF; ms?® and ratio of LF power to HF power
(L¥/HI). Spectral analysis revealed a significant increase of the total power (TP) of HRV
after 8 weeks of combined exercise training (2829 = 3000 ms® * P < 0.05) in comparison
with the TP initial values. An increase of other HRV parameters was also observed but
without statistical significance.

Table 2
Results of the spectral analysis of registered HRV {requency-domain parameters
(results are expressed as mean SD).

Functional PI TP LF HF LEF/AF
parameters {ms) (msz} (ms?) (ms?)
before 1016 891 191 665 1.01
(= 137) (+ 1011) (£ 178) (+ 820) *1.11)
after 1046 * 2829 256 2573 0.80
{124} (£ 3000) (+214) (+ 2875) *1.12)

PI - pulse interval; TP — total power; LF - low-frequency component, HF — high-frequency
component; LF/HF — LF to HF ratio; * £ <0.05
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The results of HRV spectral analysis and the results of functional performance testing
indicate that HRV parameters could be useful for the evaluation of the effectiveness of
physical training.

DISCUSSION

In the last 20 years the decreased heart rate variability has been shown to be a
significant sign of sudden death risk in patients after myocardial infarction (5), and the
predictive value of decreased heart rate variahility is comparable to the ejection fraction
volume in the rigk stratification of patients after myocardial infarction (6). The autonomic
nervous system is permanently influenced by a variety of stimuli from inner or outer
origin. Age and health status belong to the inner stimuli, whereas climatic conditions, day
{(night) period, actual psychic and physic workload, or changes of the body position are the
stimuli of outer origin (7). For easier interpretation of the results of HRV examination a
test (supine - standing - supine position) was introduced in which the vagal activity
increases in supine position, whereas the sympathetic tone is increased in standing
position. Moreover, after repeated supine position an overshoot of the spectral power of the
high frequency component of the heart rate spectral analysis appears. Thus, in order to
analyze the data of vagal acitivity with maximal precision, an analysis of spectral
parameters after repeated supine position is recommended (8). Regarding to the fact that
the amplitude of regpiration arrhythmia is predominantly dependent on the frequency
and depth of breathing (without breathing frequency control), the variability at high
frequency can be submitted to nen-predictable changes. A deep and slowed respiration to
6 breaths cycles per minute shifts the top of respiratory spectra in the area of 0.1Hz and
so can imitate an increase of sympathetic tone modulation of cardiac rhythm (9). In our
present study we evaluated Bmin intervals of the HRV using metronome-controlled
breathing at 0.33Hz. The adaptation of cardiovascular system on resistance exercise
training is different from the adaptation on dynamic exercise training. Heart muscle in
resistance traming shows signs of concentric hypertrophy, whereas the heart muscle
adaptation in dynamic {raining is characterized by increase of heart cavities and only
limited heart wall thickening. In that case the hypertrophy is considered as eccentric (10).
In contrast to the resistance exercise the aerobic (or dynamic) training is more efficient on
the decrease of heart rate and systolic blood pressure at rest, and also on the increase of
stroke volume at rest and during exercise (17). Thus, it is possible to suppose that various
types of exercise influence the HRV from different manner. The results of our study
showed the statistically significant difference of TP.

Up to the present the influence of combined training on the patients’ performance and
the autonomic nervous system has not been fully explained. Gur results have shown that
8 weeks of combined training led to the increase of functional capacity in patients with
chronic heart failure and the increase of total spectral power. This study contributes to the
knowledge about rehabilitation training importance in patients with chronic heart failure.
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Abbreviations used

CHF - chronic heart failure, HF — high-frequency component, HR,,., — maximal heart
rate, HRV — heart rate variability, NYHA - New York Heart Association, LF - low-
frequency component, PI — pulse interval; LF/HF — LF to HF ratio, VO,g ~ symptom-
limited oxygen uptake, VOyup — oxygen uptake at anaerobic threshold, TP — total power,
W.ax - maximal workload
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INTRODUCTION

Chronic heart failure is a complex metabolic syndrome with impaired left ventricular
function and poor prognosis (7). Several studies reported strong rise of sympathetic
activity, the onset of peripheral vascular remodeling and strength muscle metabolic
alterations in response to exercise (2); exercise intolerance in CHF is mainly due to muscle
deconditioning (3, 4). The exercise training has been shown to improve the functional
capacity, quality of life and also the patterns of strength muscles, and therefore should be
considered as an integral part of therapeutic standards in such patients. (5-7). However,
even rehabilitation based on physical exercise can improve both exercise capacity and
symptoms, some patients may be too ill to exercise. Several studies reported the increase
of oxidative capacity in skeletal muscle fibers, of enhancement of muscular regeneration
and of the atrophy prevention by low-frequency electrical stimulation (ES) of strength
muscles (8-70). Neverteheless, until now the muscle reconditioning by electrical
stimulation {ES) has been evaluated in few small series, and the effects of this technigue
compared to classical training in a randomized trial has been poorly evaluated.

PATIENTS AND METHODS

The study population comprised twenty-four patients (5 women, 19 men, mean age
54 & 9 years) with stable, chronic congestive heart failure. Four patients were in NYHA
functional class I, 19 of them were in class 111, and one was in class IV. The eticlogy of
CHF was idiopathic dilated cardiomyopathy (17 subjects), ischemic heart disease
(6 subjects), and valvular heart disease (1 subject). All patients gave informed consent.
Patients were randomized to enter either a classical bicycle training program, or an
electrical stimulation program. Patients in the bicycle group (group 1) underwent 25 daily
sessions of 20 minutes bicycle exercise, at 60-80% of their maximal heart rate. In the
electrical stimulation group (group 2}, low-frequency (10 Hz} ES was applied to both
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quadriceps and calf muscles, using ELPHA 2000 stimulators (Danmeter A/S, Odense,
Denmark) programmed alternately 20 seconds on and 20 seconds off. Twenty five daily
ES sessions of 1 hour were achieved.

The following parameters were collected before and at the end of the rehabilitation
program;

®

2 @

distance walked in 6 minutes
during bicycle exercise testing with gas exchange analysis:
VO, (symptom-limited VO?)
~ VO (VO? at anaerobic threshold)
— exercise duration
= Wi, (maximal workload)
— HR,., (maximal heart rate)
using Doppler study of the common femoral artery:
— mean velocity at rest
— mean velocity after 15 minutes of electrically induced muscle exercise

Statistical analysis was performed using the Wilcoxon paired test, the Chi-2 test and
the Friedmann test. The P value < 0.05 was considered as significant.

RESULTS

Distance walked in 6 minutes improved significantly in both groups. It improved
more in the ES group (+ 72m) than in the bicycle group (+ 29m; Tables 1, 2 and 3).
VO,g;, improved significantly, either by ES (+ 6%) or by bicycle training (+ 8%). The
difference between groups is not statistically significant (Tables I, 2 and 3).
VOgpr improved non-significantly in the ES group (+ 10%), and significantly
(+ 19%) in the bicycle group. The difference between groups is significant (Tbles
1, 2 and 3).

Similarly, exercise duration increased non-significantly in the BS group (+ 31s),
and significantly in the bicycle group (+ 82s - Tables I, 2 and 3).

Maximal achieved workload increased significantly in both groups, as did maximal
heart rate (HR,,.,). The difference between groups is non-gignificant (Tables 1, 2
and 3).
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Table 1

Values of parameters in the "bicycle" group before and after 5 weeks

of exercise training.

Bieycle group (group 1) pre post Pvalue
VO (mbkg ! min'h) 17.28 #18.83 <0.03
VOar(mikg ! min™) 11.32 13.51 < 0.001
Winax (W) 56.67 *109.7 <002
6~min walking test (m) 468.09 *497.09 <0.005
Exercise duration {s) 545 #6427 <{.01
HRypax (beats.min™) 144 *154 <0.01
Blood flow velocity (cm.s™) 2152 30.23 NS

VOqs1. - symptom-limited oxygen uptake; VOyatr - oXygen uptake at anaercbic threshold,

Wnay - maximal workload; HR .y - maximal heart rate.

¢ Regarding the relationship between the increase in VO, and the increase in
maximal heart rate (HR,_,,), a significant relationship was found in the bicycle group
(r = 0.64; P < 0.05) but not in the ES group. A similar relationship was found between
V(,q, and the increase in exercise duration (r = 0.68; P < 0.02), and between VO,q,
and the increase in maximal workload (r = 0.65; P < 0.05), but in the bicycle group

only.

¢ Doppler study of the common femoral artery showed an improvement of vasodilative
capacities (i.e. the difference between resting and post-exercise velocities) after
rehabilitation, but statistical significance was reached only in the ES group (Tables i,

2 and 3).

Table 2

Values of parameters in the "ES" group before and after 5

of low-frequency electrical muscle stimulation.

weeks

ES group (group 2) pre post P value
VOogr (mbkg ' min™") 16.69 *17.67 <0.05
VOt (mbkg. 'min™) 10.93 12.03 NS
Wonax (W) 90.83 *98.33 <0.04
6-min walking test (m) 408.64 *480.18 <0.001
Exercise duration (s) ‘ 516 547 NS
HR max(beats.min™) 148 152 NS
Blood flow velocity (cm.s™) 29.09 *41.25 <0.01

VO - symptom-limited oxygen uptake; VOjar - oxygen uptake at anaerobic threshold;

Wmax - maximal workload; HR .y - maximal heart rate.
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Table 3
Comparison of all the parameters in both groups after 5 weeks
of given type of rehabilitation.

Bicycle post ES post Pvalue
Vg (mlkg min™) 18.83 17.67 NS
VOyar (mlkg ' minh 13,51 12.05 <0.001
Winax (W) 109.7 98.33 NS
6-min walking test (m) *497.69 480.18 <0.01
Exercise duration (s} 627 547 NS
HR max (beats.nin') 154 152 NS
Blood flow velocity (cm.s™) 30.23 *41.25 <0.01

Vit - symptom-limited oxygen uptake; VOpar - Oxygen uptake at anaerobic threshold;
W inax - maximal workload; HR .y - maximal heart rate.

DISCUSSION

The glebal hypo-perfusion and chronic hypoxia in CHF induces gradual damage in
functional and metabolic integrity of strength muscle mass. Consequent massive
production of variety of pro-inflammatory cytokines stimulates apoptotic pathways
leading to fibers atrophy (11), loss of strength, reduction of total muscle mass, global over-
expression of anaerobic white fibers (fast glykolytic), and the development of general
cachexia (12, 13). Electrical stimulation of strength muscleg in humans has been shown to
be valuable therapeutic intervention in neurology (14, 15), in post-surgery treatment and
in the cases of long-term immobilization (16-18). However, the number of studies
concerning the effects of LFES in cardiovascular rehabilitation is still very limited; our
trial belongs to the few clinical reports that have focused on the therapeutic potential of
low-frequency electrical stimulation in chronic heart failure. Recently, Harris et al. (2004)
and Nuhr et al. (2004) published the results of first randomized trials comparing the
home-based low-frequency ES training and classical exercise training; the results
demonstrated that both methods could significantly influence the muscle strength,
improve functional parameters including VO,g and VOy,r, and improve algo the quality of
life in patients with CHF (19, 20). These results are very similar to those observed in our
present study; 5 weeks of ES or bicycle training led to significant increase of VOy,g,, Wmax,
distance walked in 6 minutes, and of HRmax in both groups. Also the exercise duration
and VO,,p were increased in both groups but the statistical significance was present only
in the bicycle group. According to the Fick principle, VO, is the product of cardiac output
by O, arteric-venous (AV) difference. Consequently, VO, = stroke volume x heart rate x AV
difference. In the bicycle group, but not in the ES group, the improvement in VO,g, seems
to be mediated predominantly through the improvement in maximal heart rate, which
itself appears to be the result of improved maximal workload and exercise duration. Such
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a relationship was not found in the ES group, suggesting that electrical stimulation could
act through a different mechanism. It is well known that exercise training induces a
significant improvement of endothelial funections in patients with CHF (21, 22), and the
contractions initiated by local electrical stimulation of the strength muscle may cause
similar (or identical) vascular reactions as seen during physical exercises, especially
exercise-induced reactive hyperemia in working muscles (23, 24). An acute rise of blood
volume increases the shear stress on the vessel wall, which promotes the NO production
and liberation (25-27). It is possible to suppose that stimulation-induced changes of blood
flow velocity are most probably related to the modification of endothelial functions by
long-term electrical stimulation, and thus may be NO-dependent. The significant increase
of the blood flow velocity in femoral artery during stimulation observed in our study may
reflect the importance of achieved global vascular benefit for the peripheral muscle mass
after 5 weeks of ES. Although (from the point of view of effectiveness) it seems that both
types of rehabilitation could positively influence the functional capacity and increase the
resistance to fatigue, it is necessary to point out the existing differences between bicycle
training and electrical stimulation. Electrical stimulation concerns only a part of the
skeletal muscle mass and its activity is rather local, whereas exercise training on bicyele
challenges the entire body. During the periods of stimulation we did not encounter any
harmful effects related to the ES application, such as sudden blood pressure or heart rate
changes; there were no complaints on muscular pain or skin burn (under the electrodes).
Although our results are encouraging we take in account the existing limitations of the
trial, first of all the limited number of patients included in the study. From clinical point
of view the most important conclusion resulting from our study is that a significant
improvement of functional capacity could be done either by ES or by conventional bicycle
training. Next investigations should bring more detailed data, especially about possible
interactions between the central and peripheral hemodynamic parameters during ES
application. It is suggested that clinical trials on larger groups of patients are needed
before the full introduction of BS in cardiovascular rehabilitation.

CONCLUSIONS

This study showed that:

* Improvement of exercise capacities can be achieved either by classical bicycle
training or by electrical stimulation.

¢  Bicycle training improves more VO2SL, whereas electrical stimulation is more
effective on sub-maximal exercise capacities.

¢ In the bicycle group, improvement of VO2SL seems to be mainly obtained through
the increase in maximal heart rate, and probably through an improvement of
muscle strength.

¢ Electrical stimulation seems to be more effective on the improvement of
vasomotion.

Therefore, these 2 methods may prove to be complementary and could be used in
combination, possibly with better results, especially in very sick patients.
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INTRODUCTION

The Chronic Rehabilitation unit of st. Anna Faculty Hospital in Brno, Masaryk
University, is a facility focused on long term rehabilitation care. The unit and our team
are dedicated to consecutive therapy of elder patients after strokes, operations, bone
injuries and internal diseases. Every day we must solve a problem of adequate physical
load in rehabilitation exercises with very old and seriously ill persons.

Standards of stage of functional disability of our patients may be very different. In
contrast to standard of a young sportsman physical ability may be his or her ability to
reach quickly the finish line - this determinates his placement on the winners steps.
Patients with the age of 70 years and more have are quite different physical stage - in
most cases their ability limited and they can reach only the small distance by waking and
this condition does not allow their placement at home (1,2).

A correct functional abilities measurement and objectification of our non-
pharmacologic therapeutic results are a main condition of contemporary evidence-based
medicine. The difficulty of precise measurement in rehabilitation medicine is a result of
wide diagnostic and biologic variability of our patients.

The problem of a uniform assessment of rehabilitation therapy outcomes was solved in
USA in the middle of the 80s. With support from the U.S. Department of Education,
National Institute on Disability and Rehabilitation Research, the Uniform Data System
for Medical Rehabilitation (UDSMR) was developed as a methoed to document the severity
of patient disability and the outcomes of medical rehabilitation. The national task force
that created the Uniform Data Set for Medical Rehabilitation, started in 1983 and today,
over 1,400 facilities in the United States, Canada, Hong Kong, Finland, the United
Kingdom, and Australia subscribe to UDSMR, and the databases include over 2,500,000
patient records. UDBMR has territorial agreements with Hong Kong, Israel, Italy, Finland
and South Africa (34,5).

A major part of UDSMR iz Functional independence measure system (FIM) which
evaluates the efficiency and effectiveness of rehabilitation program and can be used for
standardization of impairment and level of disability. It can monitor patient functional
gains and the results of the rehabilitation process and determine the severity of patient
disability with the FIM'™ instrument. This system generates data useful for uniform
communication with families, care providers, insurance companies and is used for
Inpatient rehabilitation facility prospective payment system services.
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METHODS

Since the real FIM instrument is not yet available in our region, the hypothesis that
the same methodology can be useful in our conditions for evaluation of therapeutic
outcomes in long term rehabilitation therapy, was tested in our study.

The wide-spread use of the evaluation of patient functional abilities by a method
derived from functional impairment measure (FIM) testing started at the beginning of
year 2000. The number of cases tested by this method increased depending on the number
of physiotherapists working in our department and from the middle of year 2002 all our
patients that are placed in a rehabilitation program are evaluated by this method (3,4,5).

Considering the fact that the original FIM instrument is still not available here, in our
methodology that is derived from it, we used all accessible informations from public
sources, mainly from the Web, and we attempted to get as much written information about
the original model as possible.

The FIM testing includes six main fields:
1.8elf-Care, 2.8Sphincter Control, 3. Transfers, 4. Locomotion - this four items form a motor
subtotal score ranging from 13 to 91 points; 5.Communication and 6.Social cognition item
form a Cognitive subtotal score ranging from 5 to 35 peints. Total score is from 18 for
totally dependent persons to 126 for completely independent persons.

Altogether eighteen items are evaluated and each of them has a seven point scale:

7 Complete Independence, 6 Modified Independence, 5 Supervision or Setup, 4 Minimal
Contact Assistance, 3 Moderate assistance, 2 Maximal Assistance, 1 Total Assistance.

We took the interpretation for assessment of separate levels from a Slovakian authors
(6,7) and the form we used is a translation of a form acquired from original reports 3,4,5).

The assessment was pursued by our physiotherapists who were all instructed by a
rehabilitation medicine, specialized and obtained a special training in methodology.

From the total diagnostic range of patients treated in our unit we initially
experimentally processed our largest homogenous set of patients after stroke.

RESULTS

In years 2002 and 2003, the total number of finished and administratively processed
hospitalizations was 1,660. From this number, 379 patients were with diagnosis I 60 -1 69
general damage of central nervous system from vascular disorders with impairment of
motor functions.

From all the patients, 159 (42%) were dismissed home, 133 (35%) were dismissed to
social care facilities, 64 (17%) died, 23 patients (6%) returned to acute care departments
due to complications.

In our subgroup of patients with stroke which was studied. The input and output FIM
wag evaluated for 119 out of 159 patients dismissed at home (75%), input and output FIM
was evaluated for 90 out of 133 patients dismissed to social care facilities (68%).

Input and output FIM was elaborated in 205 cases from overall number of 379 patients
after stroke who finished our rehabilitation program and were dismissed home or to social
care facility.

All other entries are related to this subgroup of 205 patients who finished our
rehabilitation program and have had correctly passed input and output FIM test.

Average and median age of all this patients was 77 years. Average and median age of
patients dismissed home was 75 years. Average and median age of patients dismissed to
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social care facilities was 79 years. The age distribution of our subgroup composed of 205
patients with stoke is presented in the Fig.1.

e disibution of 205 pationts afe sroke

m40-50
e 50-60
 60-70
m7080
O 80-90
. m90-100

Fig. 1

Average duration of rehabilitation was 44 days, Fig.2 summarize the duration of our
patients. Average intensity of rehabilitation was 1 hour of exercises daily, five days a
waek,

lisation in days

Fig.2
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We compared values of motor (M) and cognitive (C) score in admission and before
dismissed from our unit separately for all 205 patients, then we dividend for a set of 118
patients dismissed home and for a set of 88 patients dismissed to social care facilities.

TFor statistical evaluation of differences between motor (M) and cognitive (C) scores of
patients at the time of admission and dismissed from our unit, a nonparametric Wilcoxon
pair test was used. This test proved statistically highly relevant score improvement on
dismissed in both parameters (P<0.0001). Identical result - in all tested sets - relevant
score improvement on dismissed was obtained by testing with parametric Student t-test.
The identical results obtained by two statistical methods clearly prove reliability of
obtained results. In data of both parameters of motor (M) and cognitive (C) score we can
ohserve an improvement trend, documented by Wilcoxon test relevance.

Comparison of median FIM score in admission and before dismiss is in the Fig.3
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Fig3

DISCUSSION

During the treatment of 205 patients with stroke at our department a highly relevant
improvement in Functional independence measure score tested by FIM method was
reached. We consider this functional improvement a result of implementation of
rehabilitation therapy for motor score. The improvement in cognitive score reflects a
suspicious imnprovement, of general heaith conditions of treated persons because no specific
cognitive training was performed. Formerly widely accepted view, that rehabilitation of
patients over 70 year of age is purposeless is evidently obsolete and we are convinced, that
this fact must be taken into consideration in all facilities of consecutive care where
rehabilitation therapy is still unsatisfying (8,9,10,11,12,158). The improvement of motor
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and cognitive state of seriously ill patients enable their dismiss home or relieve the burden
of care for nursing staff in social care facilities.

The FIM testing method may be useful for evaluation of long term rehabilitation effect
also in conditions of healthcare system in Czech Republic (16).
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INTRODUCTION

The coincidence of type 2 diabetes mellitus and hypertension is considered to be a
malignant combination participating in additional increase of cardiovascular risk and
mortality and they are clustered with other pathological condition (insulin resistance,
abdominal cobesity, dyslipidemia) in metabolic syndrome (1). Metabolic syndrome is
accompanied with increased sympathetic activity that increases the cardiovascular risk
(especially the risk of sudden death and life-threatening arrhythmias); therefore, the
evaluation of cardiovascular autonomic functions is reasonable in these patients (1-5).
Determination of baroreflex sensitivity using non-invasive method of measuring - spectral
analysis of systolic blood pressure (SBP) and cardiac intervals (CI) fluctuation can
contribute to evaluation of cardiovascular risk and the effect of therapy (both non-
pharmacological and pharmacotherapy). Depressed value of BRS indicates an increased
sympathetic nervous activity Our study was focused on the evaluation of potential
favourable effect of walking training on the heart rate baroreflex sensitivity compared to

effect of pharmacotherapy of hypertension in patients with type 2 diabetes mellitus and
hypertension.

PATIENTS AND METHODS

In two groups of diabetics type 2 - with hypertension contrelled by ACE inhibitors or
Ca-channel-blockers (DMH, n = 7, age 56 « 4 years) and without hypertension (DMN, n =
6, age 60 + 8years). BRS was evaluated before (1) and after (2) 12 weeks of walking
training program that consist of daily 30-60 min walking at least 3-4x a week.
Furthermore, BRS was measured in patients with essential hypertension without
treatment (EH, n =11, age 60 + years), in normotensives (N, n = 11, age 58 + 6years), in
patients with essential hypertension and monotherapy of ACE inhibitors or Ca-channel
blockers (EHT1, n = 12, age 59 = § years) and in hypertensives with combined therapy of
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trandclapril and dilthiazem (EHT2, n = 18, age 48 + 5 years). BRS was determined by a
5-minute continuocus beat-to-beat recording of blood pressure according to Periaz method
(6) (Finapres Chmeda) at metronome controlled breathing frequency of 0,33 Hz. The BRS
value was calculated by spectral analysis of spontaneous fluctuations of systolic blood
pressure (SBP) and cardiac intervals (CI). The value of cross-spectral power density of CI
and SBP fluctuation was divided by the value of power spectral density of systolic blood
pressure fluctuation at 0,1Hz. The value obtained, i.e. modulus, was considered to be the
measure of BRS. The value of this function at frequency of 0,1Hz corresponds to BRS
{me/mm Hg).

The experimental protocol was approved by the local Ethics committee, prior
participation all subjects gave written informed consent.

Statistical analysis of data was performed using Wilcoxon paired test and ANOVA; The
significant differences were considered at p < 0,05. The data are performed as mean + 8D
and were processed by Microsoft Excel 97.

RESULTS

The results of BRS of all patients groups are given in Tuble 1.

The walking training program increased significantly BRS in patients with type 2
diabetes mellitus (both with and without hypertension). The BRS value in non-diabetic
groups was significantly increased in hypertensive patients with combined medication
(EHTZ) and in normotensives (N) compared to hypertensive group without therapy (EFHD)
and hypertensives with monotherapy (EHT1). Systolic and diastolic blood pressure was
significantly increased in hypertensive group without therapy (EH).

Tuble 1. Results of BRS in examined patients groups.

Patients BRS (ms/mmHg) | SBP {(mmHg) | DBP (mm Hg) CI (ms)
_grouns {mean + 8D} {(mean £ 5D) {(mean + SD) {mean + 8D}

DREN] 3111 119+ 17 71410 Ti5+ 114
DBRENZ 4.7+ 1,2% 12213 71413 788 + 69
DM 51418 140+ 26 70+ 14 946 + 146
DMH2 7.2+23% 135: 18 68 & 11 9474 170
EH 47 +1.8 156+ 12¢% 9847% 759+ 139
M 7.8 +3,8% 121+ 10 75+ 8 789 % 115
EHTI 49+ 27 129+ 9 85+ 7 756+ 93
EHT2s 8,2 £ 34t 128+ 8 8249 789 £ 60

Legend: DMNI, DMNZ © normotensive diabetics before(1) and after(2) walking training;
DMHE, DMH2 : diabetics with hypertension before(1) and after(2) walking training; EH:
hypettensives without therapy; N: normotensive patients ; EHT1: hypertensive patients with
monotherapy; EHTZ: hypertensive patients with combined therapy.

* statistically significant at p< 0,05 against to DMN1 a DMHI;  statistically significant at

p< 0,05 agaimst to EH, EHTL; 1 statistically significant at p < 0,05 against to all groups
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DPISCUSSION

In patients with diabetes mellitus type 2 the average prevalence of hypertension ig
about 80%. In the majority of patients, diabetes type 2 is associated with insulin resistance
(IR) that appears to be a key factor in the development of other pathological conditions
{(including hypertension), involved in the metabolic syndrome. Autonomic dysfunction with
increased sympathetic activation expressed by low value of baroreflex sensitivity along
with depressed heart rate variability (HRV) is characteristic feature of metabolic
syndrome. Several studies have demonstrated that depressed BRS and HRV are strong
independent risk factors for sudden cardiac death in patients after myocardial infarction
(7, 8) and the authors have later demonstrated favourable impact of exercise on BRS and
mmprovement of patients” prognosis (9). Moreover, in diabetic patients decreased BRS and
HRV can be considered to be an early sign of cardiovascular autonomic neuropathy (CAN)
accounting for an approximately five fold increase in mortality and some studies have
suggested exercise can improve diabetic cardiovascular autonomic dysfunction (10, 11,
12). One of the main therapeutic objectives in patients with diabetes type 2 is to decrease
both IR and increased sympathetic tone represented by low value of  baroreflex
sensitivity, Physical activity is one of the non-pharmacological therapeutic means that
favourably influenced insulin sensitivity (13) and BRS . In some studies the authors found
out that ACE inhibitors are able favourably influenced not even blood pressure but msuhn
sensitivity and BRS (14, 15).

We conelude that the walking training program increased significantly BRS in patlents
with type 2 diabetes mellitus both with and without hypertension. Comparing this non-
pharmacological treatment to pharmacotherapy of hypertension, we found out that the
value of BRS in normotensives (N} corresponds with BRS value in the diabetics with
hypertension after training (MK, and hypertensives with combined medication
(EHT,).

The results support important role of regular physical activity in favourable affecting
of cardiovascular autonomic function and non-pharmacological intervention of
cardiovascular risk factors associated in metabolic syndrome.
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INFRODUCTION

The syndrome of chronic heart failure (CHF) is typically characterized by decreased
exercise capacity with reduced peak oxygen consumption. The exercise abnormalities are
closely related to impaired skeletal muscle behaviour. The skeletal muscle oxidative
metabelism is depressed, intracellular pH levels decrease, phosphocreatine depletion
during exercise increases and phosphocreatine resynthesis decreases (1}. The increased
symipathetic tone and stimulation of the renin-angiotensin-aldosterone system influence
the redistribution of regional biocod flow and create endothelial dysfunction of all vessels.
This leads to an irnpaired peripheral vascular dilatation in response to vasodilator stimuli
and reduction of blood flow and O, supply in skeletal muscles {2). Chronic hypoxia
damages strongly the structural and metabolic integrity of muscle fibers. The resulting
general atrophy decreases the power and fatigue resistance of musecles. Chronic low-
frequency electrical stimulation (LFES) has been shown to decrease fatigue and to
mmprove the performance of skeletal muscles.

The aim of this study was to investigate whether the long-termed LFES improves
skeletal muscle performance and the rating of perceived exertion.

MATERIALS AND METHODS

PATIENTS

A group of 10 patients (age 54 + 7 years, ejection fraction 18 + 2 %) diagnosed with CHF,
classified as NYHA grades III to IV, were included in the study They all had undergone
coronarography, were symptomatically stable and on optimal pharmacological treatment
(ACEL betablockers, diuretics) that remained unchanged throughout the study.
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PROTOCOL OF LFMES APPLICATION

The muscles to be stimulated were quadriceps muscles. Special rectangular electrodes
80x100mm (St.Cloud International, Chantonnay, France) were positioned on the thighs
cea 3em under inguinal fold and 2em over the upper patella border. Electrical stimulation
was performed 1 hour/day, 7 days a week for 3 (5) weeks, using dual-channel stimulator
Elpha 2000 (Danmeter, Odense, Denmark). The stimulator delivered a biphasic current of
10 Hz frequency. The pulse duration was 200 msec with an "on-off'" mode of stimulus (20
s stimulation, 20 s pause). The maximal stimulation amplitude was 60 mA.

MEASUREMENTS

To determine the maximal muscle strength (F_,,), an isometric dynamometry of
quadriceps muscles was performed every week, using a PC-2 SDT dynamometer {Czech
Republic).

To evaluate the influence of LFES on eardiovascuiar reactivity, two basic hemodynamic
parameters were measured: blood pressure (systolic and diastolic - SBP and DBP) and
heart rate (HR) before and after LFES application.

The rating of perceived exertion (RPE) was expressed using the Borg scale.

STATISTICAL ANALYSIS

The Wilcoxen paired test was used for statistical analysis. The results were expressed
ag mean + SD values. A P value < 0.05 was considered as significant.

RESULTS

A significant improvement of the quadriceps muscle strength (Table I) and of the RPE
(Table 2) was observed after 3 and 5§ weeks of stimulation (see the table below). SDB, DBP
and HR values changes were not significant during all the period of stimulation.

Tuble 1
Results of muscle strength measurements before and after 3 and 5 weeks of low-
frequency electrical stimulation in patients with chronic heart failure

' Before LEES Afer 3 weeks After 5 weeks
Muscle strength (% + SD) (% +5D) (X +SD)
F s () 15.7 £103.9 249.1 £100.6 * 334.1 £ 111.9 **

Fox, maximal muscle strength; N, Newions; LFES, low-frequency electrical stimulation; X,
mean; S, standard deviation; *, P <0.05; ** P <0.01.
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Table 2
The changes of the rating of perceived exertion before and after 3 and 5 weeks of low-
frequency electrical stimulation in patients with chronic heart failure

RPE (Borg scalc) Beg}re LFES Aftir 3 weeks Aftir 5 weeks
' (X +8D) (X £ 8D) (X £ 8D)
Exertion 69 % 25 64 + 26 51 19
Dyspnea 21 £16 1717 [248%*

RPE, rating of perceived exertion; X, mean; SD, standard deviation; *, P < 0.05.

DISCUSSION

The results of this study demonstrated a significant positive impact of the LFES after
3 and § weeks of stimulation on the muscle performance of quadriceps muscles in patients
with CHY. Analysis of RPE, SBF, DBP and HR showed that LFES was subjectively well
tolerated and did not exhibit any harmful effect on hemodynamic parameters.

In 2002 we have published our first results together with French authors with low-
frequency electrical stimulation of skeletal muscles in patients with chronic heart failure
(3). The low-frequency stimulation was well tolerated by all subjects and after one week
mproved the quadriceps muscle strength by 28 %. The results of magnetic resonance
imaging analysis of the gastrocnemius muscle showed a significant increase in muscle
volume after stimulation,

In previous our study we have found that three weeks of LFES significantly increased
both muscle strength and blood flow velocity. It was concluded that LFES may improve
the structural and functional patterns of skeletal muscles and may be useful in the
treatment of patients with severe chronic heart failure (4). The beneficial effects of chronic
low-frequency stimulation of thigh muscles in patients with advanced chronic heart
failure were described also by Nuhr et al (5) and Quittan et al (6).

Experiments with LFES confirmed the crucial stimulation-induced changes in skeletal
muscles, leading to the transformation of fast fatigable muscles, toward slower, fatigue-
resistant ones (7,8}, Previous studies showed that LEMES increases capillary density and
enhances perfusion in rat and rabbit strength muscles (9,10). The published results
showed also a significant improvement of exercise capacity parameters (VOypean> YOzar) in
patients with CHF after 5 weeks of LFMES (11).

The method of LFES can be used also in heart transplantation candidates with cardiac
pacemakers (12).
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INTRODUCTION

The increased diastolic and systolic blood pressure is an important risk factor of stroke
and coronary heart disease (1). In elderly patients we observe more frequently the isolated
systolic hypertension because naturally the diastolic pressure decreases after the age of
50 vears (2). It is evident that the increase pulse pressure (the difference between systolic
and diastolic pressure, PP) is seen in patients with isolated systolic hypertension. The
importance of increased pulse pressure as a risk factor for mortality and morbidity was
reviewed (3). It i3 also well known that decreased baroreflex sensitivity is a risk factor for
mortality in ischemic heart disease patients (4). Recently we observed lower baroreflex
sensitivity in patients with higher pulse pressure (5). The guestion arises if the decrease
of baroreflex sensitivity can be caused by lower distensibility of carotid arteries. For this
reason we analysed of the relationship between pulse pressure and intima -media
thickness (IMT) in patients with essential hypertension treated with ACE inhibitors or
Ca-antagonists. The relationship between pulse pressure and baroreflex sensitivity in
these patients was the second aim of the present study.

MATERIAL AND METHODS

We examined 30 patients (all men) with essential hypertension treated with ACE
inhibitors or Ca-antagonists. The patients were divided in two subgroups using the pulse
pressure (PP) according to mean blood pressure (MAP) diagram as is shown in Fig.1, The
division was done according to the regression line expressing the linear relationship
between MAP and PP The dots up and right of the line corresponded to the patients with
higher PP (group HPP), the dots under and right from the line corresponded to the patient
with low PP (group LPP). The mean blood pressure MAP was similar in both groups.

We measured IMT of both common carotid arteries by Doppler echocardiography
(SONOS 5500, Hewlet Packard, USA).

Baroreflex sensitivity was determined using two methods, Baroreflex sensitivity of
heart rate (BRS) in ms/mmHg was measured by spectral method. Systolic (SBP) and
diastolic blood pressure (DBP) were noninvasively continuously recorded beat-to-beat
(Finapres, Ohmeda USA) for 5 minutes during metronome controlled breathing 0.33 Hz.
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Power spectra of cardiac interval variations (Fci*eil) and cross-spectra between SBP and
cardiac intervals (Fei/sbp) were calculated, the modulus between Fei*ci and Fei/sbp at 0.1
Hz corresponds to BRS (BRS=Fci*ei/(Fci/fsbp)). Only calculations where coherence
calculated from Fei, power spectra of systolic blood pressure (Fsbp) and Fei/sbp at 0.1 Hz
was higher than 0.5 were taken into account,.

Blood pressure component of the baroreflex was measured by following method. Two
inflatable cuffs were placed on both thighs of supine patient. The pressure in the cuffs was
abruptly increased on suprasystolic value a kept constant for 5 minutes to induced
ischemia in both lower extremities. Then the cuff pressure was rapidly released. A
decrease of peripheral resistance in lower extremities resulted in blood pressure
immediately decrease 10-30 mmHg, lasted some time and than returned back to the
original level under the influence of baroreflex. The method was described elsewhere (6).
The speed of the SBP and DBP return to the original level was evaluated. The curve of
SBP and DBP return is of sigmoid shape, maximum slope of the curve expressed in
mmHg/s for both SBP (SBP mmHg/s) and DBP (DBP mmHg/s) corresponds to the
magnitude of blood pressure component of the baroreflex.

The results are summarizes as means x SD. The statistical significance of differences
between bhoth groups was determined by Wilcoxon non-parametric test.

The Local Ethics Committee of Teaching Hospital approved the study and all patients
signed informed consent.

RESULTS

The results are seen in the Table 1 and Table 2. Our results show that the treated
hypertensives with higher pulse pressure are older, have a lower gain of the baroreflex
and have a larger IMT.

Fig. 1
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Table 1

Age, systolic (SBP) and diastolic blood pressure (DBP), pulse pressure (PP) and mean
arterial pressure (MAP) in hypertensives with low (PPL) and high pulse pressure (PPH).
The results are given in the table (mean SD):

Age SBP DBP PP MAP

Years mmHg mmHg mmHg mmHg
PPL.579 13521 75 11 62 14 118 i6
PPH G659 *146 18 6611 81 15% 11913

{p<0.05: * get PPL versus PPH.; Wilcoxon)

Legend: SBP ~ systolic blood pressure, DBP - diastolic blood pressure, PP pulse pressure,
MAP — mean arterial pressure '

Table 2

Intima -media thikness (IMT), baroreflex sensitivity (BRS), pulse component of
baroreflex for SBP, DBP in hypertensives with low (PPL) and high pulse pressure (PPH).
The results are given in the table (mean SD):

ITH BRS pulse component of baroreflex
mm ms/mmHg SBPmmHg/s DBPmmHg/s

PPL 0.71+0.12 3.73 +3.06  1.05+0.78*  0.71+0.53
PPH 0.94x0.24* 2.14+2.27 0.71+0.50 0.58+0.45

(p<0.05: % get PPL versus PPH.; Wilcoxon)
The results are given in the table (mean SD}):

Legend: ITH -intima media thickness, BRS baroreflex sensitivity, pulse component of
baroreflex for SBP, DBP

DISCUSSION

In a recent study we observed that PP magnitude is not important factor in regard to
peripheral resistance of cerebral arteries (7). However in the present study we found an
increased IMT in increased PP by equal MBP. To answer the question what is the cause
and what is the consequency is not simple. Increased IMT corresponds to the higher
stiffness of carotid arteries. Increased stiffness of aorta is the reason for increased pulse
pressure and increased blood pressure iz a stimulus increasing the stiffness of the
arteries. It can be speculate that the increased stiffness is the culprit of the decreased
baroreflex sensitivity. Baroreceptors are stretch receptors in the carotid sinus. Lower
distensibility of a.carotis because of higher stiffness can be the cause of decreased
baroreflex sensitivity. The decrease of baroreflex sensitivity in patients with hypertension
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was seen in several studies (8, 9). Also the decline of baroreflex sensitivity with age was
observed (10). This fact is in accord with our finding of higher age in our HPP group.

Icreased IMT has been shown to be independent predictor of adverse cardiovascular
events (11). The results of study of the relationship between IMT and BRS is
contraversial. It was shown that BRS correlates with I'TM in the carotic sinus area and
not in the common carotid region (12).

We didn't observe the significantly lower baroreflex sensitivity of all parameters, only
in SBPmm/Hg. This can be explained by large variability of baroreflex sensitivity, like the
variability of blood pressure which is also not constant at repeated measurement. In our
results we can see that also BRS and DBPmm/Hg is lower in the HPP group, only the
statistical significance was not reached.

Our results are not without clinical significance. Low baroreflex sensitivity only
insufficiently suppress the increase of sympathetic activity, the important factor
participated in sudden cardiac death. It is possible that low barorefiex can contribute to
the increased risk for mortality in patients with high pulse pressure.
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