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ABSTRACT

Menopausal transition in women involves complex neurobiochemical changes linked to ovarian dysfunction,
resulting in symptoms like vasomotor symptoms (VMS), sleep disturbances, anxiety, and cognitive
impairments. Hormone replacement therapy is the first-line treatment. However, many women are reluctant
to use HRT or have contraindications toward HRT and seek for alternatives. Non-hormonal therapies with
extracts of Cimicifuga racemosa rhizomes like the isopropanolic extract (iCR, black cohosh) offer a promising
alternative. A preclinical pilot study exploring iCR’s effects on gene expression in the hippocampus and
hypothalamus of ovarectomized (OVX) rats mimicking menopausal conditions identified important signaling
pathways and CNS-based contributions to the multitargeted modes of action of iCR. Especially in the
hippocampus, iCR compensated effects of OVX on gene expression profiles. These changes are reflected by
the genes AVPR1A, GAL, CALCA, HCRT, PNOC, ESR1, ESR2 and TAC3 contributing to the formation of hot
flushes or thermoregulation as well as to secondary effects such as blood pressure, metabolism, hormonal
regulation, homeostasis, mood regulation, neuroendocrine modulation, regulation of sleep and arousal, and
in learning, memory and cognition. To understand the mechanisms in the brain of estrogen-depressed
animals (OVX) and subsequent iCR treatment we combined the results of the pilot study with those of
up-to-date literature and tried to transfer the current knowledge to humans during menopausal transition
and adaptation. Focus was laid on changes in the hippocampal function, that is disturbed by hormonal
fluctuations, but can also be brought back into balance by iCR.
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sleep disturbances [5,7]. The knowledge of the etiology and
mechanisms of hot flashes on the one hand and the mode(s) of
action of CR on the other hand is limited.

Decades ago, it was presumed that the mode of action of CR
involves non-organ-selectively hormonal signaling through estro-
gen receptors (ER). But CR does not have an estrogenic effect
mediated through ERs and its mode of action is even more com-
plex [8]. The mechanism(s) by which iCR reduces neurovegeta-
tive climacteric complaints has partially been clarified. CR exerts
a multifaceted and complex set of effects by combining various
pathways [9,10]. As previously summed up [9] iCR binds to
serotonin, dopamine, GABA and p-opioid brain receptors leading
to receptor-mediated functional recovery [11-13]. In addition,

Introduction

During menopause women experience a variety of changes in
their body and mind as a consequence of the neurobiochemical
changes, associated with ovarian dysfunction, i.e. vasomotor
symptoms (VMS) as well as sleep disturbances, anxiety, depres-
sive moods and changes in cognitive performance [1]. Hormone
replacement therapy (HRT) is considered first choice for treating
menopausal symptoms [2] as it artificially compensates for the
hormone deficiency. This approach seems very simple, but until
now it is known that circulating peripheral estrogen levels are
not correlated with VMS. Instead, the pace of estrogen decrease
and fluctuations (among other sex hormones) causes an imbal-

ance of serotonin- and noradrenalin levels (and other) in the
thermoregulatory center, leading to VMS and cognitive impair-
ments [1, 3,4].

Especially for women with an increased risk of thrombosis or
hormone-dependent cancer, non-hormonal therapies such as iso-
propanolic extract of Cimicifuga racemosa rhizomes (iCR) can be
used instead of HRT due to its confirmed positive risk-benefit
profile [5,6]. Its use is well established in the therapy of climac-
teric complaints such as hot flashes, night sweats and associated

iCR ameliorates OVX-induced changes of the serotonergic and
noradrenergic brainstem-preoptic anterior hypothalamus path-
ways [14].

One aspect which contributes to the multifaceted mode(s)
of iCR’s action is shown for that it can compensate ovariec-
tomy (OVX)-induced changes of gene expression in hypothal-
amus and especially in the hippocampus in rats [10].
Exploratory qPCR and microarray analyses revealed that some
signaling paths are changed due to OVX and subsequent
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estrogen decline, and several of these alterations are, at least
partially, restored by iCR in the hippocampus [10]. The results
of this in vivo study together with an up-to-date literature
search should bring us closer to an explanation of menopausal
processes in the hippocampus and therapy options for meno-
pausal complaints.

Overview of the preclinical gene expression
study results

We critically reviewed the results already described in the pilot
study and supplementary data [10] and combined them with
those of up-to-date literature, additional data from the full study
report and with focus on which conclusions are relevant for
clinic and understanding VMS development as well as the mode
of action of CR. The underlying methods used in the pilot study
were: Estrogen decline in menopausal women is mimicked in the
pilot study approach by the established animal model of OVX.
Gene expression profiles from hippocampal and hypothalamic
tissues from 20 female Sprague Dawley rats with or without
treatment with iCR (OVX+iCR) were compared to those of
intact rats (PRAE) using a 44K RNA-microarray-chip. An over-
lap analysis filtered features for an exclusive iCR effect and the
subsequent compensation analysis for a compensatory effect
where the treatment with CR counteracted the effect of ovariec-
tomy. Gene ontology and pathway analyses were performed using
the Broad Institute Gene Set Enrichment Analysis (GSEA) plat-
form. Subsequently, verification of such changes of the expres-
sion of target genes selected by the DNA-chip based analyses was
done by qPCR. For more detail see [10].

In the pilot study, the primary analysis of differentially
expressed genes filtered 4,812 genes out of a 44K microarray
chip [10]. Thereupon, 1759 genes were differentially expressed in
the hypothalamus and 2210 in the hippocampus representing the
effect of iCR after OVX treatment. The subsequent GSEA analy-
sis pointed on possible interactions and treatment-induced pro-
cesses in these brain areas. As shown in Stute, von Wolff [15],
there was a strong correlation between the binding/activity of
receptors in hippocampus, especially between the binding of
odorants and olfactory receptor (OR) activity. In the hypothala-
mus, pathways mainly regarding metabolic processes could be
filtered out.

CR is able to alleviate OVX-induced thermoregulatory impair-
ments [16]. Also further climacteric symptoms like anxiety,
depressive mood and sleep problems are reduced by iCR treat-
ment as shown in a recent clinical trial [17]. To find out what
mechanism underlies this compensatory effect at the molecular
level, overlap analysis with criteria for compensation was per-
formed. The group of iCR-treated compensated features repre-
sented 213 genes in the hippocampus and 349 genes in the
hypothalamus. This approach led to a more specific picture of
the processes initiated by iCR [10]. In the hypothalamus, the
molecular functional analysis was condensed to a single pathway
in which insulin-like growth factor binding was found to be sig-
nificant (p=.007). In the hippocampus, differentially expressed
genes are overrepresented in gene ontology terms such as neuro-
peptide hormone activity (p=754E-11) and positive regulation of
blood pressure (p=>563E-06) (Figure 1 and supplementary table
2 in Stute, Ehrentraut [10]).

To verify the microarray analysis in principle and to look
more closely at possible target genes for iCR, qPCR analyses
were carried out. Representative genes were selected to answer
the questions about a compensatory, exclusive iCR effect, and
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Figure 1. Word cloud' of results from GSEA analysis of samples whose
OVX-induced change in expression was compensated for by iCR treatment in the
hippocampus (213). Terms are highlighted analogous to its significance (for raw
values see Supplementary Data of the original publication [10]).

cellular response to hormone stimulus

about genes commonly discussed in science. The results showed
that qPCR did not confirm the microarray results for all target
genes, but for essential parts. In particular, compensatory effects
in the hippocampus, for example in GAL, CALCA and HCRT. In
some cases, an exclusive iCR effect in the hippocampus was
observed (AVPR1A, PNOC, KISS1). Furthermore, a compensa-
tory effect at AVPRIA in the hypothalamus was detected. Table 1
shows the main results of the examined qPCR analyses. Figure 2a
illustrates the counteracting effect of iCR treatment in the hippo-
campus. This effect was not pronounced in the hypothalamus
(Figure 2b). Here, the OVX-induced increase in gene expression
of KISS1 was evident.

Peer-reviewed literature was searched for new scientific
insights into the pathophysiology of menopause and the multi-
faceted mode of action of black cohosh. We focused the search
on the selected target genes that were compensated by iCR and
the association of the hippocampus with estrogen decline, OVX,
vasomotor symptoms and cognition. This search was not carried
out systematically, but served to find out how the hippocampus
is involved in the transition to menopause and in thermoregula-
tion, and how the identified compensated genes are involved in
menopausal transformation and targeted by iCR.

Transfer of preclinical study data on clinical importance

Gene expression profiling may identify a few genes as ‘key play-
ers in observed biological phenomena, as well as to look at the
‘big picture’ and uncover important interactions between multiple
genes and understand changes at the level of molecular pathways
and networks [18]. Challenges with this DNA-chip-technique
include interpretation of results and reproducibility [18], but it
allows the clinician to understand pathophysiology and to get
closer to the mode of action of a multi-component medicine.
The high quality-defined herbal extract iCR contains a multi-
tude of substances. Therefore, it is not a matter of ‘one substance
modulates one gene but a story of ‘a multitude of substances
modulates a set of genes, i.e. a multi-target approach typical of
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Table 1. Effect of OVX and OVX+iCR treatment on target genes in hippocampus and hypothalamus determined in microarray and qPCR. The arrows indicate
increased or decreased gene expression of the groups (OVX vs. PRAE/OVX+iCR vs. OVX), the asterisk indicates a significant effect.

a Microarray gPCR
Gene Hippo-campus Hypo-thalamus Hippo-campus Hypo-thalamus Gene function acc. to literature
AVPR1A Compensation Trend to compensation iCR effect Compensation Water homeostasis, cognition,
T 1 1 - cardiovascular and sexual
OovX OvX OVX OvX function.
iCR* iCR{ iCR{* iCR * Hypothalamic AVP involved in
pathogenesis of climacteric
syndrome.
GAL Compensation No clear effect Compensation No clear effect Nociception, mood, cognition,
neuroendocrine modulation,
OVX T* OVX T* inhibition of insulin release.
iCRL * iCR 4 * GAL concentration related to
severity of climacteric
symptoms.
CALCA Compensation No clear effect Compensation No clear effect Vasodilatation — Cardiovascular
homeostasis and
OvVX T OVX T+ thermoregulation.
iCR 4 * iCR{ * CALCA release is linked to hot
flushes.
HCRT Compensation No clear effect Compensation No clear effect Regulation of sleep and arousal.
Higher orexin A levels are
OVX T* ovX T+ associated with
iCR{ * iCR{ * hypoestrogenism, and are
partially reversed by estrogen
replacement therapy.
PNOC Compensation No clear effect iCR effect No clear effect Thermoregulation, learning,
memory, hunger, pain
ovx T+ ovxT sensitivity
iCR{* iCRL *
Microarray gPCR a
b
Gene Hippo-campus Hypo-thalamus Hippo-campus Hypo-thalamus Gene function acc. to literature
ESR1 No clear effect No clear effect Compensation Compensation No direct interaction of iCR with
ESR1
ovxX T+ ovx T
iCR{* iCR{*
ESR2 No clear effect No clear effect Compensation No clear effect No direct interaction of iCR with
ESR2
ovx T+
iCRL*
KISS1 No clear effect No clear effect iCR effect OVX effect Hypothalamic KNDy neurons are
. discussed to be involved in the
ovxT ovxT mechanisms of hot flushes.
iCR{* iCR{* Kisspeptin stimulates
gonadotropin-releasing
hormone (GnRH)-induced
gonadotropin secretion.
TAC3 Trend to OVX effect No clear effect Compensation No clear effect Neurotransmitter, ligand for
neurokinin-3-receptor.
ovxT OVX T* Hypertrophy of KNDy neurons
iCR iCR * in postmenopause. Neurokinin

B induces hot flushes.

Target genes selected for qPCR based on the compensatory effect in the hippocampus in the microarray.
bTarget genes selected for qPCR based on general interest.

modern systems biology. An important tool to uncover the ‘big
picture’ for iCR’s mode(s) of action(s) was the GSEA together
with the overlap analyses including the filtering for
iCR-compensated OVX-induced changes of gene expressions.
This led to a set of genes already more or less known to be
involved in menopausal transformation and estrogen decline.
The focus was on two important brain regions involved in
functions known to be affected during menopause, namely the
hypothalamus and the hippocampus. The hypothalamus is the
most important control center of the autonomic nervous system.

It connects between the nervous system and the endocrine sys-
tem and has the control over the pituitary gland, which releases
hormones that regulate various autonomous body functions like
body temperature, sleep, circadian rhythm, water and electrolyte
balance, energy balance, sexual function, emotional functions.
Therefore, research on thermoregulatory disorders during meno-
pause focuses mainly on this area of the brain, as it is the con-
trol point for it (Wang, Yang [19] for example). But the pilot
study [10] and others [20-24] also indicated hippocampal
involvement. iCR led to changes in the spectral frequencies of
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Figure 2. Gene expression of selected target genes in the 2hippocampus and Phypothalamus and determined by qPCR, effects of OVX and OVX+iCR treatment

compared to untreated (PRAE) animals.

rat brain electrical activity, with the strongest effects in the fron-
tal cortex and hippocampus [24]. The hippocampus is the
switching point between short and long-term memory, involved
in information selection, memory consolidation, learning, evalu-
ation of odors, spatial orientation, control and processing of
emotions, emotional memory [15].

Hippocampal changes are observed in women with the bilat-
eral salpingo-oophorectomy, a female-specific risk factor for
dementia [25]. The ventral hippocampus, rich in ER-p-receptors
and therefore influenced by estrogens [reviewed by 23], is a
functionally relevant region that mediates anxiety, stress, and
emotional responses that are often dysregulated during the
menopausal transition [21]. It is sensitive to changing estrogen
levels, resulting in verbal memory lapses and hot flashes [20,23].
Thurston, Maki [20] concluded that the default mode network
connectivity in the hippocampus is associated with menopausal
hot flashes. This brain region is responsible for modulation of
the body physiology, including the activity of the hypothalamus-
pituitary-adrenal axis, blood pressure, immunity, and reproduc-
tive function [26].

The GSEA of hippocampal samples resulted in some
iCR-compensated OVX-induced changes of pathways/terms of
major interest [10]. These were positive regulation of blood pres-
sure, hormones, feeding behavior, cytokine-cytokine receptor
interaction, inflammatory response, response to insulin, orexi-
genic neuropeptide QRFP/P518, opioid receptor binding, cyto-
kine activity, positive regulation of vasoconstriction. Figure 1
illustrates the strength of the enrichment of the respective pro-
cesses. The target genes AVPR1A, GAL, CALCA, HCRT and
PNOC were chosen for qPCR to represent these pathways. All
these target genes display a compensation or overcompensation
of the OVX effect by iCR treatment especially in the hippocam-
pus; i.e. elevated expression values of OVX samples in compari-
son to PRAE samples were reversed or diminished by iCR in
comparison to PRAE levels (for detail see [10]). Literature
research on these five target genes revealed several overlaps with
known associations with menopause:

AVPRIA serves as receptor for arginine vasopressin (AVP)
and oxytocin. AVP acts as the major regulator of body water
homeostasis and is one the target genes suggested to play



potential role in the pathogenesis of climacteric syndrome
[19,27]. Oxytocin contracts smooth muscle during parturition
and lactation. It is also involved in cognition, tolerance, adapta-
tion and complex sexual and maternal behavior, as well as in the
regulation of water excretion and cardiovascular functions [28].
Neuronal metabolic activity in the supraoptic nucleus, a major
source of plasma AVP as well as in the hippocampus was mark-
edly enhanced in women after menopause [22].

A recently published study [19] elucidated the possible molec-
ular mechanisms underlying the menopausal syndrome in the
hypothalamus of OVX mice. They identified differential expres-
sion of genes involved in thermoregulation, eating, sleeping,
homeostasis, and endocrine regulation 8weeks after OVX. Also
in that study, the endocrine-related gene AVP was upregulated in
OVX mice.

Estrogen receptor beta (ESR2) was found to co-localize in the
hypothalamus with cells expressing oxytocin and AVP-receptors
in rodents [29]. Therefore, it is not surprising that ovarian ste-
roids can modulate vasopressin release [30]. ER-B-selective estro-
gen receptor modulator (SERMs) in the hippocampus, decreased
anxiety and depressive behavior [31]. CR extracts actions were
partially attributed to SERMs [32], so the compensatory effect on
this neuronal axis by iCR seems quite conclusive.

Estrogen stimulates AVP gene expression in the bed nucleus
of the stria terminalis (BNST) in rodents, the BNST-AVP system
enhances and/or maintains ‘social’ or ‘olfactory’ memory [33].
iCR influenced olfactory receptor linked gene expression profiles
and pathways [10].

GAL: Serum galanin concentration in post-menopausal
women is related to severity of climacteric syndrome [34], as
it can be seen in GAL-knock-out mice, that show hyperalgesia
to mechanical and thermal stimuli [35]. Galanin acts predom-
inantly as an inhibitory neuromodulator on glucose-induced
insulin release and stimulates growth hormone and prolactin
secretion [35]. It is involved in in several functions including
cognition, feeding, nociception, mood regulation, and neuroen-
docrine modulation. Expression of the galanin gene shows a
50-fold increase in plasma immunoreactivity after stimulation
with the estrogen [reviewed by 35]. The observed decrease of
GAL by iCR [10] implicate that the herbal does not act like
estrogen, at least in this context. However, the OVX effect on
Galanin expression in hypothalamus and hippocampus is coun-
teracted by iCR, reconstituting the GAL status like ovar-bearing
animals [10].

CALCA, also named Calcitonin gene-related peptide (CGRP),
is a very potent vasodilator maintaining cardiovascular homeo-
stasis and thermoregulation by altering blood flow at the cutane-
ous microvascular level [36]. The acute release of CGRP has
been associated with the occurrence of menopausal hot flashes
reviewed by [36,37], that is reconstituted by HRT [38]. GRP
receptor antagonists may be beneficial for vasomotor symptoms,
cardiovascular risk, obesity, and major depressive disorders [39].
iCR compensated OVX-induced changes of CALCA gene expres-
sion in hippocampus [10].

HCRT encodes a neuropeptide precursor protein that gives
rise to two mature neuropeptides, orexin A and orexin B, which
regulate sleep and arousal and may play a role in feeding behav-
ior, metabolism and homeostasis [40]. Sakakibara, Uenoyama
[41] hypothesized that HCRT is a possible candidate gene, which
is responsible for brain sexual differentiation via neonatal estro-
gen. HRT downregulates HCRT expression and reverses
hypoestrogenism, that is linked to hypoestrogenism and higher
orexin A values [41,42]. Also, iCR returned the OVX-induced
change of expression level of HCRT to normal levels [10].
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PNOC encodes for multiple protein products including noci-
ceptin, nocistatin, and orphanin FQ2. Nociceptin induce increased
pain sensitivity, and may additionally regulate body temperature,
learning and memory, and hunger [43]. Steroids regulate PNOC
expression and so the onset and termination of reproductive
behavior and reproductive physiology of the hypothalamic-
pituitary-gonadal axis via integrating hormonal, olfactory, and
mating stimuli [44]. Interestingly, the preliminary analyses pre-
ceding our study revealed gene expression changes in the olfac-
tory signaling pathway due to OVX, which were compensated by
iCR [15]. PNOC may be a key link to this set of functions.

Although microarray analyses revealed compensation by iCR
in the hippocampus and qPCR revealed even overcompensation
of some genes (AVPR1A, PNOC), this result should not be
overestimated as the number of samples was too small to come
to a final conclusion.

Anyhow, the good accordance of the target genes analyses by
PCR with microarray results at the hippocampal compensation
approach leads to the conclusion that the pathways/terms covered
by the target genes are confirmed, too. The iCR actions are not
mediated via a single receptor. It remains unclear in which order
the downstream processes happen, only their involvement is shown.

Also, studies in hypothalamic regions showed counteracting
properties of CR, that ameliorated metabolic disorders in OVX
rats, including reducing weight gain, serum triglycerides, and
liver steatosis without inducing hepatotoxicity, independently of
estrogen receptor activation [45,46]. Hui, Xiaoyan [3] suggested
that estrogen and iCR ‘can improve the function of the hypotha-
lamic nuclei’ and ‘may act on the hypothalamic nuclei and have
therapeutic effects on menopausal symptoms.

But there are also distinct differences in the mode of action
between estrogen and iCR, as the herbal extract has no effects
on serum estradiol, uterus weight and body weight like estro-
gen [47]. Several clinical studies independently investigated
whether CR extracts affect critical estrogen-sensitive tissues
[48-53]. None of these studies detected any safety concerns
regarding breast tissue or endometrium. Therefore, it exerts
central activity rather than a hormonal effect [47]. It is widely
discussed, if CR acts via any estrogen receptor (ESR1 and
ESR2). Microarray analyses with both genes showed no differ-
entially expression, but using qPCR, ESR1 showed a compensa-
tory effect of iCR in both brain regions. And ESR2 showed also
a compensatory effect in the hippocampus. A direct binding of
CR was previously excluded [11,54]. Nevertheless, it is conceiv-
able, that the expression of ESR1 and ESR2 are secondarily reg-
ulated, albeit there is no direct interaction of CR with these
receptors.

The here obtained results confirm the known involvements of
KISS1 and TAC3 in menopausal transformations in the brain.
Hypothalamic expression of KISS1 and TAC3 (encoding kiss-
peptin and neurokinin B, respectively) is upregulated in post-
menopausal compared to premenopausal women [55] as well as
in ovarectomized young cynomolgus monkeys, which could be
reversed by HRT [reviewed by 56]. iCR compensated the effect
of OVX at TAC3 but effect on KISS1 remains unclear due to the
very low signal intensity in that experiment. The receptor of
TAC3, i.e. TACR3, was previously linked to hot flashes in meno-
pause [57] and is a target for selective antagonists like
NK3R-antagonists that are effective treatments for hot flashes
(57,58].

qPCR validation analyses in a set of genes preceding the cur-
rent analyses also revealed, that iCR partially reversed the influ-
ence of OVX on expression of the identified OR genes in the
hippocampus and hypothalamus and compensated them,
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respectively [15]. Olfactory processes are linked to serotonin and
GABA; receptors [59] and it is known, that CR extract contains
GABA, receptor modulating constituents [60] with selective ago-
nistic serotonin receptor activity [61], these receptors are modu-
lated by estrogens as well [62]. Wang, Cui [14] summarized, that
‘serotonin pathway is changed after ovariectomy, including the
serotonin synthesis, both estrogen and iCR have an equivalent
therapeutic effect on it. However, the role of centrally expressed
ORs in the context of menopause is not investigated very well.
But ectopical human ORs are becoming increasingly important,
as OR activation has been shown to influence cancer cell growth
and progression [63]. HRT has a beneficial effect on some olfac-
tory and cognitive measures in the menopause [64]. Therefore,
reconstitution of the olfactory gene expression profiles may be
associated with positive effects on cognition. This was success-
fully shown in mice by restoration of active ovarian function in
aged female mice [65]. Especially in the case of the olfactory
gene family, it is unclear, whether studies in the animal model
could be transferred to humans, because human olfactory recep-
tor genes mostly match to pseudogenes in rodents, but these
interspecies homologs have likely similar functional relation-
ship [66].

Of course, OVX also results in more widespread effects and
is not completely similar to the processes that occur during
menopausal transformation. Nevertheless, these in vivo studies at
the animal model yield in hints toward better understanding of
the CNS procedures due to estrogen decline and the multi-faceted
mode(s) of action of CR.

From all this information about gene expression analyses and
findings from the scientific literature, we would have liked to
paint a picture of menopause in which a distinct causal chain
becomes apparent. Unfortunately, because many processes occur
at the same time, this picture is still blurred, even though some
of the connections have now become clearer. The drop in estro-
gen throws the learning and memory center hippocampus into
turmoil that is indicated by changed expression profiles of sev-
eral genes. The ability to deal with a temperature stimulus no
longer functions in the usual way as the learned reaction to reg-
ulate temperature overshoots and hot flushes occur. Menopausal
symptoms can be reduced either by compensating for the hor-
mone deficiency or by adapting more quickly to the new hor-
monal conditions. Like a person whose legs are shortened and as
a result stumbles. A gradual shortening would not lead to stum-
bling as much as an amputation. The affected person learns to
walk again with the help of prostheses (equivalent to HRT) or by
adjusting the step length (equivalent to Black cohosh). We know
from the clinic that some women have difficulties with tempera-
ture adjustment not only in menopause [67,68]. Others have
learned to adjust more quickly their physical and emotional
symptoms experienced during menopause, for example through
exercise and cognitive therapies [69]. In the course of the adap-
tation process, the body adjusts new reaction procedures, but
this sometimes takes more and sometimes less time, and thera-
pies such as black cohosh help to overcome these difficulties.

Conclusion

Estrogen fluctuation as it occurs upon OVX or menopause in
women is associated with changes in central processes especially
in the hippocampus, leading to symptoms such as VMS, depres-
sion and anxiety. iCR is able to reverse processes thereof. Genes
involved in blood pressure, metabolism, hormonal regulation,
homeostasis, mood regulation, neuroendocrine modulation,

thermoregulation, regulation of sleep and arousal, and in learn-
ing, memory and cognition are dysregulated by OVX and nor-
malized by iCR in the hippocampus, that is a key organ in
menopausal transition and adaptation processes.

Note

1. Created with the help of WorldCloud.com.
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