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 EXTENDED ABSTRACT 
An open access article review on the brain-gut axis via the vagal nerve, 

neurotransmitter relationship between serotonin and estrogen, 
and the cognitive decline in depression 

Kelli Kemenah Mauric

INTRODUCTION 
here are twelve endocrine organs: adrenal glands, hypothalamus,
hypophyseal portal blood vessel system, pituitary glands, kidneys, 

thymus, lymph system, gonads (ovaries and testes), pancreas, 
parathyroid, thyroid, and pineal gland [1].  
The hypothalamus stimulates Thyroid Releasing Hormone (TRH), 
Growth Hormone Releasing Hormone (GHRH), Gonadotropin 
Releasing Hormone (GnRH), and Corticotropin Releasing Hormone 
(CRH) to affect the adrenal glands release of aldosterone, 
corticosteroid, epinephrine (adrenaline), norepinephrine, 
Dehydroepiandrosterone (DHEA) on the function of the anterior or 
posterior pituitary glands which enter into the portal vein of the 
hypophyseal portal system capillary beds to process vasopressin or 
Antidiuretic Hormone (ADH), adrenaline or epinephrine, 
Adrenocorticotropic Hormone (ACTH), somatostatin hormone as 
well as sex hormones estradiol, progesterone, Follicle Stimulating 
Hormone (FSH), Luteinizing Hormone (LH), and testosterone [2]. 
Neuroendocrine biology and chemistry affect the neurotransmitters 
dopamine, serotonin, and norepinephrine [3]. These 

neurotransmitter pathways are a key assessment component along 
with the cognitive assessment tools for executive functioning, 
immediate-delayed memory, learning, attention and concentration, 
and procession-psychomotor speed [4].  Estrogen and testosterone 
especially have an affinity for serotonin and dopamine which brings 
about the importance of lifelong learning in a world where we have a 
40–50-year learning and work life[5].  
Adolescents start working part-time and continue to work, learn, and 
be productive citizens in United States until early retirement at age 
62, but full retirement with Medicare insurance at 70 [6]. It is vital to 
the economy not only in the United States, but internationally, to 
recognize that a healthy neuroendocrine system brings about a health 
digestion and immunity which promotes long and productive quality 
of life [7-9].  No longer can humanity afford to live long but comorbid 
lives of poor quality that drain the economy and mental health of 
family.   
Preventative care needs to include yearly cognitive function testing in 
early education, neuroendocrine education in schools and the 
workplace, and insurance preventative coverage as wellness care just 
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ABSTRACT 
Stress or sensory information comes from our environment into 
our brain from our sight, smell, sound, touch, and taste. The 
amygdala is responsible decide if any stress or sensory information 
is dangerous or harmful. The limbic system is the hypothalamus 
control center to evaluate neurochemicals to perceptions of fear, 
anger, disgust, sadness, happiness and surprise.  
When the brain perceptions trigger the amygdala, the autonomic 
nervous system initiates survival of necessary organs to fight, flee, 
freeze, or fawn.  The kidneys use renin, angiotensin, 

erythropoietin, iron, and antidiuretic hormone to maintain fluid 
and temperature balance in the blood vessels, heart, respiratory 
system, and lymph system. The pancreas uses glucagon and insulin 
to regulate glucose as the main source of energy for fight or flight as 
well as growth and development.   The pineal gland uses melatonin 
and serotonin for regulation of sleep and cognition as well as 
alertness as awareness in fight or flight. The thyroid and 
parathyroid regulate all organ systems required for homeostasis of 
bodily functions at rest and for survival. 
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as a wellness physical yearly exam for all ages [10-13]. 

Importance of the review of neuroendocrine biology, cognition & 
depression 

 There is not a gold standard screening tool for cognition deficits 
in depression.  The PHQ-9 screening tool was introduced in 
2001.  Today, it is a screening tool for depression reimbursed by 
insurance companies and a self-administered quick and easy to use 

patient self-assessment.

The PHQ-9 has nine questions that address feelings of failure, lack 
of energy, restlessness, hopelessness, thoughts of self-harm, lack 
of pleasure, difficulty concentrating or extremes like sleeping to much 
or not enough, poor appetite or overeating, speaking slowly or 
unable to sit still [14-16].

National Institute of Health offers a Cognitive Health Toolbox based 
on age starting at 3 years to 6 years old, 7 years-17 years old and 
18 plus.  The missing link is the distinction in cognition with the 
onset of puberty, the neuroendocrine system development, 
anywhere from 9 to 17. Teenage suicide, caused by adolescent 
depression, increased populations in crowded schools, and with 
development of technology requiring brain development of the 
neuroendocrine system that is only beginning to develop, but not 
understood by teachers, parent and clinicians in all disciplines of 
healthcare and educational settings leaves too many teenagers 
without leadership and mentorship [17-19].  Internationally, we 
have for two decades told preteens and adolescents what is 
wrong with them, their character, their laziness, and blamed 
parents for being less than the perfect parent; but if we look at the 
neuroendocrine system, we may just find that humans were not 
meant to function in the society we have built. Trillions of dollars 
in research would suggest that probability would benefit 
humanity to change society based on biology and chemistry. From 
3 years to 17 years old, every human can learn their own 
genetics, personality, brain chemistry, how they learn best and what 
they need to try harder at to become who they were built to be and 
merge that with what they want to become.  At onset of 
adulthood, the generations to come will focus on balancing life and 
work in a society built for humanity based on neuroendocrine 
biology to improve cognition, balance moods, and maintain 
energy with balanced nutrition and sleep [20]. Most of all to 
include exploring their neighborhoods, cities, states, and countries.   

Traveling and friendship promotes socialization in real time teaching 
that social media, news, and marketing promotes an unrealistic 
view of the world, moments in time but not the ups and downs 
of a journey like compared to adventure, exploration, and 
observation of the world; which requires how you respond to fear, 
anger, anxiety when plans fail during a trip or how 
accomplishment feels when family and friends communicate to 
solve a problem in real life like a failed plan on a trip.  All these 
real-life adventures require knowledge of neurology, human 
fight or flight response system, neuroendocrinology, and 
tools for dysregulation of fear, anger, anxiety, critical thinking, 
problem solving, and communication [21].   
The National Institute of Health Tool Box includes all these tools to 
assess  

 Memory tests specifically episodic memory with picture 
sequence, working memory with list making and sorting 
ability, and immediate recall memory with auditory 
verbal learning tests.

 Language skills testing with picture vocabulary and 
oral reading recognition.

 Brain processing speed.

Balance the brain professional corp 

The focus is on our similarities as much as our differences to find the 
balance required to the injustices brought against us as 
individuals, our families, our communities, societal differences and 
throughout our own states and countries.  Human rights are 
the company’s foundation. 

Biography 

Kelli Kemenah Mauric WHNP-BC, APRN, MS, BSN   
Her portfolio can be found on www.linkedin.com/in/kelli-
mauric-414b8b  

Journal publications for “Neuroendocrine biology of cognition in 
depression” 

 Journal of Psychiatry Research and Treatment
 Journal of Psychopathology of Depression

 Journal of Annals of Behavioral Science

REFERENCES 

1. Amin Z, Canli T, Epperson CN. Effect of estrogen-
serotonin interactions on mood and cognition.
Behavioral and cognitive neuroscience reviews. 2005 Mar
1; 4(1):43-58.

2. Bethea CL, Pecins-Thompson M, Schutzer WE.Gundlah 
CL, et al. Ovarian steroids and serotonin neural function. 
Molecular neurobiology. 1998;18(2):87-123.

3. Distel MA, Rebollo-Mesa I, Abdellaoui A, et al. Familial
resemblance for loneliness. Behavior genetics. 2010;
40(4):480-94.

4. Checkley S. The neuroendocrinology of depression.
International Review of Psychiatry. 1996 Jan
1;8(4):373-8.

5. Dean J, Keshavan M. The neurobiology of depression:
An integrated view. Asian journal of psychiatry. 2017;
27:101-11.

6. van Nierop M, Lecei A, Myin-Germeys I et al. Stress
reactivity links childhood trauma exposure to an
admixture of depressive, anxiety, and psychosis
symptoms. Psychiatry research. 2018; 260:451-7.

7. Fink G, Sumner BE, Rosie R,   et al. Estrogen control of
central neurotransmission: effect on mood, mental state,
memory. Cell Mol Neurobiol. 1996; 16:325-44.

 Executive functioning by inhibitory control, attention 
span, and dimensional change card sorting tests.

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.%09Amin+Z%2C+Canli+T%2C+Epperson+CN.+Effect+of+estrogen-serotonin+interactions+on+mood+and+cognition.+Behav+Cogn+Neurosci+Rev.+2005+Mar%3B+4%281%29%3A43-58.+doi%3A+10.1177%2F1534582305277152.+PMID%3A+15886402&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.%09Amin+Z%2C+Canli+T%2C+Epperson+CN.+Effect+of+estrogen-serotonin+interactions+on+mood+and+cognition.+Behav+Cogn+Neurosci+Rev.+2005+Mar%3B+4%281%29%3A43-58.+doi%3A+10.1177%2F1534582305277152.+PMID%3A+15886402&btnG=
https://link.springer.com/article/10.1007/BF02914268
https://link.springer.com/article/10.1007/BF02914268
https://link.springer.com/article/10.1007/BF02914268
https://doi.org/10.1007/BF02914268
https://www.tandfonline.com/doi/abs/10.3109/09540269609051552
https://www.tandfonline.com/doi/abs/10.3109/09540269609051552
https://www.sciencedirect.com/science/article/abs/pii/S1876201816303197
https://www.sciencedirect.com/science/article/abs/pii/S1876201816303197
https://www.sciencedirect.com/science/article/abs/pii/S0165178117304055
https://www.sciencedirect.com/science/article/abs/pii/S0165178117304055
https://www.sciencedirect.com/science/article/abs/pii/S0165178117304055
https://www.sciencedirect.com/science/article/abs/pii/S0165178117304055
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Epperson+CN%2C+Amin+Z%2C+Ruparel+K%2C+Gur+R%2C+Loughead+J.+Interactive+effects+of+estrogen+and+serotonin+on+brain+activation+during+working+memory+and+affective+processing+in+menopausal+women.+Psychoneuroendocrinology.+2012+Mar%3B+37%283%29%3A372-82.+doi%3A+10.1016%2Fj.psyneuen.2011.07.007.+Epub+2011+Aug+5.+PMID%3A+21820247%3B+PMCID%3A+PMC3226892.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Epperson+CN%2C+Amin+Z%2C+Ruparel+K%2C+Gur+R%2C+Loughead+J.+Interactive+effects+of+estrogen+and+serotonin+on+brain+activation+during+working+memory+and+affective+processing+in+menopausal+women.+Psychoneuroendocrinology.+2012+Mar%3B+37%283%29%3A372-82.+doi%3A+10.1016%2Fj.psyneuen.2011.07.007.+Epub+2011+Aug+5.+PMID%3A+21820247%3B+PMCID%3A+PMC3226892.+&btnG=
file:///C:/Users/ugt0418.IT/Downloads/download.htm
file:///C:/Users/ugt0418.IT/Downloads/download.htm
file:///C:/Users/ugt0418.IT/Downloads/download.htm
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.%09Fink+G%2C+Sumner+BE%2C+Rosie+R%2C+Grace+O%2C+Quinn+JP.+Estrogen+control+of+central+neurotransmission%3A+effect+on+mood%2C+mental+state%2C+and+memory.+Cell+Mol+Neurobiol.+1996+Jun%3B+16%283%29%3A325-44.+doi%3A+10.1007%2FBF02088099.+PMID%3A+8818400.++&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.%09Fink+G%2C+Sumner+BE%2C+Rosie+R%2C+Grace+O%2C+Quinn+JP.+Estrogen+control+of+central+neurotransmission%3A+effect+on+mood%2C+mental+state%2C+and+memory.+Cell+Mol+Neurobiol.+1996+Jun%3B+16%283%29%3A325-44.+doi%3A+10.1007%2FBF02088099.+PMID%3A+8818400.++&btnG=


An open access article review 

J Nurs Res Prac Vol 7 No 1 January 2023  3

8. Furness JB, Rivera LR, Cho H. Microbial Endocrinology:
The Microbiota-Gut-Brain Axis in Health and Disease,
Advances in Experimental Medicine and Biology.

9. Rehman HU, Masson EA. Neuroendocrinology of
female aging. Gender Medicine. 2005; 2(1):41-56.

10. Inui A, Asakawa A, Y. Bowers C et al. Ghrelin, appetite,
and gastric motility: the emerging role of the stomach as
an endocrine organ. The FASEB Journal. 2004
(3):439-56.

11. Jurado-Flores M, Warda F, Mooradian A.
Pathophysiology and clinical features of neuropsychiatric
manifestations of thyroid disease. Journal of the
Endocrine Society. 2022; 6(2):bvab194.

12. Zuckerkandl E, Pauling L. Evolutionary divergence and
convergence in proteins. InEvolving genes and proteins
1965 Jan 1 (pp. 97-166). Academic Press.

13. Latorre R, Sternini C, De Giorgio R, et al.
Enteroendocrine cells: a review of their role in brain–gut
communication. Neurogastroenterology & Motility.
2016; 28(5):620-30.

14. Leuner B, Sabihi S. The birth of new neurons in the
maternal brain: hormonal regulation and functional
implications. Frontiers in neuroendocrinology. 2016 Apr
1; 41:99-113.

15. Meijerink J. The intestinal fatty acid-enteroendocrine
interplay, emerging roles for olfactory signaling and
serotonin conjugates. Molecules. 2021; 26(5):1416..

16. Rehman HU, Masson EA. Neuroendocrinology of
female aging. Gender Medicine. 2005;2(1):41-56.

17. Richardson L. & Adams S. (2018) Cognitive Deficits in
patients with Depression.

18. Hoang M, Paglialunga S, Bombardier E et al. The Loss of
ARNT/HIF1 β in Male Pancreatic β-Cells Is Protective
Against High-Fat Diet–Induced Diabetes. Endocrinology.
2019; 160(12):2825-36.

19. Scalabrino G. Vitamin‐regulated cytokines and growth
factors in the CNS and elsewhere. Journal of
neurochemistry. 2009; 111(6):1309-26.

20. Skowron K, Budzyńska A, Wiktorczyk-Kapischke N, The
Role of Psychobiotics in Supporting the Treatment of
Disturbances in the Functioning of the Nervous System—
A Systematic Review. International Journal of Molecular
Sciences. 2022; 23(14):7820.

21. Webb CA, Rosso IM, Rauch SL. Internet-based cognitive
behavioral therapy for depression: current progress &
future directions. Harvard review of psychiatry. 2017;
25(3):114.

https://pubmed.ncbi.nlm.nih.gov/24997027/
https://pubmed.ncbi.nlm.nih.gov/24997027/
https://www.sciencedirect.com/science/article/abs/pii/S1550857905800087
https://www.sciencedirect.com/science/article/abs/pii/S1550857905800087
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.03-0641rev
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.03-0641rev
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.03-0641rev
https://academic.oup.com/jes/article/6/2/bvab194/6499377
https://academic.oup.com/jes/article/6/2/bvab194/6499377
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.%09Jurado-Flores+M%2C+Warda+F%2C+Mooradian+A.+Pathophysiology+and+Clinical+Features+of+Neuropsychiatric+Manifestations+of+Thyroid+Disease.+J+Endocr+Soc.+2022+Jan+6%3B+6%282%29%3Abvab194.+doi%3A+10.1210%2Fjendso%2Fbvab194.+PMID%3A+35059548%3B+PMCID%3A+PMC8765786&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.%09Jurado-Flores+M%2C+Warda+F%2C+Mooradian+A.+Pathophysiology+and+Clinical+Features+of+Neuropsychiatric+Manifestations+of+Thyroid+Disease.+J+Endocr+Soc.+2022+Jan+6%3B+6%282%29%3Abvab194.+doi%3A+10.1210%2Fjendso%2Fbvab194.+PMID%3A+35059548%3B+PMCID%3A+PMC8765786&btnG=
https://www.sciencedirect.com/science/article/pii/B9781483227344500176
https://www.sciencedirect.com/science/article/pii/B9781483227344500176
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09Kaelberer+MM%2C+Buchanan+KL%2C+Klein+ME+et+al.+A+gut-brain+neural+circuit+for+nutrient+sensory+transduction.+Science.+2018+Sep+21%3B+361%286408%29%3A+eaat5236.+doi%3A+10.1126%2Fscience.+aat5236.+PMID%3A+30237325%3B+PMCID%3A+PMC6417812.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09Kaelberer+MM%2C+Buchanan+KL%2C+Klein+ME+et+al.+A+gut-brain+neural+circuit+for+nutrient+sensory+transduction.+Science.+2018+Sep+21%3B+361%286408%29%3A+eaat5236.+doi%3A+10.1126%2Fscience.+aat5236.+PMID%3A+30237325%3B+PMCID%3A+PMC6417812.+&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1111/nmo.12754
https://onlinelibrary.wiley.com/doi/abs/10.1111/nmo.12754
https://www.sciencedirect.com/science/article/abs/pii/S0091302216300085
https://www.sciencedirect.com/science/article/abs/pii/S0091302216300085
https://www.sciencedirect.com/science/article/abs/pii/S0091302216300085
https://www.mdpi.com/1420-3049/26/5/1416
https://www.mdpi.com/1420-3049/26/5/1416
https://www.mdpi.com/1420-3049/26/5/1416
https://www.sciencedirect.com/science/article/abs/pii/S1550857905800087
https://www.sciencedirect.com/science/article/abs/pii/S1550857905800087
https://academic.oup.com/endo/article/160/12/2825/5580049
https://academic.oup.com/endo/article/160/12/2825/5580049
https://academic.oup.com/endo/article/160/12/2825/5580049
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1471-4159.2009.06417.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1471-4159.2009.06417.x
https://doi.org/10.1111/j.1471-4159.2009.06417.x
https://www.mdpi.com/1422-0067/23/14/7820
https://www.mdpi.com/1422-0067/23/14/7820
https://www.mdpi.com/1422-0067/23/14/7820
https://www.mdpi.com/1422-0067/23/14/7820
https://www.mdpi.com/1422-0067/23/14/7820
https://www.mdpi.com/1422-0067/23/14/7820
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5421393/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5421393/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5421393/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.%09Webb+CA%2C+Rosso+IM%2C+Rauch+SL.+Internet-Based+Cognitive-Behavioral+Therapy+for+Depression%3A+Current+Progress+and+Future+Directions.+Harv+Rev+Psychiatry.+2017+May%2FJun%3B25%283%29%3A114-122.+doi%3A+10.1097%2FHRP.0000000000000139.+PMID%3A+28475503%3B+PMCID%3A+PMC5421393.+&btnG=
https://doi.org/10.1097%2FHRP.0000000000000139



