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Dear colleagues,

As we approach the end of 2024, we are looking forward to the continuation of the impressive
development of new therapeutic approaches for various neurological diseases, from vascular to
hereditary and autoimmune diseases. This progress goes hand in hand with a better knowledge of the
underlying pathogenetic and pathophysiological mechanisms. The more we understand the diseases,
the more targeted and thus more effectively we can treat the patients.

This issue contains three articles, two of which are in English. In the first article, Mathioudi and
Koutsouraki present literature data on the role of oxidative stress in the brain in normal aging and
Alzheimer’s disease. The authors describe the cellular reactions leading to the production of mitochondrial
reactive oxygen species (ROS), which could modify the DNA epigenetically, representing the pivotal
pathogenetic mechanism of Alzheimer’s. These findings justify the development of several innovative
drugs for dementia aiming to reduce oxidative damage. The authors conclude that, while the results of
the efforts remain to be seen in clinical trials, a balanced diet rich in antioxidants and physical exercise
is advised to delay neurodegeneration.

In the second article, Kallias et al, review several studies on the neurophysiological evaluation of
sensory and autonomic function in amyotrophic lateral sclerosis (ALS), a disease traditionally classified
as motor neuronopathy. The abnormalities of somatosensory evoked potentials could be attributed
to the hyperexcitability of sensory, along with the motor, cortex and the additional involvement of
brain areas for cognitive function. Interestingly, the findings of sensory conduction studies, confirmed
by those of nerve biopsy, pointed to dorsal root ganglia as a targeted element in ALS pathology. The
results of sympathetic skin responses and heart rate variability testing allow for various speculations
regarding the degeneration of autonomic fibers and their nuclei.

The third article is a research study by Provata and Koutsouraki which aimed to evaluate the
effect of personalized supportive psychotherapy in patients suffering from multiple sclerosis (MS).
Psychotherapeutic intervention proceeded in stages starting with active listening of the patient, and
it was conducted initially in person and later through online sessions. Individualized approach of
psychotherapy as part of the holistic care of MS patients allowed more effective adaptation to chronic
illness. Moreover, psychotherapy could have a protective role against MS targeting the improvement
of the combined emotional, social, and physical well-being.

This issue of Archives of Clinical Neurology sheds light on some aspects and how these are linked
to possible future interventions in three main neurological diseases: Alzheimer’s, ALS, and MS. This
reminds us that Neurology remains one of the most dynamic field in Medicine.

Elisabeth Chroni
Professor of Neurology, University of Patras

7| EAAHNIKH
NEYPOAOTIKH
ETAIPEIA



YUVTAaKTLKh Qpdda (Editorial Board)

Tuvtakukh Opabda (Editorial Board)

AiguBuviés Tuviaéns

. Navvoénounos (EBvik6 kai Kanodiotpiakd Maveniothpio ABnvaov, ABhva)

I'. Napaokeuds, (EOvik6 kal Kanodiotpiakd Maveniothpio ABnvav, ABhva)

I. ToiByounns (EBvikd kar Kanobdiotpiakd Maveniothpio ABnvav & University of Tennessee Health
Sciences Center, Memphis, USA)

Avandnpwtés AieuBuviés Tuvia€ns

E. Aapbimtns (Maveniothpio ©gooanias, Adpioa)

I. Aepetlh (Tevikd Noookopeio Manayswpyiou, ©ccocafovikn)
T. Ntéokas (Nauukd Noocokopeio ABnvwv, ABnva)

I'. Pouvtone (Fevikd Noookopeio Manayswpyiou, ©ecoanovikn)

Tuvtakukn Enitponn:

Autévopuo Neupiké Tuotnpa

R. Delamont (King's College, London, UK)

W. Struhal (University of Tulln, Austria)

6. Owpaibns (ABhva, EANGda)

T. Ntoéokas (Nauukéd Noookopeio ABnvawv, ABnva)

E. Zrapnoudns (EBvik6 kal Kanodiotpiakd Mavenmothpio ABnvav, ABhva)
E. Xpovn (Maveniothpio Matpas, Mdtpa)

oOUuhAWN =

Avyyelakda Eykepanika Noohpata
A. Alexandrov (University of Tennessee Health Sciences Center, Memphis, USA)
J. Chang (MedStar Washington Hospital Center)
N. Goyal (University of Tennessee Health Sciences Center, Memphis, USA)
M. Kohrmann (University of Essen, Essen, Germany)
K. Malhotra (Allegheny Health Network, Pittsburgh, USA)
G. de Marchis (University of Basel, Basel, Switzerland)
M. Rubiera (Hospital Universitari Vall d'Hebron, Barcelona, Spain)
M. Rubin (University of Tennessee Health Sciences Center, Memphis, USA)
E. Sandset (Oslo University Hospital, Oslo, Norway)
. A. Sarraj (The University of Texas McGovern Medical School, Houston, USA)
. P. Schellinger (Ruhr University of Bochum, Bochum, Germany)
. V. Sharma (National University Hospital, Singapore)
. A. Shoamanesh (McMaster University, ON, Canada)
. T. Steiner (University of Heidelberg, Heidelberg, Germany)
. D. Strbian (Helsinki University Central Hospital, Helsinki, Finland)
. D. A. de Susa (University of Lisbon, Lisbon, Portugal)
. N. Aptéuns (Apiototéneio MNaveniothpio Becoanovikns, ©gacaiovikn)
. K. Babikénias (Anpokpitelo Maveniothpio ©pdkns, AdeCavdpounonn)
. L. Navvénounos (EBviké kar Kanobiotpiaké Maveniothpio ABnvav, ABhva)
20. K. Tupvénounos (Feviké Noookopeio Beaaanovikns Aylos Aoukds, Beagoanovikn)
21. I. EAAouUA (Navemothpio Matpas, Mdatpa)
22. A. Kapakwotas (Apiototéneio Maveniothpio Becoanovikns, ©ecoanovikn)
23. ©. Kapanavayiwtidns (Apiototéneio Maveniothpio ©gcoadovikns, ©ecoafovikn)
24. X. Kpoyias (Ruhr University of Bochum, Bochum, Germany)

Cx I PN SOOI NOUTAWN

7| EAAHNIKH
NEYPOAQTIKH
) ETAIPEIA



25.
26.
27.
28.
29.

YUVTAKTLKN Qpdda (Editorial Board)

B. AloUtas (Harvard University, Boston, USA)

M. Mnatoias (Maveniothpio Kphtns, Hpdkdgio & Wayne State University, Detroit, USA)

I'. Pouvton (Meviké Noookopeio MNanayswpyiou, ©scoanovikn)

K. Znéyyos (Noookopeio Yyeia, ABhva)

I'. ToiByounns (EBviké kai Kanodiotpiako Maveniothpio ABnvav & University of Tennessee Health
Sciences Center, Memphis, USA)

Naiboveuponoyia

1.

2.
3.
4

B. Adpas (Harvard University, Boston, USA)

A. Euayyediou (Apiototéneio Maveniothpio Becgoanovikns, ©eoocanovikn)
A. Zageipiou (Apiototéneio Maveniothpio ©scoanovikns, ©ecoafovikn)
A. NanaBaoideiou (lacw Maidwv, ABAva)

KAivikh Neupo@uaoiofdoyia

1
2
3
4.
5.
6
7
8
9

10.
11.
12.

E. Avayvwatou (EBviké kai Kanobiotpiakd Maveniothpio ABnvav, ABhva)
M. Zns (Naveniothpio Kunpou, Asukwaia, Kunpos)

I. Kapdkns (Emory University, Atlanta, USA)

B. Kipiokidns (Apiototéneio Maveniothpio Bscoanovikns, ©eagcanovikn)
M. Kokotns (EBviké kal Kanodiotpiakd Maveniothpio ABnvav, ABhva)

A. Kwdouvns (251 Meviké Nocokopeio Aeponopias, ABnva)

A. Mnovdkns (EBviké kai Kanodiotpiakd Maveniotpio ABnvav, ABhva)
M. Manadonounou (Maveniothpio Autkins ATukis)

X. Mingpidou (Anpokpitelo Maveniothpio ©pdkns, Ade§avbpounonn)

E. Ztapnounis (EBviké kai Kanodiotpiaké Maveniothpio ABnvav, ABhva)
A. Taintolos (Anpokpitelo Maveniothpio ©pdkns, Ale€avdpounonn)

E. Xpoévn (Maveniothpio MNatpas, Matpa)

Avolia

1
2
3.
4.
5
6

M. lwavviéns (Apiototéneio Maveniothpio ©sccanovikns, ©eacanovikn)
E. Kandkn (EBviko kai Kanodiotpiakd Maveniotpio ABnvav, ABhva)

X. MnouUpas (University of Geneva, Geneva, Switzerland)

I. Napaokeuds (EOvikS kar Kanodiotpiakod Maveniothpio ABnvav, ABhva)
N. Zkappéas (EBvik6 kal Kanodiotpiakd Maveniothpio ABnvwv, ABhva)
M. Toonddkn (Apiototéneio Maveniothpio ©ecoanovikns, ©ecocafovikn)

EnAnyia

LCOoNIUTEWN=

M. Reuber (University of Sheffield, UK)

A. AyaBovikou (F'eviké Noookopeio ABnvav KAT, ABnva)

A. ApQudavoynou (University Hospital of Lyon, Lyon, France)

I. Kapdkns (Emory University, Atlanta, USA)

B. Kipiokiéns (Apiototéneio Maveniothpio Bsagoanovikns, ©scoanovikn)

M. Koutpoupavidns (Guy’s and St Thomas' NHS Foundation Trust, London, United Kingdom)
X. Mingpidou (Anpokpitelo Maveniothpio ©pdkns, Ale§avépounonn)

M. NoAuxpovoénounos (Maveniothpio Matpas, MNatpa)

Aik. TeploUdn (Anpokpitelo Mavenmiothpio Bpdkns, Adegavépounonn)

7| EAAHNIKH
NEYPOAOTIKH
| ETAIPEIA



YUVTAaKTLKh Qpdda (Editorial Board)

Kepadadyia

1. X. ApBavitn (EBviké kai Kanobiotpiakéd Maveniothpio ABnvav, ABhva)

2. ©. ABpapibns (Fevikd Noookopegio ABnvwv EpuBpds Ztaupds, ABhva)

3. M. Bikedns (ABnva)

4. K. Tupvoénounos (Fevikd Noookopeio ©eooanovikns Ayios Aoukds, ©ecoanlovikn)

5. M. Mntoias (Maveniothpio Kphtns, HpdkAeio & Henry Ford Hospital - Wayne State University,

Detroit, USA)
A. Mntoikwotas (EBvikéd kal Kanobiotpiaké Maveniothpio ABnvav, ABnva)
I. PouvtoAo (Feviké Noocokopeio Manayswpyiou, ©ccocanovikn)

No

lotopia tns Neupodoyias
1. A. KapdBartos (Apiototéneio Maveniothpio ©eocoanovikns, ©gocanovikn)
2.  A.Tpiapxou (Maveniothpio Makedovias, ©scoanovikn)

Enspfaukn Neupodoyia
1. N. Goyal (University of Tennessee Health Sciences Center, Memphis, USA)
2. A. Sarraj (The University of Texas McGovern Medical School, Houston, USA)

Kivhukés Aiatapaxés

M. Apvaoutoydou (Apioctoténeio Maveniothpio ©ecoanovikns, ©gooanovikn)
Z.M. Kepanonounou (Maveniothpio Mdatpas, Matpa)

. Kovitaiwtns (Maveniothpio lwavvivwyv, lwdavviva)

I. Mnootavi{onounou (Apiototéneio Maveniothpio Becoanovikns, ©ecoanovikn)
M. MoAitns (University of Exeter, UK)

M. Zrapénou (University of Marburg, Germany)

A. Ztepavns (EOviké kal Kanodiotpiakd Maveniothpio ABnvav, ABnva)

Noup,rwN=

Neupoyeveukh

K. Kleopa (Cyprus Institute of Neurology and Genetics, Cyprus)

E. Aapbiwns (Maveniothpio ©sooanias, Adpioa)

I. Koutons (EBviké kal Kanobiotpiakéd Maveniothpio ABnvav, ABhva)
A. Mévos (University of Pennsylvania, Philadelphia, USA)

I. Enpopepioiou (Maveniothpio Beooanias, Adpioca)

I. Xawnyewpyiou (Maveniothpio Kunpou, Aeukwaoia, Kinpos)

oOUuhAhWN=

Neupoavooonoyia

1. R. Gold (Ruhr University of Bochum, Bochum, Germany)

2. M. Hadjivassiliou (University of Sheffield, UK)

3. K. BoupBoupdkns (EBvik6 kal Kanodiotpiakd Maveniotipio ABnvwv, ABhva)
4. N. T'pnyopiadns (Apiototéneio Maveniothpio ©scoanovikns, ©ecoafovikn)
5

6

7

8

E. Aapdimns (Maveniothpio Bgooadias, Adpica)
I. Agpetn (M'evikd Noookopeio Manayswpyiou, Oecoafovikn)
E.M. Euayyenonounou (EBvik6 kal Kanodiotpiakd Maveniothpio ABnvaov, ABhva)
. L. HAiénouAos (Anpokpitelo Maveniothpio Bpdkns, Ade§avépounofn)
9. A.Kannos (University of Basel, Basel, Switzerland)
10. K. KuAivinpéas (EBviké kal Kanodiotpiakd Maveniothpio ABnvav, ABhva)
11. A. Mévos (University of Pennsylvania, Philadelphia, USA)
12. M. Mnodikn (Apiototéneio Maveniothpio ©scoanovikns, ©eocanovikn)
13. T. Ntéokas (Nauukd Noookopeio ABnvwv, ABhva)
14. M. NanaBavacoénounos (Maveniothpio Matpas, Natpa)
15. T. T¢aptos (EBvikd kai Kanobiotpiakoé Maveniothpio ABnvav, ABnva)

7| EAAHNIKH
NEYPOAQTIKH
) ETAIPEIA



16.

YUVTAKTLKN Qpdda (Editorial Board)

I. Xat¢nyewpyiou (Mavemotnpio Kunpou, Acukwaia, Kunpos)

Neuposevtatikh

1
2
3.
4,
5
6
7

J. Chang (MedStar Washington Hospital Center)

T. Steiner (University of Heidelberg, Heidelberg, Germany)

M. Bapends (Albany Medical College, Albany, USA)

K. Anpntpiddns (Ludwig-Maximillians University Munich, Germany)
A. Kadns (Apiototéneio Maveniothpio ©ecoanovikns, ©gccanovikn)
X. Kpoyias (Ruhr University of Bochum, Bochum, Germany)

I'. Pouvton (Meviké Noookopeio MNanayswpyiou, ©ecocadovikn)

Eknaibésuon otn Neupodoyia

2LENOU A WN -

11.
12.
13.
14.

15.

©. ABpapidns (F'evikdé Nocokopeio ABnvav EpuBpds Ltaupds, ABhva)

K. Badikénias (Anpokpitelo Maveniothpio ©pdkns, Ale§avdpounonn)

M. Bapends (Albany Medical College, Albany, USA)

K. BoupBoupdkns ((EBviké kai Kanobiotpiaké Maveniothpio ABnvav, ABhva)

N. F'pnyopiddns (Apiototéneio Maveniothpio ©ecocanovikns, ©ecoanovikn)

E. Aapdimtns (Maveniothpio ©gooadias, Adpioa)

I. Aepet¢n (Feviké Noookopeio NManayewpyiou, Becoanovikn)

M. Zns (Naveniothpio Kunpou, Asukwaia, Kunpos)

K. Kufivinpéas (EOvikd kal Kanodiotplakd Maveniothpio ABnvwv, ABnva)

M. Mntoias (Maveniothpio Kpntns, HpdkAgio & Henry Ford Hospital - Wayne State University,
Detroit, USA)

I. MuAwvdas (Apiototéneio Maveniothpio ©ecoanovikns, ©gcoanovikn)

I'. Pouvton (Meviké Noookopeio Manayswpyiou, ©scoanovikn)

A. Ztepavns (EOviké kar Kanodiotpiakd Maveniothpio ABnvav, ABhva)

I'. ToiByoUnns (EBviké kal Kanobiotplaké Maveniothpio ABnvav & University of Tennessee
Health Sciences Center, Memphis, USA)

I. Xatnyswpyiou (Mavenmothpio Kunpou, Asukwaoia, Kinpos)

Neupopuikés Siatapaxés

1
2
3
4.,
5.
6
7
8
9.

10.

11.
12.

C. McDermott (University of Sheffield, UK)

©. ABpapidns (Feviké Noookopeio ABnvawv EpuBpds Ztaupds, ABnva)

M. AaBdkn (EBviké ka1 Kanobiotpiakéd Maveniothpio ABnvv, ABhva)

©. Zapnénns (EBvikéd kai Kanodiotpiakd Maveniothpio ABnvwv, ABhva)
B. ZouBenou (EOBvikS kal Kanobdiotpiakoé Maveniothpio ABnvav, ABhva)
M. Zns (Maveniothpio Kunpou, Asukwaoia, Kunpos)

I. Maupopdtns (Apiototéneio Maveniothpio ©scoanovikns, ©eccanovikn)
I Nanadnpas (EBviké kair Kanodiotpiakd Maveniothpio ABnvwv, ABhva)
A. Manadnpntpiou (Maveniothpio ©gocanias, Adpioa)

A. NMapions (Apiototéneio Maveniothpio ©ecocanovikns, Bsagoanovikn)

E. Ztapnounis (EBviké kai Kanodiotpiaké Maveniothpio ABnvav, ABhva)
N. Taokos (Apioctoténeio Maveniothpio Ogcoanovikns, ©scoafovikn)

Neupo-oykodoyia

1.

A. Kupitons (Maveniothpio lwavvivwy, lwdavviva)

7| EAAHNIKH
NEYPOAOTIKH
| ETAIPEIA



10

YUVTaKtlkh Opudda (Editorial Board)

Neupo-o@pBaduonoyia

1. E. Avayvwotou (EOviké kal Kanodiotpiaké Maveniothpio ABnvawv, ABnva)
2. |. Eubokipiéns (EBviké kal Kanobdiotpiakoé Maveniothpio ABnvav, ABhva)
3. |. HMiénouAos (Anpokpitelo Maveniothpio ©pdkns, Ade€avépounonn)

Neupowuxonoyia - NeupoyuxiatpikKn

1. T. Asdaténas (Universite Paris Descartes, Paris, France)

2. E. Kandakn (EBviké kai Kanobiotpiakoé Maveniothpio ABnvav, ABnva)

3. A. KapdBatos (Apiototéfeio Maveniothpio ©scoanovikns, Beaoanovikn)
4. X. Mnakipt¢ns (Apiototéneio Maveniothpio ©scoanovikns, ©scoafovikn)
5
6
7

X. Mnoupas (University of Geneva, Geneva, Switzerland)
N. Popundkns (Mounti Sinai, New York, USA)
M. Zuyyendkns (Teviké Noookopeio Manayswpyiou, ©coocafovikn)

Neupoaktvonoyia kai Neupoungpnxoypagia

1. M. Rubiera (Hospital Universitari Vall d’'Hebron, Barcelona, Spain)

2. M. Rubin (University of Tennessee Health Sciences Center, Memphis, USA)
3. N. Aptéuns (Apiototénelo Maveniothpio Becoanovikns, ©eaocanovikn)

4. K. Babikonias (Anpokpiteio Maveniothpio ©pdkns, Ale€avdpounonn)
5
6
7
8

N. BAaikidns (Apiototéneio Maveniothpio ©eocanovikns, ©ecoanovikn)
I. Navvénounos (EBviké kal Kanodiotpiaké Maveniothpio ABnvav, ABhva)
I. HAlénounos (Anpokpitelo Maveniothpio Bpdkns, Adegavépounonn)
. 6. Kapanavayiwtidns (Apiototéneio Maveniothpio Beaoanovikns, ©scoanovikn)

9. L. Koéndias (University of Zurich, Zurich, Switzerland)

10. X. Kpéyias (Ruhr University of Bochum, Bochum Germany)

11. B. AloUtas (Harvard University, Boston, USA)

12. M. Mnatoias (Navemothpio Kphtns, HpdkAeio & Henry Ford Hospital - Wayne State University,
Detroit, USA)

13. M. NoAitns (University of Exeter, UK)

14. ©. Téyos (Apiototéneio Maveniothpio ©socoanovikns, ©ecoanovikn)

15. T. ToiByounns (EBviké kai Kanobiotpiakd Maveniothpio ABnvwv & University of Tennessee Health
Sciences Center, Memphis, USA)

16. A. Xapitdvin-Koupibou (Apictoténeio Maveniothpio ©ccoanovikns, ©sagoanovikn)

Noévos

1. A. Paladini (L'Aquila University, Italy)

2. G. Varrassi (Paolo Procacci Foundation, Italy)

3. . Zns (Naveniothpio Kunpou, Asukwaia, Kunpos)

latpikn tou’Ynvou

1. A. Byévtdas (Mavemotnpio Kunpou, Acukwaia, Kinpos)

2. M. Mnapyiwtas (Maveniothpio Kunpou, Asukwaia, Kinpos)

3. A. Mnovdkns (EBviké kai Kanobiatpiaké Maveniothpio ABnvav, ABnva)
4. A. Teploudn (Anpokpiteio Maveniothpio ©pdakns, Ade€avdpounonn)

AigBvis EKnpoownnon
1. M. Zns (Mavemothpio Kunpou, Asukwoid, Kinpos)

7| EAAHNIKH
NEYPOAQTIKH
) ETAIPEIA



11

Editorial Board

Editorial Board

Editors in Chief

Giannopoulos S (National & Kapodistrian University of Athens, Athens, Greece)

Paraskevas G (National & Kapodistrian University of Athens, Athens, Greece)

Tsivgoulis G (National & Kapodistrian University of Athens, Athens, Greece & University of Tennessee
Health Sciences Center, Memphis, USA)

Associate Editors

Dardiotis E (University of Thessaly, Larissa, Greece)
Deretzi G (Papageorgiou Hospital, Thessaloniki, Greece)
Doskas T (Naval Hospital of Athens, Athens, Greece)
Rudolf J (Papageorgiou Hospital, Thessaloniki, Greece)

Editorial Board:

Autonomic Nervous System

Chroni E (University of Patras, Patras, Greece)

Delamont R (King's College, London, UK)

Doskas T (Naval Hospital of Athens, Athens, Greece)

Stamboulis E (National & Kapodistrian University of Athens, Greece)
Struhal W (University of Tulln, Austria)

Thomaidis T (Athens, Greece)

oA WN=

Cerebrovascular Diseases

1. Alexandrov A (University of Tennessee Health Sciences Center, Memphis, USA)
2. Artemis N (Aristotle University of Thessaloniki, Thessaloniki, Greece)

3. Chang J (MedStar Washington Hospital Center)

4. Ellul J (University of Patras, Patras Greece)

5. Giannopoulos S (National & Kapodistrian University of Athens, Athens, Greece)
6. Gimnopoulos K (St Luke Hospital, Thessaloniki, Greece)

7. Goyal N (University of Tennessee Health Sciences Center, Memphis, USA)

8. Karakostas D (Aristotle University of Thessaloniki, Thessaloniki, Greece)

0. Karapanayiotides T (Aristotle University of Thessaloniki, Thessaloniki, Greece)
10. Kohrmann M (University of Essen, Essen, Germany)

11.  Krogias C (Ruhr University of Bochum, Bochum Germany)

12. Lioutas V (Harvard University, Boston, USA)

13.  Malhotra K (Allegheny Health Network, Pittsburgh, USA)

14. De Marchis G (University of Basel, Basel, Switzerland)

15.  Mitsias P (University of Crete, Heraklion, Greece & Wayne State University, Detroit, USA)
16. Rubiera M (Hospital Universitari Vall d’"Hebron, Barcelona, Spain)

17.  Rubin M (University of Tennessee Health Sciences Center, Memphis, USA)

18. Rudolf J (Papageorgiou Hospital, Thessaloniki, Greece)

19. Sandset E (Oslo University Hospital, Oslo, Norway)

20. Sarraj A (The University of Texas McGovern Medical School, Houston, USA)

21.  Schellinger P (Ruhr University of Bochum, Bochum, Germany)

22. Sharma V (National University Hospital, Singapore)

23. Shoamanesh A (McMaster University, ON, Canada)

24. Spengos K (Hygeia Hospital, Athens, Greece)

25.  Steiner T (University of Heidelberg, Heidelberg, Germany)

7| EAAHNIKH
NEYPOAOTIKH
| ETAIPEIA



12

Editorial Board

26. Strbian D (Helsinki University Central Hospital, Helsinki, Finland)

27. De Susa D.A. (University of Lisbon, Lisbon, Portugal)

28. Tsivgoulis G (National & Kapodistrian University of Athens, Athens, Greece & University of
Tennessee Health Sciences Center, Memphis, USA)

29. Vadikolias K (Democritus University of Thrace, Alexandroupolis, Greece)

Child Neurology

1. Daras B (Harvard University, Boston, USA)

2. Evaggeliou A (Aristotle University of Thessaloniki, Greece)

3. Papavassileiou A (laso Children’s Hospital, Athens, Greece)

4, Zafiriou D (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Clinical Neurophysiology

1. Anagnostou E (National & Kapodistrian University of Athens, Athens Greece)
2. Bonakis A (National & Kapodistrian University of Athens, Athens Greece)

3. Chroni E (University of Patras, Patras, Greece)

4, Karakis | (Emory University, Atlanta, USA)

5. Kimiskidis V (Aristotle University of Thessaloniki, Thessaloniki, Greece)

6. Kodounis A (251 Air Force General Hospital, Athens, Greece)

7. Kokotis P (National & Kapodistrian University of Athens, Athens, Greece)

8. Papadopoulou M (University of West Attica)

9. Piperidou H (Democritus University of Thrace, Alexandroupolis, Greece)

10. Stamboulis E (National & Kapodistrian University of Athens, Athens, Greece)
11.  Tsiptsios D (Democritus University of Thrace, Alexandroupolis, Greece)
12.  Zis P (University of Cyprus, Nicosia, Cyprus)

Dementia

Bouras C (University of Geneva, Geneva, Switzerland)

loannidis P (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Kapaki E (National & Kapodistrian University of Athens, Athens, Greece)
Paraskevas G (National & Kapodistrian University of Athens, Athens, Greece)
Skarmeas N (National & Kapodistrian University of Athens, Athens, Greece)
Tsolaki M (Aristotle University of Thessaloniki, Thessaloniki, Greece)

oA WN=

Epilepsy

Agathonikou A (KAT Attica General Hospital, Greece)

Arzimanoglou A (University Hospital of Lyon, Lyon, France)

Karakis | (Emory University, Atlanta, USA)

Kimiskidis V (Aristotle University of Thessaloniki, Greece)
Koutroumanidis Michalis (Guy’s and St Thomas’ NHS Foundation Trust, London, United
Kingdom)

Piperidou H (Democritus University of Thrace, Alexandroupolis, Greece)
Polychronopoulos P (University of Patras, Patras Greece)

Reuber M (University of Sheffield, UK)

Terzoudi A (Democritus University of Thrace, Alexandroupolis, Greece)

vAWN=

O 0N

7| EAAHNIKH
NEYPOAQTIKH
) ETAIPEIA



13

Editorial Board

Headache and Pain

1. Arvaniti C (National & Kapodistrian University of Athens, Athens Greece)

2. Avramidis T (Red Cross Hospital, Athens, Greece)

3. Gimnopoulos K (St Luke Hospital, Thessaloniki, Greece)

4 Mitsias P (University of Crete, Heraklion, Greece & Henry Ford Hospital - Wayne State
University, Detroit, USA)

Mitsikostas DD (National & Kapodistrian University of Athens, Athens Greece)
Rudolf J (Papageorgiou Hospital, Thessaloniki, Greece)

7. Vikelis M (Athens, Greece)

o w

History of Neurology
1. Karavatos A (Aristotle University of Thessaloniki, Thessaloniki, Greece)
2. Triarchou L (University of Macedonia, Thessaloniki, Greece)

Interventional Neurology
1. Goyal N (University of Tennessee Health Sciences Center, Memphis, USA)
2. Sarraj A (The University of Texas McGovern Medical School, Houston, USA)

Movement Disorders

Arnaoutoglou M (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Bostantjopoulou S (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Kefalopoulou Z-M (University of Patras, Greece)

Konitsiotis S (University of loannina, Greece)

Politis M (University of Exeter, UK)

Stamelou M (University of Marburg, Germany)

Stefanis L (National & Kapodistrian University of Athens, Athens, Greece)

NoukrwN =

Neurogenetics
Dardiotis E (University of Thessaly, Larissa, Greece)

Hadjigeorgiou GM (University of Cyprus, Nicosia, Cyprus)

Kleopa K (Cyprus Institute of Neurology and Genetics, Cyprus)

Koutsis G (National & Kapodistrian University of Athens, Athens Greece)
Monos DS (University of Pennsylvania, Philadelphia, USA)

Xiromerisiou G (University of Thessaly, Larissa, Greece)

oOUhWN=

Neuroimmunology

1. Boziki M (Aristotle University of Thessaloniki, Thessaloniki, Greece)

2. Dardiotis E (University of Thessaly, Larissa, Greece)

3. Deretzi G (Papageorgiou Hospital, Thessaloniki, Greece)

4, Doskas T (Naval Hospital of Athens, Athens, Greece)

5. Evaggelopoulou E-M (National & Kapodistrian University of Athens, Athens, Greece)
6. Gold R (Ruhr University of Bochum, Bochum, Germany)

7. Grigoriadis N (Aristotle University of Thessaloniki, Thessaloniki, Greece)

8. Hadjigeorgiou GM (University of Cyprus, Nicosia, Cyprus)

9. Hadjivassiliou M (University of Sheffield, UK)

10. lliopoulos | (Democritus University of Thrace, Alexandroupolis, Greece)

11.  Kappos L (University of Basel, Basel, Switzerland)

12. Kilidireas K (National & Kapodistrian University of Athens, Athens, Greece)
13.  Monos DS (University of Pennsylvania, Philadelphia, USA)

14. Papathanassopoulos P (University of Patras, Patras, Greece)

15. Tzartos J (National & Kapodistrian University of Athens, Athens, Greece)

7| EAAHNIKH
NEYPOAOTIKH
| ETAIPEIA



14

Editorial Board

16.  Voumvourakis K (National & Kapodistrian University of Athens, Athens, Greece)

Neurointensive Care

Dimitriadis K (Ludwig-Maximillians University Munich, Germany)

Chang J (MedStar Washington Hospital Center, Washington, D.C., USA)
Kazis D (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Krogias C (Ruhr University of Bochum, Bochum, Germany)

Rudolf J (Papageorgiou Hospital, Thessaloniki, Greece)

Steiner T (University of Heidelberg, Heidelberg, Germany)

Varelas P (Albany Medical College, Albany, USA)

NoupwN=

Neurology Education

Avramidis T (Red Cross Hospital, Athens, Greece)

Dardiotis E (University of Thessaly, Larissa, Greece)

Deretzi G (Papageorgiou Hospital, Thessaloniki, Greece)

Grigoriadis N (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Hadjigeorgiou GM (University of Cyprus, Nicosia, Cyprus)

Kilidireas K (National & Kapodistrian University of Athens, Athens, Greece)

Milonas | (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Mitsias P (University of Crete, Heraklion, Greece & Wayne State University, Detroit, USA)
Rudolf J (Papageorgiou Hospital, Thessaloniki, Greece)

Stefanis L (National & Kapodistrian University of Athens, Greece)

Tsivgoulis G (National & Kapodistrian University of Athens, Athens, Greece & University of
Tennessee Health Sciences Center, Memphis, USA)

Vadikolias K (Democritus University of Thrace, Alexandroupolis, Greece)

13.  Varelas P (Albany Medical College, Albany, USA)

14. Voumvourakis K (National & Kapodistrian University of Athens, Athens, Greece)

15.  Zis P (University of Cyprus, Nicosia, Cyprus)

= =2 0VoONOOUTDS, WN =

—
N

Neuromuscular Disorders

Avramidis T (Red Cross Hospital, Athens, Greece)

Chroni E (University of Patras, Patras, Greece)

Davaki P (National & Kapodistrian University of Athens, Greece)

McDermott C (University of Sheffield, UK)

Mavromatis | (Aristotle University of Thessaloniki, Greece)

Papadimas G (National & Kapodistrian University of Athens, Athens, Greece)
Papadimitriou A (University of Thessaly, Larissa, Greece)

Parissis D (Aristotle University of Thessaloniki, Greece)

Stamboulis E (National & Kapodistrian University of Athens, Athens, Greece)
10. Taskos N (Aristotle University of Thessaloniki, Greece)

11.  Zouvelou V (National & Kapodistrian University of Athens, Athens, Greece)
12.  Zis P (University of Cyprus, Nicosia, Cyprus)

LCNOUAWN=

Neurooncology
1. Kyritsis A (University of loannina, loannina, Greece)

Neuro-opthalmology

1. Anagnostou E (National & Kapodistrian University of Athens, Athens Greece)
2. Evdokimidis | (National & Kapodistrian University of Athens, Athens, Greece)
3. lliopoulos | (Democritus University of Thrace, Alexandroupolis, Greece)

7| EAAHNIKH
NEYPOAQTIKH
) ETAIPEIA



15

Editorial Board

Neuropsychology - Neuropsychiatry

Bakirtzis C (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Bouras C (University of Geneva, Geneva, Switzerland)

Delatolas G (Universite Paris Descartes, Paris, France)

Kapaki E (National & Kapodistrian University of Athens, Athens, Greece)
Karavatos A (Aristotle University of Thessaloniki, Thessaloniki, Greece)
Rombakis N (Mount Sinai, New York, USA)

Syngelakis M (Papageorgiou, General Hospital of Thessaloniki, Greece)

NouklrwNn-=

Neuroradiology and Neurosonology

Artemis N (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Charitanti-Kouridou A (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Giannopoulos S (National & Kapodistrian University of Athens, Athens, Greece)

lliopoulos | (Democritus University of Thrace, Alexandroupolis, Greece)

Karapanayiotides T (Aristotle University of Thessaloniki, Thessaloniki, Greece)

Kollias S (University of Zurich, Zurich, Switzerland)

Krogias C (Ruhr University of Bochum, Bochum Germany)

Lioutas V (Harvard University, Boston, USA)

Mitsias P (University of Crete, Heraklion, Greece & Wayne State University, Detroit, USA)

10.  Politis M (University of Exeter, UK)

11.  Rubiera M (Hospital Universitari Vall d'Hebron, Barcelona, Spain)

12.  Rubin M (University of Tennessee Health Sciences Center, Memphis, USA)

13. Tegos T (Aristotle University of Thessaloniki, Thessaloniki, Greece)

14. Tsivgoulis G (National & Kapodistrian University of Athens, Athens, Greece & University of
Tennessee Health Sciences Center, Memphis, USA)

15. Vadikolias K (Democritus University of Thrace, Alexandroupolis, Greece)

16. Vlaikidis N (Aristotle University of Thessaloniki, Thessaloniki, Greece)

LNV WN =

Pain

1. Paladini A (L'Aquila University, Italy)

2. Varrassi G (Paolo Procacci Foundation, Italy)
3. Zis P (University of Cyprus, Nicosia, Cyprus)

Sleep Medicine
Bargiotas P (University of Cyprus, Nicosia, Cyprus)

1.
2. Bonakis A (National & Kapodistrian University of Athens, Athens Greece)
3. Terzoudi A (Democritus University of Thrace, Alexandroupolis, Greece)
4, Vgontzas A (University of Crete, Heraklion, Greece)

International Representation
1. Zis P (University of Cyprus, Nicosia, Cyprus)

7| EAAHNIKH
NEYPOAOTIKH
ETAIPEIA






ApOpa...

«H énpooieuon dpBpwv ato nepiobikd “APXEIA KAINIKHE NEYPOAOIIAX " 6ev bniwver anoboxn
vV anowewv kai Béoewv tou ouyypapéa and ty Zuviakukn Emitponn n ty ENE»
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«H xprion epyaneiwv, KAIUdKwY kai NoyIouIKOU MoU avapePETal atis epyaoies eival euBuvn
WV OUYYPapewy, ol orofol npemel va éxouv €aopaniosl TS OXEUKES dOglEs
Kai va ts kpatouv oTo Mpoowriiko TOUS apxeio»
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O POAOZ TOY OXEIAQTIKOY XTPEXZ XTH NOXO AATZIXAI-
MEP: ANAZKOIMHZH

Ayyedikin MaBioubn', Euppoouvn Koutooupdkn?
Hawpiké Tunua Exonns Emotnucdv Yyeias, Apiototédeio lMNaveniotipio ©eooanovikns (A.M1.6.), Becoanovikn
2 A’ Neuporoyikn Kavikn A.M.6, Maverotnuiakd eviké Noookopeio ©sooarovikns AXEA, Bsooarovikn

MEPINHWH

O eyképanos eival 16laitepa euaioBntos oto ofeIdwUKS oTPES Kal autd odnyei, Ye tnv Npdodo s nAikias, os
ektetapéves BAdRes and t dnpioupyia 1o€ik@VY NPoidVIwY dnws 1oika enineda petdinwy, BAGRN tou DNA
kal elfeippata otov petafoniopd twv Npwreivay. n vdéoo tou Adtoxdiyep (AD) avixveUovial otov eyké-
@ano uynnés NoodTNTES evepyv 16wV ofuydvou Kal Brlodpactikwy petdifwy dnws o xankds, o aidnpos,
0 Weubdpyupos Kal To PayvAaclo, ta onoia unopolv va odnynoouv otn cucowpeucn B-apuniogidous ous
nAGKeES Kal NPwIeivns tau ota veupoividiakd toAunia.

O okonds s gpyacias eival va napouaidooupe npdopata BiRAioypagika dedopéva oxetkd Pe to pono tou
otelbwukoU otpes otnv eEEAIEN NS yhpavons Kal s vooou ANtoxdipep, EEKIVAOVIAS PE TNV NApaywyn twv
avudpacuk®V EI6MV 10U 0EUYOVOU WS UNOMNPoidvta tns PITOXovOPIaKAS avanvons.

To otelbwukd otpes nailel Bacikd pdAo otnv AD Kupiws péow s napaywyns twv eleuBépwv pidov nou
napdyovtal and ta duoneitoupyikd pItoxévopia ws UNonpoidy tns avanvons odnywvtas os BAaRn tou DNA,
Kupiws tou pitoxovdpliakoU, nou ungpPaivel katd nodu tn BAGPn otov nAikiwpévo eyképano. H duonel-
toupyikn enididpBwaon tou DNA cupPdaniel nepartépw otnv €€€MIEN ths vooou. To oeldwTikd OTpeS Pnopel
eNNAéov va NPokanéoel ENIYEVETKES TPOMOMOINTEIS.

O1 ouvbiaopoi avuogeidbwukmv Bepaneiwy, divovias npocoxn otn docodoyia kal tn didpkeia tns Bepaneias
agoU KAnoles popés neplypdeovial kal apvntkd anotenéopata, diatpodhn nAodaoia os avuo&eldwKd, O Uyi-
€IvV6S 1ponos {wns, Kal N oWUATKA AoKkNon Npénel va epapudlovial Je NPOOEKTIKG TPOMNO MOTE va anofouv
weénipa.

AEZEIZ KAEIAIA: ofe16wuké otpes, yhpavon, vooos AAtoxdipep, pitoxovopia, elelBepes piles

THE ROLE OF OXIDATIVE STRESS IN ALZHEIMER'’S DIS-
EASE: A REVIEW

Angeliki Mathioudi’, Effrosyni Koutsouraki?
! School of Medicine, Faculty of Health Sciences, Aristotle University, Thessaloniki, Greece
2 First Department of Neurology, Aristotle University, AHEPA General University Hospital, Thessaloniki, Greece

ABSTRACT

The brain is particularly susceptible to oxidative stress, and this leads to widespread damage from the
generation of toxic products associated with aging such as toxic metal levels, DNA damage, and deficits
in protein metabolism. In Alzheimer’s disease (AD) high amounts of reactive oxygen species and bioactive
metals such as copper, iron, zinc, and magnesium are detected in the brain, which can lead to the
accumulation of B-amyloid in plagues and tau protein in neurofibrillary tangles.

The purpose of this paper is to provide a review of the literature on the role of oxidative stress in the
progression of aging and Alzheimer’s disease, starting with the production of reactive oxygen species as
byproducts of mitochondrial respiration.

Oxidative stress plays a key role in Alzheimer's disease mainly through the production of free radicals
produced by dysfunctional mitochondria as a by-product of respiration, leading to DNA damage, mainly
mitochondrial, that far exceeds the damage in the aged brain. Dysfunctional DNA repair further contrib-
utes to disease progression. Oxidative stress can additionally induce epigenetic modifications. Antioxidant
treatments affect cognition in both aging and Alzheimer’s disease.

Combinations of antioxidant treatments with caution to dosage and duration of treatment since negative
effects are sometimes described, a diet rich in antioxidants, a healthy lifestyle, and physical exercise must
be applied carefully to be beneficial.

KEYWORDS: oxidative stress, aging, Alzheimer’s disease, mitochondria, free radicals
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LYNTOMOTIPA®IEL (ABBREVIATIONS)

5hmC: 5-udpotupebunokutoaoivn

5mC: 5-peBunokutoaivn

AD: vdoos Antoxdipep

AEBP1: npwteivn d¢opguons- evioxuths AIMOKUT-
wWpwv 1

AOPP: npoidvta nponypévns npwreivikhs o&gidwons

BDNF: veupotp6@os napdyovias nou npogpxXetal
ané tov eyképano

CRM: pipnon Bgppidikol nepiopiopou

CSF: eykepanovwuaio uypd

DRP1: oxeudpevn pe t duvapivn npwrteivn 1

DSBs: Bpautopata dinfou kAdvou

GPX: ungpo&eidbaon yioutaBeidvns

GR: avaywydon yfoutaBeiévns

GSSG: Sicouneidio ydoutaBeidvns

IEG: dueoco npwipo yovibio

MCI: Amia yvwoukn diatapaxn

MnSOD: unepo€eidikn diopoutdon tou Mayyaviou

NACN: aketuno-Il-kuoteivn

NMN: povovoukneotidio vikotuvapidiou

NQO1TNAD(P)H: kivévn oteidboavaywydon 1

Nrf2: nupnvikés napdyovias epuBpoeidbous 2

PCSK1/2: kovBeptaon npwrteivns 1 kai 2

PKS: katadutkEs unopovades Npwieivikhs Kivaons

ROS: avudpaotikés piles o§uydvou

SAMPS8: enitaxuvopevn yhpavon 8

SIRT: oiptouivn

SOD: unepotelbikh diopoutdon

SSBs: Bpavcpata povou KAwvou

STZ: otpentolotokivn

mCAT: prtoxovdpiakh kataddaon

mtDNA: pitoxovdpiakd DNA

P-AMPK: Hovo@wopopIkh NPWTEIVIKA KIvaon Qw-
opo-abevooivns

EIZArQrH

H vooos Adtoxdipep (AD) anoteAei tnv Mo cuxvi
veupoekpuAioukn aoBeveia, ival cuxvotepn oUS yu-
vaikes kal o eninofaopés tns augdvetal pe v nAikia.
210 nAikiakd eaopa 65-69, agopd nepinou 0 10%
tou nAnBuopou kar og dvw twv 85 oxedov 10 33%.
XN XWpa pas, ekupdral 6u undpxouv navw and
150.000 dtopa nou napouacidlouv Kanola Yopen
avolas kal n AD anotenei touAdxiotov 10 60% autdv.

O1 enelBepes pices kal 10 0EEIBWUKS OTPES EUNAE-
kovtal o€ peydio Babud otn diadikaacia yhpavons,
KaBws kal oe acBéveles nou oxeti(ovtal PE TNV NPOXW-
pnpévn nAikia, 6nws n vooos Adtoxdipep .3 Kabws
o nAnBuopo6s ouvexiCel va ynpdokel, ol acBeveis pe
AD Ba autdvovtal, kabiothvtas Kpioiun v avakd-
Auwn anoteAeopatk®Y Bepanei@v yia 1o oeidwtkd
otpes. O1 eNelBepes piles ennpedlouv NePICOOTEPO
10 KEVIPIKS VEUPIKG oUCTNPA, TO oMnoio katavadwvel
10 20% 10U 0EUYOVOU TOU CWHATOS KAl TOU 0rnoiou ol
VEUPMVES €ival pun diaipoUpeva kUtapad, udAwta oto

Apxeia Kivikns Neuporoyias 33:6-2024, 18-30

oteibwukd otpes. EninAéov, ta pitoxovopia otous
npoouvanukous VEUpVes ektiBevtal o uynAd enine-
6a aoPeotiou, enitaxdvovtas T ocuvanukn o&eidwukn
BAGPRN.ETH euaiobnoia tou eykepdnou oto o&eIdbwukd
otpes 0dnyei oe aENoN Twv 0&eIOWUKWY BIOOEIKTDV
be tnv nAikia, cupnepiAauBavopévwy Twv TOgIKMY
eninédwv twv petdndwy, tns BAGRNs tou DNA kai
twv eAneigpdtwy otov petafoniopd twv NPwTeiviy. !
O eyképanos AD xapaktnpidetal and nepicoeia avu-
dpacukwv €16dv otuydvou (ROS) kail Blodpactkiv
petannwv onws o xankéds, o aibnpos, o Yeuddpyupos
Kal 1o payvnolo, ta onoia prnopouv va npowbhoouv
N ouoowpeuon tou B-apunoeibous og NAGKES Kal s
NPWTEivns tau ota veupoividiakd toAumia. e

ZKOrMox

Y1nv napouoa epyacia, napoucidloupe npdopata
BiBAIoypapikd dedopéva oe nelpapatkd poviéna
Kal avBpdnous oxXetkd pe 10 pdAo tou oeidwtkoU
otpes otnv €€€AIEN tns ynpavons kal tns AD, &eki-
vavias pe v napaywyn ROS ws unonpoidvia s
HITOXOVOPIaKAS avanvons. ¥In CUVEXEID NaPoUsId-
(oupe us enidpAoels Twv OEEIOWTKMDY TTPECOYOVWV
napayoviwy oto DNA pgow 1000 Gueowyv 000 Kal
EMIYEVEUKWY Pnxaviopwv. Ténos, e€etdloupe Us Tpé-
X0UOESs BEpaneUTIKES aywyEs yia T0 0EeIOWTIKO OTPES
(avuo€eibwukd, piunukd Beppidikou nepiopiopoU Kal
OWPATKA 6paotNPISTNTA) Kal TV IKavOTNTd ToUs va
PEIOVOUV TO OEEIBWTIKO OTPES TG00 OToV NAIKIWHEVO
eyképano 6oo Kkal otov eykéPano nou Napoudciadel
veupoekpuAion.

LYZHTHZH

To o&e1bwtikd atpes ws unonpoiov tns LITOXov-
bpiakns avanvons

Ta pitoxévdpia gival n kUpia nnyh tou VEUPWVIKOU
oteldwuKoU o1pes, KaBws ol NepIocoTeEPEs eNEVBEPES
piCes napdyovtal ws unonpoiévia tns oEeIdWTKNS
owoopuniwons. To unepoteidio Tou ubpoydvou
gival éva unonpoidv s pItoxovopiakns avanvons
nou napdyetal and ofuyévo otav UNApxel NEPIcoela
Ipwoeopikh adsvoaivn (ATP) kal 6tav n Yetapopd
nAextpoviwy peidvetal”! H diopoutdon tou unepotel-
biou pnopei oTn CUVEXEID va PETATPEWE! TO OEUYOVO
o€ unepoteiblo tou ubpoydvou, to onoio diacndtal
nepartépw o€ pices udpotuniou kal avidvia and v
avtidpaon Fenton.I"® Or pitoxovdpiakés ROS pnopolv
va obnynoouv o€ oEgiboavaywyikh avicopponia, Veu-
pototIkénta, yoviSliwpatikh actdBeia, npo@Aeypo-
vaon petaypadn yovidiwv kar aneleuBépwon Kuto-
Kivav, 6nws IL-1, IL-6 kai TNFa. Xe évav Beukd kUkno
avadpaaons, ta €idén ROS pnopouyv va BAdyouv kal va
adpavonoinoouyv huata s anucidas petagopds
nAEKTpOViwy, 0dNYmVIas otV NEPAITEPW PEIWON WV
nAektpoviwy tou ofuydvou oto unepogeidio.l' Ol
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pitoxovopiakés ROS eivar 1diaitepa eniPnafeis yia to
uitoxovopiakd DNA (mtDNA), to onoio dev npoota-
teletal and 1otéves kal petanndooetal o uynAdtepo
puBud. H ouxvn BAGRN oto mtDNA BAdntel coPapd
n Aeitoupyia twv veupWVWY, KaBIoTWVIas Kpioipn v
aQaipeon twv SUCAEITOUPYIKWY PIToXovOpiwy péow
pitogayias.'? H pitogayia €ivar n kataotpoph twv i-
toxovopiwv Adyw onpdtwy 6nws n neiva h 1o o&eldw-
UKS otpes. To oteldbwuko OTpES Pnopei va npokanécel
pitopayia peicvovtas 1o Suvapikd s JItoxovopIakns
deuPpavns, anid pnopel enions va eNATIOEl N pI-
toayia adnnAembpdvtas pe tous pubuiotés ns. H
napkivn (PARK), évas Baoikds pubuioths pitogayias
nou epnnéketal otn vooo tou Parkinson, pnopei va &i-
vai S vitpoluniwpévn and ROS, avaoténnovids v Kal
eunodidovias v anopdkpuvon twv SUCAEITOUPYIKWDV
pitoxovopiwv. O Kevipikés podAos twv pitoxovopiwv
otnv napaywyh ROS éxel odnynaoel oe pia Bewpia s
yhpavons nou cuvbuddel us ROS, tn BAapn tou DNA
Kar us prtoxovdpiakés BAaRes ' H Bewpia auth uno-
owpilel 6u n BAaRN tou DNA evepyonolsf Us KIVAoes
kal tnv PARK, ol onoies kataotpépouy ta enineda
bivouknieoudiou vikouvapidns adevivns (NAD+), 10
onoio anotenei cupnapdyovia yia nodnés petafonikés
060Us kar 66tn otnv napaywyn ATP. H peiwon tou
NAD+ au€dvel tnv avdykn yia katavdidwon ofuyo-
vou Kal napaywyn ATP, npokadwvtas cUEuEn twv
pitoxovdpiwv og pia npoondBeia kaAuwns uynAmy
evepyelakyv anaitoewy. H pitoxovbpiakh ouleugn
au&dvel 1o duvapikd s YePPPAavns, PEIOVEl T pITO-
oayia kal autdvel us elelBepes piles, npokanwvias
nepaitépw PA&Pn oto DNA.I'SITH otevi oxéon petagy
eniPiaBav ROS kal pitoxovdpiwv odnyei oto cupné-
paopa 6u ta pitoxévopla diadpapatiCouv Kpioipo
podAo otn yhpavon kai us oxetlOueves Pe v nAikia
VEUPOEKPUNIOTIKES QOBEVEIES.

Mitoxovépiaké ofeibwrtikéd otpes kar auénon bu-
ofleitoupyias otov NAIKIWUEVO yKEPano

Z1nv uylh yhpavon, undpxouv onpavukd eAneiy-
pata otov pitoxovopiakd petafoniopd, CUYKeKpPI-
Héva PEIMVETAl N Napaywyn s unopgovdadas a s
pitoxovoplakns cuvBetdons F1 ATP, n onoia ouvbéel
v o€e1dwTKN Pwaopopudiwaon pe tn olvBeon ATP.
Autd obnyei o peiwpévn napaywyn ATP, au€npé-
vn napaywyn ROS kar augnpévn ofeibwaon DNA,
npwteivddy kar Aimdiwv." H pitoxovdpiakn duonel-
toupyia obnyei 6x1 pévo o BAGPN tou MtDNA adfd
kal g€ BAAPN tou nupnvikoU DNA, 16iaftepa otnv
neploxn Tou npoaywyéa (promoter) twv yovidiwv
nou puBuidovtal ané tnv nAikia kar gnAékovial oty
ouvanukn JEtaQopd, I ocuvanukn NAacukeTNTa Kal
n Asitoupyia twv pitoxovopiwyv. H avuofeidwukn
unepEKPPaon éxel bokipaotel ws NiBavod PEco PeTpl-
aopou twv eniPAaBav enintoewy ts nAikias, aAfd
éxel anodeixBei avanoteAeopatkh oty napdtacn s
diapkelas wns. Qotdéoo n unepoeldikn diopoutdon

(SOD) ous puyes, n onoia gyyevs unepekppadletal,
éxel Tn duvatdtnta napdtacns tns SIApPKeIas s (whs.
0151 T'10 movtiki, N UNEPEKPPATN TNS PITOXOVOPIAKNS
katandons (MCAT) enekteivel onpavukd i dIGpKeia
(whs tou Kal napéxel npdobeta oénn, cupnepinap-
Bavopévns tns cuvonikns peiwons tns oeidbwaons, tns
diathpnons tns onpatodotnons s ivooudivns Kal
s kaBuaotépnons otnv epgavion nabonoyias otnv
kapdid kal katappdkin atov oBanud.l'' H BAGRN
tou DNA peimBnke opoiws o noviikia mCAT, tdoo
OtoUs YnpAoKovTes okeNeUIKOUS PUES GO0 Kal OTo
MtDNA and nveupoves ekteBeluévous otov apiavto.
07 Autd ta euphpata unodnidvouy Ot ta novtikia
mCAT pnopsi va anotpéyouyv th BAAPRN tou DNA oe
S1d@opous TUNoUS 10TV Kal 0TO NUPNVIKO Kabws
kal oto pitoxovdpiakéd DNA. Ztoxeupévn au&non tns
pitoxovdplakhs katandons petpiddel anotedeopau-
K& 10 o€eidbwukd otpes, UNodEeIKVUOVTAsS ToV KPICIHo
pono twv pitoxovdpiwv otn puBuion twv ROS pe tnv
npéodo s nAikias.

To pitoxovépiaké ofelbwitikd OTpes ws KEVIPIKA
aitia tns véoou Alzheimer (AD)

Ta duodetoupyikd pitoxdvdpia epniékovial otny
naboyévela tns AD, kaBws évas ané tous npwtous Oei-
Ktes tns AD eival n augnpévn o€eidwon tou MtDNA.
v npaydaukdnta, n duonetoupyia twv prtoxovopi-
WV Pnopel va gival éva and ta Npdta yeyovota otny
naboyéveia tns onopadikns, éyipns évapéns AD. H
unéBeon tou pitoxovdplakoU Katapedkn dnAwvel
OuU n andAelia s pitoxovdplakns Agitoupyias nou
oxetetal ye v nAikia ennpeddel v kppaocn Kai tny
ene€epyaoia tns npo-apunosdikns npwreivns (APP),
napdyovtas odlyopeph B-apunogidous nou ocucow-
pevovtal o€ NAdkes otn vdoo tou Alzheimer 819 H
ubpbEoPN neploxn 25-35 tou B-apuoeibous odnyei
O€ VEUPWVIKA TOgIKOTNTA Kal napdyel avudpacukd idn
oguyovou.? Apyotepa SianiotBnke 6u n enmaon
VEUPWVWV pE 1-42 ofiyouepn B-apunosidbous odnyei
oe unepoteidbwon twv AiIMdiwy e tnv déopeuon s
npwteivns pe v 4-udpofu-2-trans-evveevdnn (HNE).
H ubpdpofn guon tou B-apunosidous Tou enitpénel
va Bpioketar otn Aimidikn dinAoouBdda kar o opol-
onofikds 6eapds tou HNE pe veupwvikés Npwieives
obnyel og kuTtapIko Bavato.?'?? To enayopevo and
B-apunoeidés HNE peiivel NEpaItépw tous PETAPOES
yAukodns Kal yAoutapivikoy, To pitoxovoplakd diapey-
Bpavikd duvapikod kal tn dpactnpidtnta s ATPAons
vatpiou-kaniou.?! To ofeidwukod otpes nou npoka-
Aeital and to B-apunosidés eival niBavé va ogeifetal
ota oupnAdoka nou oxnpatiCel ye oteiboavaywyikd
evepyd pétania. O xankds, o Yeuddpyupos Kal o
oidénpos ouvdéovtal pe 1o B-apunoeldEs, npowbwvias
N CUCOMpPEUON Tou o€ NAAKes. Ano autd ta yetanna,
0 xankods oxnpatiCel tov nio otaBepd Seopod Kal autd
10 oupnAioko éxel anodeixBei 6u napdyer unepoteidio
Tou udpoyovou.?4 To oEelbwukd oTpes Nou Npokanei-
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tal and oupnioka petdndou-apunogidbous odnyei oe
1o€kéTNta, Npodyel tnv anondAwaon s PepPpavns
Kal PEICOVEL TN AEIToupyia twv PIToxovopiwy.

H pitoxovbpiakh duonetoupyia otov eyképano AD
eMdeIivveTal Nepatépw anod tov PelwPévo petapo-
Aiopd s yAukddns, tnv napaywyn ivooudivns kail
gitogayia. O petaPoniopds tns yAukd{ns otov yKEPa-
Ao peicvetal npiv and v epeavion tns AD og aoBe-
veis pe nnia yvwotukh e§aoBévnon (MCI), nou ouxvé
anotenel npokAivikd atddio s véoou.®! O eyképanos
AD eniféov xapakwmnpidetar and pia Beukh puBuion
T0U petaypaikol katactonéa AEBP1 (npwrteivn O¢-
OMEUONS eVIOXUTh AINoKUTtdpwv 1), N onoia PEIhVEl
1a évQupa napaywyhs ivooudivns PCSK1 kar PCSK2
(Proprotein Convertase Subtilisin/Kexin - nponpwte-
ivikh petatpendon 1 kar 2). H peiwon ts puBuions
tou unodoxéa Ivoounivns MET npokanei nepartépw
avtiotacn otnv Ivooudivn, odnywvias og PItoxovopl-
aknh kal ouvanukh ducneitoupyia, kKaBWs Kal yvwotu-
kés Slatapaxés.?”! H duvapikh tns pitogayias gival
enions peiwpévn otnv AD, kaBds n pitoxovopiakn
npwteivn oxdons DRP1 (oxeulbpevn pe i duvapivn
npwteivn 1) givar S-vitpoluniwpévn Kal unepevep-
yonolgital ané ta uynnd enineda P-apuniosidous,
obnywvtas og unepPonikh pitoxovdpiakn didonaon
kal ouvanukn BAGRN.2Y Mpodopates penétes éxouv
Oeitel 6u o1 BaPepés ouvéneles NS PITOXOVOPIOKNS
duoneitoupyias ynopouv va Petpiactoly, 0dnymvias
oe eniBpaduvon tns nopeias s AD. H unepékppaon
ToU puBuioth pitogayias parkin og novtikia 3xTg yei-
WOE TN oUCCWPEUON B-apunogldoUs Kal KATEOTPEYE
10 PIToXOVOPIa VA ANMOKATESTNOE T oUVBEoN VeU-
podiafifactmv.?”! Ye ivoBAdotes tuxaiwv aobeviv
ue AD, n unepékppaon tou PARK2 Atav og B¢on va
avuotpéyel us BAAREs tns pitogayias audvovias ta
autoPayYIKE KEVOTOMIA, TN PIToXovOpIakh OTOXEUON Kal
I pitoxovdplakn avakukAwon .28 ’Etol, n otoxeuon
Twv duonetoupyIkmY pItoxovopiwv pnopei va eival
pia anoteneopatkh péBodos peiwans tou oeldwukou
otpes o€ poviéna AD.

Tunoi BAdBns tou DNA

‘Evas Baoikés deikins o&eldwukoU otpes gival n
BAaPN tou DNA, n onoia odnyei o anoupIvikés Kal
anupipidivikés Béoels DNA, ofeidwpéves noupives kal
nupipidives kal Bpavopata DNA. Autd ta Bpalouata
DNA eival eite Bpavopata povou kAwvou (SSB) eite
Bpavopata 6inAou kAwvou (DSB), pe ta DSB va eival
ta nio to€ikd and ta duo. Ta SSB npokanouvtal and
n &1donacn 1ou okeNETOU TWV PWOPOPIKWY OAKXA-
pwv tou DNA petd and o€eidwaon ROS, evd ta DSB
eival yeyanutepns didpkelas kal gnopouv va odn-
yhoouv o€ affayés otn PETaypapn twv yovioIakmV
UnoKIvVNT@V Kovtd o€ Béoeis Bpavons.'" H ikavdtnta
enbIdpBwons tou DNA kaBopiletal and ta enineda
tou NAD+. Evd ta ugnidtepa enineda NAD+ oxe-
tiovtal pe au€npévn emdidpBbwon tou DNA, ta xa-
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unndtepa enineda givar evOEIKUKA TS CUCCMPEUONS
ROS. To NAD+ evepyonolei tn oiptouivn 1 (SIRT1),
nou PeIVel 10 0&eIOWTUKS OTPES Kal TNV enakdAou-
Bn BAGRN tou DNA kaBws endyel tnv autopayia,
gitogayia kal tnv npootateutkn pebuniwon 1otévns.
291 Ta evbidpeca NAD+ énws 10 povovoukAeotidio
tou vikouvapidiou (NMN), BpgBnkav enions va au-
&Gvouv tn dpactnpidtnta tou SIRT1, au€dvovtas pe
™ og1pd tous ta enineda NAD+ kal Siopoutdon tou
unepo&eldiou ouvdedepévn pe payydvio (MnSOD).
B9 To nupnvikd DNA twv veup@vwy givar yevikd nio
eudnwto og BAdapes and to DNA dAfwv tinwv Kut-
tépwv anid to pitoxovdpiakd DNA eival aképn nio
eudnwto NdYw tns Aueons oxéons tou e v anucida
HETOPOPAs nAektpoviwy Kal tns éNAsIPns NpooTateu-
UKWV 10ToVQV. P!

O1 embpdoeis wwv dikAwvwv Bpaucudtwv DNA

Ta Bpavopata inAol kAWVOU €ival n N0 cuxvd
petpoupevn popen BAaRns tou DNA Adyw s to-
EIKGTNTAS TOUS KAl TV YETaypapikwy alfaywy nou
npokanouv otous unokivntés yovidiwv.'" H pwopo-
pudiwon tou H2AX (yH2AX) €ival 1o npwto Brpa
ot Siadikaaoia eniokeuns DSB kal évas eUpEws xpn-
olponoloUpevos deiktns DSB. To H3K9me3 odnyef o
yvwoukn e€aoBévnon nou oxetiCetal pe v nAikia,
KataotéAnel tov veupotpodPo Napdyovia nou npo-
épxetal and tov eyképano (BDNF), cuvapuonoyei to
oUpnieypa enbidpBwons DSB kal peicovel tn BAGRN
tou DNA B O1 gaivopevikd avugatukoi podol tou
H3K9me3 obhynoav tous EpeUvVNTES va unoBécouv
ou n napaywyn tou H3K9me3 kai n enakdAoubn
yvwoukn e€aoBévnon pnopei va eival évas avuotab-
piotkéds pnxaviopos tns auénpévns BAdns tou DNA
nou oupBaivel ye tnv nAikia. Mapd v 1ogKOTNTa Twv
DSBs, autd eivar anapaitnta yia v ékppacn Guecwy
npwidwv yovidiwy, yovidiwy nou napoucialouv taxeia
Kal napodikn ékppacn anoucia NPWIEiVIKhs oUvBsans
de novo. H veupwvikn diéyepon pnopsi enions va odn-
ynoel o€ DSBs, 161aitepa ous NEPIOXES TOU UMOKIVNTA
WV Apecwv Npipwy yovidiwv (IEGs).B? O oxnpau-
opos DSB o€ neploxés unokivntav IEG enapkei yia va
npokanéaoel v €kPppacnh Tous akOun Kal o€ anouoia
e€wtepikoU epebiopatos. H oxeuldpevn ye tnv eni-
b16pBwon tou DNA npwrteivn Gadd45y Bpébnke du
puBuilel tnv ékppaon twv IEGs Arc, cFOS, Npas4 kal
Cyr61 otov NPOWETAIXUIOKO Npopetwniaio pAold. 4
YUPNEPAOPATKA, EpEUVNTKA otoixeia deixvouv 6T
0 €€aptpevos and t dpactnPIOTNTA CXNPATICUOS
DSBs kal n eniokeun Tous eunAEKETal TNV €KPPACN
AUECWV MPWIPWY YoVIOIWVY TwV VEUPDVWV.

H yvwotikn duonertoupyia ws anotélsoua BAdBns
tou DNA otov nAikiwpévo syképano

H BAdapn tou DNA eivar au€npévn 1G00 o€ UYIEiS
nAikiwpévous 600 Kkal o€ eykepanous e vooo Alz-
heimer. Opiopévol Bewpoulv 6T n pn enidiopBwpévn
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BAaPn tou DNA eivarl pia Baoikh aitia tns diadikacias
yhpavons.!'3 T pia onpavukh epyacia and tous Lu et
al.l &ianiotmBnke 6u of unokivntés noAAwY yovidiwv
nou oxetiCovtal Pe tn AgItoupyia tou eykepanikoU
@noloU pelwvovtal Pe tny nAikia, EEKIVAVTas YeTd thy
nAikia twv 40 €1V Kal PTAvovtas ota Péyiota enineda
HeTd v nAlikia twv 70 etwv. Autd ta anopuBuiouéva
yovibla epniéxkovtal kKupiws otn cuvanukn NAAouKo-
10, T PETaPOPd Twv KUoTdiwv Kal tn Agtoupyia twv
pitoxovopiwy, unodeikviovtas 6t n BAGRN tou DNA
PAdnNTtel Gueca tn veupwVIKA Kal cUVANUKA uyeia. H
yhpavon tou eykepanou odnyei enions o€ auénpévn
ékppaon yovidiwv nou ynopoulv va avuotabuicouv
ta eAAeiypata nou oxetiCovial Ye tnv nAIKia, oupne-
piAapBavopévwy twv yovidiwy nou euniékovial otny
avadiniwon npwrteiviv (Npwteivn Beppikol ook 70
kar aAgpa kpuotaniivn), otnv avuo&eldwukn auuva
(unepo&eiddon yloutaBeidvns pn cednviou, Napao-
Eovdon kar oefnvonpwreivn P) kal otnv opoidotaon
16viwv petdinwy. H auénpévn ékppaon twv evUpwy
enbidpBwons tinou ektopns Baons 8-o€oyouavivns
DNA yAukolundons kai oupakidns DNA yAukolu-
Adons eival evOEIKUKN TG00 VEUPOMNPOOTATEUTIKWDV
andaydv otn yoviSiakn ékppaon 600 Kal auEnuévns
BAAPns tou DNA evoés kAwvou. O Lu e€étaoe nepaité-
Pw €AV Ol UMOKIVNTES TwV YovIOiwvY €Xxouv ennNPedoEl
v enibidpbwon tou DNA. Ta nAaopibia avagopds
unokivnth unéotoav BAGRn in vitro pe H,0, kai pe-
tayyiotkav og kutapa SH-SY5Y. Meta ané BAAGRN pe
0 H,0,, 1a kJttapa pe unokKIvntEs yovidiwv nou eixav
kataotansl Adyw ynpavons gixav oAU xapnAdtepa
nocootd evepyonoinons and ta KUtapa unoKivntwy
yovibiwv otaBepns nAikias. Autd deixvel Ot ta yovidia
nou kataoténdovtal and v NAIKIa PEIVOUY TNV M-
616pBwon tWnou ektopns Paons, pe anoténeopa v
augnon twv Bpaucpdtwy DNA.' AuEnuéva Bpau-
opata DNA €xouv enions napampnBei o€ nAIKIwpéva
nuPapIdIKd Kal KOKKIOEION KUTIapd Tou INNOKAPnou
KaBws kal og napeykepanidikd KokKIMON kUTtapa,
anAd 6xi os napeykepanidika kuttapa Purkinje.Bd
Evd n BAGRN tou DNA eivar au&npévn pe tv niikia
oto nupnviké DNA, ival 10 popés upynidtepn oto
pitoxovopiakd DNA and droua nAikias 42 €@y Kal
avw kal 15 eopés uynndtepn os dropa dvw twv 70
etv.PI H augnon twv Bpaucpdtwv DNA Adyw nAikias
pAantel tnv ékppaon twv yovidiwv nou epniékoval
otn ouvanukh NAAoUKOTNTA, TN Ydbnon kai tn pvapn,
anid katd kuplo Adyo ennpeddel 1o Pitoxovoplakd
DNA nou eunnéketal oto petaBoniopd, tnv evépyeia
Kal v eniBiwon twv VEUPMVWY.

H embiépBwon tou DNA otn vooo tou Alzheimer

H AD obnyei o€ au&non twv povokAwvwy kai &i-
kAwvwy Bpaucpdtwy DNA, yeyovos nou unodnAwmvel
o6u n duonertoupyikh enibidpBwon tou DNA pnopei
va gival n Baaikn arta tns AD. Onws kal Pe tn pualo-
doyikh yhpavon, otnv AD undpxouv effeippata oty

066 enbibpBwons tinou ektouns Baons.B3 H 06ds
anokatdotaons s BAGRNs tou DNA ennpedletal
eninnéov and m peiwpévn npoéoAnyn tou 53BP1 and
ta DSBs kal tn peiwon twv eNMédwV twv NPWIEVOV
embdidpBbwons PKcs (katadutkés unopovades npw-
TEIVIKAS KIvaons) kal twv olvBetwv npwteiviov MRN.
Ta enineda yH2AX eival au§npéva otous VEUPWVES
Kal Ta aoTpokUTIaPd Twv aoBevdy e NMNIA yVWOTKNA
biatapaxn (MCl) kar AD, o€ oUykpion pe Tous NAIKIaKd
avtiotoixous paptupes.'" Ouoiws, ol eyképanol Twv
novuk®v hAPP epgavilouv nepiocdtepa DSBs and 6,
U ta uoloAoyIKA novtikia nou Gev €Xouv eEEPEUVNOEI
10 nepIBaniov kaBws n didpkela s au&nons ota
DSBs €ival peyanUtepn petd v e€gpelivnon. e autn
™ penétn, ta DSBs napdyovtal and tov puoloAoyIkd
eyképano, annd n napaywyn tous au€dvetal Ndyw s
ouoowpeuons B-apunoeidous.B? Or peuvniés €xouv
nponyoupévws dianiotwaoel Ou ta uynid enineda
vitpotupoaoivns kal BAapns tou DNA nponyouvtal tou
oxnpatopoU veupoividlakwy toAuniwv otov eAoid
v eykepdnwv AD, yeyovos nou unodnAiwvel ot
n PAGRN tou DNA cupBaivel vwpis otnv e€€AIEN s
vooou.B® Madi pe ta uynAd enineda oeldwukou
otpes kal BAaPns tou DNA, n AD xapaktnpiletal ni-
ons and eANEiYels otous pnxaviopous enididpbwaons
tou DNA. To eykepanovwtuaio uypd and acBeveis pe
AD napouoldlel au€non tou 8-OHAG oto DNA, evos
beiktn oteibwukns BAGPNs, kKaBms Kal peiwon tou
enelBepou 8-OHAG, evos npoidvtos enididpBwons
tou DNA. Opoiws, ta novtikia 3xTg nou diaotau-
pwolnkav e novtikia nou htav avenapkn otnv PolB
(nodupepdon enididpBwons ektouns Bdaons) gixav
NePIooOTEPA YVWOTKA eANgipuata, anwneles ouvd-
WPEWV Kal VEupwviko Bavato.B” YuvoAikd, autd ta
euphuata deixvouv 6t ol pnxaviopoi embidpbwons
tou DNA €ival peiwpévol kaBws 1o ofeIdwUKS OTpes
eival au&npévo otnv AD. H coPapdtnta tns BAGRNs
tou DNA otov eyképano AD Eenepvd katd nonu ekeivn
TOU uyloUs nAiKiwpévou eykepanou, yeyovos nou
unodnimvel 6t n PAGRN tou DNA kai n e€aoBévn-
on v Pgnxaviopwv enidiopbwaons tou DNA nailouv
kaBopiotukd pdAo otnv e€€NIEN tns vOooU.

Emyeveukés tpornonoinoeis Adyw o&eibwtkou
otpes

Mpéopates penétes éxouv Heifel du 10 oEeldbwu-
KO oTpES NPOKanEl ENIYEVETIKES TPOMOMOINGEIS OTNV
xpwpativn. Autés ol tpononolnoels Pnopei va Oleu-
KoAUvouv tn veupoekpUAion.B8 To ofe1dwukd atpes
pnopei va peioel dueca i pebuniwon tou DNA ofel-
dwvovtas 1o, augavovtas v udpotupebuninon pe
peoondpnon TET kal napepPaivovias otn 6éopguon
twv pebunotpavopepaciyv 1ou DNA nou napdyouv
tov 66t pebuniou S-adevoounuebeiovivn 3 O ROS
pnopouv enions va npokadécouv anAoIMOEls OTO
DNA péow udpo&uiiwaons twv NUpIPidIvaV Kal tns
5-peBunokutoaivns (5mC) ennpeddovias ta eniyeve-
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ukd onpata s 5-ubpotupebunokutoaivns (5hmC).
1401 To ofeIdwtikd otpes petaPaniel TS PJETa-UETaPpPa-
OtKés Tpononolnaels, ol onoies andidalouv tn dopn
s Xpwpativns, tn yovibiakh ékppaacn, T yovidiakn
otaBepdtnta Kal v avuypaen. Autés ol embpdaoels
eival ouxva éupeaes, kaBws ol ROS peivouy v ano-
teNeopatkdnta tou petaponiopoy, eNAathvovtas ta
enineda petafonitv énws to aketuno-CoA, 1o Fe,
10 NAD+ kai 1o ketoyAoutapikd nou gival anapaitnta
yla ta évdupa ta uneubuva yia TS PETa-PETaPPATTIKES
tpononoinaels. To H,0,, To nio Kovo Yoo enaywyns
ROS in vitro, €éxel anodeixBei du au€dvel ta H3K9me3,
H3K4me3 kal H3K27me3 ev peidvel ta H3K9ac kal
H4K8ac ota Bpoyxikd emBnAiakd kUttapad. H endaon
T0U e aokopPIké epnddioe auth tnv augnon, ano-
deikvUovtas 6u ta avuo&eldwukd ynopoulv va ano-
PéYouV TS eniyeveukés annayés nou npokanouvral
and ROS. Or enidpdoeis s o&gidbwons Atav napodi-
kés kal 6ev napépeivav petd v éknAucn tou H,0,“1
Y10 veupwvika kuttapa SH-SYS5Y, 1o H,0, alénoe tus
akewunotpavoPepdoes 1I0TdVNS Kal PEwOE TS ano-
aketwuAdoes 1otdvns, KaBms Kal tnv unopebuniwon
wv APP kai BACE1. To H,0, npokdneoe evepyonoi-
non TV Unokivntmy twv yovidiwv APP kai BACET,
obnyvtas og unepnapaywyn tou B-apuioegidous. 2
Autd ta euphpata unodnimvouy 6t 10 0EEIdWTIKO
otpes dnpioupyel NapPodIKES EMIYEVETIKES TPOMOMOIN-
O€IS Ol OMnoies, PETAEU WV EKTETAPEVWV EMINTWOEDY
TOUS, UNopoUV va enitaxyvouv Ty CUCCWPEUCN ToU
B-apunoegibous.

H evepyonoinuevn pebudiwon tou H3K9 éaitias
tou o&elbwtikoU otpes

Epeuvntés nou pefétnoav tnv eNIYEVETIKNA TS yN-
pavons, Bphkav 6T 1o oeidbwukd otpes SladpatiCel
onpavukétato poéno. Edei€av 6u toundxiotov évas
OUYKEKPIUEVOS KataotaAtkds enlyeveukos Oeikins,
10 H3K9me3, au&dvetal pe tnv nAikia otov Innéka-
pno. Meiwoave 1o H3K9me3 avactédnovtas 1o kUpio
katadutuko évfuud tou, to SUV3IH1T, pe évav €1bikd
avactonéa (ETP69) kai dianiotwaoave éu autd Bentiw-
O€ TN PVARIN eVIONIoPoU avUKEIJEVWY, aUEnoe tn ou-
vanukh nukvotnta kai ta enfneda BDNF og nAikiwpéva
novtikia. H epeuvnukn opdda tou Vaquero €6gi€e du
10 0&e1bwuKd OTPES YNopEi va gival pia atia éuueons
augnons tou H3K9me3, evepyonoiwvtas 1o SIRT1 1o
onoio kavovika npootatevel and 10 oEeIdWUKO OTPES
au&dvovtas tn pitogayia kal v autogayia.?! To
SIRT1 otaBeponolei 1o SUV39H1T kar n puBpion tou
SIRT1 0bnyei pe tn ogipd ths o€ pUBuUIon tou SUV39H1
Kal Tou npoiévtos tou, H3K9me3. Autd unobnidvel
Ou n augnon tou H3K9me3 pnopei otnv npayuau-
KOTNTa va oPeifetal og pla NPOoCTateuTKh puBuion
tou SIRT1 nou npokaneital and 1o oeidbwukd oTPES.
Mia npdopatn epyaocia dianiotwaoe éu n avactoin
s peBunotpavopepdons 1otovns G9a eival e€joou
npootateutkn o novtikia AD. O avactonéas G9a
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UNCO0642 Bentiwoe tn yvAun avukeIPévwy Kal Torno-
Beoitv, peiwoe us nAdkes tou B-apunosidous kal
enineda 5-mc kal avu€noe ta enineda avuo&eldwuKmyY
oe novtikia 5XFAD.# Ye avtiBeon pe to SUV39H1, 10
G9a bev anotenei 161k6 katanutn s pebuniwpévns
popens tou H3K9, aAnd pnopei va napdyel povo- i
h tpI-uebuniwpévo H3K9. Afnes penétes mou xpnol-
gonoioUv tov avactonéa UNC0642 éxouv odnynoel
o€ peiwan 16oo tou &1- 600 Kal Tou TpI-pebuniwpévou
H3K9, dpa n nnyn twv enibpdoswy Tou avaotonéa
bev pnopsi va avanuBei ! Luvonikd, undpxouv peu-
vnukés evbei€els 6u n peBuiwon tou H3K9 pnopsi
va evepyonoinBei and to ofeldwtkd OTPES Kal OT N
avaotodh auts ts pebuniwons Pnopei va anotpéyel
™ YVWOoUKA yhpavon Kail va Peinoel tnv nabonoyia
s vooou Alzheimer. Qotdoo, napapévouv noAnd
EQPWTNPATA OXETKA pe Tous Slapopetkous pdAous
WV PEBUNIWPEVWY 10TOVMV Kal NMS T0 0EEIBWTKO
otpes pubuidel v ékppach Tous.

Bepaneies ofeidbwtikoU otpes yia tn yApavon Kai tn
véoo Alzheimer

Avuoéeibwtkn aywyn

lows n nio neiotukh anddeIgn éu 1o ofeIdWUKO OTPES
eival to kAgI6f yia tn yhpavon tou eykepAnou kai v
AD eival n nAnBwpa Bepansidv Nou CTtoxeUouv OTo
otelbwukd otpes twv veupwvwy (Mivakas 1). To nio
ouvnBIopEvo PECO PEIWONS ToU OEEIBWTKOU OTPES
eival n avuoteidbwuknh Bepaneia, n onoia og opIoUEVES
NEPINTWOEIS ATAV anoteAEOPATKA OtN PEiwon Twv
VEUPWVIKWY BAapwv nou oxetiCovtal pe tnv nAIkia
Kal tn veupoegkpunion. O ouvbuaoués Prrapivay C
kal E (aokopPikéd o&U kal -tokopepdAn) éxel ano-
beIxBel 6u peitbvel tnv unepo&eidwon twv Amidiwv
ota veupwvikd kuttapal®l. Otav apoupaior Wistar
nAikias 24 unvv tpépoviav pe N aketuno-I-kuote-
fvn (NAC), n onoia au€dvel ta enineda ynoutaBel-
6vns otov eyképano, unhp&e peiwon twv ROS kal
twv deiktv eAgypovhs dnws o TNFa, n IL-1f kai n
IL-6, kKaBws Kal pia Npoctateutikn puBuion npos td
navw oto SIRT1.#1"Evas pivas kaBnuepIviv evEoEwY
NAC kal aAga-Ainoikoyd o&tos PBentiwoe enions tnv
anédoon twv novukdv SAMP8 (enitdxuvon yhpav-
ons 8) o€ gpyaocies ydbnons kal pvapns. Epeuvntés
€xouv anodeitel ou 1a avuofeldwukd ival anotene-
opaukd otn BeAtiwon twv YWwoUKOV OIEpYAcIV.
Alaniotwoave 6T N oupnAnpwaon s dIatPoPns pE
avuo&eldbwukd Kal PItoxovopiakous oupnapdyovies
(Brwapives E kar C, L-kapvitivn, adga Ainoikéd o&u kal
1% KkoKKol ppoUtwy Kal Aaxavikwy) BeAtiwoe tnv
anédoon twv nAIKIWPEVWY Pniyka os éva €pyo Si-
akpions peyéBous Kal aonpoOuaupoU XPmHatos. 8
Ytous avBpwnous, n katavadwon Bitapivns E and
POQIPA Kal cupnAnpopata SIatpoPns CUCXEToTNKE
HE xapnAodteEPo Nocootd yvwotkhs eEacBévnaons o
pia peydnns kaipyakas Slaxpovikh penétn, av kai n
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katavadwon Bitapivns C kar kapvitvns dsv anodei-
xBnke éu BonBael.¥! Av kar n anotefeopaTukdTNTd
v d1apopwV avuo&eldwUKmY NolkinAel petaty twv
HoviéAwy, napapévouy éva Ioxupd epyansio yia tn
ueiwon tou ofeldbwukoU otpes kal tn PeAtiwon s
yvwoukns Agitoupyias otov NAIKIWPEVO eykéPano.
H enituxia twv avuo&eldwukhv otn peiwon s
YVWOUKAS YAPAVONSs €XEl KEVIPIOEI TO evOIapEPOV yia
us Guvatdntés tous ws Bepaneies otnv AD, av kal ta
anotenéopata autwy Twv PENETWV gival aviikpouod-
peva. H Prtapivn E kail ta pItoxovopiakd otoxeupéva
avuo&elbwukd énws 1o mitoQ kal o ss31 peiwoav
10 OLeIbWTKSO OTpes o€ KANNIEPYNUEVOUS VEUPWVES
kal egnédioav tnv to§IkdTNTa 10U B-apunosidous.
B9 H guoxéuon peta&u avuo&eibwukdv kal AD oe
kAIvVIKEs penétes eival Aiydtepo oapns. Evad ta uynid
enineda Pitapivns E oto nAdopa tou aigatos ouoxe-
tidovtal yeviké pe xapniodtepo kivbuvo AD, n pedétn
Conselice dianiowoe 6 o eninoAacuds s dvolas
Atav uynndTEPOS o€ EKEVOUS PE UYNAOTEPES OUYKE-
VIPWOEels TokoPepoAns.! Te pia aAAn peémn, n ou-
unAnpwon s Siatpoehs pe Brtapivn E, Brrapivn C
kal aNpa-finoikd o CUOXETIOTNKE PE PEiwoN Twy
PBaBuonoyidyv otnv eEétaon Mini-Mental State kai
Oev eixe enidpdoels ota enineda tou B-apunoeidbous
A ns tau oto eykepafovwtaio uypd.b H peAén
PREADVICE 6ianiotwoe 6u oute n Bitayivn E oute
10 ogAhvio egnédicav th ouxvotnta eppdvicns AD
otav AapPavovtal kaBnpepiva yia 7-12 xpdvia evid n
penén TEAM AD dianiotwaoe 6u n kaBnpepivh dngpa
tokoPePOAN eniPpdduve tn AgItoupyIkh EKNTwon o€
aoBeveis pe AD.P2 Mia aAAn kAvikh dokiph pe 100
aoBeveis pe AD dianiotwoe 6T 8 pnves katavénwons
evos notoU noAu@aivonns peiwoav ta enineda opo-
Kuoteivns, adnd dev eixav dAna anoteféopata.? Ta
HIKté anotenéopata twv KAIVIKOV JEAETDV pe Bdon ta
avuo&eldbwukd pnopsi va ogpeinovial og S1aKUPAVOEIS
otn 6don, 1o xpovodidypaupa, Tous cuvbuaopous
avuo&eldwUKWY, Tous atdxous kail tn diatpopn. Ol
neploodtepes penétes pe Brrapivn E, yia napddely-
ua, xpnolgonololv nodu nepioodtepo and 400 U /
nuépa, 1o onoio pnopei va eival 1o€ikd. H Bepaneia
pe avuo€eidbwukd Ba npénel va Eekivhaoel noAu npiv
andé v évapén v cupntwpdtwy AD yia va gival
anotefeopatikn kal Ba npénel va katavalwvetal os
ouvbuaop6 pe Prrapivn C 1 udatobladutous Oéktes
NAEKTPOVIWV yIa TNV anoteAEoPatikh anoudkpuvon
twv ROS.B4 O nepiogodtepes avuoeldwukés Bepa-
neies €ival CUCTNPATKES Kal €Xouv Kakh €181kOtNTa
OTOXOU YIa VEUPWVIKOUS 0&EIOWTKOUS OTPECOYOVOUS
napdyovies. Enions, étav n diatpopn dev napako-
AouBeital, n avuo&eidwukn Bepansia dev enapkei yia
va e€oudetepwoel s eNOPAOTEIs Twv PAgyHovVwOmV
kal nlovoiwv o€ oEeIdwukd 1poPwv. H katavanwon
avuoCeIdWUKWY PEow TS TPOPNs auEdvel TNy anop-
POEPNGCN TOUs Kal tn GpuoloNoyIKA anoteNeouatkdTNTd
tous, unodeikvuovtas Ot pia niouoia o avuogel-

dwuKa diatpoPn pnopei va diaxelpiotel kaAUtepa 1o
oEeidwtkd otpes and éu ta oupnAnpdpata.®?! Mia
npéoeawn penémn €6ei€e 6u n npdoinyn erapfovo-
AWV Pe I popPh xéptwv, Gpoltwy, pacoidy Kal
toayIoU Peiwoe onpavukd t ouxvotnta ePpavions s
vooou tou Alzheimer, unootnpilovias 1o au§npévo
Bepansutikd duvapikéd ns diatpoPns évavt Twv ou-
unAnpwpdtwv.B® Mpos 1o napdv, 1a avuoeidwukd
andé poéva tous dev anotedouv xphaipn Bepaneia yia
v AD, andd pia nAovoia og avuogeldwukd diatpoph
pnopei va petpidoel anotefeopatkdtepa us BRapes
nou npokanouvtal ané us ROS.
BepLibikos nepiopiouds Kai LIUNTéS

O Bepuibikos neplopiopds eival éva dnfo péoo pei-
wons tou o&eIdWTKOU OTPES MoU éxel enfons anodel-
xBei 6u PeAtVeEl TNV UYEld TV VEUPDVWY Kal PNopEi
va npootateloel ané t veupoekpuiion. O Beppidikds
neploplopds eival éva agionioto péoo auEnons s OI-
dpkeias (wns, peiwons twv eninédwv ROS kai digyep-
ons s 6punons (hormesis), SnAadn twv uno-tofIkwv
ENMESWV TwV OLEIBWTUKWY OTPECOYOVWY NAPaydVIwV
nou npootateUouv anéd nio copapous oTpecoyovous
napdyovtes.”! Or kataotdoels 6puNons gival cuvn-
Bws napouoes otov uyih eyképano kal odnyolv oe
au€énpévn napaywyn avuogeldwukwy, eviUuwy enidi-
OopBwons DNA Kkal avuanontwuKmy NPwIeivav. > H
unoBavaineodpa 66on tou unepotelbiou €xel akdun
anodeixBel du evioxUel i veupwvikh nAaoukdnta au-
€avovtas T pakponpdBeoun vioxuon otnv NePIOXN
CA1 tou Innokdunou kai Sleyeipovtas Ty avantuén
Twv veup@vwy. Ta xapndd enineda o&eldwtkoU otpes
nou npokanouvtal and Bepuidikd neplopioud evep-
yonoloUv enions tov Nnapdyovia Yetaypaphns nuclear
factor erythroid 2-related factor 2 (Nrf2), o onoios
EVEPYOMOIEl T0 NPOCTATEVTKA €vUpa Onws n ofuye-
véon afuns kai n NAD(P)H-kivovn o€gidboavaywydon 1
(NQO1).5% Autd ta évlupa enIpénouy OToUS VEUPW-
ves va eEoudetepvouy nio coPapous ofeidwtikous
OTPECOYOVOUS NAPAYOVIES PEIDVOVTas TS eNelBepes
piCes (NQO1) kal oxnpati(ovtas KUTIapONPOOTATEUTIKN
xonepuBpivn (o€uyevdon aiuns 1).% O Beppidikos
neploplopds au€avel nepaltépw ta enineda BDNF, ta
ornofa éxouv CUCXETOTEl 010 NapenBéV pe tn peiw-
on twv ROS og neipapaukd poviéla 6163 Qotdoo, o
Hakpoxpdvios Beppidikds neplopiopds eival duokono
va epappoaotel atov avBpwno kal ol Aiyes diabBéaoiues
KAIVIKES PENETES Eival avaykaoTKdA NEPIOPIOUEVES OF
S1dpKeEIa Kal €KTaon nepIopiopoU s po@ns.54 Ol
pigités Beppidikou nepiopiopol (CRMs), dnws n pe-
oBepatponn, NpooPépouv Napopola oPéNn xwpis va
peivouv tnv npdoinyn tpoehns. Ta CRM opidovral
WS OUVOETIKES N PUOIKES EVATEIS MOU PIPIOUVTAl TS E-
taBonikés, oppOVIKES Kal PUOIONOYIKES EMOPATEIS TOU
Bepp1bikoU neplopiopou. MNa napddelyua, n Qiostivn
CRM, éva piaPBovoeidés nou evepyonolel 1o SIRTT,
peiwaoe 1a o€e1dwukd, auénoe ta avuogeldwuKd, Yei-
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woe TV ekNdéAwoN s pitoxovoplakns pepPpdvns
Kal YEiwoe Tov anontwuko kuttapikd Bdvato otov
ynpdokovta eyképano apoupaiwv.®® H peofepatpo-
An éxel enions anodeixBei 6T peIvel 10 0EEIBWTKS
oTpes 1000 o€ KANNIEPYEIES VEUPDVWY OO0 Kal OTOV
INnékapno novukou. Evas neplopiopds tns peofe-
patpoéAns gival 6u dev eival dueca Piodiabéaiun. To
avénoyo peoPepatpdnns pinostilbene pebuniwvetal
yia va yivel mo d1aiuté kar opoiws peicvel us ROS
o€ VEUPWVIKG povténa.®® Autés ol penétes Oeixvouv
6u o Beppidikds neplopiopds kal ta CRM pnopouv va
HEIOOOUV anoteNeoPaTKA TO VEUPWVIKO OEEIBWTKO
OTpES.

Av kai ol enidpdaels tou BeppidikoU neplopicuou
otn yvwotkh eaoBévnon nou oxetidetal pe v nAIkia
bev éxouv diepeuvnBei 61eE0OIKE, UNAPXOUV KAMOIES
evbeiels 6u o BepuIbIKOS NEPIOPIOPOS UNOPE( va
HEIMOEl T veupoekpuion otnv AD. In vitro, 20uM
peoPepatpdnns o€ kUttapa SH-SY5Y peiwoav tnv
napaywyn ROS, PS1, SIRT1, p53 kal caspase 3, Ka-
Bws kai ta enineda tou B-apunogidous nou napdyel
APP kai BACE. 71 O Siatpoikds neplopiopds peiwae
enions v evandBeon B-apunioegidbous oe diayovidiakd
novtikia APP. O Beppuibikds nepiopiopds éxel enions
xpnolponoinBei yia tn Bepaneia tns AD 0g ApKETES
KAIVIKES BOKIPES. Z€ yia Mo npdopatn dokIn, n oko-
nipn anwAela Bapous oe NaxUuoapKous NAIKIWHEVOUS
aoBeveis pe MCl ouoxetiotnke pe yvwoukh Bedtiwon.
AUTh N oUOXEUON NTAV IOXUPOTEPN OTOUS VEOTEPOUS
NAIKIWUEVOUS Kal otous popeis APOE4.18! Y& i pe-
Aéwn tou CRM peoPepatpodnn, 500-1000mg nuepn-
oiws yia 52 epdopades xopnyhBnke oe aobeveis ue
Ania éws pétpia AD. H Bepaneia peiwoe tn yvwoukh
€taoBévnon ocuppwva pe v kAipaka Alzheimer’s
Disease Cooperative Study-Activities of Daily Living
scale (ADCS-ADL), aidd odnynoe og peyanutepn
peiwon tou dykou tou gykepdnou, 161aitepa oTous
popeis APOE4. H Bepaneia peiwoes nepaitépw tn veu-
pogAeyuovh peiwvovtas 1o MMP-9, to onoio pubuilel
n 61anEPATOTNTA TOU AIYATOEYKEPANIKOU ppayuoU,
annd avgnoe annous Aeypovwbdels deiktes ONws
1a pikpoyAolakd KUTtapa Kal 1a Hakpo@aya. Eva ta
anotenéopata gival avupaukd, n augnuévn eAey-
povh Ynopei va gival Yia EUEPYETKN NPOCAPUOCTKNA
avoooanokpion Kal N peiwon tou OYKOU ToU eyKe-
@danou bev oxetiCetal pe N yvwoukn Asrtoupyia.l?
Kar ous 6Uo penétes, ol aniayés otous oLeidwTKoUs
OTPECOYOVOUS NAPAYOVIES KAl TOUS PETAYEVEOTEPOUS
napdayovies 1ous dev nocotukonolouvial, KaBiotwvias
acapn tov péno tns o&eibwtkns obou ous napatn-
POUEVES YWWOTKES BeNtumaoels.”® Mepartépw KAIVIKES
penétes nou nepidapBavouy Bepuidiké nepiopioud Ba
npénel va PJepnoouy Tov Tporno Pe tov onoio ol Oei-
ktes oeldwtkoU otpes aNndlouv o aobeveis pe AD
yla va e€nynoouv duvnukd avukpouodueves annayés
otn PAgypovh, Tn VEUPOEKPUAION Kal TN yVWOUKA
Aertoupyia (Mivakas 1).

Apxeia Kivikns Neuporoyias 33:6-2024, 18-30

Zwpaukn dpaotnpidtnta

H owpatukh dpactnpidtnta eival éva anobedelyuévo
péoo Bentiwons ts yddnons kal s Pvhpns au&davo-
vias ta enineda BDNF.1082 Mapopola pe tov Beppidiké
nepIOPIoPO, N Aoknon npodyel thv Oppnon Kal vy
enaywyn Nrf2, kaBws npootatelel and ofeIdwuUKA
BAAPRN péow pias 0dou pe pecondBnon BDNF evd
tautoxpova au€dvel us eNelBepes pies. To BDNF
nou npokaneital and doknon evepyonoiei 1o CREB, 10
onoio evepyonolei otn ouvéxela 1o APET, nou epnné-
Ketal otnv 066 enididpBwaons tinou ektopns Bdaons.
Méow tou augnpévou BDNF, n cwpatkn dpaoctn-
PI6TNTA NPOOCTATEUEI TOUS VEUPMVES and oLeldwUKA
BAaPn tou DNA evioxUovtas tv enididopBwon tou
DNA.® Tautéxpova, ol okeAeukoi pues napdyouv
eneuBepes pies yia tnv NpowBnon s andkpions otnv
doknon, ocupnepiNapfavopévns tns evepyonoinons
tou PGC1a, nou suniéketal otnv au&énon tou BDNF.
H doknon avtoxns au€dvel enfons tnv NoodNta Twv
avuo&elbwukwy evlUpwy otous kapdiakous Kal oKe-
AetukoUs pues.V? H owpaukhn dpaotnpidtnta Bonbdel
€101 Tov eyképano va avuotaBuioer us ROS nou npo-
kadoUvtal ané thv doknon napdyovias NpodoBetous
VEUPOMPOOTATEUTKOUS NAPAYOVIES.

H di1dpkela evéds npoypdupatos doknons gival o
kaBopiotkds napdyovias yia TNy anoteNEcPaTKo-
NTd 10U ws Bepaneia tou oeIdwUKOU OTpEs. Ev n
BpaxunpoBeopun doknon teivel va au€dvel us ROS,
N pakpoxpoévia doknon audvel 1a avuo&eldbwukd
évlupa, Pelvovtas 1o ouvonikd oEeldwtikd OTpEs.
Ortav BnAukoi apoupaiol Wistar naikias 12 pnvav
aoknBnkav yia 15 eoopddes oe diadpopo pétpias
évtaons, ta enineda ROS otov Inndkapno peidnkav,
evad ta enineda PGC1a, Hovopwaopopikhs pwopoade-
vooivns Npwreivikhs kivéons (p-AMPK), SOD1, SOD2
Kal ungpo&eidaons yloutaBeidvns (GPX) au€nhBnkav.
Ye pia kAvikA pefén, n pakpoxpdvia doknon peiw-
o€ 10 Npwreivikd Npoidvia npoxwpnuevns o&eidwons
(AOPP) oto aipa nAkiwpévwv evnAikwy NoU CUPYETE -
xav o€ agpdPia doknon 3 popés v fdopdda yia 6
unves.’2 H doknon éxel anodeixBei akopn éu enitaxu-
vel v enidiépBwaon tou DNA. Mia npdéogpatn pefén
QoKOUWEVWV Kal PN aokoUpevwv avdpdv dianiotwoe
OU eV 6NOI OF CUPPETEXOVTES €ixav BAARN oto DNA
nou npokAnBnke and tnv akuvoBodia, 1 aokoUpeva
atopa gixav taxutepn enidivpbwon twv Bpauopdtwy
DNA nou npokadeitar and v akuvoBodia.l’3!

H pakpoxpoévia doknon anodeixBnke enions ot yel-
Wvel 1o oteIbwukd otpes o€ poviéda AD. Otav BnAukd
novtikia nAikias 12 pnvav 3xTgAD eixav npdofaon
o€ poxd kivnons yia 3 phves, ta enineda Ainolne-
po€eibiou, dioounpidiou yAoutaBeidvns (GSSG), GPX
kal avaywydons yAoutaBeidvns (GR) peih®nkav og
enineda enéyxou, evd 1o avuogeldwtkd CuZn-SOD
autnBnke. Mia avanuon €6€i€e 6T auth n peiwon
ToU 0&eIOWUKOU OTPES ATav KEVIPIKAS onpacias yia
annes oupnepipopikés kal nabBonoyikés andayes,
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onws n BeAuwpévn XwpPIKN PpvApn, n yeiwon tou B-
apuiogidous kal s p-tau Kal n Peiwon tou dyxous.
74 Napopoia euphpata avagépbnkav og éva poviéno
apoupaiwv AD nou acknBnkav og S166popo yia 4
€Boopabdes. O1 apoupaiol eppdvicav peiwon tou ofel-
dwtukoU otpes, s pitoxovdplakhs duoneitoupyias,
tou B- apunoegidous kal tns p-tau. AUTEs ol peétes
Beixvouv Gu n pgiwon s veupoekpuiions nou na-
patnpeital ye tnv doknon ogeifetal, Tounaxiotov ev
Pépel, otn peiwon tou ofeldbwukou otpes. Mia npod-
opatn pengn Oeixvel 6U N pakpoxpdvia doknon dev
LEIDVEI EYYEVDS TO 0EeIdwTkd otpes, andd pannov
Kavel Tov eyképano nio avBekukod oe dnfous otpeco-
yovous napdyovies. Apoupaiol Lewis nAikias 8 €ws
9 pnvav unoPAnBnkav oe Bepaneia pe potevévn,
éva QUUKO PApPako nou avaoténnel to ocupunneyua

1 s pitoxovdpiaknhs avanveuotkhs afucidas yia va
piunBei tn onopadikn veupoekpuiion. O1 6 BEoud-
bes doknons augnoav 1o unepoteibio tou ubpoydvou
otov KIVvNTUKS @Aold autiv Twv apoupaiwy. Qotéoo,
napouacia potevévns, N AOKNON PEIWOE TO UNEPO-
€eidio Tou udpoydvou kal augnoe tn dpactnpidTNTa
tou avuo&eldbwukou GPX. EninAgov, n nponyoupevn
doknon peiwaoe ta enineda unepoteldiou tou udpo-
yovou oto vwtaio pueld tooo twv apoupaiwy nou
eixav ekteBel oe dipeBunoocounPoteidio (DMSO) 6oo
Kal o€ potevévn.”®! Le veupoekpuiiopévo, NAIKIWPEVO
Kal ekteBeIpévo oe toives eyképano, N Hakpoxpovia
doknon peldvel 10 o&eIbwKS oTpes Kal BonBa otnv
anoKataotaon OpoIoCTATKWY Kataotdoswy (Mivakas

1).

Nivakas 1: Avu-o&eidbwuikés Bepaneies Kal ol NIGPAcEls Tous otn ynpavon tou eykepdnou kai tn vooo Alzheimer

Avtoeidbwtukd

Embpdoeis otnv ynpavon kai otnv AD

Bitapives C kar E

ouoxetiodnkav

-To ackopPikd BonBa ta kUttapa va diatnphoouy tn Bitapivn E kal peidvel
v unepo&eidwon oto veupoBidotwpa SH SY5Y

-H Bitapivn E anotpéner v to€ikétnta AR, v ofgidwon npwieivv Kal 1o
oxnpatuopd ROS og npwrtonabeis veupwves INMOKAUNoU apoupdiwy

-H Bitapivn E ouoxetiCetal pe tn ouxvdinta epedvions Gvoias

-400 IU/npépa Brtapivns E yia 7-12 xpdvia dev gixav kapia enidpacn otn
ouxvotNta gppavions avolas

-2000 IU/npépa Brrapivns E yia 5 xpdvia obnynoe o€ Bpadltepn Aeitoupyikn
€kntwon og aoBevels pe Ania éws pétpia AD

-Au€npévn Brtapivn E otn diatpo@n oxetiletal Ye PEIPEVN YWWOTKN
€kntwon og nAikiwpéva dropa, av kai n Brrapivn C kar n kapvitvn dev

NAC (N aketwno-l-kuoteivn)

-100mg/kg via 2 €Bdouddes auvEnoav TNF adea, IL-1B, IL-6 kai SIRT1 oe
apoupaious Wistar nAikias 24 pnvav
-100 mg/kg yia 4 epdopades + 100mg/kg a-Ainoiké ofU BeAtiwoe tn

uéBnon kar tn pvhun og novtikia SAMP8

Avuo&eibwukd medley kal
pitoxovopiakoi
OuUpNapAyovIes

-Auénpévn ofikn dAea-tokopepdn, L-kapvitivn, a-Ainoiké ofu kal
aokopPikd 0&U Bentiwoav Ty IKkavétnta Sidkpions ota NAIKIWUEVA
neipapatélwa

-800 IU/npépa Birapivns E, 500 mg/nuépa Brrapivns C kar 900 mg/npépa
a-ninoikoU o&éos peiwoav us Babuonoyies MMSE og kAivikh dokiph pe
nAiKiwpEva dtopa

Avuo&eibwukd nou
OTOXeUOUV Td pitoxévopla
(MitoQ kai

SS31)

25 nM epnoédioav tnv 1o§ikdNTa AR OTOUS MPWTOYEVEIS VEUPWVES OTa
Tg2576 novtikia kai ol veupmves N2a nou enwdaotnkav pe AR eppavioav
peliwpgvn napaywyn H202

Yednvio

200mg / d yia 7-12 xpovia bev €ixe kapia enibpacn otn cuxvétnta
gP@avions avolias

MoAupaivones

8 pnhves peiwpéva enineda opokuoteivns o aobeveis pe AD

®Aafovones

O1 diaitnukés pAaBovones peiwoav onpavukd t ouxvotnta eugpavions AD

Oioetivn

15 mg/kg yia 6 Bdopdades evepyonoiei tn SIRTT Kal 1a avioEeIdWUKA evd
HEIDVEI Ta 0EEIOWUKG, TNV eKNOAWON pItoxovdpiakns PepPpdvns kai tov
anontwukd Kuttapiké Bavato otov ynpdokovia eyképano apoupaiwy
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PeoBepatpdnn
NOVUKMOV

ka1 BACE

-Meidvel 10 0&eIbwTKS atpes oe KAAAIEPYEIES VEUPWDVWY KAl O IMMOKAUMOUS

-20uM og kUttapa SH-SY5Y odnyouv o€ peiwpévn napaywyn ROS, PS1,
SIRT1, p53 kal kaondon 3, kabws kal tou B-apunosidous nou napdyel APP

-500-1000mg/d yia 1 étos obnysei og peiwpévn yvwoukn eEaoBévnon oe
aoBeveis pe hnia €ws pétpia AD, peiwpévn MMP-9; Qotdoo, n Bepaneia
npokanei eAdttwon tou dykou tou eykepdnou, 1diaitepa os popeis APOE4,
Kal au€npévo apiBud PIKPoyNOIaKWMY KUTIAPWY Kal JaKpOoPAaywy

Pinostilbene, pia nio

Blobiabéoiun peofepatponn | SY5Y

0.1-10uM peivel 10 o&elbwtkd otpes ota KUTtapad veupoPAaotuatos SH-

BepuIbIkds NeplopIopos

-40% CR yia 2 eBdouddes odbnyolv ot peiwpévo AR og noviikia APP
-H okéniun andneia BAPOUS CUOXETIOTNKE PE YVWOTIKES BENTIOEIS OE
naxuoapkous acBeveis pe MCl

Ywpaukh dpaotnpidtnta

-15 €Boopddes pétpias évtiaons 1péCipo os diadpopo odnyei oe peiwon ROS
kal au§npéva PGC1 dipa, p-AMPK, SOD1, SOD2 kar GPx og 12 BniukouUs
apoupaious Wistar nAikias pnvav

-6 pnves agpoPias aoknons odnyei o€ peiwpévn ofgibwon twv

NPWTEIVIKDV NPOIGVIWY 010 dipd NAIKIWPEVWY aTOUWY

-Taxutepn embidpbwon Bpaucpdtwv DNA nou npokansital and akuvofonia
-3 pnves NnpoéoPaon otous T1poxous Kivnons odnyei og Yelwpévo
Ainounepogeibio, GSSG, GPX kar GW evd au€avetal to CuZn-SOD oe
novtkia 3xTgAD nAikias 12 unvav. Ta aokoUueva novtkia gixav BeAtwuévn
XWPIKA pvAun,peiwpévo dyxos, AP kar p-tau

-4 B6opddes pe€ipatos o 61adpopo odnyei oe peiwon tou o&eIdwTuKoU
OTpES, s pitoxovdplakhs duofletoupyias, tou AR kal ths p-tau o€ Poviéno
apoupaiou STZ tns AD

-6 €fdopddes ouvexous doknons oto diddpouo augnoe to H202 otov
Kivnukd @Aoid, anid peiwoe 1o H202 kal auEnoe to GPx napouaia
potevovns. TOoo otn potevovn GO0 KAl OTOUS APOUPAioUS-PAPTUPES, N
doknon peiwoe 1o H202 oto vwtaio puend

LYMMNEPAZMA

To oe1bwukd otpes naiel Bacikd pdAo otny eE¢-
AIEn tns yhpavons tou gykepdnou kai tns véoou Tou
Alzheimer. Ta pitoxévdpia napdyouv enelBepes piles
WS UNonpoidy tNs avanvons kai eival dSucAEToupyIKa
1900 otn yhpavon 6co kal otnv AD. O1 eNelBepes
piles odbnyouv enions og PAGPN tou DNA, n nAel-
oyngia twv onoiwv cuuPaivel oto anpootdteuto,
xwpis 10tévn pitoxovdpiakd DNA.VS H cofaph au-
&non ota Bpaucpata 6ikAwvou DNA otov eyképano
AD unepBaivel katd noAU tn BAaRN otov NAIKILPEVO
eyképano kal n duoneitoupyikh enididpbwon tou
DNA cupBdannel nepaitépw oty 6€AIEN ts vOoou.
To o&e1bwuké otpes Ynopei akdun Kai va npokanécel
EMIYEVETKES TPOMOMOINOEIS KAl VA EXEl EUPEIES ENIMTM-
O€ls Mou Kupaivovial and v kataotodn twv yovidiwy
nou oxetiovial PE TS YVWOUKES AEItoupyies €ws thv
unopeBuiwon kal tnv evepyonoinon tou unokivnth
s npo-apunoeldikns npwteivns (APP).

O1 peNAovukés Bepaneies Nou otoxeUouv oto Oel-
dwukd otpes nolkilAouv ws NPOS TNV IKAVOTNTA TOUS
va PeAticvouy T yvwotkn AEtoupyia Kal va PEIVouY
ta enineda ROS. O1 avuoteibwtkés Bepaneies Exouv

Apxeia Kivikns Neuporoyias 33:6-2024, 18-30

HIKTES eMOPACEIS OoTN yWwoTKA Agitoupyia 1600 o€
nAikiwpévous oo Kkal os aaBeveis pe AD kal n do-
oonoyia, o xpdvos, ol cuvbuacpoi avioeldwUKDY
Kal n SlatpoPhn nNpénel va e€e1a0toUvV NPOCEKTIKA Yid
va napdyouv otaBepd o@éNn. Ta piuntkd Bepuidikou
neplopIopoU 6nws N pecPepatpdin éxouv anodeIxDei
OU PEIDVOUV T0 VEUPWVIKG 0EEIBWTIKO OTPES OE TPW-
KUKG Kal VEUPWVIKG PJOVTEAD Kal PJEIDVOUV aKOPN TN
yvwotkn e€aoBévnon oe penétes aoBevav pe MCI
kal AD. Qotéoo, ol KAIVIKES eMOPACEIS TWV PIINTOV
otwn yhpavon tou eykepanou dev éxouv PeNETNBOE]
ektevs. O pakponpodBeopos BepuIdikds NepIoPIoUOS
eival SUokoNos yIa ToUs NEPICOOTEPOUS avBpWNous
Kal Ol ENINTWOEIS TOU OTN YVWOotKA yhpavon Sev éxouv
diepeuvnBei enapk®s . O1 kAIvIKES HOKIES gival ava-
yKaotkd neplopiopéves o€ dIAPKEIa Kal éKtaon Kal
ol YeA€tes nou xpnaoiponolouy piunon Bepuidikou
neplopiopol (CRM) éxouv piktd anotenéoparta.

Ye oUykpion e tov Beppibiko neplopioud, N PAKPO-
xpovia doknon €ival éva nio NPakukd PYECO EVEPYO-
noinons tou BDNF kal twv opuhoswy. Eival eAnido-
(POPO TO YEYOVOS OT 01 KAIVIKES UEAETES OXETKA PE TN
pakpoxpévia doknon yivovtal 6Ao Kal nio diadedo-

7 EAAHNIKH
7| NEYPOAOQTIKH
2=J ETAIPEIA



Ayyenikh MaBioudn kal cuv.

péves. Qotooo, e§akooubei va undpxel avaykn yia
auotnpés, yeyanns kAaipakas okipés doknons, nou
Ba perpouv enions tous OeikTes yvwaotikns Agtoupyias.

LYTKPOYZH ZYMOEPONTQN

O1 ouyypageis dnAdvouv ét dev undpxel oUYKPOU-
ONn CUUQEPOVTWV.
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AIZOHTIKEZ AIATAPAXEZ XTHN MNMAATIA MYATPO®IKH
2KAHPYNZH: NEYPOOYZIOAOTIKH AIEPEYNHZH

NikéAaos Kadnids', Xpnotos Méoxofos', EAévn Mnakéna', Ztaupouia Zafdkou', ZtéAna davoupdkn’, MnveAdnn BAouvoul?,

lewpyios ToiByounns', Mapidvva Manadonoufou'?

T B"Neupodoyikr KAvikn, latpikn ExoAn, EOvikS kai Kanobiotpiakd Maveniotiuio ABnvav, lNaveriotnuiakd Mevikd Noookopeio «Att-
kov», ABnva, EAAdda

2 Tunua EpyoBepancias, lNaveniotiuio Autkis Attkns, ABnva, EANdda

3 Tunua @uaoikoBepaneias, MNaveniotiuio Autikns Atukns, ABnva, EAAGSa

NEPIAHWH

H MNAayia Muatpogikn ZkAnpuvon (MMZ) gival pia npoodeutikh veupoekpUAIoTKN vOOOS Kal BewpEito ws
«OPIYDS» KIvNuKN vooos, eENNPEGlOVIas ToV aVMTEPO Kal KATWIEPO KIVNTKG veupwva. Katd tn didpkela s
vooou Opws, oplopévol acBeveis epgavidouv ouvodd un Kivntukd cupntoparta, kal étol n MM Bewpeital
niéov noAucuctnuatkh Siatapaxn. Or yvwotikés diatapaxés kal n wnupapidikh onuesiodoyia givar ouxvd
euphuata. H diatapaxn aioBnukétntas otnv MMEI éxel oudntnBei apketd kar ap@iopntnBei. O otdxos autns
s avaokonnons gival va napouaoidoel tn veupogualofoyikh aflondynon (Zwpatoaiobnukd MpokAntd Au-
VapIka, AloBnukés Taxutntes Aywyns Kal Zupgnabnukd Agppatkd Avtavakiaotkd) ths aioBnukdtntas oty
MMZ kar va cu{nthoel tous nBavous naboyevetkoUs Pnxaviopous nou unopei va v ennpedlouy.

Né€eis kAg1dia Mnayia Muatpogikh kAnpuvon, AloBntkés diatapaxés, Lwpatoaiobnukd MpokAntd Auvauikd, Aiobn-
ukés Taxutntes Aywyns, Zupnabnukd Aeppatkd AviavakAaotuko

SENSORY INVOLVEMENT IN AMYOTROPHIC LATERAL
SCLEROSIS: NEUROPHYSIOLOGICAL EVALUATION
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Abstract

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disorder considered as a “pure”
motor disease affecting upper and lower motor neurons. In the course of the disease, some patients
exhibit concomitant nonmotor signs, and thus ALS is now considered a multisystem disorder. Cognitive or
behavioral impairment and extrapyramidal symptoms are common findings. Sensory impairment in ALS has
long been debated and disputed. The aim of this review is to present the neurophysiological assessment
(Somatosensory Evoked Potentials, Sensory Conduction Studies and Sympathetic Skin Response) of sensory
involvement in ALS and to discuss potential pathogenic mechanisms underlying it.

Key words Amyotrophic Lateral Sclerosis, Sensory Impairment, Somatosensory Evoked Potentials, Sensory Conduction
Studies, Sympathetic Skin Response
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Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive
neurodegenerative disease affecting upper and lower
motor neurons, leading to weakness and eventually
death from neuromuscular respiratory failure. Until
recently, ALS was considered a pure motor disease,
but involvement of non-motor areas of the brain is
recognized and ALS is now considered a multisystem
disorder.'" Many of these non-motor symptoms are
under-diagnosed and left unreported during illness,
probably overwhelmed by the fulminant course of
the disease. Most of these non-motor symptoms
are poorly understood and underlying mechanisms
remain undefined.

The most common non-motor symptoms reported
across systematic reviews and cohort studies are cog-
nitive-behavioral impairment, neuropsychiatric disor-
ders, such as depression and anxiety, fatigue, sleep
disorders and parkinsonism. Besides those relatively
commonly occurring non-motor symptoms there is
a list of others, occurring with variable prevalence.
061 Most of these are investigated through question-
naires, and subsequently, their report lack objectivity.
Moreover, in most cases these are not ALS-specific
questionnaires for investigating various symptoms,
and thus, the ones used are non-disease specific.
As a consequence, symptoms might be missed or
overestimated.

Among non-motor symptoms, a special interest
involves sensory impairment, since until lately, sensory
symptoms were considered among exclusion criteria
for the diagnosis of ALS,”" and only in the revised
El Escorial criteria,®® deficits in sensory system are
considered a feature in ALS.

Evidence for the involvement of sensory system has
been derived from patients’ subjective descriptions,
quantitative sensory studies, neurophysiologic and
imaging studies, as well as from pathologic studies.

Evidence of large myelinated fiber involvement
has been proposed for ALS patients who showed
raised vibration thresholds but normal thresholds for
touch-pressure or for thermal cooling.®! In a recent
study by Chowdhury et al.,! 30% of ALS patients
complained of unexplained sensory symptoms either
tingling or paresthesia, that did not follow any defi-
nite distribution. In this paper, sensory conduction
studies (SCS) were normal. In a large cohort study by
Hammad et al," including 103 ALS patients, numb-
ness, tingling, and pain were reported in 23 of 103
(22%) patients. Abnormalities on sensory examina-
tion were found in significant proportion, in 21 of
103 (20%) patients, while diminished vibration sense
was the most frequent finding (12/103), followed
by diminished pinprick sensation (10/103), impaired
thermal sensation (9/103), and reduced joint posi-
tion sense (1/103). Sensory symptoms, signs, or both
were present in 33 subjects (32%), either in stocking

and glove pattern or as focal symptoms in a single
limb. In this cohort study, SCS showed abnormalities,
mostly low sensory nerve action potentials (SNAP)
amplitudes in a similar proportion (36%). Similarly,
in Martinez et al retrospective study,® paraesthesias
occurred in 13% of patients.

In an older study by Cho et al.,l'l a similar per-
centage of ALS patients reported sensory symptoms
(25/77, 32.5%) but only 4 (5.2%) had objective
sensory change such as hypesthesia and decreased
vibration sense and only 1 had neurophysiological
evidence of polyneuropathy. On the other hand, very
old studies questioned sensory involvement in ALS
patients.'>'4 Finally, there are systematic reviews
[1:35151 of non-motor symptoms in ALS, where there
is no special reference to sensory involvement, while
an extensive list of other symptoms appears.

The aim of this study is to review the neurophysi-
ological assessment of sensory involvement in ALS
and to discuss potential pathogenic mechanisms
underlying it.

Somatosensory Evoked Potentials (SEP)

Measurement of somatosensory evoked poten-
tials (SEPs) from the electric stimulation of peripheral
nerves, mainly the median or tibial nerve, has been
part of the clinical workup of patients with ALS to
investigate for concomitant sensory pathology.l'"®The
earliest was published in 1984,1'" but new reports are
published, showing continued interest in this topic.

The results show great heterogeneity, mainly due
to the heterogeneity of the examined population,
e.g. diseases stage (early stage vs locked-in stage),
type of clinical subgroup (primary lateral sclerosis vs
progressive muscular atrophy), or the presence of
concomitant cognitive impairment, that might affect
late cortical responses.

The main findings and their interpretations from
the relevant publications are presented in Table 1.
Most studies show prolonged Central Conduction
Time (CCT)."17-281 others demonstrate increased
amplitudes of cortical responses,?'2731 while other
studies found reduced amplitudes.l'7:233234 |n some
studies, amplitudes were found larger in early stages,
that progressively decreased or lost.??? In other
studies, SEPs were absent, either at onset or during
disease progression.?%3% Several other abnormali-
ties are reported, especially when paired stimuli are
used, such as increased S2/S1 ratio (paired pulse
stimulation/single pulse stimulation) B¢ and lesser
suppression at short Interstimulus Intervals (ISI),2”
as described in Table 1.5¢49 There is only one study
that reports no SEP abnormalities in ALS patients.
BOIRegarding the interpretation of the findings, they
mainly focus on two axes; either in the primary in-
volvement of the somatosensory cortex in terms of
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hyperexcitability, analogous to that of pyramidal neurons,!'827:28303¢ or in the secondary involvement, due

to disturbed cortical inhibition by inhibitory interneurons.7:3

TABLE 1. Somatosensory Evoked Potentials in ALS patients.

STUDY ALS/CNTR |SEP RESULT CONCLUSION
N20, N13 abolished,
Shimizu et al., . prolonged latencies Central somatosensory pathway is
2023 17.CLS Median CCT (N13-N20) pro-  |severely involved
longed
. . . Excitability of the primary sensory
Shimizu et al, 14/13 Median High amplitudes N20, cortex and secondary motor cortex
2023% P25, N30 . .
is enhanced in ALS
Cengiz et al,, paired pulse . . increased somatosensory cortical
2023% SEP increased S2/S1 ratio excitability
Norlozkga etal, 145/57 Median Large N20 and P25 Hyperexotab[llty of the sensory
2021 cortex pyramidal neurons.
Pain SEPs
Hara(if etal, 23/14 intra-epidermal Lower amplitudes Correlated with cognitive dysfunc-
2021 needle elec- tion
trode
;hagg_zﬁrgah e 4 cus Median Absent SEPs Heterogeneity of the results
: Amplitude reduction | Reflects the activity of cortical in-
Nardone et al., High-frequency . o . S
of post-synaptic HF- hibitory interneurons, disinhibition,
2020% SEP .
SEP burst involves the somatosensory cortex.
Shimizu et al., . Enlarged‘ N20 m|t.|a||y, Multisystem neurodegeneration in-
59 1 Median progressive deteriora- .
2020 . . volving the central sensory pathway
tion, finally loss
Disinhibition of the somatosensory
Hoffk3e8n etal, 15/15 Pa|re_d SEPs Reduced inhibition cortex in ALS. Primary chara;tenstlc
2019 median or compensatory up-regulation due
to functional motoric impairment
- . Sensory cortex hyperexcitability
;g%gzou etal, 145/ 73 Median ’I:lazrgeipazrgplltude of predicts short survival in patients
preop with ALS
Sangari et al., Median Late SEP (NGO, p100) |/ \Pnormal cortical excitability in
34 21721 . areas involved in cognitive-motor
2017 Ulnar depression .
functions
Median .
Isak et al., o . Beta or a-delta sensory fibres, or
19 18/31 Tibial Longer latencies . .
2016 LEPs both impaired
Iglesias et al., Median Identify 85% of patients with sub-
2015% 21/21 Ulnar Slow CCT clinical sensory defect
Early cortical response
Hamada et al., 26/15 Median enlarged, attenuated | Compensatory function of the sen-
20074 in the severe form, sory cortex for motor disturbances
CCT prolonged
Sonoo et al,, . N10 far-field potential |Lack of cancellation by slower mo-
3 5/- Median
2004 larger tor axons.
Restuccia et al., . Decrease of the N13
2003% o4 Upperlimb 1 o vical
Machii et al., 10/7 Median paired |Less suppression at Sensory cortex is disinhibited or
2003% pulse stimuli short ISI hyperexcitable
Ogata et al., Median .
20014 12/- Tibial Abnormal Clinical subtype of ALS
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Ahlskog et al.,, |16/ _ .
19994 (Guam) Tibial Mildly abnormal
Theys et al., SIowmg in the pe- Subclinical abnormalities of the
5 50/ ripheral and central .
1999 sensory system in ALS
sensory pathways
Simultaneous
stimulation
Matsumoto et 14/ of bilateral Abnormalities Spinal cord conduction velocities of
al., 1999% posterior tibial ascending fibers are disturbed
nerves
C2,T12
Georaesco et Tibial, sural, Impairment of pyramidal control
Al 189751 24/17 plantar, saphe- | Marked alterations of the sensory system and Clark’s
" nous column
Zanette et al., 39/ Tibial Altered early (P40) Neuronal loss in the somatosensory
19964 Spared late (N60) cortex
Cho et al., 77 Abnormal CCT 4/37 Degeneration on central sensory
1996" pathways
De Carvalho et 33/ Abnormal in 3 ALS Useful in the differential diagnosis
al., 19954 7/8 SCC between ALS and SCC
Kang and Fan Differential aids between ALS and
199550 12/ Normal CSM
Gregory et al., . . Neuronal degeneration in ALS is
19954 19/12 Median N19 increased latency not restricted to motor neurons.
Georgesco et Lack or delay of some . .
al. 19947 28/ components Widespread sensory disturbance
Constantinovici, Median Reflect physiological dysfunction in
19934 1/ Tibial Abnormal the sensory system
Palma et al., . Redu_ctlon of N13 Do not implicate the involvement
33 Median amplitude, prolonged
1993 P27 of somatosensory pathway
Constantinovici,
198945 10 LL Abnormal
Ghezzi et al.,
19892 27 Abnormally delayed
Facco et al N9-N13 was signifi-
19895 19 Median cantly delayed, but the
N13-N20 was normal
Radtke et al,, . .
19864 17 UL LL Abnormal Sensory system involvement in ALS
Dasheiff et al., 1 Abnormal Abnormal SEPs need not exclude a
1985% diagnosis of ALS
Cosietal,, Median Increased latency N13 Pathological slowing of conduction
17 45 o and cortical potentials.
1984 Tibial ) along the central sensory pathways
Decreased amplitude

ALS: Amyotrophic Lateral Sclerosis, CCT: Central Conduction Time, CLIS: Completely Locked-In State, CNTR: Con-
trols, CSM: Cervical Spondylotic Myelopathy, HF: High Frequency, ISI: Interstimulus Interval, LEP: Laser Evoked
Potentials, LL: Lower Limb, S2/S1 (paired pulse stimulation / single pulse stimulation), SCC: Spinal Cord Compres-
sion, SEP: Somatosensory Evoked Potentials, UL: Upper Limb.
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The hypothesis of somatosensory cortical hyperex-
citability is based on the findings of large amplitude
of N20-P25 cortical potentials. One possible pathoge-
netic mechanism leading to increased amplitudes, is
a compensatory change of somatosensory cortex to
the excitability and/or degeneration of motor cortex,
as if the hyperexcitable motor cortex has induced the
sensory cortex hyperexcitability.?? Another view is
that somatosensory cortex is primary hyperexcitable,
due to ALS-pathology spreading from motor cortex
to neighbor cortices through corticofugal transsyn-
aptic connections.

The hypothesis of disinhibition is supported by the
two studies using paired stimuli.?”28 The phenom-
enon of paired-stimulation suppression is assumed to
be the result of strong c-aminobutyric acid (GABA)-
dependent inhibitory and weaker NMDA-dependent
excitatory interneuronal circuits. Therefore, reduced
paired-pulse inhibition might reflect diminished
GABAergic effects or in the contrary, upregulated
glutaminergic effects that suppress inhibition.

Another proposed interpretation involves cognitive
dysfunction,3%34 especially when late responses are
altered. As late SEPs are considered N60, generated
by somatosensory area 2 (S2) and P100, generated
in temporal cortex. The finding of larger depression
of late, compared to early, cortical potentials in ALS
cannot be attributed solely to the impaired sensory
afferent inputs. Late SEPs are involved in higher-order
sensorimotor and cognitive functions through in-
sula, and in limbic function through amygdala and
hippocampus. It is now generally accepted that
cognitive impairment occurs in up to 50% of ALS
patients,!"3415I thus S2 area involvement is expected
and account for late SEPs abnormalities.

Archives of Clinical Neurology 33:6-2024, 31-43

In addition to sensory cortex involvement, abnor-
mal SEPs have been attributed to A-Beta or A-delta
sensory fiber damage,'® spinal cord involvement, 2641
or reflect a nonspecific broad involvement of the
sensory system.

In conclusion, SEPs are used relatively often in ALS,
considering the fact that ALS is a motor neuron dis-
ease. Although results vary between studies, the
vast majority show abnormalities. No finding can be
considered pathognomonic in ALS nor can be used to
distinguish it from other diseases on those grounds.

Sensory Conduction Studies (SCS)

SCSs, unlike SEPs, are routinely performed in all
neurophysiological laboratories. Surprisingly, studies
systematically reporting SCS in ALS patients are not
as numerous as those using SEP and are presented
in Table 2. The oldest one found, dates back to 1967
21 and makes references to even older studies.!'>'
These pioneering studies failed to demonstrate any
abnormality in the SCS, and concluded that sensory
involvement in ALS, either clinical or neurophysiologi-
cal, is extremely rare. Most of the following studies,
with only rare exceptions>3->* resulted in abnormal
SCS. Most common finding was the low amplitude of
SNAP and, less often, slow conduction velocity. When
the distal nerves, dorsal and plantar, were examined,
the pathological results were even more revealing.
B¢ In some cases a diagnosis of polyneuropathy was
established 57°8 or entrapment neuropathy was sug-
gested.?. In some studies, neurophysiological find-
ings did not correlate with disease progression!??>°
while other reports correlation with disease stages.
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TABLE 2. Sensory Conduction Nerve Studies in ALS patients

SENSORY
STUDY ALS/CNTR SYMPTOMS NCS RESULTS COMMENTS
Nolano et al, . 24% low AMPL reduc- NCV abnormalities increased across
20236 149/41 32.2% tion (ulnar) chm;gl stages
significant loss of IENF
Sista et al, 99 CIALS C9ALS higher AMPL NCV was not sufficient to discrimi-
2022% /33 non- (median) nate between groups
COALS
Van Nguyen et
al, 20225 48/ SCV normal
Imai et al, 190/ tcz;\sNaAr'leg’lt_i\fQEngc)j Decreased sensory input is likely
20208 . y9 protective for motor neurons in ALS
prognosis
Sang et al, .
2019 4 FAS Low AMPL (median) 2/4
0,
Liu et al, 20195 | 150 22/150 14.7% abnormal
(median, ulnar, sural)
31 C9-ALS/ C9-ALS 31% . .
;((e)%agtsget al, 22 nonCo- NONCI-ALS 21% Nrcz)jgsmﬂcant difference between
ALS sensory neuropathy group
Conventional NCS Distal sensory NCS were more
Isak et al, 44 4% .
18/31 . often abnormal than conventional
2016% Distal sensory NCS sensorv NCS
66.7%* y
Ren et al Sural: 2.73% Abnormal sensory nerve conduc-
20165 ' 154 Median: 1.82% tion is only found in a few of ALS
Ulnar: 1.22% patients
Dalla Bella et al, 57 Sural normal 55/57 I[ENF density reduced in 75.4% ALS,
2016 (96%) 50% of FOSMN
Truini et al, 24 SCV 23/24 (95%) I[ENF density was reduced in spinal-
2015% normal onset ALS, not in bulbar-onset
Pugdahl et al, 35/35 Reduced AMPL-CV 6/35 | Minor abnormalities are not un-
2008 (17%) Sural common
Pathologic abnormalities 91%
Hammad et al, o o large fiber 73%, small fiber 23%
20071 103 32% Low AMPL 279% sural Axonal degeneration and regenera-
tion
Pugdahl et al, 88 20/88 (22.7%) abnor- Degeneration of motor neurons
2007°%° malities and dorsal root ganglion cells
Koszewicz et al, ulnar, sural nerve
200555 19/20 did not differ
de Carvalho et Low SSR AMPL
al, 2000> 70735 SCV normal (ulnar) Longer SSR latencies
Theys et al, Subclinical abnormalities of the sen-
19992 >0 Low AMPL (sural) sory system, but nonprogressive
Sensory nerve conduction data did
Schulte-Mattler not correlate with clinical findings
5 23/23 Low AMPL (median) MCV data did not correlate with
et al, 1999
SCV data
Nerve entrapment may contribute
Emeryk-Szajew- 105 Slow CV, low AMPL
ska et al, 19987° Median 25%, Sural 11%
Kothari et al, 7/54 clinical 54/126 Neuropathy
<7 126 Polyneuropathy 9/54
1996 symptoms (7%)
(o]
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Matsumoto et 16 median CNAP by MNG
al, 1995” Low AMPL, slow CV
Gregory et al, 19/12 2/19 symp- Low AMPL
19934 toms (median, radial, sural)
Mondelli et al, Low AMPL (median Progressive neuronopathy of pe-
199372 64 17%, ulnar 119%, sural ripheral sensory fibers
22%)
near nerve electrodes
?ggﬂ”ﬁr etal, g 9/18 slow CV
3/18 low AMPL
In agreement with the clinical
Ertekin, 1967'? |15 Normal experience
that sensory involvement is rare

AMPL: Amplitude, CNAP: Compound Nerve Action Potentials, CV: Conduction Velocity, FAS: Flail Arm Syndrome,
FOSMN: Facial Onset Sensory and Motor Neuronopathy, IENF: Intraepidermal Nerve Fibre Density, MCV: Motor
Conduction Velocity, MNG: Intraneural Microneurography, NCV: Nerve Conduction Velocity, SCV: Sensory Con-

duction Velocity

* Distal sensory NCS: antidromic dorsal sural and orthodromic medial plantar
Conventional sensory NCS: unilateral median sensory and bilateral sural nerves

Clinical neurophysiologic techniques are able to
study only the large myelinated fibers, A-alpha, A-
Beta (diameter >7pm). Therefore, any neurophysi-
ological abnormality observed, refers only to motor
fibers and sensory fibers mediating touch, vibration,
and position senses. Those that mediate cold tem-
perature and pain sensations are small myelinated (A-
delta), and those that mediate warm, itch, and pain
sensations are unmyelinated C fibers, not detectable
by common electrodiagnostic technics. Moreover,
efferent postganglionic sympathetic autonomic fib-
ers are also unmyelinated C fibers. For the SNAP,
the peak-to-peak amplitude and the area under the
waveform of the compound potential reflects the
number of nerve fibers activated, whereas conduction
velocity depends mainly on the diameter of the fiber
and the thickness of the myelin sheath.

Bearing this in mind, the results of SCS in ALS point
to a loss of cells in the dorsal root ganglion (DRG)
and/or axons of large myelinated fibers. By means
of NCV, sensory axonal neuropathy cannot be distin-
guished from ganglionopathy.® Kawamura et all’4
in 1981, provided autopsy evidence of a reduction of
large L5 spinal ganglion neurons in ALS. This finding
lead to the assumption that the primary pathology
rests in DRG, which in turns leads to secondary ax-
onal loss in peripheral nerves, followed by demyeli-
nation. New insights into sensory nerve pathology
were provided by studies of sural nerve biopsies. In
1991, Heads et al,” reported early axonal atrophy,
increased remyelination and a shift in the diameter
distributions curve towards smaller fiber diameters.
Furthermore, the severity of sensory nerve pathology
correlated with disease duration. They hypothesized
that DRG neuronopathy is the primary pathology,
affecting preferentially large fibers and resulting in
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axonal degeneration with secondary demyelination.
Later studies reported sural pathology in ALS. Ham-
mad et al' reported that sural nerve biopsies were
abnormal in 20 of 22 (91%) patients, large fibers
were predominantly affected and the involvement
was that of axonal degeneration and regeneration.
Inflammatory infiltrates were not seen in any of the
patients with ALS or controls. Luigetti et al, in 2012,
78l reviewed 17 sural nerve biopsies of ALS patients,
and confirmed the involvement of sensory fibers in
70% of cases. All the above pathological studies,
confirm the notion that ALS in not confined to mo-
tor neurons, but also affect sensory neurons in DRGs
and their axonal projections.

Besides loss of cells in DRG, Rubio et al’”! offered
another plausible interpretation. They performed
immunohistochemical analysis of fibers in epider-
mis, as well as sympathetic sudomotor fibers in the
footpads of SOD1%%** mice and wild type littermates.
The number of DRG neurons from different sensory
populations remained unchanged during all stages,
while cutaneous sensory axons are affected in the
SOD1%%Amouse. Thereby they concluded that loss or
lack of growth of the distal portion of sensory axons
with preservation of the corresponding neuronal bod-
ies suggest a distal axonopathy rather that a dying
forward pathology. This is in line with the general
concept that besides the established hypothesis that
ALS is restricted to corticofugal projecting neurons
("dying forward"), an alternative hypothesis might
include the dying back independent degeneration
for motor fibers, and respectively of sensory termi-
nals.’® This hypothesis is further supported by the
finding that more abnormalities in distal NCS than
conventional NCS could be a consequence of size
dependent “under-nourishment” of the most distal
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axonal region, that is, distal axonopathy due to dy-
ing back.l5®

Sympathetic Skin Response (SSR)

As expected, SSR has been used in ALS cohort
studies even less frequently than the previously de-
scribed methods. The SSR is a somato-sympathetic re-
flex with a spinal, a bulbar, and a suprabulbar compo-
nent, the precise pathways in humans being not yet
precisely defined. SSR is easy to apply, non-invasive
and readily obtainable on most electrophysiological
equipment. The efferent arc of the reflex is subserved
by unmyelinated postganglionic sympathetic class C
fibers that arise from the sympathetic ganglia and
join the major peripheral nerves to reach the sweat
glands, providing them with cholinergic innervation.
[ SSR is commonly used to assess sympathetic nerv-
ous system function, but equally is useful to asses

C fibers, that are inaccessible by standard NCS. As
such, SSR has been a tool in assessing small fiber neu-
ropathy in cases where small fibers are predominantly
or concomitantly affected, as in cases of Diabetes
Mellitust®®8" and Amyloidosis.[®2#3 Because of the
long path of the reflex, an abnormal SSR result alone
cannot distinguish between different sites of lesions,
even more so since its exact path remains unclear.

We have identified 11 studies of SSR in ALS pa-
tients and the results are presented in Table 3. All
studies yielded abnormal results, ranging from pro-
longed latencies and low amplitudes to complete
absence of the response. Most commonly, abnormal
results were found in lower limbs. When it was de-
scribed, SSR results, did not correlate with disease
duration, with one exception,® and thus the pro-
cess of degeneration is supposed to be rather slow,
compared with that of motor neurons.

Table 3. Sympathetic Skin Response results in ALS patients

STUDY ALS/CNTR RESULT COMMENT
Chen et al, 202483 1 (FUS) Prolonged LAT LL
Pazian Martins et al., 11 sALS,14
2023 FALS/26 Absence LL
Ozturk et al, 202267 |29/29 Low AMPL UL-LL Remained stable afterT year
Slow degeneration process
Papadopoulou et al Low AMPL . . .
202218 v 21/28 Prolonged LAT No correlation to disease duration
3/21 Absent
Low AMPL No correlation to disease duration
Hu et al., 20168 120/130 Damage to the unmyelinated postgan-
Prolonged LAT R
glionic fibers
Koszewicz et al., Low AMPL ) .
200559 19/20 Prolonged LAT Sudomotor fibers lesion
Prolonged LAT UL, LL
(90] ,
Oey et al., 2002 16/12 3/16 Absent
Miscio and Pisano, 31/48 UL Normal Correlation to functional disability and
199884 LL 7/31 Absent duration of the disease.
Masur et al., 199527 15/20 Low AMPL No correlation to the stage or the dura-
Prolonged LAT tion of disease
Prolonged LAT
[92]
Dettmers et al., 1993 25/22 LL 10/25 Absent
Barron et al., 198713 1 Abnormal

ALS: Amyotrophic Lateral Sclerosis, S: Sporadic, F: Familial, AMPL: Amplitude, CNTR: Controls, FUS: fused in sar-
coma gene mutation, LAT: Latency, LL: Lower Limb, UL: Upper Limb

In the majority of cases, SSR was performed to
evaluate autonomic dysfunction in ALS. Dysauto-
nomia has been widely investigated in ALS patients,
primarily through the measurement of heart rate
variability (HRV). All studies reported similar findings,
that is, decreased HRV, indicative of sympathovagal
imbalance, that could explain cases of circulatory
collapse or sudden death among ALS patients.[**-28

As described, due to the long path of the reflex arc,
including CNS parts, it is difficult to localize the origin
of degeneration. There has been a lot of speculation.
SSR abnormalities have been attributed to loss of
neurons in the intermediolateral nucleus between the
dorsal and ventral horns of the spinal cord, and this
notion is further supported by histological findings.
88901 Other researches have proposed that abnormal
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results are caused by damage to the unmyelinated
postganglionic fibers.>>#% |n the second case, this
damage to unmyelinated small fibers, could account
for impairment in pain and thermal sensation in ALS
patients.

ALS patients experience pain in a significant pro-
portion. In several studies, the prevalence of pain
ranges from 46% to 85%.0°-'%3 Pain in most stud-
ies is characterized as non-neuropathic, not involv-
ing the pain pathways, and is attributed mainly to
musculoskeletal problems. Prolonged immaobility and
postural changes are the main causes of pain in ALS.
However, pain may be reported by ALS patients early
in the course of the disease, even before severe im-
mobility is noted. Inflammatory injury may cause
sensitization not only to nociceptive pathways but
to neuropathic ones as well, through damage to
peripheral nerves or to the central nervous system. As
mentioned in the previous section, histopathological
evidence from sural biopsies, shows a predominant
involvement of large myelinated fibers, which do
not conduct pain. Thus, if neuropathic pain is to be
considered, the pathogenesis should be sought in
small unmyelinated fibers.

Besides SSR, other methods have also confirmed
small fiber involvement in ALS. A significant loss of
Intraepidermal Nerve Fibre Density (IENF) has been
constantly reported,®%667! but also, other studies
report normal IENF'% Corneal confocal microscopy
(CCM) is a non-invasively method to quantify the
corneal small fiber neuropathy. In several studies
CCM quantified significant corneal neuropathy in
ALS04-1081 while other failed to do so, since no sig-
nificant differences were found between ALS and
control groups for all corneal parameters.l'*” Thus,
based on the above, the involvement of small fibers
in ALS is still debatable and needs further evidence
to support it.

Conclusions

It is widely accepted that ALS is not a pure motor
neuron disorder, but also affects non-motor areas,
causing a variety of non-motor symptoms. Sensory
impairments are recorded when sought after. They
are often mild and there is no significant progression
nor correlation with disease stage. Neurophysiology
has contributed substantially to the thorough inves-
tigation of the presence of sensory involvement and
its pathogenic mechanisms. Although the results
can be confusing and sometimes contradictory, they
shed light in our understanding of this polymorphous
disease, whose nature is still enigmatic.
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SCLEROSIS: THE EXPERIENCE OF SUPPORTIVE PSYCHOTHERAPY
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ABSTRACT

Background: Modern day literature has highlighted and noted the importance of psychosocial interventions
for people with Multiple Sclerosis. The aim of this paper is to outline a personalised intervention program
of supportive psychotherapy for people with Multiple Sclerosis. It aims to explore the in-depth experience
of participants in supportive psychotherapy sessions. Furthermore, it’s goal is to examine the impact of
individual psychotherapy regarding the management of a chronic disease. Methods: Four semi-structured
interviews were conducted with individuals participating in the program. The data sourced from the
interviews were then analysed using the Interpretive Phenomenological Analysis method. Results: After
completing the analysis, three subordinate themes were identified: a) the therapeutic framework, b) the
journey of psychotherapy, and c) shielding Multiple Sclerosis. Initially the results highlighted the most
important factorsin the therapeutic framework that need to be considered when developing these programs.
Next, the stages of the therapeutic process and the correlation between the therapeutic relationship and
the therapeutic outcome were presented. Conclusion: The findings suggest that psychotherapy can act as
a protective factor against Multiple Sclerosis, as it can contribute significantly to managing the challenges
of chronic illness and improving the quality of life. The psychosocial intervention programs are crucial to be
an essential part of the holistic treatment of this disease. These findings are significant for both theoretical
and clinical purposes.

Keywords: multiple sclerosis, psychotherapy, therapeutic relationship, psychosocial intervention.

EIATOMIKEYMENH NMAPEMBAZH XE ANOPQIMNOYX ME
NMOAAATNAH ZKAHPYNZH: H EMNMEIPIA THZ YINOXTHPI-
KTIKHZ WYXOOEPATIEIAL

lwdvva MpoBatd’, Euppoauvn Koutooupdkn'
A Neuponoyikn KAviki, Maveriotnuiakd levikd Noookoueio AXETA, Apiototéfeio Maveniotipio ©ecoanovikns, Oeooadovikn, EAddda

NEPIAHWH

Eiocaywyn: H olyxpovn BiBAioypagia €xel emonudvel th onPacia twv YUXOKOIVWVIKWOV NAPEPRAcEwWY yia
dropa pe MoAnandn ZkAnpuvon. H napouca dinAwpatkn pyacia €Xel ws AVUKEIUEVO TNV NEPIYPAPn evods
€CATOUIKEUPEVOU NPOYyPAUUATos NapéuBaons unootnpIkukns YuxoBepaneias os dropa pe MoAdanin IkAn-
puvon. Anookonei otnv €is BaBos diepelivnon tns EUNEIPIas Twv ATOUWY OUS CUVEDPIES UNOCTNPIKUIKAS Yu-
xoBepaneias. Akéun, otoxeUel va e€gtdoel v enibpaon tns atopikhs wuxoBepaneias otn diaxeipion s xpo-
vias vooou. MeBobonoyia: AlevepyhBnkav 1€ooepis NUIdOUNPEVES CUVEVTEUEEIS e BEpANEUOEVOUS/ES MOU
CUPETEXOUV 010 Npdypappa. Ta dedopéva avanubnkav pe tn pébodo tns Eppnveutkhs Oaivopuevonoyikns
Avdnuons. Anotenéopata: And tnv avaduon twv SedopEvwy TS EPEUVAS MPOEKUYAV TPEIS KATNYopies KUPI-
wv Bepdtwv: a) 1o Bepaneutkd nAaioio, B) 1o ta&idi tns YuxoBepaneias kal y) Bwpakilovtas tnv MoAdanih
YkAhpuvon. Ta anoteféopata avédeifav apxikd onpavukous napdyovies tou BepansutikoU nAaiciou, ol
onoiol xpelddetal va AapBdvovtal undyn Katd v avantuén twv Npoypappdtwy. Yotepa, napouacidotnkav
ta otddia tns Bepaneutikns iadikaacias Kal N cuoxéuon tns BEpANEUTIKNS Ox€oNS UE T0 Bepaneutikd anoté-
Aeopa. Yupnepdopata: Ténos, and ta anotenéopata diagaivetal 6u n yuxoBepaneia pnopei va Aeitoupynaoel
Ws NPOCTateUTkdS napdyovtas s M, kaBs pnopei va cupPdnel kaBopiotukd otnv diaxeipion twv NPokAn-
OEWV MOU EVEXEI hia xpdvia aoBévela kal otn BeAtiwon ts noidtntas {whs. Ta Npoypdupata YUXOKOIVWVIKAS
napéppaons €ival kaipio va anoteAolv avandonacto KOPPAT s oAIoTKNS avupetonions s acBéveias. Ta
napandvw guphpata gival onpavukd 1oo yia Bewpntikous 6co Kal yid KAvikous okonous.

Né€eis-kAebia: noAnanAn okAhpuvon, yuxoBepaneia, Bepaneutikh oxéon, YUxokoIvwvIKN napéuBaon.
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INTRODUCTION

Multiple Sclerosis (MS) is a chronic, progressive
disease that falls within the category of autoimmune,
inflammatory, and neurodegenerative diseases of the
central nervous system (CNS).[" It is one of the pri-
mary etiological factors of chronic disability in young
adults.? It presents a wide range of symptoms that
are related to the areas of the CNS in which demy-
elination and axonopathy manifest.”? The course of
the disease and the progression of symptoms are
unpredictable, and this often requires profound ad-
justments to the lifestyle of the affected individual.

In addition to the evident alterations at the neuro-
logical and physiological levels, the disease has a pro-
found impact on numerous aspects of the patient’s
life. In particular, the individual must adapt to the
presence of the disease in four distinct domains: (a)
the biological domain (symptom management, re-
ceiving medical treatment), (b) the emotional domain
(emotional reaction to the disease, adjustment to
daily life, self-image issues and strategies for accept-
ing the disease), () the social domain (relationships
with significant others, relationships with medical
and nursing staff, social relationships), and (d) the
behavioural domain (compliance with treatment, ap-
propriate symptom management).! These domains
are inextricably linked, such that changes occurring
in one domain affect changes in the others.”

In greater detail, the emotional difficulties of in-
dividuals with MS can be understood through the
disease’s negative impact on daily life, affecting social
interactions, vitality, physical functionality, and pain
perception.! Notably, MS often disrupts self-image,
as personal beliefs about the illness can cause distress
even when physical changes are not visibly apparent.
281 Furthermore, chronic pain, which is strongly linked
to depression, represents a profoundly distressing
experience that often exacerbating its perceived in-
tensity.”2 Similarly, fatigue and mobility challenges
hinder task completion, leading to a persistent sense
of inadequacy.®°

In addition, the severity of disability is strongly
correlated with reduced quality of life. For example,
dependence on others for basic activities often trig-
gers feelings of helplessness and a loss of autonomy.
2581 Moreover, the inability to maintain personal in-
dependence can profoundly affect emotional well-
being. Similarly, productivity and professional iden-
tity are often compromised, as many individuals are
forced to quit work prematurely. This is particularly
distressing for those who view their profession as
central to their sense of self, especially during early
adulthood .11

Cognitive difficulties present another significant
challenge. Problems with memory, concentration, and
learning are frequently reported, often resulting from
physical symptoms, mobility restrictions, or depres-
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sion. In these cases, negative emotions may further
distract individuals and inhibit focus." Consequently,
social withdrawal is also common, either due to the
intensity of symptoms or personal choices aimed at
preserving self-image.®

Finally, the burden of medication adherence adds
another layer of complexity. Treatment regimens for
chronic conditions like MS are often invasive and
difficult to sustain, leading to frustration and anxi-
ety over potential side effects. Emotional distress
can further hinder engagement in care, making ad-
herence a significant challenge.®'% Also, prolonged
hospitalisations isolate patients from meaningful
experiences and family connections, compounding
their emotional struggles.®!

The review of the literature demonstrates that
the integration of pharmaceutical and non-phar-
macological interventions, such as psychotherapy, is
regarded as a more efficacious approach than solely
relying on medication, as it enables the management
of both the physical manifestations of the illness and
its consequences at the psychosocial level.['2-14

Recent studies have indicated the efficacy of
cognitive-behavioural therapy (CBT) in addressing
both the psychosocial and physical symptoms of MS,
particularly in reducing depression, improving disease
management, and alleviating fatigue.l'>"!Qualitative
studies on psychotherapy for MS are limited, but they
have highlighted the positive impact of individual
and group interventions in managing emotions and
enhancing treatment adherence.l'®'9!

Furthermore, remote psychotherapeutic interven-
tions have emerged as a crucial alternative for in-
dividuals with MS, addressing mobility challenges,
chronic pain, and temperature sensitivity that often
impede access to in-person therapy. Phone-based psy-
chotherapy offers a practical and accessible solution,
demonstrating effectiveness in reducing psychological
distress, improving adherence to pharmacotherapy,
and sustaining therapeutic outcomes.?%22 Online
psychotherapy, including individual and group inter-
ventions, has proven effective in reducing depression,
anxiety, and fatigue, while also improving physical
symptoms, quality of life, and cognitive functions.?*!
Notably, online group mindfulness and Compassion-
Focused Therapy have shown comparable efficacy
to in-person therapy, offering greater accessibility
and flexibility for patients with mobility challenges.
24251 The increasing interest in remote psychotherapy
highlights its significance, particularly in view of the
mobility challenges and environmental factors that
MS patients encounter. It represents a promising av-
enue of inquiry in this field, although further research
is necessary to fully ascertain its potential.
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Study Obijectives

This qualitative study examines the implementation
of a personalised intervention program of supportive
psychotherapy for people with MS, which has been
conducted since March 2019 at the First Neurology
Clinic of the University General Hospital of Thessaloniki
AHEPA. The objective of this study is to examine the
experience of individuals with MS engaged in sup-
portive psychotherapy sessions. This research focuses
on the participants’ experiences, including their cogni-
tive processes, emotions, and overall perceptions of
the intervention process. Moreover, the study aims to
investigate the influence of individual psychotherapy
on the management of chronic disease.

The central research question that arises from both
the review of the relevant literature and the need for
this research is:

e How do people with MS experience individual

supportive psychotherapy?

The specific research questions that the research
seeks to answer are as follows:

e How do people with MS perceive themselves,
their relationships, and their future through
the therapeutic process?

e How does individual psychotherapy contribute
to the management of chronic illness?

e What factors in the therapeutic process can
help individuals?

The specific aim of this research is to address the
existing gap in the current literature on the experience
of individual supportive psychotherapy in MS. The
intervention in which the patients participated was
long-term, in contrast to most studies, which report
on shorter interventions. It is also noteworthy that
the sessions with the patients were conducted online.
The online intervention was initially implemented as a
precautionary measure in response to the pandemic,
but it was subsequently retained due to the patients’
preference for this modality of treatment outside the
hospital setting and its integration into their daily rou-
tines and mobility challenges. This research offers a
valuable opportunity to examine the potential benefits
and limitations of online psychotherapy for individu-
als with MS.

Outline of the Intervention Program

Considering the diverse and intricate psychosocial
requirements of patients with MS, our objective is to
develop a comprehensive and personalised care plan
that is tailored to the specific needs of each individual
with MS. The program includes face-to-face or online
individual sessions, each lasting 50-60 minutes and
occurring once a week.

The core pillars of the program focus on:

1. Psychoeducation: Providing individuals with MS
information about the disease and the importance

of medication adherence. During the initial explora-
tory session, a brief guide titled “Brain Health: A
Guide for Individuals with Multiple Sclerosis” was
provided.?¢! Additionally, the therapeutic process,
therapeutic contract, and the individual’s requests
and therapeutic goals were explained.

2. Personalisation: This fundamental principle of psy-
chotherapy refers to adapting therapeutic practices
to the individual needs and characteristics of each
person. The goal is to create an environment that
respects and supports the needs and requests of
each individual.

3. Person-Centred Approach: Aimed at helping in-
dividuals with MS develop their vast potential, with
the goal of self-actualisation. Carl Rogers articu-
lated three “necessary and sufficient” conditions
that he considered characteristic of a meaningful
therapeutic relationship: authenticity, unconditional
positive regard, and empathy.?”? These conditions
are integral to the therapist’s genuine and con-
sistent stance towards the individual, rather than
temporary behaviours.8!

4. Supportive Framework: Often, the support sys-
tems for individuals with MS are insufficient. There-
fore, a primary concern is to provide a stable and
safe emotional support framework. The objective is
to help individuals resolve difficulties, engage, em-
power, mobilise, and adapt to the nature of chronic
illness, integrating it into the continuum of their life
experiences.

5. De-stigmatisation: Through psychotherapy, in-
dividuals with MS recognise their biases and ste-
reotypes, redefine their self-image, learn to com-
municate their experiences to others, and share
the impact of living with a chronic illness. Reducing
self-stigma positively affects their self-image and
improves their quality of life.

6. Holistic Intervention: Involves a multidisciplinary
therapeutic approach to MS management, aim-
ing for comprehensive disease management and
enhancing the quality of therapeutic care provided.

7.Research: The psychosocial intervention employs
qualitative methodology principles, grounded in
phenomenology. It seeks to explore the essence of
the experiences of individuals with MS participating
in the intervention.

METHODS

The objective of the present study is to examine
the experience of individual psychotherapy among
four patients with MS who are participating in an
intervention program at the First Neurology Clinic
of the University General Hospital of Thessaloniki
AHEPA. A qualitative methodology was deemed the
most appropriate for investigating the unique experi-
ences of the participants.
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The data were analysed using the interpretative
phenomenological approach (IPA). The researcher
is interested in analysing the lived experience of in-
dividual supportive psychotherapy for participants
living with MS.

Moreover, criterion sampling was employed in this
study. In this type of sampling, participants are select-
ed based on specific criteria that are aligned with the
research objectives.[29] The study population com-
prised individuals with MS who were participating in

Table 1: Demographics

No.  Peudonyms  Age :12:‘::; Nationality
1. Nefeli 43 Female Greek
2. Haris 27 Male Greek
3. Danai 49 Female Greek
4. Elli 55 Female Greek

the individual supportive psychotherapy program at
the First Neurology Clinic of AHEPA General Hospital.
The study sample consisted of four individuals with
MS, three females, and one male, as per the specified
inclusion criteria. Table 1 presents the demographic
data of the participants. It is noteworthy that the
names provided are not their real names, but pseu-
donyms, which were assigned by the researcher to
ensure the protection of their personal data.

Education Profession Marital Status  Disease
Duration
Higher Freelancer Married 17
Education
Higher Private Single 4
Education Employee
Secondary Homemaker Married 4
School
Higher Freelancer Married 20
Education

The data were collected via semi-structured interviews, a method commonly employed in qualitative research.
139 An interview guide was created, comprising fourteen open-ended, non-directive questions designed to
address the research objectives. These are presented in Table 2.

Table 2: Semi-Structured Interview Guide

affected you, your relationships, and your daily life?

Could you describe your life with Multiple Sclerosis (before you started psychotherapy sessions)? How has it

How did you decide to start psychotherapy?
a. When did you start?

b. How long have you been in psychotherapy?
¢. Was it your first time?

How would you describe your experience in the psychotherapy sessions?

How is the online intervention for you compared to the in-person intervention?

How is it to share your experiences in the sessions?
a. How do you feel after a session ends?

What issues have emerged in your sessions?

b. What are they?
¢. How and when did you realise them?

Which areas of your life have been affected by psychotherapy?
a. Have you noticed any changes from the beginning until now?

d. Are there any other factors that played a significant role in these changes?

How has psychotherapy affected your experience living with Multiple Sclerosis?

Are there any significant milestones in this process for you?
a. If you wish, can you recount a session that was particularly important to you?

What is the therapist’s contribution to the process?

How do you see yourself in the future?

a. What are your needs/goals for the future about the sessions?

What would you advise someone with Multiple Sclerosis who is starting psychotherapy?

Is there something you consider important that you would like to share?

How did you find the interview process?

Archives of Clinical Neurology 33:6-2024, 44-54
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Interviews were conducted remotely and typi- RESULTS AND DISCUSSION

cally ranged in duration from 40 to 60 minutes. All From the data of the four transcribed interviews
interviews were carried out by the primary author, jn the present study, three superordinate themes
aUdIO-reCOI’ded, aﬂd tranSCFIbed Vel’batlm BefOI'e emerged, each CompHS'ng Several Sub_themes The
data collection, each participant was required to read  resylts are summarised in the following table, which

andsign a written consent form. This forr_n ens‘ur.ed includes some representative extractions from the
that each participant consented to the confidentiality,  interviews.

anonymity, and the right to withdraw from the study.
In this study, the first author is the sole repository
of participant information, which will not be shared
with other individuals to ensure confidentiality.

Table 3: Summary of results

Superordinate Themes Themes Interview extracts
1. The therapeutic frame- | a. The online Online therapy is much better. Because there are times when |
work intervention struggle a lot, | think we wouldn’t have been able to maintain

therapy for so many years, and | might not have reached the
point where | feel good now. | might have quit because it's
hard for me to move around. Especially after work, having to
get ready, leave the kids, and make the trip would have been
extremely difficult for me, and | don’t think we would have
gotten to where we are today. | find it easier to be in my own
space, and it's easier to say some things without seeing you
face-to-face. | feel safer in my own space. (Nefeli, 1, 33-44)

b. The long-term | If we had set a time limit from the beginning and said that
intervention the sessions should end after one year, | wouldn't have
achieved anything, and | wouldn’t advise anyone to start
psychotherapy. | don't think anyone can determine the time
each person needs for psychotherapy. It becomes clear along
the way. I don’t think you can say that it will take these many
months or a year. No one can know when it will end. (Nefeli,

1, 182-190)
. The cost-free | Yes. | had never been to a psychologist before. That's why
intervention | was impressed the week we met, thinking that someone

would help me for free, especially since | have such serious
financial problems. How important this is. (Danae, 3, 21-24)

2. The journey of psycho- | a. The resistance | In the beginning, it was like | was holding back, slowly be-
therapy ing able to trust you. | kept some things to myself, you know.
Generally, | was naive and used to trust people with things,
and it never worked out well for me. So, because of these ex-
periences, | think | was holding myself back. (Haris, 2, 202-211)

b. The relieving | After the end of a session, | feel light, if that's the right feel-
disclosure ing to describe it. | feel that the time | spent talking has freed
me from a burden because many times | share a concern with
you, and after we discuss it, | feel calmer. (Elli, 4, 44-47)

. The therapeu- | You have supported me and continue to support me [...] You
tic relationship listened to me for endless hours, | got angry, and you had the
patience and were there. All these years, you've given me the
freedom to send you a message whenever | need something.
You are very important in my life. You have helped me a lot.
We have built a relationship where | think you can understand
me with just a few words or even just by seeing me. It's a
strong relationship, a relationship of trust, a relationship of ne-
cessity [...] It cannot be compared to any other relationship—
not with family, not with friends, not with a spouse, nothing.
We've bonded. (Nefeli, 1, 135-146)
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3. Shielding Multiple
Sclerosis

a. Internal
changes related
to self

[...] It became clear through the sessions how wrong all
this behaviour was and how it manifests as post-traumatic
stress in my daily life now. | was given many explanations
about what it all meant. | discovered through a drawing you
asked me to make that the abuse had many, many threads.
| couldn’t speak, set boundaries, or have self-confidence. All
these negative things | face daily brought me a lot of anger,
a lot of frustration. | felt very wronged [...] but these wounds
have begun to heal significantly. (Haris, 2, 143-151)

b. External
changes related
to relationships

Since we started talking, | have gained a lot of confidence in
saying ‘no’ and ‘I don't want to." I might also explain that |
don’t want to for this and that reason. For example, some-
times my husband would invite people over for dinner, [...]
and | would turn to him and say: No, | will not host them.
(Danae, 3, 57-65)

¢. Changes re-
lated to disease
management

Through the sessions we did, you helped me understand that
things aren't so tragic. They can be managed in a way that
makes me feel good. This realisation came through conversa-
tion, and slowly, the discussion led me to this perspective. It's
a different view than what people say, like ‘Oh no, what hap-
pened to the woman with this condition?’ Okay, | keep going
and trying. [...] | remember | used to feel sad when people
at work or outside saw me walking more slowly, and my gait
looked more tired. Now it doesn't bother me. I'll walk slower
or rest and then continue. It used to bother me, but now it
doesn’t because I've realised it's nothing to worry about. [...]
Now, even when my family made negative comments about
this condition, it doesn’t bother me anymore. Yes, because |
feel that maybe they don't know. I've understood now, so I'm
okay. (Elli, 4, 101-120)

The present study aimed to investigate the experi-
ence of individual supportive psychotherapy in people
with MS. The primary questions addressed were: (a)
the experiential aspects of the therapeutic process,
(b) the formation of self and relationships through
the therapeutic process, (c) the impact of psycho-
therapy on MS management, and (d) the beneficial
elements of the therapeutic process. This chapter
aims to present the findings of the research, which
have been classified into three main categories:

1. the beneficial elements of the therapeutic
framework

2. the stages of psychotherapeutic intervention,
and

3. the role of psychotherapy as a protective fac-
tor for MS.

Beneficial elements of the therapeutic
framework

The therapeutic framework must be transparent,
stable, and adaptable. At the same time, it is one
of the primary responsibilities of the therapist, to
provide the “safe space” within which therapeutic
processes can take place.B" The data analysis identi-
fied three key factors of the therapeutic framework

Archives of Clinical Neurology 33:6-2024, 44-54

for individuals with MS: the factor of “space”, the
factor of “time,” and finally, the factor of “remu-
neration”.

The intervention was conducted exclusively in
person for approximately one year. Consequently,
these participants have undergone both face-to-face
and online sessions. The data analysis indicated that
participants expressed a preference for the online
setting, as it afforded them a greater degree of au-
tonomy compared to face-to-face psychotherapeutic
sessions.

Our findings indicated that online interventions
provide individuals with MS the opportunity to
achieve independence, flexibility, and greater con-
trol over their lives. Additionally, they enable the
maintenance of consistency and commitment to the
therapeutic process. Furthermore, the absence of
face-to-face contact can help alleviate the anxiety
and emotional pressure that may be experienced
in such settings. Individuals may feel more secure
in their personal space than in a hospital environ-
ment. It is acknowledged that the hospital setting
can cause considerable distress, including fear and
despair. Additionally, it can exacerbate anxiety about
the individual’s health condition, thereby becoming
another stressor that they must manage.* Moreover,
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individuals who participate in inpatient individual
psychotherapy are more likely to adopt the role and
identity of a patient.? Online intervention encour-
ages individuals to integrate aspects of their identity
beyond the nature of their illness, symptom manage-
ment, and medication intake.

In comparison to many studies that present
short-term psychosocial intervention programs, our
research diverges in its approach to the factor of
“time"”. The findings demonstrated that the long-
term intervention model is efficacious. In particular,
the absence of a pre-established number of sessions
from the outset proved beneficial for individuals with
MS. This approach respects the pace and preferenc-
es of the patients. Additionally, it provides a secure
and reliable environment that can be accessed when
necessary, eliminating the apprehension and vulner-
ability associated with the potential loss of such a
resource. Furthermore, it constitutes a significant
factor in the formation of a strong therapeutic re-
lationship, as it is essential for the development of
the patient’s trust in the therapist, thereby facilitat-
ing the disclosure of issues that are challenging to
accept and manage.B? It also enables the therapist
to be present and to accompany the individual with
MS in the process of making sense of their illness.
Moreover, individuals with a chronic illness such as
MS are frequently exposed to intense and stressful
circumstances, necessitating a continuous, flexible,
and dynamic adaptation process.””! Mental health
professionals must take these factors into account
and integrate psychotherapy into the long-term care
plan for individuals with MS. Therefore, psychosocial
intervention programs must offer flexibility in dura-
tion, are personalised and collaborative, and follow
the pace of each person, thereby providing stability
and security.

Regarding the aspect of “remuneration,” the pro-
vision of cost-free counselling and psychotherapy ses-
sions by mental health professionals can circumvent
financial constraints and enhance access to mental
healthcare. Those suffering from chronic illnesses re-
quire psychological support from qualified specialists.
The provision of these services on a free and voluntary
basis can foster feelings of collective solidarity and
social equality. Furthermore, the voluntary contribu-
tion from mental health professionals can assist in
the reduction of social stigma.

Stages of psychotherapeutic intervention

Through data analysis, significant stages of the
therapeutic process were identified, and the impor-
tance of the therapeutic relationship was confirmed.
Specifically, as evidenced by the research results,
different forms of resistance were described by all
participants in the initial stage of the therapeutic pro-
cess. A common feature of the resistance observed

was its onset at the beginning of the therapeutic
process. This initial discomfort may be associated
with the fear of change. By the stages of change
theory, at the initial stage, the individual does not
intend to alter their behaviour and resists change.
This may occur due to a lack of awareness of the con-
sequences of a particular behaviour, past experiences
of disappointment, or a fear of failure.? Addition-
ally, individuals may be familiar with their “known”
problems and perceive that eliminating them may
result in an exacerbation of their distress.!

The findings of research investigating the impact
of group psychotherapy on individuals with MS dem-
onstrated that both resistance and the willingness to
change coexisted during the therapeutic process. The
same study indicates that one of the most significant
factors in reducing resistance is the long-term nature
of the intervention.® In addition to the long-term
nature of the intervention, the therapist must be
able to identify and effectively address the client'’s
resistance. When this occurs, resistance is no longer
an impediment to therapy but rather a “vehicle for
change” B It is crucial for mental health profession-
als to be aware of their feelings and difficulties when
patients resist and to be able to use their experience
to benefit the therapeutic process.* The therapist
must not be swayed by the resistance the patient
presents. It is essential to continue providing the
necessary conditions that make the individual feel
safe, accepted, and protected.

In the following stage of the therapeutic process,
participants exhibited a heightened state of relaxa-
tion and began to externalise their emotions and
ascribe personal meanings to them. This acted as a
relieving form of sharing. This change is indicative
of progress in the therapeutic process.® Individuals
diagnosed with MS often experience considerable
psychological and emotional distress. The relief of
emotional pain is just as important as the relief of
physical pain. In recent years, the concept of palliative
care has expanded as a clinical practice, to address
the symptoms—both physical and psychological—
caused by any chronic illness.B¥ It is therefore vital
that holistic intervention programs for MS integrate
palliative aspects alongside their core principles.

Subsequently, our research findings revealed sev-
eral key factors that contribute to the efficacy of
the therapeutic relationship for individuals with MS.
Initially, active listening was identified as a crucial
factor. Active listening can be defined as the focused
effort of the therapist to comprehend not only the
verbal and non-verbal communication of the client
but also their unexpressed thoughts and feelings.® It
is a form of communication characterised by sincerity
and is fundamental to the successful realisation of
empathy. According to Rogers, it constitutes one of
the most powerful forces for change B8
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Furthermore, the findings of the study indicated
that the therapist is perceived by the individuals as
a “significant other” and a reliable “reference per-
son”. The self is developed and changes as a result
of each person’s experiences with their self and with
significant others. When the individual is treated
with unconditional positive regard, empathic un-
derstanding, and the presence of the therapist in a
safe therapeutic environment, a conducive climate
for growth can be created.

As indicated by the participants, the therapeutic
relationship may be characterised by a sense of need,
trust, help, and support. It is also perceived as an
empathic, accepting, and genuine relationship. These
conditions must be considered as a set and not as
individual factors.“% In conclusion, the parameters
of the therapeutic relationship that are significant
for individuals with MS can be broadly classified into
two categories: the role of the therapist and the
characteristics of the therapeutic relationship itself.
These characteristics include empathy, safety, stabil-
ity, and trust.

Our findings corroborate those of other researchers
in the field in emphasising the importance and critical
role of the therapeutic relationship in the therapeutic
process.l124142 Fyrthermore, our findings underscore
the vital function of the therapeutic relationship in
addressing resistance.

Role of psychotherapy as a protective factor
for MS

This study illuminates the significant transforma-
tions and transitions in patient perspectives concern-
ing themselves, their relationships, and the disease
itself. As previously outlined in the introduction to
this study, individuals diagnosed with MS must adapt
to the presence of the disease in four distinct do-
mains: a) the biological domain, b) the emotional
domain, c) the social domain, and d) the behavioural
domain.B! Psychotherapy can affect all these areas
and act as a protective factor for MS. The findings
demonstrated that the intervention was effective in
managing anxiety, negative thoughts, and physical
symptoms. The participants were able to discern the
interrelationship between thoughts, emotions, and
behaviour, as well as identify cognitive distortions.
Additionally, they acquired skills in relaxation and
mindfulness techniques. One participant reported an
improvement in sleep quality as a result of this inter-
vention. They also developed greater self-awareness,
self-acceptance, and the capacity to process painful
past events and difficult emotions, including sadness,
anger, and frustration. Moreover, the participants
received training in assertive behaviour and setting
boundaries, which resulted in enhanced self-esteem
and, consequently, more positive relationships with
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significant others.

In conclusion, regarding disease management,
the participants developed new coping strategies,
including the reconstruction of cognitive distortions,
an internal locus of evaluation, the prioritisation of
tasks, a focus on identifying benefits, and an under-
standing of physical symptoms. These strategies re-
sulted in more effective adaptation to chronic illness.
The aforementioned areas are all interconnected; a
change in one area affects the others, while aspects
of one area influence the others." It should be noted
that this does not imply that psychotherapy replaces
other pharmacological or non-pharmacological in-
terventions. Rather, it works complementarily, like
a piece of the puzzle, and is an essential part of the
holistic care of individuals with MS.

CONCLUSION

This study highlighted the structure, principles,
characteristics, and benefits of a psychosocial support
program for individuals with MS, which constitutes
an integral part of the holistic approach to manag-
ing the disease. The objective of the present study is
to provide new insights into the specific needs and
challenges experienced by individuals with MS and to
suggest ways of developing personalised psychosocial
support programs that encourage a shift in perspec-
tive, moving away from the traditional view of the
individual with MS as merely a patient and towards
a more independent and autonomous approach.

In conclusion, this research aimed to address the
research gap identified in the contemporary Greek
research community regarding the experience of
individual supportive psychotherapy for individu-
als with MS. The findings are significant for both
theoretical and clinical purposes and contribute to
the international research field by offering a unique
insight into the experience of individual supportive
psychotherapy as perceived from the perspective of
the participants themselves.

LIMITATIONS

It is important to consider the limitations of this
study when interpreting its findings. The primary limi-
tation is the selection of a qualitative methodology,
which restricts the generalisability of the findings.
While both qualitative and quantitative methods are
useful for exploring a research field, the findings of
this study cannot be reliably extrapolated to other
populations.?? Another limitation is the small number
of participants, as IPA focuses on in-depth under-
standing rather than large sample sizes.** The results
cannot be generalised to the broader population
due to the limited number of participants and the
specific characteristics of the individuals involved in
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the study. Despite these limitations, the study offers
valuable insights into the experiences of individuals
with MS in the supportive psychotherapy program
at the First Neurological Clinic of AHEPA hospital.
Including more participants could potentially enhance
understanding.

A significant, though unavoidable, limitation is
the potential for bias on the part of the researcher.
Objectivity involves minimising personal involvement,
emotional engagement, and subjective judgment.? In
this study, the researcher assumed a central role, act-
ing as both the therapist for the participants and the
researcher exploring their experiences in the support-
ive psychotherapy intervention program. Although
this dual role might initially appear to compromise
objectivity, it proved to be beneficial in several ways.

Firstly, the dual role facilitated a deeper under-
standing of the participants’ experiences, as the
researcher was already intimately familiar with the
nuances of their therapeutic journey. The interviews
provided a reflective space for participants to assess
their progress, identify personal obstacles, and set
new goals. The established therapeutic relationship
encouraged openness and trust, enabling participants
to share their experiences with greater freedom and
depth.

However, this dual role also presented challenges,
such as maintaining clear boundaries between the
two roles. The researcher made a conscious effort
to minimise any ethical dilemmas and ensure that
the therapeutic relationship did not unduly influence
the research process. Additionally, significant time
intervals between the data collection sessions allowed
for greater emotional distance and reflection. This
temporal gap helped ensure a more objective re-
engagement with the data, minimising the potential
influence of prior emotional involvement. Also, the
researcher regularly engaged in self-reflection, includ-
ing supervision and journaling, to maintain aware-
ness of her own biases and frame of reference. This
practice ensured that personal biases did not unduly
influence the research process or conclusions. The
researcher’s training in counselling and psychotherapy
provided the necessary skills to balance empathy with
critical analysis, helping to mitigate potential biases
and enhance the credibility of the findings.

As Willig asserts, in qualitative methodology, the
researcher is regarded as a pivotal instrument of the
study. The researcher’s involvement is seen as benefi-
cial rather than distorting, enhancing the data with
insights that may not be accessible to an external
observer.??! Overall, the dual role contributed to a
more nuanced and comprehensive understanding
of the participants’ experiences. By being directly
involved in the therapeutic process, the researcher
was able to observe subtle nuances and emotional
dynamics that might not have been apparent to an

external observer, thus demonstrating the value of
an embedded research approach.
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Mepidnyn: Mapouaoialel ta KUpIdTtepa onpeia tns epyaacias. Aev npénel va unepPaivel us 250 A€Cels. 1o Aos
s napatiBevtal 3-10 Aé€els eupenpiou.

AyyAikn nepidngn: MNMapouacidlel os ouviopia v epyacia. H éktaonh s sivar ws 400 Agels. Znv apxh s
ypd@ovtal T ovopaTa Twv CUYYPaPEéwy Kal o ttAos tns epyacias ota ayyAikd.

Ne€eis-kAgibid: éws 6 NéEels kNeldId.

BiBrioypagia: O1 BiBnioypaikés napanounés apiBuouvial ye au€ovia apiBud avanoya Pe t oelpd EPPAvIoNs
T0Us oto Kefpevo (Vancouver). Ones ol BiBAIoypa®ikés napanounés va avapépovial péoa o€ aykunes. M.x. O
Smith [1] avépepe 6T ... kal ta euphpata autd eniBeRaidBnkav and tov Adams kai ouv [2]. Avaypdpovial €ws
Kal ol 6 NpWtol cuyypageis. Xtov nivaka s BiRAioypagias nepidapBavovial pévo exeives ol BIBAIOYpapIkés
NaPAnopnés Nou avapépovial oto KEiPEVO Kal 0 Nivakas ouvtdoostal Ye au&ovia apiBud nou avuotoIxel otn
oglpd euPavions twv BIBAIOYPAPIKOY NAPANOUNOY OTO KEIJEVO M.X.

Mivakes: Tpdgovtal o€ Eexwploth oenida, petd to €Nos twv BiBAIoypagikmy avagopwy. ApiBuolvial e
oglpd €PPAVIONS TOUS OTO Kefuevo kal ouvodevovtal and clviopn eneghynon.

Eikdves: Anooténfovtal ta npwtdtuna oxédia h pwtoypagies kanns noiétntas. Na unofannovial oav apxeia
glkovas Eexwplotd and 1o keipevo tou MS Word. ApiBuoulvtal pe tn ogipd eJeAavions oto Keipevo. Y10
Keipevo Ba npénel va undpxel caehs Napanopnh otov Ttio twv NAEKTPOVIKDY apxeiwv. Ze Eexwploth oeida
avaypdovtal ol Ttol Twv eIKOVWY Kal 0l TUXOV ENeENYNOEIS.

latpikn Agovrtofoyia: Y& NEPINTWOEIS EQEUVMDV MOU aPOoPoUV avBpwNous, N €peuva NPENEl va €Xel YiVel
pe Paon tn diakhpu&n tou EAaivki (1975). Ze NeEPINTDOEIS PwTOYPAPIDY aoBevayv, Ba npénel va undpxel
€yypapn ouykataBeon.



2uvodeuTIKO évtuno unoBaAAdopevNG epyaociag

©a npénel va cupninpwBouv OAA ta onpeia tou eviunou. AANn cuvodsutkn eniotonn dev eival anapaitntn.

Eidos apBpou (onueitdote povo éva)
Q Epsuvnukn epyacia O Bpaxeia epyaoia - evbiapépov nepiotaukd O Avaokénnon
Q Bpaxeia avackénnon O Eibikd dpbpo QA Mpdupa ot otvtaén O Neupo-€IKOVES

Titnos:
YneuBuvos yia tnv addnfoypagia cuyypaéas:
AlguBuvon:

TnAgpwvo: FAX: e-mail:

EniBepaiote v nAnpdnta s unofonins 1ou xelpoypdPou oas, onueimvovtas OAA ta Napakdtw onpeia

Titnos tou dpBpou ota EAANVIKE kar ota AyyAika pe pikpd ypdpuata

Ovoépata ouyypagéwv ota EANnvikd kal ata AyyAiké (nAnpn ovduarta n.x. NikéAaos Manaddnounos)
Kévipo npoéneuaons tns epyacias ota EAANvIKG kal ota AyyAiké

Aopnpévn nepidnyn ota EAANvIKG kar ota AyyAikd

[ W Sy W W]

‘Ews névie NéCels eupetnplacpoU (katd npotiunon and to MeSH Hellas-Bioiatpikit Oponoyia) ota EAANvikd
kar ota Ayynikd

O OAda ta ovopata twv cuyypadéwy ous BIBAIOYPAPIKES NAPAMNOUNES
(L€xpl 6 Kal OTn OUVEXeIa «Kkal ouv.» N «et al»)

Q H BiBrioypagia ous teAeutaies oenides twv dpBpwv

Anflwon
AnAmvw unevBuva ou:

1. OAol oI ouyypaeeis NS €pyacias CUPPWVOUV UE TO NEPIEXOUEVO TNS KAl PE Ty unofonn tns
oto nepIodIkG: Apxeia KAivikns Neuporoyias.

2. To ibio keiyevo N ta anoteAéopata s epyacias dev éxouv unoPAnBel yia dSnpoacieuon oe aAfo EAANVIKG
h E&vo Neplodikd.

3. AnAdvw unglBuva éu dev undpxel B¢pa unokAonhs nveupatkns 1610KTNGias (o nepintwon eIKOVWY,
nivékwv h udikou ané dines dnuooievoel éxel (ntnBei kal AN@Bel n vopiun adeia n onoia

kal ouvunofdnnetal).

4. Aev undpxouv Bépata oUYKPoOUOoNS CUPPEPOVIWY — OE NEPINTWon Ewtepikns Xxpnuatoddtnons autd Ba
NpéENel va avagépetal oto A0S NS Epyacias.

O uneuBuvos yia v anindoypaia cuyypapéas

(unoypaon)



