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Saglikh Bireylerde Kuru Agiz Suibjektif
Semptomlarinin Goriillme Sikhginin
Degerlendirilmesi

Evaluation of the Frequency of Dry Mouth Subjective
Symptoms in Healthy Individuals

0z

Amag: Saglikli bireylerde, agiz kurulugu ile ilgili klinik bulgularin olup olmadiginin anket calismasiyla

degerlendirilmesidir.

Yontemler: Bu ¢calismada farkli yas gruplarindan 120 hastaya, klinik olarak agiz kurulugu ile ilgili stibjektif sikayetleri
olup olmadig Vitali ve ark. tarafindan tavsiye edilen semptomlara yonelik kuru agiz anket sorulari (Vitali, 2003;
Vitali et al., 1993) yoneltilmistir.

Bulgular: Agiz kurulugu en sik 4. ve 5. dekatlarda, tikirik bezlerinde sislik en sik 3. ve 5. dekatlarda, yutma guigligi
ve agiz kokusu en ¢ok 15-19 yas grubunda, agizda yanma sikayeti ise en sik 60 yasindan buytklerde gortlmustr.
Agiz kurulugu, tukurtk bezlerinde sislik, yutma glcligu sikayetleri en sik erkeklerde, agizda yanma ve tat alma
bozuklugu sikayetleri ise en sik kadinlarda goralmustdr.

Sonug: Kuru agzin semptomlari her yas grubunda farkli klinik sikayetlere neden olabilir.

Anahtar Kelimeler: Agiz kurulugu, tikirik bezlerinde sislik, yutma guigligu, agiz kokusu, agizda yanma, tat alma
bozuklugu.

ABSTRACT

Objective: It is to evaluate whether there are clinical findings related to dry mouth in healthy individuals through
asurvey.

Methods: In this study, 120 patients from different age groups were asked whether they had clinically subjective
complaints about dry mouth or not. Vitali et al. Dry mouth survey questions were asked regarding the symptoms
recommended by (Vitali, 2003; Vitali et al., 1993).

Results: Dry mouth was most common in the 4th and 5th decades, swelling in the salivary glands was most
common in the 3rd and 5th decades, difficulty in swallowing and halitosis was most common in the 15-19 age
group, and burning sensation in the mouth was most common in those over 60 years of age. Complaints of dry
mouth, swollen salivary glands, and difficulty in swallowing were most frequently observed in men, while
complaints of burning mouth and taste disturbance were most frequently observed in women.

Conclusion: The symptoms of dry mouth may cause different clinical complaints in each age group.

Key Words: Dry mouth, swollen salivary glands, difficulty swallowing, bad breath, burning in the mouth, taste
disturbance.

Giris
Kuru agzin klinik semptomlari Vitali ve ark. (Vitali, 2003; Vitali et al., 1993) tarafindan agiz
kurulugu, tikirik bezlerinde sislik, yutma glicligi, agiz kokusu, agizda yanma ve tat alma bozuklugu
olarak tariflenmistir. Agiz kurulugunun belirlenmesinde, normal sartlar altinda 6l¢lim en givenilir
test, uyarilmamis tam tiikirik akis hizidir. (Manthorpe & Jacobsson, 1995) Uyariimamis tikarik akis
hizinin, ideal olarak, en az 15 dakika boyunca, 6zellikle sabah saatlerinde ve testten en az bir saat

once yiyecek, icecek alimi ve sigara kullanimi olmadan 6lglilmesi 6nerilmektedir. (Heintze et al.,
1983)

Agiz kurulugu (Kserostomi) sikayetleri bulunan hastalarda konusma, yutkunma ve ¢igneme
sorunlari vardir. K6tu koku, agizda yanma hissi, tat alma duyusunda degisiklik, tikirik bezlerinde
sislik, dis ¢Urukleri, agiz mukozasinda degisiklikler ve mantar enfeksiyonlari da bu hastalarda sik

gorulir. (Crockett, 1993) Kserostomi ayrica sosyal iletisimin kisitlanmasina ve bunun sonucunda
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yasam kalitesinin bozulmasina neden olabilir.Tlkiiriik bezlerinin
sismesinin en yaygin nedenleri arasinda, parotis bezlerini
etkileyen viral bir enfeksiyon olan kabakulak, tiikirtik kanallarinin
tikanmasina neden olan ve bakteriyel enfeksiyona da yol agabilen
siyalolitiyazisler ve herhangi bir tedavi gerektirmeyen
sialoadenozler sayilir.(Afzelius et al., 2016)

Yutma glgliginin (disfaji) ¢ok degisik sebepleri
bulunmaktadir. Bunlar arasinda enfeksiyon ve enflamasyon,
mekanik obstriksiyon, tlimorler, anatomik degisiklikler, reflQ,
fibrozis, parezi, kas zayifligi, motilite bozukluklari, duyu
bozukluklari  ve  psikobiligsel  problemlerin  yani  sira
cerrahi/radyasyon tedavisi sonrasi sonuglar ve tibbi tedavinin yan
etkileri yer alir. (Leslie et al., 2003; Manikantan et al., 2009)

Yanan agiz sendromu, herhangi bir tanimlanabilir organik
hastalik yoklugunda agiz boslugunda yanma hissi ile tariflenen,
nedeni belli olmayan bir kronik agr bozuklugudur. Bu sendrom,
menopoz donemindeki kadinlarda daha sik gorlilmektedir. Bazi
calismalarda psikososyal ve psikiyatrik bozukluklarinda eslik
edebildigi gorilmustir. (das Neves de Araujo Lima et al., 2016;
Grushka et al., 2002) Agri genel olarak stireklidir. Agri siddeti orta
ve ileri derecede olabilir.

Agiz kokusu agiz igi ve agiz disi sebeplere bagli olarak dental,
kulak-burun-bogaz ve gastrointestinal kaynakli olabilir. Tat
bozukluklari, agizda herhangi rahatsiz edici madde olmadig
durumda aci veya metalik bir tat hissetme seklinde ya da
tamamen tat kaybinin olmasi seklinde gorilebilir. Tat alma
bozuklugu, yetersiz beslenme, obezite veya hipertansiyon gibi
diger saghk sorunlarina da yol agabilir. Tat bozukluklari 4 ana
gruba ayrilabilir: hipoguzi (tat modalitelerine duyarhhgin
azalmasi), disguzi (tat karisikligr), fantoguzi (hayalet tat) ve aguzi
(toplam tat kaybi)dir. Toplam tat kaybi nadirdir. (Mann, 2002) Tat
bozukluklari, otoimmiin hastalk, iltihaplanma, hormon
dengesizligi, sinirle ilgili hasar, psikolojik sorunlar (6rn., anoreksi),
ilag tedavisi veya maligniteye bagh olarak ortaya ¢ikabilecegi gibi

dogal yaslanmanin bir sonucu olarak da ortaya gikabilir.

Bu calismada amag, saglikh bireylerde tikirik bezlerinde
sislik, yutma gugligl, agiz kokusu ve agiz yanmasi gibi agiz
kurulugunun siibjektif semptomlarinin  gorilme sikliginin
degerlendirilmesidir.

Yontem

Bu calisma Agiz, Dis ve Cene Radyolojisi Anabilim Dali'nda
yapilmis olup, bilimsel etik standartlara uygunlugu fakilte etik
kurulunun 2020/03 sayil karari ile onaylanmistir. Calismamiza
katilan bitln bireylerden aydinlatilmis onam alinmustir.

Bu ¢alismada saglikli ve kot aliskanlik dykiist bulunmayan,
degisik yas gruplarindan 120 hastanin klinik olarak agiz kurulugu
ile ilgili klinik bulgulari olup olmadigina dair Vitali ve ark.
tarafindan dnerilen semptomlara yonelik kuru agiz anket sorulari
(vitali, 2003; Vitali et al., 1993) sorulmustur.

Calismaya ankete katilmayi kabul eden, 15 ve 81 yaslari
arasinda toplam 120 hasta dahil edilmistir. Calisma grubu; 15-19
yaslari arasinda 10 erkek 10 kadin, 2.dekat yas grubunda olan 10
erkek 10 kadin, 3. dekat yas grubundan 10 erkek 10 kadin, 4.
dekat yas grubundan 10 erkek 10 kadin, 5. dekat yas grubundan
10 erkek 10 kadin ve 60 yasindan buyik 10 erkek 10 kadin olmak
Uzere toplam 60 erkek 60 kadin hastadan olusturulmustur.
Gonullu kisilere agizda kuruluk, tikirik bezlerinde sislik, yutma
glcliigl, agiz kokusu ve agiz yanmasi sikayetlerinin bulunup
bulunmadigina dair anket sorulari yoneltilmistir.

istatistiksel Analiz

istatistiksel analizde, IBM SPSS Statistics 20 paket programi
(Armonk, NY: IBM Corp.) kullanildi. Agiz kurulugu, tikarik
bezlerinde sislik, yutma glcligl, agiz kokusu ve agiz yanmasi
sikayetlerinin yas grubuna gore degerlendirilmesinde, tanimlayici
istatistikler kullaniimistir.

Tablo 1: Agiz kurulugu, tiikirik bezlerinde sislik, yutma glicligu, agiz kokusu, agizda yanma hissi, tat alma bozuklugu

sikayetlerinin yaslara gore dagilimi.

15-19 20-29 30-39 40-49 50-59 60+ Total

Ag1z Kurulugu 9 / 8 12 12 9 >7
%45 %35 %40 %60 %60 %45 %47,5

Takurak 0 2 4 3 4 1 14
Bezlerinde Sislik %0 %10 %20 %15 %20 %5 %11,7

Yutma Glglugi 6 3 3 / 4 2 25
%30 %15 %15 %35 %20 %10 %20,8

Ag1z Kokusu 13 4 5 12 5 5 44
%65 %20 %25 %60 %25 %25 %36,7

. 1 0 1 1 1 2 6

Agizda Yanma %5 %0 %5 %5 %5 %10 %5

Tat Alma 1 1 0 1 1 0 4
Bozuklugu %5 %5 %0 %5 %5 %0 %3,3
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Bulgular

Agiz kurulugu en sik 4. ve 5. dekatlarda, tlikurik bezlerinde
sislik en sik 3. ve 5. dekatlarda, yutma glicligl ve agiz kokusu en
¢ok 15-19 yas grubunda, agizda yanma sikayeti ise en sik 60
yasindan buyiklerde gorilmustir. Agiz kurulugu, tikarak
bezlerinde sislik, yutma glicligl sikayetleri en sik erkeklerde,
agizda yanma ve tat alma bozuklugu sikayetleri ise en sik
kadinlarda gortlmustar.

Tablo 2: Agiz kurulugu, tukirik bezlerinde sislik,
yutma gicliigl, agiz kokusu, agizda yanma hissi, tat alma
bozuklugu sikayetlerinin cinsiyete gore dagilhimi.

Kadin Erkek
- - 28 29
Agiz Kurulugu %23 3 %24,1
. e e H 1 1 6 8
Tukiruk Bezlerinde Sislik %5 %6
0 ()
.. TRV 9 16
Yutma Guglugu %7,5 %13,3
- 23 21
Agiz Kokusu %19,1 %17,5
o 5 1
Agizda Yanma %41 %0,8
o 3 1
Tat Alma Bozuklugu %25 %0.8
0l, oY,
Tartigma

Vicutta salgilanan tikarik kimi zaman belirli faktorlere bagli
olarak normal seviyenin altina inebilir ve bu durum agiz kurulugu
veya kserostomi olarak adlandirilir. Uretilen tikirik salgisinin
normal degerin altina inmesinin sonucu olarak agiz i¢i nemliligini
kaybeder ve kuru bir hal alir. Ancak bazi durumlarda tikirik
akisinda degisiklik olmamasina ragmen kisiler agiz kurulugu
sikayetinden yakinabilir. Bu calismada gonillerin %47.5" inde agiz
kurulugu sikayeti tespit edildi. Adolfsson ve ark. (Adolfsson et al.,
2022) tarafindan  vyapilan ¢alismada agiz  kurulugu
prevalansi %43.6 olarak bulunmustur.

2022 yilinda yapilan bu ¢alisma bizim buldugumuz sonugla
uyumludur. Yapilan bu c¢alismada da kuru agiz slbjektif
semptomlari igin kisilere soru sorulmustur. Bu ¢alismadaki
sorularda bizim anket sorularimiza benzemektedir. Bu
calismadaki sorular da, gece agiz kurulugu hissedip, hissetmeme
ve yutma glgliglyle ilgili sorulardan olusmaktadir. Bu sorular
Kserestomi envanteri (Challacombe et al, 2015) olarak
adlandirilmaktadir.

Bu c¢alismada gonillerin %11.7’sinde tukiirik bezi sisligi
sikayeti, %20.8'sinde yutma glcligl, %36.7’sinde agiz kokusu
sikayeti tespit edilmistir. Brezilya'da Universite 6grencileri ve
aileleri arasinda yapilan kesitsel bir arastirmada, agiz kokusu
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sikayetinin gorilme sikhginin %15 oldugu bulunmustur.

Literatirde agiz kokusu prevalansi %2-50 arasinda
degismektedir. (Kaya et al., 2016; Silva et al., 2018; Soares &
Tinoco, 2014)

Ancak arastirmalar arasindaki 6l¢iim yontemi, terminoloji ve
siniflandirma  farkhhklari gercek prevalansin belirlenmesini
glclestirmekte,  kullanilan  siUbjektif  6lgim  yontemleri
epidemiyolojik  sonuglarin  hassasiyetini ve glivenilirligini
dustirmektedir.(Scully & Greenman, 2012)

Bizim buldugumuz sonuglar da literatlirdeki prevalans
araliginda yer almaktadir.

Genel poplilasyon igin bildirilen agizda yanma sikayeti
prevalansi %0.7 ile %15 arasinda farklilk gostermektedir.
(Coculescu et al., 2014; das Neves de Araujo Lima et al., 2016;
Grushka et al., 2002) Bizim buldugumuz sonugta agizda yanma
sikayeti %5 olarak bulunmustur. Bizim ¢alismamizda buldugumuz
sonug literatiirle uyumludur.

Hoffman ve ark.(Hoffman et al., 2016) c¢alismasina gore,
ABD nifusunun %12’sinden fazlasinda tat bozuklugu oldugu
dislindlmektedir. Bizim ¢alismamizda katilimcilarin %3.3’(inde
tat alma bozuklugu sikayeti bulunmaktadir. Bizim sonucumuzun
diistk ¢cikma nedeni, 6rneklem farkliligi olabilir.

Sonug

Degisik yas gruplarinda kuru agzin sibjektif semptomlari
farkli olabilmektedir. Yutma glglUgl ve agiz kokusu daha erken
yaslarda sikayete neden olurken, agizda yanma ve agizda kuruluk
hissetme sikayetleri daha ileri yasl kisilerde ortaya ¢ikmaktadir.
Tukurik bezlerinde sislik sikayeti ise orta yash Kkisilerde
gorilmektedir. Agiz kurulugu, tukirik bezlerinde sislik, yutma
glclugiu sikayetleri en gok erkeklerde, agizda yanma ve tat alma
bozuklugu sikayetleri en c¢ok kadinlarda yakinmaya neden
olmaktadir. Agiz kurulugunun tedavi edilmesi icin standart bir
¢O6zUm Onerisi olmayip, uygulanacak tedavi programlari kisiden
kisiye degisiklik gostermektedir. Agiz kurulugu ile ilgili stbjektif
klinik semptomlari yasayan bireylerin dis hekimine miiracaat
etmesi gerekir.
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Research article / Arastirma makalesi

Hemsirelerin Nanoteknolojiye iliskin Bilgilerinin
Belirlenmesi

Determining Nurses' Knowledge Regarding Nanotechnology
6z

Amag: Bu ¢alisma, hemsirelerin nanoteknolojiye iliskin bilgilerini belirlemek amaciyla yapilmistir.

Yéntem: Tanimlayici tiirdeki arastirma Ocak 2023 — Ocak 2024 tarihleri arasinda Atatirk Universitesi Arastirma
Hastanesinde calisan hemsireler ile yurittlmustar (N=930). Arastirma, 6rneklemine %95 giiven araliginda, +%5
ornekleme hatasi ile arastirmaya alinma kriterlerine uyan 272 hemsire dahil edilmistir. Verilerin toplanmasinda,
literatUr bilgilerine dayanilarak arastirmaci tarafindan hemsirelerin nanoteknolojiye iliskin bilgilerinin belirlenmesi
amaciyla hazirlanan anket formu kullaniimistir. Arastirma sonucundan elde edilen veriler SPSS 22 paket programi
ile tanimlayici istatistiksel testler kullanilarak analiz edilmistir.

Bulgular: Arastirma sonuglarina gére hemsirelerin, yas ortalamalari 28.68+6.194, %68,8'i kadin ve %55,1'i bekardir.
Hemsirelerin %66,9'u hemsirelik lisans mezunu, %27,2’si cerrahi kliniklerde galismakta ve %62.9'unun galisma
sureleri 1-5 yildir. Hemsirelerin nanoteknoloji hakkindaki bilgileri incelendiginde, %51,8'inin nanoteknolojinin saglik
alaninda kullanimina iliskin kismen bilgi sahibi oldugu ve %50,3’tnin calistiklari hastanede nanoteknolojinin
kullaniimadig saptanmistir. Hemsirelerin %50’sinin nanoteknolojinin daha uzun sureli agri kontroli sagladigini,
%47,4'Unln yara bakimi ve tedavisinin siresini kisalttigini belirttikleri saptanmistir. Hemsirelerin %42,6’sinin
nanoteknolojik ilaglarin insan vicuduna etkilerini bilmedikleri tespit edilmistir. Hemsirelerin  %46,3’G
nanoteknolojik Urinlerin hemsireligi ilgilendiren bir yenilik oldugunu ve %47,1’i hemsirelerin nanoteknolojik
uygulamalardan haberdar olmasi gerektigini dustinmektedir. Hemsirelerin nanoteknolojinin saglk alaninda
risklerine iliskin gorusleri incelendiginde %25,4'Untn nanopartikillerin toksik etki glici oldugunu distnddgu
saptanmistir.

Sonug: Arastirma sonucunda hemsirelerin nanoteknolojinin saglik alaninda kullanimi ve riskleri ile ilgili bilgilerinin
yeterli olmadigi ve hemsirelerin yarisindan fazlasinin  nanoteknolojik Griin  kullaniminda hemsirenin
sorumluluklarini bilmedigi saptanmistir.

Anahtar Kelimeler: Bakim, Bilgi, Hemsirelik, Nanoteknoloji, Nanotip

ABSTRACT

Objective: This study was conducted to determine nurses' knowledge of nanotechnology.

Methods: The descriptive study was conducted with nurses working at Atatlrk University Research Hospital
between January 2023 and January 2024 (N=930). The research sample included 272 nurses who met the inclusion
criteria with a 95% confidence interval and 5% sampling error. In collecting data, a survey form prepared by the
researcher based on literature information was used to determine nurses' knowledge of nanotechnology. The
data obtained from the research results were analyzed using descriptive statistical tests with the SPSS 22 package
program.

Results: According to the research results, the average age of the nurses is 28.68+6.194, 68.8% are women and
55.1% are single. 66.9% of the nurses are graduates of undergraduate degree, 27.2% work in surgical clinics and
62.9% have been working for 1-5 years. When nurses' knowledge about nanotechnology was examined, it was
determined that 51.8% had partial knowledge about the use of nanotechnology in the field of health and 50.3%
did not use nanotechnology in the hospital where they worked. It was found that 50% of the nurses stated that
nanotechnology provided longer-term pain control, and 47.4% stated that it shortened the duration of wound
care and treatment. It was determined that 42.6% of nurses did not know the effects of nanotechnological drugs
on the human body. 46.3% of nurses think that nanotechnological products are an innovation that concerns
nursing and 47.1% think that nurses should be aware of nanotechnological applications. When nurses' opinions
about the risks of nanotechnology in the field of health were examined, it was found that 25.4% thought that
nanoparticles had a toxic effect.

Conclusion: As a result of the research, it was determined that nurses' knowledge about the use and risks of
nanotechnology in the field of health is not sufficient and more than half of the nurses do not know the
responsibilities of nurses in the use of nanotechnological products.

Keywords: Care, Knowledge, Nursing, Nanotechnology, Nanomedicine
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Girig

Nanobilim; mihendislik, fizik, kimya, biyoloji gibi pek ¢ok
alan ile iliskili ve ¢ok hizli gelisme gosteren multidisipliner bir
bilim dalidir. Nanobilim teknolojik olarak kullaniminin artmasiyla
hayatin pek ¢ok alaninda karsimiza ¢ikmaya baslamistir. Bilimsel
anlamda ilk olarak 1974 yilinda Norio Taniguchi tarafindan nano
parcaciklara atifta bulunularak kullanilan nanoteknoloji terimi;
nano boyutta sekil ve boyut manipilasyonuyla, yapilarin ve
sistemlerin tasarimi ve karakterizasyonu sonucu yeni ve Ustilin
nitelikli araglar Gretmek seklinde ifade edilebilir. Daha kisa bir
anlatimla “Atomik hassaslk diizeyinde mihendislik” olarak da
tanimlanabilir (Ramsden, 2011).

Nanoteknoloji farkli materyaller (reterek, toplumlan
degistirmede blylk potansiyele sahiptir (Maheshwari ve ark.,
2012; Kavakh ve ark., 2016). Bilim insanlari ozellikle son
donemlerde yeni gelistirilen Grlinlerde nanoteknolojiden nasil
yararlanabilecekleri {izerine ¢alismalar yapmaktadir. Farkli ve
benzersiz  oOzellikleriyle, ilag sanayi, katalizorler, optik
malzemeler, sensorler ve enerji depolama gibi bircok alanda
nanoteknolojik Griinler kullanilmaktadir (Wang ve ark., 2022). Bu
alanlar igerisinde en fazla yatirnm yapilan alanlardan biri saglik
sektoriidlr. Nanoteknolojinin bir dali olan nanotip; kas, sinir,
kemik veya onarilmasi gereken hasarli dokulara ve tedavi
edilmesi gereken hastaliklara yiksek dizeyde ve molekiler
Olcekte spesifik olarak yapilan tibbi miidahale anlamindadir
(Kuigiikkaya, 2019; Tylek, 2021).

Son yillarda yapilan ¢ahsmalarla  birlikte  klinik
uygulamalarin (zerine etki eden nanoteknoloji; kanser,
osteoporoz, ateroskleroz, diyabet, farmakoloji, mikrobiyoloji,
dezenfeksiyon ve sterilizasyon, agri yonetimi, yara iyilesmesi,
enfeksiyon onlenmesi ve tedavisi, cerrahi alanlar, oksijenin
temin edilmesi gibi klinik uygulama alanlarinda énemli katkilar
saglamaktadir (Flores ve ark., 2019; Mazumder ve ark., 2020;
Tuylek, 2021; Edis ve ark., 2021; Sharma, 2022; Shoaib ve ark.,
2023). Li (2022) tarafindan nanoteknolojiye dayal saghk
muayenesi ve hemsirelik teknolojisinin gelistirilmesine yonelik
yapilan ¢alismada nanoteknolojinin fizik muayenede ¢ok zaman
kazandirdigi ve bu teknolojinin gelistirilmesinin hastalarin bakim
memnuniyetini arttirdigini saptamustir (Li, 2022). Heyecan verici
gelismeler saglamasinin  yaninda, nanoteknolojinin insan
sagligina yapacagl olumsuz etkiler de heniiz netlesmemistir ve
nanopartikillerin insanlar Gzerindeki kot etkilerinin arastirildig
calismalar sinirhdir (Halamoda-Kenzaoui ve ark., 2022).

Nanotip uygulamalarinin, teshis ve tedavi imkanlarini
arttiracagi, insan saghginin korunmasi, gelistiriimesi ve bakim
kalitesinin arttirilmasi yoniinde de faydali oldugu bilinmektedir.
Temel gorevi saglikli ve hasta bireyin bakimini saglamak olan
hemsirelerin de bakim kalitesini artirmak amaciyla nanoteknoloji
ve nanotip uygulamalarini 6grenmesi ve hemsirelik bakiminda
bu uygulamalarn kullanmasi gerekmektedir (Klgiikkaya 2019;
Eskandarinia ve ark., 2020).

Klinik alanda yuriatilen uygulamalarda sikga karsilagilan

nanoteknolojik  cihazlarin  (nanorobotlar,  biyosensorler,
nanogipler) veya uriinlerin kullanimi konusunda hemsirelerin
bilgilerinin arttirlmasi ve konuya iliskin olumlu tutumlarinin
gelistirmelerinin  bakim kalitesini artiracagi goriilmektedir
(Taylek, 2019). Literatirde hemsirelerin nanoteknolojiye iliskin
bilgi diizeylerinin arastiran ¢alismalarin sayisi oldukg¢a azdir (Ay,
2009; Gok-Metin ve ark., 2015; Taylek, 2019; Li, 2022). Bu
arastirma; hemsirelerin saghk alaninda giderek kullanimi
yayginlasan  nanoteknolojiye iliskin  bilgi  diizeylerinin
belirlenmesi amaciyla yapilmistir. Arastirmadan elde edilecek
sonuglarin  hemsirelerin  nanoteknolojinin  saglik alaninda
kullanimina iligkin bilgi ve donanimlarini arttirmaya yonelik
yapilacak  egitimlerin  planlanmasinda  rehber  olacagi
disinulmektedir.

Yontem

Arastirma Ocak 2023- Ocak 2024 tarihleri arasinda Atatiirk
Universitesi Arastirma Hastanesi’nde c¢alisan hemsireler ile
tanimlayici olarak gergeklestirilmistir. Aragtirmanin evrenini
Atatiirk Universitesi Arastirma Hastanesinde calismakta olan 930
hemsire olusturmustur ve Orneklem buyuklGgi Salant ve
Dillman’nin (1994) belirledigi formil (n= N. t%. p. q / d%. (N-1) + 2
p. q) ile 272 olarak hesaplanmistir (Salant ve Dillman, 1994).
Arastirmaya 18 yas ve Ustli olan, herhangi bir iletisim sorunu
olamayan ve meslekte en az 6 ay ve Uzeri ¢alismis olan 272
hemsire dahil edilmistir.

Verilerin toplanmasinda, literatir bilgilerine dayanilarak
arastirmaci tarafindan hazirlanan anket formu kullaniimistir.
Arastirma verileri arastirmaci tarafindan hemsirelerin uygun
oldugu giin ve saatlerde toplanmistir. Arastirmaci tarafindan
dagitilan anketler hemsireler tarafindan doldurulduktan sonra
geri toplanmistir. Her bir anketin doldurulmasi yaklasik 10-15 dk
sirmusgtar.

Anket Formu: Arastirmaci tarafindan konu ile ilgili
literatlirden yararlanarak hazirlanan bu form; hemsirelerin yasi,
cinsiyeti, medeni durumu, egitim durumu, ¢ahstigi klinik, calisma
suresi, glinlik internet kullanim siresi ve interneti kullanim
amaglari gibi sosyo-demografik ozelliklerini ve hemsirelerin
nanoteknolojinin saglik alaninda kullanimina iliskin bilgi ve
disincelerinin belirlemeye yonelik sorulardan olusmaktadir
(Gok-Metin ve ark., 2015; Aydin-Sayilan ve ark., 2016; Ciftgi ve
ark., 2019; Kuguikkaya 2019).

Arastirmadan elde edilen veriler SPSS 22 paket
programinda tanimlayici istatistiksel testler kullanilarak (sayi,
yuzde, ortalama ve standart sapma) analiz edilmistir.
Arastirmaya baslamadan énce, Atatiirk Universitesi Tip Fakiiltesi
Etik Kurulu’ndan 29.12.2022 tarihli B.30.2.ATA.0.01.00/40 sayili
etik kurul onayi ve arastirmanin yapilacagl hastaneden kurum
izni alinmistir. Calismaya katilan katiimcilardan s6zIU ve yazih
onam alinmigtir.

Current Research in Health Sciences



54

Tablo 1. Hemsirelerin tanimlayici 6zelliklerinin dagilimi (n=272)

Tanimlayici Ozellikler

X+SD

Yas (Yil) 28.6816.194
n %

Cinsiyet
Kadin 187 68,8
Erkek 85 31,2
Medeni Durum
Evli 122 44,9
Bekar 150 55,1
Egitim Durumu
Saglik meslek lisesi 49 18,0
Hemsirelik fakiltesi 182 66,9
Lisansiistl egitim 41 15,1
Calistig1 yer
Dahili klinikler 56 20,6
Cerrahi klinikler 74 27,2
Yogun bakim 72 26,5
Acil 34 12,5
Diger (Poliklinik vb.) 36 13,2
Calisma Siiresi
1-5 yil 171 62,9
6-11 yil 69 25,4
12-17 yil 18 6,6
18 yil ve Gstl 14 5,1
Giinliik internet Kullanim Siklig1
2-4 saat 116 42,6
5-7 saat 118 43,4
8 saat ve Uzeri 38 14,0
internet Kullanim Amaci *
Sosyal aglara erisim saglamak 186 68,4
Haber kaynaklarina erisim saglamak 108 39,7
Genel internet gezintisi yapmak 106 39,0
Meslekle ilgili makalelere erisim saglamak 85 31,3

*Birden fazla segenek isaretlenmistir.

Bulgular

Hemsirelerin tanimlayici 6zelliklerinin dagilimi Tablo 1'de
yer almaktadir. Arastirmaya katilan hemsirelerin; vyas
ortalamalar 28.68+6.194, %68.8’'i kadin ve %55.1'i bekardir.
Hemsirelerin %66.9'u hemsirelik lisans mezunu, % 27.2’si cerrahi
kliniklerde ¢alismakta ve %62.9’unun ¢alisma streleri 1-5 yildir.
Hemsirelerin internet kullanim sikligina ve interneti kullanim
amaglarina bakildiginda %43.4’Unilin glnlik 5-7
saat, %68.4’Unln sosyal aglara erisim saglamak igin interneti
kullanildigi gérilmektedir (Tablo 1).

Arastirmaya katilan hemsirelerin nanoteknoloji hakkindaki
bilgi durumlarinin dagilimi Tablo 2’de verilmistir. Hemsirelerin
nanoteknoloji kavramini bilme durumu sorgulandiginda %47,4’u
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nanoteknolojinin; “maddeleri atomsal olarak degistirip, yeni
islevsellikler kazandiran bir bilimi ifade ettigini” ve %17.3'U
nanoteknoloji kavrami hakkinda herhangi bir “bilgisinin
olmadigini” belirtmistir. Ote yandan hemsirelerin, %17.3'i
nanoteknolojinin saglik alaninda kullanimi hakkinda “bilgi
sahibidir” ve %66.2’si nanoteknoloji ile ilgili bu bilgiyi
“internetten”  almistir.  Ayrica  hemsirelerin ~ %30.9'u
nanoteknolojinin saglik alaninda kullanimina iliskin herhangi bir
“bilgisinin olmadigin1”, %51.8’i de “kismen bilgisinin oldugunu”
belirtmistir. Hemsirelerin %50.3’tinin  ¢alistiklari hastanede
nanoteknolojinin  kullanilmadigini  disindigl  saptanmistir
(Tablo 2).

Arastirmaya katilan hemsirelerin nanoteknolojinin saglik
alaninda kullanimi ile ilgili bilgi durumlarinin dagilimi Tablo 3’te
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Tablo 2. Hemsirelerin nanoteknoloji hakkinda bilgi durumlari

n %

Nanoteknoloji Kavramini Bilme Durumu*

Nanoteknoloji maddeleri atomsal olarak degistirip, yeni islevsellikler kazandiran bir bilimi ifade eder 129 47,4

Nanoteknoloji maddenin atomik, molekiler kontrollini saglayan bir bilimi ifade eder 105 38,6
Nanoteknoloji maddelerin anlasilmasi yéniinde ¢alismalar yapan bilimi ifade eder 64 23,5
Bilmiyorum 47 17,3
Nanoteknolojinin Saglik Alaninda Kullanimi Hakkindaki Bilgi Durumu
Biliyorum 47 17,3
Kismen biliyorum 141 51,8
Bilmiyorum 84 30,9
Nanoteknoloji ile ilgili Bilginin Kaynagi*
internet 180 66,2
Medya/haber 93 34,2
Bilimsel makale/dergi/yayin 54 19,9
Kitap/dergi 45 33,8
Kongre/sempozyum 27 9,9
Diger 8 2,9
Calisilan Hastanede Nanoteknoloji Kullanilma Durumu
Kullanihyor 91 33,5
Kullanilmiyor 137 50,3
Bilmiyorum 44 16,2

*Birden fazla segenek isaretlenmistir.

verilmistir. Hemsirelerin nanoteknolojinin kullanildigi saglk
alanlarini bilme durumu incelendiginde %43.8’inin “yeni ilaglarin
gelistirilmesinde”, %42.6’sinin  “daha dayanikh ve hafif
malzemelerin Uretiminde” ve %36.8'inin “bakteri ve virtslerin
daha kolay tanimlanmasinda” kullanildigi cevaplarini verdikleri
gorulmektedir. % 22.8’inin ise nanoteknolojinin kullanildigi saglik
alanlarina iliskin “bilgisinin olmadigin1” belirttigi saptanmistir.
Hemsirelerin nanoteknolojinin insan sagligi Uzerine etkileri
hakkindaki bilgileri incelendiginde; %61.8’inin “hasta doku ve
organlarin erken dénemde teshis ve iyilesmesini saglar’”
ve %44.5’inin “sistemik/kronik hastaliklar Gzerinde etkili takip
saglar”’, %24.3'lnin ise “bilmiyorum” cevaplarini verdikleri
saptandi. Hemsirelerin %50’sinin nanoteknolojinin “daha uzun
sdreli agri kontroli” sagladigini, %47.4’Gnln nanoteknolojinin
yara bakimi ve iyilesmesinde “tedavi suresini
kisalttigin1”, %51.5’inin  nanoteknolojinin  “meme kanseri
taramalarinda daha az hiicre varliginda tani koymayr miimkin
kildigini”  belirttigi tespit edilmistir. Hemsirelerin  %46.3’(
nanoteknolojinin, “hastaliklarin nedenlerinin saptanmasinda
yeni yontemler sagladigini”, %41,5’i nanoteknolojinin “kan
sekeri kontroli igin yeni cihazlar gelistiriimesini”, %40.1’inin
“yapay organ galismalarinin yapilmasini” sagladigini belirtmistir.
Hemsirelerin ~ %35.7’si  nanoteknolojinin ilag yapiminda
kullanilmasinin =~ “saglam  dokulara  daha az  zarar
verdigini”, %38.2’sinin nanoteknolojik ilaglarin “insan viicudunda
hem lokal hem sistemik etkiler yaptigini” belirttigi saptanmigstir.
Hemsirelerin %42.6'si nanoteknolojinin insan viicuduna etkisi
hakkinda bilgisinin olmadigini belirtmistir (Tablo 3).

Arastirmaya katilan hemsirelerin nanoteknolojik Griin
kullaniminin  hemsirelik  bakimindaki yerine iliskin  bilgi

durumlarinin dagilimi Tablo 4’te verilmistir. Arastirmaya katilan
hemsirelerin, %46.3'0 nanoteknolojik Urilnlerin kullaniminin
“hemsirelik  meslegini ilgilendiren bir konu” oldugunu
belirtirken, %41.9’unun “kismen ilgilendirdigi” ve %11.8’inin de
“hemsirelik meslegini ilgilendirmedigini” belirttigi saptanmistir.
Hemsirelerin %60.3’U nanoteknolojinin hemsirelik bakiminda
“yara iyilesmesi alaninda kullanildigini” ve %47.1’i hemsirelerin
“nanoteknolojik uygulamalardan haberdar olmasi gerektigini”
ve %41.9’u hemsirelerin “nanoteknoloji hakkinda hastalara
egitim ve danismanhk vermesi” gerektigini belirtmistir.
Hemgsirelerin, %25.4’Gnin nanopartikillerin saghk alaninda
kullaniminin ~ “toksik  etkisinin  oldugunu” belirttigi, ote
yandan %22.1’inin de “insan saglhigi agisindan zararl olmadigini”
belirttigi tespit edilmistir (Tablo 4).

Tartisma

Arastirma sonucunda hemsirelerin nanoteknoloji kavramini
bilme durumlariincelendiginde; %47.4’iniin “maddeleri atomsal
olarak degistirip, yeni islevsellikler kazandiran bir bilimi ifade
ettigini” ve hemsirelerin %51.8’inin nanoteknolojinin saglik
alaninda kullanimi ile ilgili kismen bilgisinin oldugu gorilmastir.
Ayrica hemsirelerin %66.2’sinin nanoteknoloji ile ilgili bu bilgileri
internetten aldigl saptanmistir (Tablo 2). Aydin-Sayilan ve ark.
(2016) hemsirelik 6grencileri ile yaptiklari g¢alismalarinda,
ogrencilerin %38.2’sinin nanoteknolojinin, “maddeleri atomsal
olarak degistirip, yeni islevsellikler kazandiran bir bilim”
oldugunu belirttigi ve 6grencilerin yariya yakininin (%47) saglhk
alaninda nanoteknoloji kullanimi ile ilgili bilgilerinin oldugunu
saptamistir. Yine ayni calismada hemsirelik 6grencilerinin
yaridan fazlasinin (%53.4) nanoteknoloji ile ilgili bilgileri
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Tablo 3. Hemsirelerin nanoteknolojinin saglk alanlarinda kullanimi ile ilgili bilgi durumlari

n %
Nanoteknolojinin Kullanildigir Saghk Alanlarini Bilme Durumu*
Yeni ilaglarin gelistirilmesinde kullanilir 119 43,8
Daha dayanikli ve hafif saglik malzemelerinin tiretiminde kullanilir 116 42,6
Bakteri ve viriislerin daha kolay tanimlanmasinda kullanilir 100 36,8
Kanserle miicadelede kullanilir 98 36,0
Agr1 kontroliiniin saglanmasinda kullanilir 89 327
Cerrahi tedavilerde kullanilir 85 313
Diyabet tedavisinde kullanilir 62 228
Kemik yapilari ile ilgili tedavilerde kullanilir 56 20,6
Enfeksiyonun 6nlenmesinde kullanilir 43 15,8
Bilmiyorum 62 228
Nanoteknolojinin Saglik Alaninda Kullaniminin insan Saghig Uzerindeki Etkilerini Bilme Durumu*
Hasta doku ve organlarin erken donemde teshis ve iyilesmesini saglar 168 61,8
Sistemik/ kronik hastaliklar izerinde etkili takip saglar 121 44,5
Insan saglig1 iizerinde kalici bir etkisi yoktur. 27 9,9
Bilmiyorum 66 2473
Nanoteknolojinin Agr1 Yonetimindeki Etkilerini Bilme Durumu
Daha uzun siireli agr1 kontrolii saglar 136 50,0
Agr1 lizerinde bir etkisi yoktur 35 129
Bilmiyorum 101 37,1
Nanoteknolojinin Yara Bakim ve Iyilesmesindeki Etkilerini Bilme Durumu*
Tedavi siiresini kisaltir 129 474
Kronik yara tedavisinde kullanilan yontemler gelistirilmistir 94 346
Yara bolgesinde agriy1 azaltan yontemler gelistirilmistir 111 40,8
Nanoteknolojik triinlerin kullanimiyla pansuman degistirme siklig1 azalir 73 26,8
Bilmiyorum 68 250
Nanoteknolojinin Kanser Tan1 Ve Tedavisindeki Etkilerini Bilme Durumu*
Meme kanseri taramalarinda nanoteknolojik tanilama araglari ile daha az hiicre varliginda tan1 koymak 140 515
miimkiindiir ’
Prostat kanserini erken tanilamada kullanilan, prostat dokusundan yayilan, az sayida spesifik 111 408
proteinleri tantyan nano-kablolar gelistirilmistir. ’
Kanser tedavisinde, nanoteknolojik ilaglar ile hedefe yonelik ila¢ dagitimi saglanabilir 103 379
Yiiksek sicakligin verdigi sitotoksik etkinin kullanildigi tedavi yontemleri gelistirilmistir 48 17,6
Bilmiyorum 80 294
Nanoteknolojinin Klinik Mikrobiyoloji Alanindaki Etkilerini Bilme Durumu*
Hastaliklarin nedenlerinin saptanmasinda yeni yontemler gelistirilmistir 126 46,3
Kiiltiir testleri ile genetik materyallerin kisa zamanda analiz edilmesini saglar 107 39,3
Adli suglarda, tiikiiriik salgisindan farkli ilaglar1 saptayan yontem gelistirilmesinde kullanilir 74 279
(uyusturucu ve tiirevleri) ’
Bilmiyorum 89 32,7
Nanoteknolojinin Cerrahideki Kullanim Alanlarim Bilme Durumu*
Protezlerde kullanilir 101 37,1
Kalp-damar sistemi implantlarinda kullanilir 109 40,1
Yapay organ ¢alismalarinda kullanilir 109 40,1
Kateterlerde kullanilir 77 283
Noral (beyin-omurilik-sinirler) implantlarda kullanilir 92 338
Oftalamik malzemelerde kullanilir 53 19,5
Bilmiyorum 83 30,5

*Birden fazla secenek isaretlenmistir.
Current Research in Health Sciences
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Tablo 3. Hemsirelerin nanoteknolojinin saglik alanlarinda kullanimi ile ilgili bilgi durumlari (devam)

n %
Nanoteknolojinin Diyabet Tedavisindeki Etkilerini Bilme Durumu*
Hastalarin kan sekeri kontrolil i¢in nanoteknolojik cihazlarin yapilmasini saglar 113 41,5
Cilt alt1 yolla yapilan insiilin uygulamalarina yonelik ¢aligmalarin yapilmasini saglar 105 38,6
Solunum yoluyla viicuda verilen nano iiriinlerle kan sekeri kontrolii yapilmasini saglar 61 22,4
Bilmiyorum 102 37,5
Nanoteknolojinin Ilac¢ Yapim Calismalarina Etkilerini Bilme Durumu*
Saglam dokulara daha az zarar verir 97 35,7
Oldukea kii¢iik boyutludur 95 34,9
Kan-beyin bariyeri veya hiicre zarimi oldukga kolay gecerler 86 31,6
Dokulara dogrudan etki edebilirler 72 26,5
Bilmiyorum 91 33,5
Nanoteknolojik flaclarin Insan Viicuduna Etkilerini Bilme Durumu*
Viicuda bir etkileri yoktur 13 4,8
Sistemik etki yaparlar 18 6,6
Lokal etki yaparlar 21 7,7
Hem lokal hem de sistemik etki yaparlar 104 38,2
Bilmiyorum 116 42,6

*Birden fazla secenek isaretlenmistir.

internetten aldigi saptanmistir (Aydin-Sayilan ve ark., 2016).
Ciftci ve ark./nin (2019) hemsirelik bolimi 6grencilerine
nanoteknoloji konusundaki bilgilerini inceledikleri arastirma
sonucunda 6grencilerin %69.6’sinin nanoteknolojiyi, “atomlari
ve molekilleri tek tek isleme ve yeniden dizenleme yoluyla
kullanigh, materyal, ara¢ ve sistem yaratma sanati ve bilimi”
olarak tanimladig1 saptanmistir (Ciftci ve ark., 2019). Ibrahim ve
ark. (2011) hastane galisanlarinin (hekim, eczaci, hemsire ve
digerleri) nanoteknoloji konusundaki algilarini arastirdiklar
galismada; katilimcilarin %61’inin nanoteknolojiyi duydugu ve
katihmcilarin - gogunlugunun (%40) nanoteknolojiyi medya
araciligiyla duyduklar saptanmistir (lbrahim ve ark., 2011).
Nassani ve ark. (2020) tip asistanlariyla yaptiklari bir ¢alismada,
katilmcilarin %87’sinin nanoteknoloji kavramini bildiklerinin ve
bunlarin %54’(inin de bu bilgiyi internetten aldigi saptanmistir
(Nassani ve ark., 2020). GlinimUzde nanoteknolojinin gelismeye
acik yeni bir alan olmasi ve saglikta kullaniminin da heniiz yeni
yayginlasmaya baslamasindan dolayr konu ile ilgili bilgiler
sinirhdir ve bu bilgiler daha ¢ok internet ve medya araciligi ile
ogrenilmektedir. Bu baglamda bakildiginda yapilan arastirma
sonuglari literatlrle uyum gostermektedir.

Arastirma sonucunda hemsirelerin  nanoteknolojinin
kullanildigi saghk alanlarin bilme durumu
incelendiginde %43.8’inin “yeni ilaglarin
gelistiriimesinde”, %42.6’sinin  “daha dayanikh ve hafif
malzemelerin Uretiminde” cevaplarini verdikleri
gorilirken, %22.8'i ise nanoteknolojinin kullanildigi saglik
alanlarina iliskin bilgisinin olmadigini belirttigi saptanmistir
(Tablo 3). Aydin-Sayillan ve ark. (2016) yaptiklari galismada
katihmcilarin - %51.9’unun cerrahi alanlarda, %49.5’inin ilag
yapiminda nanoteknoloji kullanildigini belirttigini ve %40.6’sinin
da bu konu ile ilgili bilgilerinin olmadigi tespit edilmistir (Aydin-
Sayilan ve ark., 2016). Literatlirde nanoteknolojinin gliniimuzde;

klinik mikrobiyolojide, farmakolojide, bazi kanser tirlerinin
teshis ve tedavisinde, agri kontroliinde, diyabet tedavisinde, yara
iyilesmesinde, bazi bulasici hastaliklarin teshis ve tedavi sireci
gibi bircok alanda insan saglhginin olusturulmasi ve
gelistiriimesinde kullanildigi belirtiimektedir ve sonuglarimiz
literatiirle uyumludur (Gok-Metin ve ark., 2015; Cryer ve ark.,
2019; Elkhatib ve ark., 2022; Deng ve ark., 2022).

Hemsirelerin  %61.8’i nanoteknolojinin saghk alaninda
kullaniminin insan saghgl Uzerinde hasta doku ve organlarin
erken donemde teshis ve iyilesmesinin saglanmasinda etkisinin
oldugunu dusinlrken, %44.5'inin sistemik/kronik hastaliklar
lizerinde etkili takip sagladigini disiindigiini ve %24.3’lniin de
nanoteknolojinin saghk alaninda kullanimi ile ilgili bilgisinin
olmadigi saptanmistir (Tablo 3). Gunimuzde pek ¢ok kanser
tlrtiniin tani ve tedavisinde nanoteknoloji tirlinleri kullaniimakla
beraber nanoteknolojinin saglik alaninda kullanimi llkemizde
heniiz ¢ok yenidir (Lee ve ark., 2019; Deng ve ark., 2022; Yang ve
ark., 2022; Zhang ve ark., 2023). Hemsirelerin nanoteknolojinin
saghk alaninda kullanimina iliskin yeterli bilgiye sahip
olmamasinin  bu  durumdan  kaynaklanmis  olabilecegi
kanaatindeyiz.

Hemsirelerin yarisi nanoteknolojinin uzun sdreli agri
kontroli sagladigini disiiniirken %37.1'inin bu konuda bilgisinin
olmadig1 saptanmistir (Tablo 3). Aydin-Sayilan ve ark.’nin (2016)
calismasinda hemsirelik ogrencilerinin %20.5’inin
nanoteknolojinin agri yonetiminde kullanildigini belirttikleri
saptanmistir (Aydin-Sayilan ve ark., 2016). Arastirma sonucunda
hemsirelerin ~ %47.4’Gnlin  yara  bakiminda  kullanilan
nanoteknolojinin  tedavi sdresini  kisalttigini  diistindugi
saptanmistir (Tablo 3). Aydin-Sayilan ve ark.’nin (2016) yaptigi
¢alismada 6grencilerin %30.7’sinin nanoteknoloji kullanilan yara
bakiminda  tedavi siresinin  kisaldigini  disindugini
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ve %49.1’inin bu konu hakkinda fikrinin olmadig tespit edilmistir
(Aydin-Sayilan ve ark., 2016).

Arastirmaya katilan hemsirelerin yaridan fazlasi (%51.5)
meme kanseri taramalarinda nanoteknoloji kullanimi ile daha az
hiicre varliginda tani koymanin mimkiin olacagini, %40.8'i de
prostat kanserinde erken tanilamada kullanilan nano-kablolar
gelistirildigini diisinmektedir. Ote yandan
hemsirelerin %29.4’tniin de bu konuda bilgisinin olmadig
saptanmistir (Tablo 3). Ragucci ve ark. (2023) literattirdeki 7
¢alismayi inceleyerek saglik galisanlarinin nanoteknolojik cihaz
uygulamasina yonelik algi ve tutumlarini arastirdigi calismasinda,
saglik calisanlarinin  bilgilerinin yetersiz oldugu sonucuna
ulasmistir (Ragucci ve ark. 2023). Aydin-Sayilan ve ark. (2016)
galismasinda 6grencilerin %33.9’unun nanoteknolojinin meme
kanserini erken tanilamada kullanildigini distindGgind, yarisinin
ise bu konuda fikri olmadigini tespit etmistir (Aydin-Sayilan ve
ark., 2016).

Arastirmada hemsirelerin  %46.3'4  nanoteknolojinin;
mikrobiyoloji alaninda hastaliklarin nedenlerinin saptanmasi igin
yeni yontemler gelistiriimesinde kullanildigini  distindikleri
saptanmistir (Tablo 3). Aydin-Sayilan ve ark.nin (2016)

¢alismasinda 6grencilerin %36.4’0 nanoteknoloji ile hastaliklarin
nedenlerinin saptanmasinda yeni yontemler gelistirildigini
belirttikleri saptanmistir  (Aydin-Sayilan ve ark., 2016).
Literatirde  de  virUslerin  tespitinde ve  ortamdan
uzaklastirilmasinda kullanilan tekniklerde nanomalzemelerin
benzersiz ozelliklere sahip oldugu belirtilmektedir (Elkhatib ve
ark., 2022; Wu ve ark., 2023).

Arastirma  sonuglarina  gbére  hemsirelerin ~ %41.5%i
nanoteknolojinin; diyabette kan sekeri kontroli igin cihazlarin
yapilmasinda ve %40.1’i cerrahide yapay organ ¢alismalarinda ve
kalp-damar sistemi implantlarinda kullanildigini,  %35.7’si
nanoteknolojinin  saglam  dokulara daha az  zarar
verdigini, %38.2’si nanoteknolojik ilaglarin insan viicuduna hem
lokal hem de sistemik etkilerinin oldugunu belirtmistir. Diger
taraftan hemsirelerin %42.6’si da nanoteknolojik ilaglarin insan
viicuduna etkileri ile ilgili bilgilerinin olmadigini belirtmistir
(Tablo 3). Siwach ve ark.nin (2019) diyabet yonetiminde
nanoteknolojinin  rolinid  inceledikleri  bir  derlemede,
nanoteknolojinin diyabetik arastirmalarda, hastanin uyumunu
artirarak dogru bilgi sunan ve strekli glikoz izlemesi saglayan bir
teknoloji oldugu saptanmistir (Siwach ve ark., 2019). Aydin-
Sayilan ve ark./nin (2016) vyaptigi c¢alismada hemsirelik

Tablo 4. Hemsirelerin nanoteknolojinin bakimdaki yerine iliskin bilgi durumlari

n %
Nanoteknolojik Uriin Kullanimi Hemsirelik Meslegini ilgilendiren Bir Konudur
Evet 126 46,3
Kismen evet 114 41,9
Hayir 32 11,8
Nanoteknolojinin hemsirelik bakiminda kullanildig1 alanlar*
Agr1 kontroliinde kullanilir 135 49,6
Yara iyilesmesinde kullanilir 164 60,3
Diyabet yonetiminde kullanilir 128 47,1
Enfeksiyonun 6nlenmesinde kullanilir 114 41,9
Bilmiyorum 58 21,3
Nanoteknolojik Uriin Kullamminda Hemsirenin Sorumluluklar *
Hemsire nanoteknoloji hakkinda hastalara egitim ve danismanlik vermelidir 114 41,9
Hemsire nanoteknolojik cihazlari/ilaglart hastalara tanitmalidir 104 38,2
Hemsire nanoteknolojik uygulamalardan haberdar olmalidir 128 47,1
Hemsire nanoteknoloji ile ilgili kanita dayali arastirmalar yapmali ve yapilan arastirmalarin
sonuglarmi takip etmelidir 105 38,6
Hemsire nanoteknolojinin risklerine yonelik 6zel koruyucu uygulamalar1 bilmeli ve gerekli 95 349
onlemleri almalidir ’
Bilmiyorum 63 23,2
Nanoteknolojinin Saghk Alaninda Kullanimina iliskin Riskler*
Nanoteknolojinin kullanimi insan sagligi agisindan zararl degildir 60 22,1
Nanopartikiiller akcigerlerden insan viicuduna kolaylikla giris yapmaktadirlar 65 23,9
Nanopartikiillerin toksik etki giicli vardir 69 25,4
Sistemik dolasima ¢ok hizli katildiklarindan dolay1 ani 6liime yol acabilir 40 14,7
Bilmiyorum 124 45,6

*Birden fazla secenek isaretlenmistir.
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ogrencilerinin %24.7’sinin nanoteknolojinin kan sekeri kontroli
icin cihazlarin yapilmasinda ve %33.2’sinin de cerrahide
protezlerin yapilmasinda kullanildigini bildigi saptanmistir. Yine
ayni c¢alismada, Ogrencilerin  %24.7’sinin  nanoteknolojinin
saglam dokulara daha az zarar verdigini ve %27.6’sinin da
nanoteknolojik ilaglarin insan viicuduna hem lokal hem sistemik
etki yaptigini belirttigi tespit edilmistir (Aydin-Sayilan ve ark.,
2016). Sonuglarimiz literatiirle uyumlu olarak hemsirelerin
nanoteknolojinin kullanildigi saglik alanlari hakkinda istenen
diizeyde bilgi sahibi olmadigini gdstermektedir. Bu sorunun
¢Ozllmesi icin nanoteknolojinin saghkta kullanim alanlari,
amaglari ve riskleri hakkinda hemsirelere yonelik egitim ve
seminerlerin diizenlenmesinin faydali olacagi gorisiindeyiz.

Sonuglar  incelendiginde  hemsirelerin  %46.3’ln(in
nanoteknolojik  Grtin  kullaniminin  hemsirelik  meslegini
ilgilendiren bir yenilik oldugunu, %60.3’liniin nanoteknolojinin
hemsirelik bakiminda en ¢ok vyara iyilesmesi alaninda
kullanildigini belirttigi saptanmistir. Hemsirelerin yarisindan
azinin nanoteknolojik uygulamalardan haberdar olmanin ve
nanoteknoloji ile ilgili hastalara egitim ve danismanlik vermenin
hemsirelerin  sorumluluklari arasinda oldugunu belirttigi
saptanmistir (Tablo 4). GoOk-Metin ve ark.’nin (2015)
nanoteknolojinin  saglik alaninda  kullanimi  konusunda
hemsirelerin  sorumluluklarinin incelendigi  bir derleme
¢alismasinda; hemsirelerin nanoteknoloji hakkinda daha fazla
bilgi sahibi olmalari ve bu alanda arastirmalar yapip hastalara
danismanlik vermeleri gerektigi saptanmistir (Gok-Metin ve ark.,
2015). Aydin-Sayilan ve ark.nin (2016) yaptigi c¢alismada
hemsirelik  Ogrencilerinin ~ %47.7’sinin  gelismekte  olan
nanoteknolojik tani ve tedavilerle ile ilgili hastalara egitim ve
danismanlik vermenin hemsirenin sorumluluklari arasinda
oldugunu belirttigi saptanmistir (Aydin-Sayilan ve ark. 2016). Bu
sonuglar hem hemsirelerin hem de hemsirelik 6grencilerinin
nanoteknolojinin  kullanimina iliskin  hemsirenin rol ve
sorumluluklarinin farkinda olmadiklari ve bu konuda bilgi
eksikliginin oldugunu géstermektedir. Bu baglamda hemsirelerin
egitim  hayatlarindan itibaren  nanoteknoloji  hakkinda
bilgilendirilmeleri, yeni nanoteknolojik gelismelerin egitim
mifredatlarina  entegre  edilmesinin  faydali  olacagi
kanaatindeyiz.

Arastirmada hemsirelerin %25.4’inin nanopartikillerin
toksik etkisinin oldugunu disindigiu ve %45.6’sinin da saglk
alaninda nanoteknoloji kullaniminin riskleri ile ilgili bilgilerinin
olmadig! tespit edilmistir (Tablo 4). Nassani ve ark.’nin (2020)
yaptigl calismada katilimcilarin  nanotoksisite konusundaki
endiseleri sirasiyla orta (%40), disik (%36) ve yiksek (%24)
diizeyde oldugu saptanmistir. Ayrica yine bu g¢alismada
nanotibbin  fayda-risk profilinin degerlendirilmesinde de
katihmcilarin; %46'si faydalarin risklere esit oldugunu, %29'u
faydalarin risklerden agir bastigini ve %25'i risklerin faydalardan
agir bastigini dislindiigi tespit edilmistir (Nassani ve ark., 2020).
Aydin-Sayilan ve ark.’nin (2016) yaptigi ¢alismada hemsirelik
Ogrencilerinin %23.7’sinin nanoteknolojinin toksik etkilerinin
oldugunu, yaridan fazlasinin da (%57.2) bu konuda fikri
olmadigini belirttigi saptanmistir (Aydin-Sayilan ve ark., 2016).

Ayni zamanda birgok epidemiyolojik calisma, nanopartikiillere
maruz kalmanin insan saghgi tizerindeki olumsuz etkilerini ortaya
koymaktadir. Aloisi ve ark.nin (2022) yaptigi ¢alismada
nanopartikillerin; kadin dogurganhg lzerindeki toksik etkileri,
yumurtalik kanseri ve kisirlik gibi spesifik patolojik durumlara
neden olabilecegi tespit edilmistir (Aloisi ve ark., 2022).
Nanoteknolojinin  risk algisi  nanotip alaninda  gittikce
artmaktadir. Literatiir incelendiginde saghk ¢alisanlarinin
nanotip konusundaki tutumlari olumlu olmasina ragmen eksik
bilgilerin nanoteknolojinin kullanimina iliskin risk algilarini
etkiledigi bildirilmistir (Xenaki ve ark., 2019; Nassani ve ark,
2020; Xenaki ve ark., 2021; Ragucci ve ark., 2023). Bu sonuglar,
saglik calisanlarinin  nanoteknolojinin  saglik Ulzerine risk
olusturduguna iliskin  gorislerinin  bilgi  eksikliklerinden
kaynaklandigini diisindiirmektedir. Literatiir tarandiginda, saglik
¢alisanlarinin nanoteknolojiyi hastaliklarin teshis ve tedavisi igin
kullanma konusunda istekli olmalarina ragmen bilgi eksikliginden
kaynakl cekimserlik yasadiklari saptanmistir (Xenaki ve ark.,
2019; Nassani ve ark, 2020; Xenaki ve ark., 2021; Ragucci ve ark.,
2023). Sonuglarimiz literatirle uyumludur. Hemsirelerin ve saghk
¢ahsanlarinin  kullandiklari  nanoteknolojinin  etkilerini ve
koruyucu o6nlemlerin neler oldugunu iyi bilmeleri son derece
onemlidir ve sonuglarimiz hemsirelerin nanoteknoloji hakkinda
bilgilendirilmelerinin 6nemini ortaya koymaktadir.

Sonug

Arastirma  sonucunda hemsirelerin; biayuk  bir
¢ogunlugunun nanoteknolojinin saglik alaninda kullanimi ile ilgili
yeterli bilgiye sahip olmadigi gorilmistir. Yariya yakininin
nanoteknoloji kullaniminin risklerini bilmedigi, yaridan fazlasinin
nanoteknolojik  Griin  kullaniminda hastalara egitim ve
danismanlik verme, nanoteknolojik uygulamalardan haberdar
olma gibi sorumluluklari oldugunu disiinmedikleri saptanmistir.

Bu sonuglar dogrultusunda hemsirelerin; nanoteknoloji ile
ilgili egitimler almalari ve bilgilerini meslektaslari ile paylasarak
nanoteknolojiyi, kanita dayali hemsirelik uygulamalarinda
faaliyete gecirmeleri, nanoteknoloji kullanarak uyguladiklari
hemsirelik bakimlarini kayit altina alarak sonuglarini takip
etmeleri, nanoteknoloji kullaniminin risklerini 6grenerek bu
konuda ¢alismalar yapmalari, hemsirelik egitim mifredatlarinda,
nanoteknolojinin saglikta kullanim alanlarinin, amaglarinin ve
risklerinin entegre edilmesi 6nerilmektedir.
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Determination of Academic Staff' Attitudes
Towards Organ Donation: Tirkiye Sample

Akademisyenlerin Organ Bagisina iliskin Tutumlarinin

Belirlenmesi: Tiirkiye Ornegi
ABSTRACT

Objective: The attitude of academicians to organ donation can be effective on the society. The aim
of this study is to determine the attitudes of academicians towards organ donation.

Materials and Methods: The population of this descriptive research consists of academicians working
at a university. Data were collected using the Organ Donation Attitude Scale (ODAS) between May-
July 2018. Descriptive statistics (mean, standard deviation, and ratio), and independent t test
analyses were used.

Results: The research was conducted with a total of 511 academicians. The average age of the
academicians participating in the research is 37.75+£10.29, 62.2% of them are male and 44% are
research assistants. The humanity and moral conviction mean score 100.34+16.15, fears of medical
neglect mean score 22.74+10.21, and fears of bodily mutilation mean score 25.84+10.61. In this
study, a significant difference was found between sex, religious opinion, and some other variables
and the mean scores of the ODAS subscales.

Conclusion: As a result of this study, the academicians’ mean scores for humanity and moral
conviction subscale were found to be high, fears of medical neglect, and fears of bodily mutilation
subscales were found to be low. However, it was determined that the number of academicians who
donated organs was very low.

Keywords: Organ Donation, Academicians, Attitudes

0z

Amag: Akademisyenlerin organ bagisina yonelik tutumu toplum Gzerinde etkili olabilir. Bu ¢alismanin
amaci akademisyenlerin organ bagisina yonelik tutumlarini belirlemektir.

Yontemler: Tanimlayici tirdeki bu arastirmanin evrenini bir Universitede calisan akademisyenler
olusturdu. Veriler Mayis-Temmuz 2018 tarihleri arasinda Organ Bagisi Tutum Olgegi (ODAS)
kullanilarak toplandi. Tanimlayici istatistikler (ortalama, standart sapma ve oran) ve bagimsiz t testi
analizleri kullanildi.

Bulgular: Arastirma toplam 511 akademisyen ile gergeklestirildi. Arastirmaya katilan
akademisyenlerin yas ortalamasi 37,75+10.29 olup, %62,2'si erkek, %44'G arastirma gorevlisidir.
Yardim severlik ve ahlaki degerler/inanclar puan ortalamasi 100,34+16,15, tibbi olarak ihmal edilme
korkusu puan ortalamasi 22,74+10,21 ve bedensel yaralanma korkusu puan ortalamasi 25,84+10,61
idi. Bu calismada cinsiyet, dini inang ve diger bazi degiskenler ile ODAS alt 6lgek puan ortalamalari
arasindaki fark anlaml bulundu.

Sonug: Arastirma sonucunda akademisyenlerin yardim severlik ve ahlaki degerler/inanglar alt 6lgek
puan ortalamasi yiksek, tibbi olarak ihmal edilme korkusu ve bedensel yaralanma korkusu alt 6lgek
puan ortalamalari distik bulundu. Bununla birlikte organ bagisi yapan akademisyen sayisinin oldukg¢a
az oldugu belirlendi.

Anahtar Kelimeler: Organ Bagisi, Akademisyenler, Tutum

Introduction

Organ transplantation is the best treatment for patients with end-stage organ failure. Organ
transplantation is successfully applied to thousands of people with organ failure every year. According
to Global Observatory on Donation and Transplantation (GODT) data approximately 157.526 organ
transplant procedures performed arround the world in 2022 (GODT, 2022). A total of 5.231 liver and
kidney transplantation were performed in 2022 in Turkiye. Approximately 10% of them were obtanied
from deceased donors and 90% were obtained from living donors (IRODaT, Database 2022). While the
number of deceased donors is very high in other countries, in Tiirkiye the deceased donors is very low.

Around the worldwide in 2022 the most organ transplants from living donors were performed in
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Turkiye (IRODaT, Worldwide living organ donors 2022). The
number of patients awaiting organ and tissue transplantation was
22.660 people (Turkish Transplant Foundation). Despite
increasing the number of people in need of organ transplantation
in Tlrkiye every year, organ donation is not at the desired level.
This clearly shows that organ donation numbers are not desired
level in Turkiye with a population of more than 80 million.

In the literature, it has been determined that individuals have
positive and negative attitudes towards organ donation. (Turhan
Damar et al., 2019; Araujo and Siqueira, 2016; Quiroga-Garza et
al., 2017; Rios et al., 2018; Weiss et al., 2017; Glrler and Topal
Hancer, 2020). Turhan Damar et al. (2019) found that nurses
working in intensive care units had a high negative attitude
towards organ donation. In a study examining the attitudes of
healthcare professionals in Brazil towards organ donation, it was
found that 84.6% of participants had a positive attitude towards
organ donation (Araujo and Siqueira, 2016). Quiroga-Garza et al.
(2017) found that 74.9% of anatomy professors felt positively
about organ donation and 18.8% were undecided. Weiss et al.
(2017) examined the attitudes of the Swedish people towards
organ donation, and found that the majority of the participants
(92%) had positive attitudes towards organ donation and 80% of
them wanted to donate organs. In a systematic review in Tirkiye
that examined healthcare workers’ attitudes towards organ
donation, it was found that their attitudes were highly positive,
but the number of healthcare professionals who donated organs
remains low (Gurler and Topal Hancer, 2020).

Individuals’ negative attitudes towards organ donation
correspond with their education, socio-economic level, culture,
and religion. In addition, the number of organ donations is low
due to such reasons as family members not allowing postmortem
organ donation, people not having enough information about
organ donation procedures, and the influence of the opinions of
others (Guzel et al., 2013, Rios et al., 2018; Uskun and Ozturk,
2013; Turkyilmaz et al., 2013; Tay, 2016; Girler and Topal Hancer,
2020).

Organ donation is a social responsibility. However, studies
show that only close relatives, family, or friends of those awaiting
transplantation are concerned about them, and even if general
information about organ donation is disseminated in society, it is
not perceived as a social responsibility (Akpinar Séylemez and
Ordin, 2017). As in all stages of education and training, the aim of
university education is to educate students to be aware of social
responsibilities, in addition to providing students with basic
information about their profession (Ergil and Kurtulmus, 2014).
In this context, a positive attitude and a commitment to donate
organs on the part of the academicians who are responsible for
the education and training of students would affect their students
positively.

The studies examining the attitudes towards organ donation
throughout the world and in our country were generally carried
out by doctors, nurses, students working in the field of health,
and religious officials (Guzel et al., 2013; Rios et al., 2018; Uskun

and Ozturk, 2013; Fernandez-Alonso et al., 2021; Turkyilmaz et
al.,, 2013; Tay, 2016; Turhan Damar et al., 2019; Araujo and
Siqueira, 2016). However, there has been no study in Tirkiye
using valid and reliable measurement tools to determine the
attitudes of academicians towards organ donation. For this
reason, the aim of this study is to examine the attitudes and the
factors influencing them towards organ donation of academicians
responsible for the education and training of students.

Methods

Research design

This cross-sectional, descriptive study was conducted in the
Atatlirk University to determine the attitude towards organ
donation of academicians.

Participants and settings

Data were collected from academicians who were working at
the Atatlrk University in Tirkiye. There were 22 faculties and
total of 2.600 academicians at this university. This study used data
obtained between May-July 2018. 511 academicians answered
the study questions who worked Faculty of Dentistry, Faculty of
Health Sciences, Faculty of Nursing, Faculty of Medicine, Faculty
of Pharmacy, Faculty of Veterinary Medicine, Faculty of Science,
Faculty of Theology, Faculty of Tourism, Faculty of Education,
Faculty of Letters, Faculty of Fine Arts, and Faculty of Economics
and Administrative Sciences. The inclusion criteria were as
follows: willing to answer the questions and work as a
academician.

Data collection tools

Data were collecting using the Sociodemographic form and
the Organ Donation Attitude Scale (ODAS). The researcher went
to academic staff offices and met the participants. To minimize
potential coercion, participants were able to complete the
questionnaire in their own time (approximately one week) at
their office. After one week the researcher went to their office
and got the questionnaire form from the participants.

Sociodemographic form: In this form, there are questions
about the sociodemographic characteristics of the participants,
whether they and their family have chronic diseases, whether one
of their relatives needs organ transplantation, and whether one
of their relatives has had organ transplantation before.

The Organ Donation Attitude Scale (ODAS): ODAS was
developed by Parisi and Katz in 1986, modified by Kent and
Owens in 1995. The Turkish validity and reliability study of the
scale was conducted by Yazici Sayin in 2015 (Yazici Sayin, 2015).
The questionnaire consists of three parts. Part 1 questions focus
on socio-demographic features of the participants. Part 2, the
ODAS, includes 40 attitudinal statements about organ donation.
Part 3 contains 15 questions about past experiences of the
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Tablel. Comparison of sociodemographic variable and subscales of ODAS

Humanity and Fears of Fears of
Variables n (%) moral medical bodily
conviction neglect mutilation
MeantSD MeantSD MeantSD
Female 193 (37.8) 102.66+£14.94 21.3749.58 24.5+9.12
Sex Male 318 (62.2) 98.93116.71 23.57+10.51 26.65+11.36
p value .011* .018%* .026*
Professor 94 (18.4) 98.94+17.79 22.3219.25 25.09+9.81
Assoc Prof 62 (12.1) 101.61+£14.14 22.43+10.74 24.79+11.74
Academic Title Assist Prof 130 (25.4) 101.65+15.09 23.86+10.97  25.93+10.2
Dr Research Assist 225 (44) 99.81+16.56 22.34+10.01 26.39+10.87
p value .537 .548 .640
Fleldof Health 101 (354)  99.79:15.83  20.70£1015  25.2+10.06
Sciences**
Types of Academic Fields Field of the Other 505 €1 6) 100641634  23.86£10.09  26.19+10.9
Sciences***
p value .568 .001* 314
Yes 65 (12.7) 103.52+15.12 22.32+10.91 25.01+10.89
Chronic disease No 446 (87.3) 99.87+16.26 22.80+10.12 25.96+10.58
p value .089 724 .501
Yes 140 (27.4) 101.27+£15.87 21.3519.42 24.82+11.53
Chronic illness in family members No 371(72.6) 99.99+16.26 23.18+10.52 26.22+10.23
p value 425 .073 .185
Need for organ transplantation of Yes 38(7.4) 101.81+15.77 23.81+9.89 25.84+11.17
the family members or friends No 473 (92.6) 100.22+16.19 22.65+10.24  25.84+10.58
p value .560 .501 .999
Yes 381 (74.6) 103.86+13.82 21.2249.75  23.75%10.16
If it was necessary to survive, No 9(1.8) 78.66+21.55 27.88+11.37 33.55+11.08
would you accept the organ Notral 121 (23.7) 90.85+17.55 27.14+10.25 31.8419.44
transplant from another person? b value 000* 001 000*
Yes 259 (50.7) 103.8+£14.06 21.0519.8 23.0819.49
If it was necessary to survive, No 81 (15.9) 93.24+18.73  25.08+11.15  29.4+10.18
would you accept the organ Notral 171(33.5)  98.45+16.49  24.18+9.99  28.33+11.33
transplant belonging to an animal? o value 000* 001* 000*
If it was necessary to survive, Yes 340 (66.5) 102.75+£14.51 21.3219.91 24.24+10.21
would you accept the organ No 22 (4.3) 93.22+20.04 26.81+10.93  28.9+11.93
transplant like a machine? Notral 149 (29.2) 95.89+17.86 25.37+10.17 29.04+10.57
p value .000* .000* .000*
Yes 63 (12.3) 106.82+£12.05 23.61+11.16 24.17+10.44
Giving organs for a fee No 372(72.8) 98.62+16.75 22.54+9.99 25.82+10.51
Notral 76 (14.9) 103.38+14.37 22.97+10.6  27.32+11.16
p value .000* 727 .218
Is organ donation appropriate Yes 81 (15.9) 102.17+£14.78 20.9519.25 23.9319.89
religiously? No 430 (84.1) 90.64+19.47 32.23+9.89 35.96x8.36
p value .000* .000* .000*
*p< .05

** Faculty of Dentistry, Faculty of Health Sciences, Faculty of Nursing, Faculty of Medicine, Faculty of Pharmacy, Faculty of Veterinary Medicine
*** Faculty of Science, Faculty of Theology, Faculty of Tourism, Faculty of Education, Faculty of Letters, Faculty of Fine Arts, Faculty of Economics
and Administrative Sciences
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Tablel. Comparison of sociodemographic variable and subscales of ODAS (Continue)

Humanity and

Fears of Fears of bodily
. moral . e
Variables n (%) conviction medical neglect mutilation
° + +
Mean+SD Mean+SD Mean1SD
Do vou know how organ donation Yes 84 (16.4) 100.51+14.8 19+8.61 24.1749.21
s styem works in Tﬁrk? o? No 427 (83.6) 100.31£16.42 23.47+10.35 26.17+10.85
v ve: p value 230 .002* 018*
Views on organ donation
I don't want to donate any part of
my body and | don't want to sign an Yes 54(10.6) 84.66+22.42 28.18+11.81 34.20+11.17
organ donor card either
| am undecided about signing an
organ donor card; | do not think
that | would want to donate my Yes 82(16) 93.89+14.79 26.56+11.02 31.92+8.47
organs
| am undecided about signing an
organ donor card; but | think | Yes 241(47.2) 102.06+13.50 22.46%9.66 26.06%9.68
would like to donate my organs.
| would like to donate my organs
and would like to sign an organ Yes 95(18.6) 108.62+12.24 18.55+7.99 18.30+6.79
donor card.
'C;":‘ da'ready signed an organ donor Yes 39(7.6) 104.79+12.78 19.10+8.25 18.36+8.27
p value .000* .000* .000*
Total Score 100.34+16.15 22.74+10.21 25.84+10.61
*p<.05

** Faculty of Dentistry, Faculty of Health Sciences, Faculty of Nursing, Faculty of Medicine, Faculty of Pharmacy, Faculty of Veterinary Medicine
*** Faculty of Science, Faculty of Theology, Faculty of Tourism, Faculty of Education, Faculty of Letters, Faculty of Fine Arts, Faculty of Economics

and Administrative Sciences

participants with organ donation. Part 2 (ODAS) consists of a
Likert scale of six options. Responses range from ‘strongly agree’
to ‘disagree strongly’, with no neutral option.

Positive and negative dimensions of attitude about organ
donation are measured through these statements. ODAS consists
of three sub-dimensions: humanity and moral conviction, fears of
medical neglect and fears of bodily mutilation. The average score
that can be obtained from the humanity and moral conviction
(HMC) sub-dimension (positive attitude) is 20-120; the fears of
medical neglect (FMN) sub-dimension (negative attitude) is 10-
60; the fears of bodily mutilation (FBM) sub-dimension (negative
attitude) is 10-60. Total negative attitude score is between 20-
120. High positive and low negative scores indicate strong
voluntary attitudes towards organ donation. Cronbach’s alpha for
the HMC sub-dimension was 0.925, the FMN sub-dimension was
0.869, and the FBM sub-dimension was 0.883 (Yazici Sayin, 2015).

Data analysis

The data of the study were analyzed using Statistical Package
for Social Sciences 23.0 (IBM, Armonk, NY, United States).
Percentage, mean, t-test, one way anova and kruskal wallis tests

were used in the analysis of the data.

Ethical considerations

The Atatirk University Faculty of Health Sciences Ethics
Committee approved the study with number 2017-3/18 date
17.04.2017 and permission was obtained from the management
of the faculties. The study purpose, potential risks, and benefits
of the study explained to the participants and their verbal consent
was obtained.

Results

The research was conducted with a total of 511 academicians.
The average age of the academicians was 37.751£10.29, 62.2% of
them were male and 44% of them were research assistants. 100%
of the academics participating in the study were Muslim. 87.3%
of the academicians did not have any chronic diseases and 72.6%
of the academicians did not have any chronic diseases in their
family.

The comparison of the sociodemographic characteristics of
the academicians with the scores of ODAS sub-dimension is given
in Table 1. The mean scores for HMC, FMN, and FBM were
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Table 2. Academicians' views on organ donation according to academic fields

Field of Health Sciences  Field of the Other Scier

n(%) n=181 (35.4%) n=330 (64.6%)
n (%) n (%)

Do you know how organ donation system works in
Turkey?
Yes 84(16.4) 60 (33.1) 22 (6.7)
No 429(83.6) 121 (66.9) 308 (93.3)
Views on organ donation
| don't want to donate any part of my body and | don't 54(10.6) 20 (11) 34 (10.3)
want to sign an organ donor card either
| am undecided about signing an organ donor card; | 82(16) 26 (14.4) 56 (17)
do not think that | would want to donate my organs
| am undecided about signing an organ donor card; 241(47.2) 85 (47) 156 (47.3)
but I think | would like to donate my organs.
| would like to donate my organs and would like to 95(18.6) 24 (13.3) 71(21.5)
sign an organ donor card.
I've already signed an organ donor card. 39(7.6) 26 (14.4) 13(3.9)

100.34116.15, 22.74+10.21, and 25.84+10.61, respectively.

No significant difference was found between the
academicians' or their family members with chronic disease and
HMC, FMN, and FBM scores. There was also no significant
difference between the need for organ transplantation of the
family members or friends of the academicians and HMC, FMN,
and FBM scores (p>0.05) (Table 1).

HMC score was significantly higher, FMN and FBM scores
were significantly lower of the female academicians (p=.011,
p=.018, p=.026, respectively). FMN score of academicians
working in the field of health sciences was found to be
significantly lower than those working in other fields (p=.001)
(Table 1).

74.6% of the academicians stated that they would accept
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organ transplantation from another, 50.7% of the academicians
from an animal. 66.5% of academicians stated that they would
accept the transplantation of an artificial organ. Academicians
who accept transplantation from another person, an animal, or
an artificial organ had a significantly higher HMC score and
significantly lower FMN and FBM scores (p< .005). 72.8% of the
academicians stated that they do not intend to donate organs to
someone else for money. HMC score of the academicians who do
not intend to donate organs for money was found to be
significantly higher (p=.000) (Table 1).

It was determined that 84.1% of the academicians did not find
organ donation religiously appropriate. While HMC score of the
academicians who approve of organ donation religiously was
significantly higher, FMN and FBM scores were found to be
significantly lower (p=.000) (Table 1).
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Figure 1. Organs and tissues that academicians unwilling to donate
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Only 16.4% of the academicians knew how the organ donation
system worked. FMN and FBM scores were significantly lower of
the academicians who knew how the organ donation system
worked (p.=002, p=.018, respectively) (Table 1).

Although 47.2% of the academicians are undecided about
signing the organ donor card, they stated that they want to
donate their organs. HMC score of the academicians considering
both organ donation and signing an organ donation card were
found to be significantly higher than the others, and their FBM
and FMN scores were significantly lower (p =.000) (Table 1).

Most of the academicians working in health sciences and
other fields stated that they were hesitant to sign the organ donor
card, but they wanted to donate their organs (47%, 47.3%,
respectively). The majority of academicians working in the field of
health sciences (66.9%), and the vast majority of academicians
working in other fields (93.3%) stated that they didn’t know how
the organ donation system works in Tirkiye (Table 2).

It was determined that 32.3% of the academicians never
wanted to donate some of their organs. Figure 1 shows organs
and tissues that academicians never thought to donate. It was
determined that the academicians did not want to donate at most
face (22.5%), external genitals (22.3%) and internal genitals
(18.4%).

Discussion

Many patients are currently waiting for organ transplants in
Tirkiye. One of the most important reasons for the current
insufficiency is the lack of studies investigating the motives.
Academicians have an important role in the education of
individuals and in informing society on various issues, and their
attitudes towards organ donation could impact society’s
perceptions. Using a valid and reliable scale, this study examined
the attitudes of academicians towards organ donation.

According to the study’s findings, the HMC score of the
academicians was high, while FMN and FBM scores were low. In
the literature, it has been observed that individuals generally
have a positive attitude towards organ donation (Bharambe et al.,
2018; Kose et al., 2015; Araujo and Siqueira, 2016; Quiroga-Garza
etal., 2017; Rios et al., 2018; Unver et al., 2019; Akpinar Séylemez
and Ordin, 2017; Fernandez-Alonso et al., 2021).

In this study, female academicians' HMC scores were
significantly higher, FMN and FBM scores were significantly
lower. Studies by Lépez-Falcony et al. (2016) and Georgiadou et
al. (2012) found more positive attitudes among women towards
organ donation than among men. Dibaba et al. (2020) found that
male medical students have higher positive attitudes. However,
other studies have not found a significant relationship between
gender and attitudes to organ donation (Unver et al., 2019;
Turhan Damar et al., 2019; Beyazit Uggiin et al., 2017, Xie et al.,
2017). In this study, we surmised that the higher HMC score of
female academicians and lower FMN and FBM scores can be
attributed to women’s more sensitive personality structure and

tendency to exhibit more sensitive behaviour towards social
problems.

In this study, HMC scores of the academicians who would
accept transplantation of an organ from another human (yes
74.6%), an animal (yes 50.7%) or an artificial organ (yes 66.5%)
were found to be significantly higher and their FMN and FBM
mean scores were significantly lower. Beyazit Uggiin et al. (2017)
found similar results in their study.

It was determined that the majority of the academicians
(72.8%) would not consider donating their organs for money and
HMC score of these academicians was significantly higher. Beyazit
Ucgiin et al. (2017) found that participants who refused to donate
organs for money had lower HMC and FMN scores.

The Presidency of Religious Affairs declared that organ
transplantation is permissible; organ donation was defined as the
greatest aid that one person can give to another (Religious Affairs
High Committee). Nevertheless, in this study, most of the
academicians (84.1%) stated that they do not consider organ
donation religiously appropriate. In another study in Turkiye,
85.1% of participants stated that organ donation was religiously
appropriate (Sipkin et al., 2010). In this study, the HMC score of
academicians who considered organ donation religiously
appropriate was significantly higher, and their FMN and FBM
scores were significantly lower. A positive relationship was found
between religious beliefs and attitude to organ donation in a
study by Arisal and Atalar (2020). Weiss et al. (2017) also found
that individuals in Sweden who are very religious had lower
positive attitudes towards organ donation than those who are
less religious or atheist. By contrast, Ahmed et al. (2018) found no
relationship between religious beliefs and attitude towards organ
donation.

In Tirkiye, for organs and tissues to be taken from anyone
over 18 years of age and able to donate, the donor must be
approved by a physician in the presence of at least two witnesses,
in writing and in privileged or verbal declaration, and signed
before at least two witnesses. After the organ donation form is
filled out, the donor is given an organ donation card. Information
that the person is a donor is entered in the Ministry of Health’s
Organ and Tissue Donation Information. In this study, it was
determined that the majority of the academicians (83.6%) did not
know how this registration system works. Furthermore, especially
academicians working in non-medical fields did not know how the
organ donation registration system works and their rate was even
higher (93.3%). However, the FMN and FBM scores of
academicians who did knew how the organ registration system
works were found to be significantly lower. Akpinar Séylemez and
Ordin (2017) stated that 51.3% of nursing students did not know
how the system works; Sipkin et al. (2010) found that 58.5% of
the participants did not know where to donate an organ, and
Arisal and Atalar (2020) stated that only 55.1% of individuals with
higher education had knowledge about organ donation.
Obviously, individuals who do not know how the organ donation
system works cannot be expected to donate organs.
Consequently, training academics on organ donation and
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informing them how the system works is of great importance.

In this study, it was determined that 32.3% of the
academicians had never thought about donating organs. With
regard to specific organs, it was determined that participants
were most unwilling to donate face (22.5%), external genitals
(22.3%), and internal genitals (18.4%). Akpinar Séylemez and
Ordin (2017) reported that nursing students were most unwilling
to donate the face (60.3%) and their genital organs (42.5%),
similar to our study.

In the findings of this study, it was determined that 47.2% of
the academicians were undecided about signing an organ donor
card, but wanted to donate their organs and very few (7.6%) had
organ donation cards. Akpinar Séylemez and Ordin (2017) found
that 4.2% of nursing students had signed an organ donation card,
and an additional 25.4% wanted to donate organs and sign an
organ donation card. Turhan Damar et al. (2019) found that
nearly half of the healthcare professionals surveyed were
hesitant to donate their organs and only 17.7% had an organ
donation card. Beyazit Ucgiin et al. (2017) found that only 5.2%
of adult individuals donated organs. Xie et al. (2017) found that
33.4% of nurses were willing to donate organs, 39.9% were
undecided, and 26.7% were not considering donating organs. In
the study, that examined the attitudes of the Swedish people
towards organ donation, it was determined that 49% of the
participants had organ donation cards (Weiss et al., 2017). As
seen, the number of individuals who donate their organs in
Turkiye is very low among healthcare professionals, academicians
and others in society and they are hesitant to commit to donating.
We suggest that the reason for the low rate of organ donation
card holders in this study and the fact that nearly half of the
academicians were hesitant about signing an organ donation card
was that the majority of the academicians (83.6%) did not know
how the organ donation system works.

Conclusion and Recommendations

As a result of this study, mean scores for humanity and moral
conviction subscale were found to be high, fears of medical
neglect, and fears of bodily mutilation subscales were found to be
low. However, it was determined that the number of
academicians who donated organs was very low. Future studies
studies should be conducted to determine the factors affecting
academicians' attitudes towards organ donation.
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Obtained from Different Sources in Erzurum According to
Turkish Pharmacopoeia European Adaptation-2016

0z

Amag: Papatyaya benzerlikleri sebebiyle karistirilan ve halk arasinda papatya olarak bilinen ¢ok sayida bitki
mevcuttur. Anthemis, Bellis, Tanacetum, Senecio ve Chrysanthemum tirleri bunlardan bazilaridir. Ancak,
tibbi papatyanin kapitulumlari 1-3 sirali dizilmis bircok brakteden olusan involukrumdan ibarettir, uzamis
koni seklinde reseptakulum, kenarda 12-20 adet beyaz korolaya sahip dilsi gigekler, merkezde birkag diizine
sari tlpsu cicekler vardir. Bu 6zelliklerin halk tarafindan bilinememesi sebebiyle, karistirilabilecek bitkilerin
papatya yerine bilingsizce kullanimi saglik tizerinde ciddi riskler olusturabilmektedir. Bu ¢alismada piyasada
papatya olarak yer alan érneklerin farmakopeye uygunluklarinin arastirilmasi amaglanmistir.

Yontem: Bu kapsamda 1 eczaneden, 1 internet sitesinden ve Erzurum’un merkez 3 ilgesinden rastgele
secilen birer aktardan alinan toplamda 5 farkl papatya 6rnegi temin edilmistir. Bu 6rneklerin mikroskobik
ve makroskobik 6zellikleri, kurutmada kayip, toplam kiil, total apigenin-7-glukozit miktari tayinleri Tirk
Farmakopesi Avrupa Adaptasyonu-2016’dan yararlanilarak degerlendirilmistir.

Bulgular: Eczane 6rnegi haricindeki numunelerden higbiri farmakopede Matricariae flos icin belirtilen
ozelliklerin tamamini saglamamigtir.

Sonug: Tedavi edici etkisinden faydalanabilmek icin tibbi bitkinin dogru kaynaktan temin edilmis, uzman
kisilerce teshis edilmis, saglikli sartlarda kurutulmus ve saklanmis, hijyen kosullarina dikkat edilerek
paketlenmis, kapali ambalajlarda piyasaya sunulmus, etiketli Giriin olmasi 6nemlidir. Buna ilaveten bir saglik
profesyoneli danismanliginda kullanilmasi gerekmektedir.

Anahtar Kelimeler: Farmakope analizi, Matricaria chamomilla L., Tibbi papatya

ABSTRACT

Objective: There are numerous plants resembling chamomile, commonly known as chamomile by
the public, due to their similarities to daisies. Some of these include species such as Anthemis,
Bellis, Tanacetum, Senecio, and Chrysanthemum. However, the medicinal chamomile consists of an
involucre consisting of many bracts arranged in 1-3 rows, an elongated cone-shaped receptacle,
marginal tongue-like flowers with 12-20 white rays, and several dozen yellow tubular flowers in the
center. The indiscriminate use of plants instead of chamomile due to the ignorance of these
characteristics can pose serious health risks. This study aims to investigate the compliance of
chamomile samples available in the market with pharmacopeial standards.

Methods: In this context, a total of 5 different chamomile samples were obtained from 1 pharmacy,
1 website, and randomly selected herbalists from the central 3 districts of Erzurum. The microscopic
and macroscopic characteristics, loss on drying, total ash, and determination of total apigenin-7-
glucoside content of these samples were evaluated using the Turkish Pharmacopoeia European
Adaptation-2016.

Results: None of the samples, except for the pharmacy sample, met all the characteristics specified
for Matricariae flos in the pharmacopeia.

Conclusion: In order to benefit from its therapeutic effect, it is important for the medicinal plant to
be sourced from the correct origin, diagnosed by experts, dried and stored under healthy
conditions, packaged with attention to hygiene, and presented to the market in sealed packaging
with labeling. Additionally, it should be used under the guidance of a healthcare professional.

Keywords: Matricaria chamomilla L., Medicinal chamomile, Pharmacopeial analysis
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Giris

Kontrolstiz ulasilabilen bitkilerin uygun olmayan
dozlarda bilingsiz kullanimi veya yanhs bitkinin kullanimina
bagh olarak saghga zararli etkileri gorilebilmektedir. Halk
arasinda es dost tavsiyesi veya konu hakkinda bilgisi
bulunmayan kisilerin onerisi ile kullanilan bitkilerin sayisi
azimsanmayacak derecededir. Bu bitkilerin olusturduklari
yan etkiler, es zamanl alinan ilaglar ve tiketilen gidalarla
olan etkilesimleri halk saghgl icin baylk bir risk
olusturmaktadir. Ayni zamanda vyapilan c¢alismalarda
aciktan veya internetten satilan bitkilerin icerisinde
katistirmalar oldugu ve/veya paketin Uzerinde verilen
isimden farkl bitkiler bulundugu bilinmektedir (Demir ve
ark, 2006; Tirkmen ve Ataseven, 2020).

“Matricaria chamomilla” ismiyle bilinen tibbi papatya,
halk arasinda papatya olarak bilinen Anthemis, Bellis,
Tanacetum, Senecio ve Chrysanthemum gibi diger
turlerden morfolojik o6zellikleri ve kimyasal bilesimi
nedeniyle ayrilir (Ozdemir, 2019). Papatyanin kapitulumu 1-
3 siral dizilmis bir¢cok brakteden olusan involukrumdan
ibarettir, uzamis koni seklinde reseptakulum; kenarda 12-
20 adet beyaz korolaya sahip dilsi ¢cicekler; merkezde birkag
dizine sari tlipsi cicek vardir (Tirk Farmakopesi, 2016).
Taze ve kuru kapitulumlari Flores Chamomillae adiyla drog
olarak kullanilmaktadir (McKay ve Blumberg, 2006).

Tibbi papatya eski ¢aglardan beri yatistirici olarak ve
soguk alginligi sikayetlerinde kullaniimistir. Halk arasinda
uykusuzluk, Ulser, yara, yanik, cocuklarda ates, topuk
catlamasi, gaz sikayetleri ve adet sancilarina karsi
kullanilmaktadir. Yapilan c¢alismalar sonucunda tibbi
papatyanin antiinflamatuvar, sedatif, immiinomodiilator,
antihiperglisemik, midevi, antimikrobiyal, antispazmotik,
antialerjik, antipruritik, karaciger ve sitokrom P450
enzimleri Uzerine etkileri oldugu kanitlanmistir (Cemek ve
ark., 2008; Demir, 2019; Ganzera ve ark., 2006; McKay ve
Blumberg, 2006; Petronilho ve ark., 2012; Srivastava ve
ark., 2010).

Yasanabilecek alerjik reaksiyonlara karsi polen veya
tozlarina direkt temastan kaginilmasi konusunda uyarilar
bulunmaktadir. Papatya vyag ile yapilan c¢alismalarda
papatya yaginin P450 enzimini etkileyebildigi ortaya
citkmistir. Bu sebeple, sitokromlar (6zellikle CYP1A2) yoluyla
elimine edilen ilaglarla etkilesimleri miimkindir (Ganzera
ve ark., 2006; Srivastava ve ark., 2010). Yasl bir hastada
varfarin ile etkilesimi bildirilmistir. Matricaria ekstresinin de
in vitro olarak CYP3AS5'i zayif inhibe ettigi gosterilmistir
(Williamson, 2006).

Papatya ile ilgili yapilan farmakope analizlerinde

gorilen sonuglarda ¢ogu 6rnegin farmakope standartlarina
uygun olmadigi gézlenmistir. Bunun yani sira Matricaria
chamomilla i¢in Erzurum bolgesinde piyasada bulunan
Urlinlerle ilgili yapilan herhangi bir farmakope analizi
calismasina rastlanmamistir. Bu calismada aktar, internet
ve eczanede papatya adiyla satilan  droglarin
karsilastiriimasi planlanmustir.

Yontem
Orneklerin Temini

Piyasada papatya olarak satilan o&rneklerin Tirk
Farmakopesi-Il  Avrupa Farmakopesi Adaptasyonu’na
uygunluklari incelenmistir. Bu amacla dogru bitkilerin halka
sunulmasi gereken tek mecra olan eczaneden bir 6rnek, en
cok tercih edilen internet sitelerinin birinden bir 6rnek ve
Erzurum’un farkh lokalitelerini kiyaslayabilmek icin merkez
Uc ilgesinden (Yakutiye, Aziziye, Palanddken) rastgele
secilen birer aktardan birer 6rnek temin edilmistir. Alinan
numunelerden Yakutiye 6rnegi “Y.0.”, Aziziye &rnegi
“A.0.”, Palanddken érnegi “P.0.”, internet 6rnegi “i.0.” ve
eczane 6rnegi “E.Q.” olarak kodlanmustir.

Mikroskobik ve Makroskobik Analiz

A. Kapitulum, disa dogru yayildigi zaman, 1-3 sirah
dizilmis bircok brakteden olusan involukrumdan ibarettir;
uzamis-koni seklinde reseptakulum, bazen yarim kiire
seklinde (gen¢ kapitulum); kenarda 12-20 adet beyaz
korollaya sahip dilsi ¢icekler; merkezde birkag¢ diizine sari
tlpsi cicekler, ovat veya lanseolat involukrum braktelerinin
kenarlari  kahverengimsi-gri zarimsidir. Reseptakulum
paleasiz i¢ci bostur. Dilsi ciceklerin korollasi tabanda
kahverengimsi sari bir tlipe sahiptir ve bu tlp genisleyerek
beyaz uzamis-oval bir dilsi yapi meydana getirir. Alt
durumlu ovaryum koyu kahverengi, yumurtamsi veya kire
seklinde, uzun stilus ve ikiye yarik stigmaya sahiptir. Tlpsu
cicekler saridir ve 5 disli korolla tupd, 5 singenezik stamen,
epipetal (petale bagl) stamen ve dilsi ciceklerinkine benzer
ginekeuma sahiptir (Turk Farmakopesi, 2016).

B. Kapitulum farkli iki pargaya ayrilir. Mikroskopta
kloral hidrat ¢ozeltisi kullanilarak incelenir. Brakteler
kenarinda ince geperli hiicrelerden ve orta kisimda bazen
stoma taslyan uzamis tas hicrelerinden olusmustur. Dilsi
ciceklerin korollasinin i¢ epidermasi, ylizeyden goriinlste,
ince ceperli, ok koseli hiicreli hafif papilli, dilsi giceklerin dig
epidermasi belirgin sekilde korfezli ve glicli bir sekilde
cizgilidir. TUpsu ciceklerin korollasinin epidermal hiicreleri
boyuna uzamistir ve tepe loblarina yakin kigik papil
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Tablo 1. Kurutmada kayip bulgulari

Numune*  Drog (g) (DrILkgiaI:::;ﬁI) (Dsrz;-ti:::ﬁl) Kurutmada kayip Kurutn‘;?/:i)a kayip
P.O. 1,005 85,878 85,817 0,061 6,069651741
Y.0. 1,001 83,040 82,983 0,057 5,694305694
A.0. 1,005 80,539 80,472 0,067 6,666666667
i.0. 1,001 85,899 85,815 0,084 8,391608392
E.O. 1,002 80,879 80,819 0,060 5,988023952

*p.,0.: Palanddken &rnegi, Y.0.: Yakutiye érnegi, A.O.: Aziziye érnegi, i.0.: internet érnegi, E.O.: Eczane érnegi

gruplari vardir. Braktelerin dis yizeylerinde ve her iki
cicegin de korollalarinda her birinin saplari kisa, baslari 2-3
sirall ve 2'ser hicreli salgl tayleri gortlir. Ovaryum
tabaninda tas hicresi halkasi bulunur, ceperi, boyuna
uzamis, cok sayida salgi tliyl tastyan, ince ¢eperli hiicrelerin
diisey olarak olusturdugu bantlardan meydana gelir. Bu
hiicreler, ig seklindeki kiiclik, radyal olarak uzamis, misilaj
iceren hicrelerle almash dizilislidir. Stigmanin tepesindeki
hicreler yuvarlak papil formuna genisler. Ovaryum ig
dokularinda ve anter loblarinda ¢ok sayida kigik druz
(kimelenmis kalsiyum oksalat kristalleri) goralir. Polen
taneleri kireselden Ulggene degisen sekilde, yaklasik 30
mikrometre capinda, 3 por ve bir dikensi ekzine sahiptir
(Tark Farmakopesi, 2016).

Kurutmada Kayip Oraninin Tespiti

1 g toz edilmis bitkisel drog 105 derecelik firinda 2 saat
kurutularak tespit edildiginde en fazla %12,0'dir (Tirk
Farmakopesi, 2016).

Toplam Kiil Miktarinin Tespiti

En fazla %13.0’dir (Turk Farmakopesi, 2016). Bir silika
veya platin kroze 30 dakika kor haline gelinciye kadar
kizdirilir. Desikatorede sogutulur ve tartilir. 1 g toz edilmis
bitki krozeye konur. 100-105 derecede 1 saat kurutulur ve
sabit tartima kadar firinda 600EC£25EC ye kadar yakilir. Her
bir yakmadan sonra desikatorde kroze sogumaya birakilir.
islem boyunca herhangi bir zamanda alev olusmamalidir.
Eger yakma islemi uzarsa kiil hala siyah partikiller igerir,
sicak su eklenir, kiilsliz stizge¢ kagidindan stzulir ve artik ile
stzgeg kagidi yakilir. Kal ile filtrat birlestirilir. Dikkatlice
kuruluga kadar ugurulur ve sabit kiatle yakilir (Tark
Farmakopesi, 2004).

Total Apigenin-7-Glukozit Miktar Tayini

Test ¢Ozeltisi 40 g drog toz haline getirilir. Toz edilmis
bitkisel drogun 2 g’it 500 mL’lik yuvarlak tabanli balona
konur. Uzerine 200 mL etanol (%96) eklenir. 15 dk su
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banyosunda geri ceviren sogutucu altinda karisim isitilir.
Sogutulur ve suzdlir. Kalinti birkag mL etanol (%96) ile
yikanir ve shzalur. Suzlintl Gzerine taze hazirlanmis
seyreltik sodyum hidroksit ¢ézeltisinden 10 mL eklenir ve 1
saat su banyosunda geri g¢eviren sogutucu altinda isitilir.
Sogutulur. Etanol (%96) ile 250 mL’ye seyreltilir. Cozeltinin
50 mL’si lizerine 0.5 g sitrik asit eklenir. 5 dk ¢alkalanir ve
stzullr. Bu c¢ozeltinin 5 mL’si hareketli faz (baslangic
karisim) ile 10 mL’ye seyreltilir.

Sahit ¢oOzelti: 10 mg apigenin-7-glukozit 100 mL
metanolde ¢ozillir. Bu ¢ozeltinin 25 mL’si hareketli fazla
200 mL'ye seyreltilir (baslangic karisim).

Hareketli faz:
Hareketli faz A: Fosforik asit, su (0.5: 99.5 h/h)
Hareketli faz B: Fosforik asit, asetonitril (0.5: 99.5 h/h)

Zaman Hareketli faz A Hareketli faz B
(Dk) %h/h %h/h

0-9 75 25

9-19 7525 25575
19-24 25 75

Akis hizi: 1 mL/dk

Tespit: Spektrofotometre, 340 nm’de

Uygulama: 20 L

Toplam apigenin 7-glukozit’in ylizde igerigi izleyen esitlik
kullanilarak hesaplanir.

(Alxm2) / (A2xm1) x P x 0.625

Al: Test c¢ozeltisi ile elde edilen kromotogramda
apigenin-7-glukozit’e karsi gelen dorugun alani

A2: Sahit c¢ozelti ile elde edilen kromotogramda
apigenin-7-glukozit’e karsi gelen dorugun alani

m1l: Test ¢Ozeltisindeki bitkisel drogun gram olarak
agirhg

m2: Sahit ¢cozeltideki apigenin-7-glukozit’in gram olarak
agirhg

P: Reaktifin icindeki apigenin-7-glukozit’in ylzdesi (Turk
Farmakopesi, 2016)
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Bulgular
Makroskobik Analizler

internet  érneginden  rastgele  secilen  cicek
orneklerinde  gozlenmesi  gereken  kubbemsi yapi
gbzlenmemistir. Rastgele secilen ciceklerin kendi icerisinde
bile kapitulum farkhliklari gorGlmustir. Enine kesit
alindiginda, papatyanin orta kisminda goriilmesi gereken
koni seklinde bosluga rastlanmamistir. Eczane 6rneginden
rastgele secilen numunelerin tlipsu gigeklerinin kubbemsi
yapida oldugu gozlenmistir. Enine kesitlerde koni seklinde
bosluk gorilmustiir. Aziziye 6rneginde rastgele secilen
orneklerin enine kesitlerinde ici dolu ve dikenli bir yapiyla
karsilagilmistir. Secilen ciceklerin kendi igerisinde bile
kapitulum farkhliklari gérilmustir. Yakutiye 6rneginden
rastgele secilen ciceklerin kendi icerisinde bile kapitulum
farkhhklari gorilmistir. Enine kesitlerinde igi dolu ve
dikenli bir yapiyla karsilasiimistir.

Mikroskobik incelemeler

Eczane drogunda stigma, polen, Compositae tipi salgi
tyd, anterin apendiksi, papiller, stilus ve papiller, druz,
filament epidermasi, dilsi korollanin i¢ epidermasi,
braktede odunsu boru, brakte kenari, endotesyum,
ovaryum epidermasi, ovaryum tabaninda tas hicresi
halkasi; Aziziye Orneginde polen, T tiy, billur, dilsi
korollanin i¢ epidermasi, tipsu korollanin dis epidermasi,
Compositae tipi salgi tly(, anterin apendiksi, stigma, druz,
endotesyum ve bocek kalintisi; Yakutiye érneginde samdan
tay, billur, braktede sklerankimatik tabaka, brakte kenari,
polen, Solanaceae tipi salgi tliyd, druz, filament epidermasi,
anterin apendiksi, ovaryum epidermasi, endotesyum, tas
hicresi, stigma ve bocek kalintisi; internet 6rneginde billur,
demet tily, anterin apendiksi, T tiy, stigma, bocek kalintisi,
endotesyum, odun borusu, Compositae tipi salgi tliyl, druz,
braktede sklerankimatik tabaka filament epidermasi;
Palanddken drogunda stoma, billur, brakte kenari,
endotesyum, ovaryum epidermasi, T tly, samdan tdy,

Kurutmada Kayip

Numunelere ait bulgular Tablo 1’'de verilmistir. Yapilan
tayin sonuglarina gore higbir 6rnek %12 den fazla
cikmamistir.

Toplam Kiil Miktar Tayini

Numunelere ait bulgular Tablo 2’de verilmistir. Yapilan
tayin sonuglarina gore hicbir ornek %13’ten fazla
¢ctkmamistir.

Total Apigenin-7-Glukozit Miktar Tayini

Apigening-7-glukozit’in belirtilen yontem ile HPLC'de
kromatogrami alindiktan sonra sirasiyla eczane, internet,
Yakutiye, Palandoken ve Aziziye érneklerinden hazirlanan
ekstreler de ayni ydntemle kolondan gegirilmis ve
kromatogramlari sirasiyla Sekil 1’de sunulmustur.

Elde edilen sonuglara gore bes farkh bitki 6rnegi
ekstresinde hesaplanan apigenin-7-glukozit miktarlari
(A1xm2) / (A2xm1) x P x 0,625 esitliginden hesaplanip Tablo
3’'te verilmistir. Aziziye o6rneginde anlamli bir sonug
bulunamamistir.

Tartisma

Calisma kapsaminda eczaneden, halk tarafindan tercih
edilen bir internet sitesinden ve Erzurum’un merkez 3
ilcesinden rastgele secilen birer aktardan olmak Uzere
temin edilen 5 farkh papatya orneginin mikroskobik ve
makroskobik o6zellikleri, kurutmada kayip, toplam kil
tayinleri ve total apigenin-7-glukozit miktarlarinin HPLC ile
tayini Tirk Farmakopesi Avrupa Adaptasyonu-2016’dan
yararlanilarak degerlendirilmistir.

Tibbi papatyanin alaninda uzman kisilerce dogru
zaman ve vyerden toplanmasi ve teshis edilmesi
gerekmektedir. Papatyanin ve diger tim tibbi bitkilerin
hangi sartlarda toplandigi ve saklandigl insan saghgi
Gzerindeki etkilerini belirler. Bu nedenle tibbi bitkilerin

stigma, Compositae tipi salgi tlyl, Solanaceae tipi salgi alaninda uzman kisilerin tavsiyesi ve gozetiminde
tlyd, polen, anterin apendiksi bulunmustur.
Tablo 2. Toplam kiil tayini bulgular
Numune* Drog(g) Kroze Tar1t|m Tarztlm Tal:::lm mil:::;ﬂ Kiil ;T(;)I)(tarl
P.0. 1,002 18,913 18,988 18,988 18,988 0,075 7,48502994
v.0. 1,006 18,824 18,917 18,916 18,916 0,092 9,145129225
A.0. 1,001 33,967 34,051 34,046 34,046 0,079 7,892107892
i.0. 1,003 33,048 33,132 33,129 33,129 0,081 8,075772682
E.O. 1,001 17,994 18,089 18,089 18,089 0,095 9,490509491

*P.0.: Palanddken dérnegi, Y.0.: Yakutiye 6rnegi, A.O.: Aziziye drnegi, I.0.: internet érnegi, E.O.: Eczane érnegi
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Sekil 1. Apigenin-7-glukozit ve bitki 6rneklerinin kromatogramlari

tiketilmesi gerekmektedir. Eczane disinda kontrolstiz bir
sekilde satilan papatyalar ¢ogu zaman farmasotik kalitede
bulunmamaktadir. Bu sebeple kisiler dogru papatya tirini
kullanmamasi sebebiyle hastalanabilir, zehirlenebilir ya da
istedikleri etkiyi alamayabilirler. Papatya olarak bilinen
diger turlerin kullanimi insan sagligini tehdit edebilir (Ernst,
2002; Posadzki ve ark., 2013).

Yapilan gesitli calismalarda, eczane disinda givenilir
olmayan kaynaklardan toplanan birgok bitkinin farmakope
standartlarina uymadigi ve ¢cok daha énemlisi iddia edilen
bitki olmadig gérilmistir. Ornegin yapilan bir calismada
Glycyrrhiza glabra L.nin farmakope analizi sonucunda
Gilneydogu Anadolu’daki illerde bulunan aktarlardan
toplanan 8 adet numunenin Avrupa Farmakopesi 6.0’da
belirtilen ozellikler dikkate alinarak analizleri
gerceklestirilmistir ve bltin 6rneklerin Glycyrrhiza glabra

bitkisinin kdklerine ait oldugu makroskobik ve mikroskobik
olarak tespit edilmistir. Morfolojik olarak incelenen
orneklerin hepsinin kabuk kisminin soyulmamis oldugu
gorilmustir. Bunun yani sira koklerde bol miktarda toprak
ve toprak kalintisi bulundugu da belirlenmistir. Kurutmada
kayip bakimindan bir numunenin, total kil miktar tayini ve
hidroklorik asitte ¢6ziinmeyen kil miktar tayinlerinde tiim
numunelerin  Avrupa Farmakopesi’'ne uygun olmadigi
belirlenmistir. Yiksek basingh sivi kromatografisi ile yapilan
miktar tayininde ise glisirizik asit miktarinin bir 6rnek harig
digerlerinde %4’ten az oldugu icin Avrupa Farmakopesi’'ne
uygun olmadigi tespit edilmistir (Karatas, 2013). Baska bir
calismada ise piyasadan temin edilen bazi zencefil 6rnekleri
Uzerinde vyapilan farmakope analizinde numunelerin
yaridan ¢ogunun farmasotik kalitede olmadigi goralmustir
(Sucu, 2010). Kisnisle yapilan bir calismada ise 10 materyal

Tablo 3. Bitki 6rneklerindeki apigenin-7-glukozit % miktarlari

* Eczane internet Yakutiye Palandéken Aziziye
Al 112,34406 198,1007 83,12695 72,847022 0
A2 506,11444 506,1144 506,1144 506,11444 506,11444
ml 2 2 2 2 2
m2 0,002 0,002 0,002 0,002 0,002
P 1,25 1,25 1,25 1,25 1,25
Sonug 0,000173417 0,000306 0,000128 0,000112448 0

*Aq: Test ¢ozeltisi ile elde edilen kromotogramda apigenin-7-glukozit’e karsi gelen dorugun alani
A,: Sahit ¢ozelti ile elde edilen kromotogramda apigenin-7-glukozit’e karsi gelen dorugun alani

m;: Test ¢ozeltisindeki bitkisel drogun gram olarak agirligi

m,: Sahit ¢ozeltideki apigenin-7-glukozit’in gram olarak agirhgi

Currer P: Reaktifin icindeki apigenin-7-glukozit’in ylzdesi
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Sekil 2. T-t.[Jy, samdan tlly, demet tily, Solanaceae tipi salgi
tuyad

arasinda Avrupa Farmakopesi 7.0 sartlarini saglayan tek bir
ornek bulunmustur. Bu 6rnegin kapali ambalaj olarak alinan
tek ornek olmasi dikkat cekmektedir (Ayaz, 2019). Bunun
yani sira papatya ile yapilan sinirli sayida farmakope analizi
calismalart  bulunmaktadir.  Yapilan bir ¢alismada,
makroskobik ve mikroskobik incelemelerde 2 aktar 6rnegi
disinda tim o6rneklerin farmakopede belirtilen sartlari
sagladigl tespit edilmistir. Kurutmada kayip tayininde 2
aktar ornegi haric¢ 6rneklerin hicbiri farmakope standardina
uygun bulunmamistir. Toplam kiil tayini degerleri tiim
ornekler igin farmakopede belirtilen standartlar iginde
bulunmustur. Dogadan toplanan M. chamomilla
orneklerinin ugucu yag sari-turuncu renkli iken, eczane
ornekleri ve 3 aktar orneginde kamazulen tasiyan mavi
ucucu vyag elde edilmistir. Antimikrobiyal aktivite
¢alismasinda en iyi aktivite Staphylococcus aureus ve
Staphylococcus epidermidis bakteri suslarina ve Candida
tropicalis mantar susuna karsi etanol ekstrelerinde
godzlenmistir (Ozdemir, 2019). Caliskan (2010) tarafindan
yapilan calismada, 10 aktar 6rnegi arasinda M. chamomilla
tlrl tespit edilememistir (Caliskan, 2010).

Calismamizin mikroskobik analiz kisminda incelenen
orneklerin bazilarinda papatya drogunda olmamasi gereken
T tliy, samdan tiy, demet tly, Solanaceae tipi salgi tlyi gibi
yapilara rastlanmistir (Sekil 2). Bu vyapilar, Asteraceae
familyasina ait olan papatya bitkisi 6rneklerine Lamiaceae
ve Solanaceae familyalarina ait bitkilerin katistiriimis
oldugunu  gostermektedir. Ayrica  hi¢bir  drogda
bulunmamasi gereken bocek kalintilari ve sag¢ pargalarina
rastlanmis olmasi da (Sekil 3) kullanilan Griintin dogru bitki
olmasinin yaninda hijyenik kosullari da saglamasi

Sekil 3. Bocek kalintilari ve sag pargasi

gerektigini hatirlatmaktadir. Kullanilan bitkinin dogru bitki
olmamasi veya katistirlmis olmasindan dolayr ciddi
problemler yasanma ihtimali ylksektir.

Sonug ve Oneriler

Farmakopeye uygunluk, o drog icin farmakopede
belirtilen tiim 6zelliklerin saglanmasi anlamina gelmektedir.
Bu sebeple piyasadan rastgele alinan 6rnekler arasinda,
tim ozellikleri saglayip farmakope kalitesine sahip olan
droga rastlamak, yapilan ¢alismalarda da belirtildigi gibi
distik  bir ihtimaldir. Tedavi edici etkisinden
faydalanabilmek igin tibbi bitkinin dogru kaynaktan temin
edilmis, uzman kisilerce teshis edilmis, saglikh sartlarda
kurutulmus ve saklanmis, hijyen kosullarina dikkat edilerek
paketlenmis, kapali ambalajlarda piyasaya sunulmus,
etiketli Griin olmasi 6nemlidir. Buna ilaveten bir saglik
profesyoneli danismanliginda kullanilmasi gerekmektedir.
Bu durum, tibbi bitkinin kisinin varsa gormekte oldugu tibbi
tedavi ile etkilesime girebilme ihtimalinden dolayr buyik
Onem arz etmektedir.

Etik Komite Onayi: Calismada insan denekler, hayvanlar veya
gonulluler yer almadigi igin etik onay gerekmedi.
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Review / Derleme

Brain-Targeted Nano-Drug Delivery for the

Treatment of Parkinson's Disease
Parkinson Hastaliginin  Tedavisi icin
Nanoboyutlu ila¢g Salimi

Beyin Hedefli

ABSTRACT

Parkinson’s Disease affects 2% to 3% of overall individuals aged 65 years or older worldwide and is
considered to be the second most common age-related neurodegenerative disease. Neuropathologic
features of Parkinson’s Disease attributes to a loss of pigmented dopaminergic neurons in the
substantia nigra and the formation of Lewy Bodies, as a result of intracellular accumulation of a-
synuclein proteins. To our current day, only a few therapeutic approaches are considered promising,
one of which is the Nanoscale approach. It gives an advantage over conventional approaches by
offering solutions to complications that occur in the current treatment methods used for Parkinson’s
Disease, namely by encapsulating and protecting the drug from extracellular degradations, allowing
for a more sustained, efficient, and targeted drug release profile, thus reducing the risk of adverse
effects of the drug used. In this study, we review, discuss, and briefly explain the nanoscale
approaches, alternative administration routes, and studies conducted in vivo and in vitro for an
efficient treatment and an alternative approach to Parkinson’s Disease.

Keywords: Blood—Brain Barrier, Nano-drug Delivery, Nanoparticles, Parkinson’s Disease

(0

Parkinson Hastaligi tiim dlinyada 65 yas ve lizeri bireylerin %2 ila %3'linu etkilemektedir ve yasa bagh
norodejeneratif hastaliklar arasinda ikinci en yaygin hastalik olarak kabul edilmektedir. Parkinson
Hastaliginin néropatolojik 6zellikleri, Substantia nigra veya Kara maddede dopaminerjik néronlarin
kaybina ve a-siniklein proteinlerinin hiicre igi birikiminin bir sonucu olarak Lewy cisimciklerinin
olusumuna baglanmaktadir. Glinimizde, sadece birkag¢ terapétik yaklasimin umut verici oldugu
disuniulmektedir ve bunlardan biri de nanoboyutlu yaklagimdir. Parkinson Hastaligi icin kullanilan
mevcut tedavi yontemlerinde ortaya c¢ikan komplikasyonlara ¢oziimler sunarak, yani ilaci
kapsulleyerek ve hiicre disi bozulmalardan koruyarak, sirekli, verimli ve hedeflenmis bir ila¢ salim
profiline izin vererek ve bdylece kullanilan ilacin yan etkilerini azaltarak geleneksel yaklasimlara gore
avantaj saglar. Bu ¢alismada, Parkinson Hastaligina etkin bir tedavi ve alternatif bir yaklasim igin
nanoboyutlu yaklasimlar, alternatif uygulama vyollari ve in vitro/in vivo olarak yapilan ¢alismalar
gbzden gegirilmekte, tartisiimakta ve kisaca agiklanmaktadir.

Keywords: Kan-Beyin Bariyeri, Nano ilag Dagitimi, Nanopartikiiller, Parkinson Hastalig

Introduction

Neurodegenerative disorders such as Parkinson's disease (PD) and Alzheimer's disease (AD), are
defined as disorders that affect the neural system and cause the degeneration of neurons in the
brain. The degeneration stage is responsible for the resulting symptoms, starting with the gradual
loss of memory and coordination leading to a full loss of function. As current treatments can only
manage the symptoms, not the disorder progression, the attempts to discover effective ways to
diagnose, treat, and slow these disorders are important. To overcome these outcomes of disorder,
drugs or therapeutic agents are required to enter the central nervous system (CNS), in other words,
these drugs must infiltrate the blood-brain barrier (BBB). While this is not an easy mission due to the
structure and functional complexities of the BBB making the latter a major obstacle for drug delivery
to CNS (Pardridge, 2005). The unique structure of BBB plays a major role in the passage of any solutes
from the circular system to the brain, in detail, capillaries formed by the microvessel endothelial
cells, low pinocytic potential, high amounts of enzymes, and tight intercellular junctions are all

factors contributing to the permeability of the BBB. Furthermore, the comprehensive study of the
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BBB structure and full understanding of the disease will majorly
enhance the detection of the disease and innovate the
techniques used for circumvention and drug delivery to the brain
and targeting the affected cells (Spector, 2000).

However, due to its complex nature, the vast diversity of
genetic variation of the disease, and limited therapeutic
approaches to the disease, treatment of PD has branched to the
more personalized and molecular level. Genome editing
technology offers to treat the disease by genetically modifying
cells that are involved directly in the pathophysiology of the
disease or modifying the genome of a cell that is indirectly
involved with the disease however, can induce events to alleviate
symptoms caused by the disease. Although, a comprehensive
review article on current clinical trials on genome editing in PD by
Arango, David, et al. indicated the limitations and challenges of
genome editing technology and concluded that more research is
still needed on account of several reasons (Arango et al., 2021).
In recent years, the delivery of drugs and therapeutic agents
through BBB to the brain has significantly improved with the
discovery of Nanoparticles (NPs) and their ability to work as
nanocarriers for drug delivery such as Polymeric, Lipids, or Metal
NPs. The objective of these NPs is to carry the modified
therapeutic agents to the brain to induce a positive effect in
slowing the rate of the disease and its progression in the human
CNS (Kabanov & Batrakova, 2005).

This presented review is to serve the outcome of providing
an understanding of the essence of how brain-targeted nano-
drug delivery for the treatment of PD works and the methods
used. Our review is distinctly organized into several parts, starting
with a summarized introduction to PD and the conventional
therapeutic methods used in the modern day. Second, we
elaborate on BBB and its structure and how NPs can be used to
overcome this highly selective barrier to introduce an effective
CNS disease treatment. Third, we introduce the main forms of
NPs such as (Polymeric Nanospheres, Liposomes, Nanoemulsions
(NEs), and Metal NPs) for the treatment of PD with their different
structures and usages, demonstrating a promising future for
disease detection and drug delivery to the brain. Fourth, we
describe the administration routes of NPs in PD that showed
significant results through conventional and unconventional
routes. We finalize our review with a future perspective and
conclusion discussing the possible promising technique for
therapeutic repurposing against PD (Kabanov & Batrakova, 2005).

Neurodegenerative Diseases

Neurons are the building block of our nerves system and are
indispensable for the efficient operation of the human brain as
they are pivotal in facilitating communication and signaling
between different regions of the brain. Their intricate network
enables the transmission of vital information, contributing
significantly to basic human processes such as learning,
movement, body coordination, and memory retention.
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While neurons, like other body cells, are not immortal, their
gradual decline in number, along with alterations in neuron
structure and function, constitutes a fundamental aspect of
various brain disorders, a process termed neurodegeneration.
This process underpins the pathophysiology of conditions known
as neurodegenerative diseases which lead to debilitating
symptoms and cognitive decline. Understanding the mechanisms
driving neurodegeneration is crucial for developing effective
treatments to mitigate its impact on brain function and overall
well-being (Przedborski et al., 2003).

In a wider aspect, the name neurodegenerative disease
represents the existence of unusual elements like abnormal
protein misfolding in the neuron cells. These disorders affect
various neuronal regions while separately influencing a distinct
area of the brain. The precise reasons for the irregular folding and
build-up of proteins are not fully comprehended yet. Evidently,
neurological disorders are the result of disturbed immunity, age,
genetics, and environment (Kabanov & Gendelman, 2007).

Central Nervous System

The CNS, which includes the brain and spinal cord, is critical
for integrating information from many sensory modalities and
coordinating a variety of complex functions in order to maintain
homeostasis. The brain, the seat of consciousness and cognition,
is divided into distinct regions, each with unique functions. The
cerebrum, which makes up the majority of the brain, is in charge
of sensory perception, voluntary motor activities, and higher
cognitive processes including thinking, memory, and problem
solving (Mukhtoraliyeva et al., 2024). The cerebellum, located at
the rear of the brain, is responsible for muscular coordination and
balance. The brainstem, which connects the brain and spinal cord,
governs basic autonomic activities such as breathing, heart rate,
and digestion. The midbrain, located within the brainstem, is a
vital nexus in the CNS. The substantia nigra is located within its
walls and is home to dopaminergic neurons that create
dopamine, a neurotransmitter that is essential for many bodily
functions. Functions of dopamine go beyond the regulation of
voluntary movement to encompass aspects of reward,
motivation, and emotional health (Enriquez-Traba et al., 2023).

A complex bundle of nerves extends from the brainstem
down the spinal column, carrying impulses to and from peripheral
tissues. Sensory neurons carry information from the body to the
CNS, whereas motor neurons send orders from the CNS to
muscles and glands, allowing for coordinated motions and
reactions (Banerjee et al., 2023). The BBB protects the delicate
architecture of the CNS by strictly regulating the movement of
chemicals between the circulation and the brain. By
understanding the nuanced interplay of neurotransmitters,
neural circuits, and the protective mechanisms of the BBB,
researchers aim to devise innovative strategies that enhance drug
delivery precision, minimize side effects, and optimize
therapeutic outcomes.
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Figure 1: Structure and transport mechanism of Blood-brain Barrier: Endothelial cells, astrocyte end-feet covering the capillaries, and
pericytes submerged inside the capillary basement membrane together forms BBB. There are passive and active pathways to cross the BBB:
through tight junctions and transcytosis, which is the major method consisting of carrier-mediated transcytosis, receptor-mediated
transcytosis, active efflux carriers, and adsorptive-mediated transcytosis.

Blood-Brain Barrier

The BBB is an extremely selective partially permeable wall
of endothelial cells (EC) which prohibits pathogens in capillaries
from passing non-selectively into the interstitial fluid of the CNS,
where the neurons exist. EC, astrocyte end-feet covering the
capillaries, and pericytes submerged inside the capillary
basement membrane together contribute to the formation of the
BBB. Fig. 1 illustrates the structure and transport mechanism of
the BBB. This network enables the diffusion of certain small
molecules, selective and active transport of ions, and
biomolecules including sugars and proteins which are essential
for brain functioning. This transportation occurs with the help of
transport proteins that are specified for molecules. The barrier
also prevents the entry of peripheral immunological components
into the CNS, such as ligands, antibodies, and lymphocytes,
therefore protecting the brain from harm caused by peripheral
immune events (Li et al., 2018).

Many approaches have been suggested by using
nanotechnology to pass BBB, especially with NPs. Several NPs
have been used to overcome the selectivity of the BBB. The
lipophilic properties of certain NPs allow them to pass the BBB
and reach the nerve cells via a variety of alternative routes. There

are passive and active pathways to cross the BBB; through tight
junctions (Ding et al., 2020) and transcytosis, which is the major
method consisting of active efflux carriers, carrier-mediated
transcytosis, receptor-mediated transcytosis (RMT), and
adsorptive mediated transcytosis (Zhou et al., 2018).

Furthermore, with the help of encapsulating ligands, NPs
can target particular cells and move through the BBB from
circulation via RMT (Pulgar, 2019). The NPs loaded with drugs can
cross the BBB by passing through the tight junctions between the
ECs. Drug transport across the EC wall can also be promoted by
NP endocytosis and transcytosis (Saeedi et al., 2019). There are
numerous receptors that are present on the BBB and have the
ability to precisely interact with certain neurotransmitters and
uptake them into cells. The transportation of such molecules
through the BBB can be facilitated by the use of NPs. The most
successful technique for delivering NPs to the neurons over the
BBB has so far been RMT caused by the interplay of receptors and
ligands. Specialized ligands like glycoproteins interact with the
surface of NPs during the RMT (Sharma et al., 2019). This
interaction is dependent on the membrane endothelial receptors.
Alternative ligand chemicals, like lipoprotein, also can attach to
certain receptors (Rhea & Banks, 2021)
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Parkinson’s Disease

PD affects 2% to 3% of overall individuals aged 65 years or
older worldwide and is the second most common age-related
neurodegenerative disease after AD, although depending on the
environment, ethnicity, and race, the prevalence of PD varies
(Poewe et al.,, 2017). For example, concerning environmental
factors, the risk of PD is higher in individuals exposed to brain
injuries or who have inhaled or ingested pesticides, and lower in
caffeine and smoke users. In addition, the prevalence of
incomplete penetrance genes such as LRRK2 and GBA, which
encodes leucine-rich repeat serine/threonine-protein kinase 2
and glucocerebrosidase respectively, results in the increase of PD
prevalence (Chillag-Talmor et al., 2011).

substantia nigra and the dopaminergic neurons in the midbrain
with less severity compared to neurons in the substantia nigra.
Additionally, a-synuclein proteins accumulate in neurons in the
olfactory system and in monoaminergic and cholinergic
brainstem neurons. However, by the end stage of PD, loss of the
dopaminergic neurons is more widespread, and intracellular
accumulation of a-synuclein proteins in neocortical and limbic
regions is observed (lacono et al., 2015). Fig. 2 describes the a-
synuclein pathophysiology of PD and formation of LBs, illustrating
the molecular and cellular mechanisms that contribute to the
degeneration of dopaminergic neurons in the substantia nigra.

Genetic mutations in SNCA, VPS35 and LRRK2 are primary
reasons behind autosomal-dominant form of PD while, loss of
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Figure 2: Cellular pathophysiology of Parkinson’s disease

Neuropathologic features of PD are attributed to the loss of
pigmented dopaminergic neurons in substantia nigra and the
formation of Lewy bodies (LBs), as a result of intracellular
accumulation of a-synuclein proteins. However, individually
neither the intracellular accumulation of a-synuclein proteins nor
the loss of pigmented dopaminergic neurons in substantia nigra
is a specific attribute of PD, although together, these
neuropathologic features are specific parameters for the
diagnosis of idiopathic PD (Marsili et al., 2018). As the disease
progresses, neuropathologic characteristics show abnormalities.
In the earlier stages of PD, loss of pigmented dopaminergic
neurons is exclusive in both the ventrolateral region of the
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function mutations in PRKN, PINK1 and DJ-1 are mainly
responsible for autosomal-recessive form of PD. In brief, SNCA
encodes for a small protein called a-synuclein which has high
expression profiles in pre-synaptic terminals of CNS. Though, it’s
function is mainly unknown, according to literature a-synuclein
plays a role in neurotransmitter release and synaptic plasticity.
Mutations in SNCA results a-synuclein to misfold and accumulate
in intracellular space. VPS35 encodes for Vacuolar protein
sorting-associated protein 35 which is one of the elements in the
retromer complex. D620N pathogenic mutation in VPS35 induces
the accumulation of a-synuclein proteins in dopaminergic
neurons. LRRK2  encodes for  Leucine-rich repeat
serine/threonine-protein kinase 2. Multi-domain protein
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encoded by this gene regulates intracellular protein trafficking
and contains protein kinase and GTPase activities. G2019S
pathogenic mutation in LRRK2 induces degeneration of
dopaminergic neurons while several other mutations affect
accumulation of a-synuclein proteins by preventing degradation.
PRKN encodes for Parkin. Proteins encoded by this gene acts as a
E3 ubiquitin ligase and regulates post-translational modifications
of ubiquitin proteins and lysine residues. Mutations in PRKN
account for the 77% of known cases in early onset of PD in
individuals under the age of 30. PINK1 is located in human
chromosome 1 and encodes for PTEN-induced protein kinase 1.
Protein encoded by this gene acts alongside with Parkin by
recruiting it to the site of damaged mitochondria and trigger
mitophagy. Loss-of-function mutations in PINK1 affects the
kinase domain of the protein and reduces the efficacy for
mitophagy. DJ-1 encodes for Protein DJ-1. Protein encoded by
this gene regulates oxidative stress of the neurons by acting as an
antioxidant. Point and structural mutations in DJ-1 result in
pathological oxidative stress and degradation of neurons.
Pathological mutation in DJ-1 accounts for 1-2% of known cases
in familial early onset of PD (Balestrino & Schapira, 2020).

As given in the previous paragraph, several proteins
encoded by PD-related genes intervene in molecular pathways,
particularly in mitochondrial function, oxidative stress,
neuroinflammation, calcium homeostasis, a-synuclein
proteostasis, and axonal transport, consequently accumulation of
these proteins results in the sporadic PD-like neuropathology.
Additionally, a genome-wide association study by Mike A. Nalls et
al. indicated that several PD-related genes encoding for those
proteins are also influenced in sporadic PD. Increased
transcription of SNCA, a gene that encodes a-synuclein, results in
mitochondrial accumulation in the deficiency of respiratory
complex | and an increase in oxidative stress (Nalls et al., 2014).

Conventional Therapies in Parkinson’s Disease

The underlying mechanism of cardinal motor degeneration
in PD is a consequence of the loss of pigmented dopaminergic
neurons in substantia nigra pars compacta, which then results in
dopamine depletion in the striatum (Vekrellis et al., 2011). To
substitute the dopamine depletion in the striatum, the regulation
of dopaminergic transmission is maintained by the administration
of certain drugs for the management of PD symptoms. Levodopa
(L-DOPA) is a dopamine precursor used vastly in the management
of PD; however, L-DOPA has low bioavailability and in order to
obtain its stable effects, the dosage of this drug is increased,
which results in the increase of its side effects. According to the
study done in vivo by I.G. Kondrasheva et al, intranasal
administration of L-DOPA conjugated PLGA (L-DOPA-PLGA)
resulted in a 90+13% long-lasting and higher effect after 24 hours,
moreover, after 4 weeks of administration, coordination of L-
DOPA-PLGA treated rats were two times greater compared to
naked administration of L-DOPA and L-DOPA+benserazide
treated rats (Gambaryan et al., 2014).

New Approaches

As stated, conventional treatment approaches for PD are
limited, and therapeutic agents only alleviate the symptoms that
the disease causes, rather than preventing its progression.
Moreover, these agents do not address non-dopamine-
dependent attributes. With advancements in technology and a
better understanding of the pathophysiology of PD, novel
approaches are emerging. These aim to treat the disease by
targeting its molecular, genetic, and cellular structures.

Immunotherapy

Cell to cell spread of a-synuclein aggregates directly induces
the extracellular propagation of pathophysiology of the disease
to healthy, adjacent dopaminergic neurons. As research by
Shahnawaz et al. aims to identify the strains of a-synuclein that
are responsible for the propagation of the aggregates,
experimental approaches are aiming to prevent the cell-to-cell
spread of a-synuclein aggregates (Shahnawaz et al., 2020). For
instance, in order to degrade extracellular disease-propagating a-
synuclein, antibodies have been utilized. According to research
conducted by Fields et al. passive and active immunization
techniques against a-synuclein have been demonstrated as
neuroprotective agents in animal models, as well as in early
clinical trials in humans (Fields et al., 2019).

Gene Therapy

Gene therapy is employed to correct, replace, or silence the
gene of interest and offers advantages over conventional
approaches to the disease, as minimal to no adverse effects are
reported. In the treatment of PD, gene therapy is directed
towards the disease by interacting with either disease-modifying
or non-disease-modifying genes, and generally, the delivery of
the sequence of interests is conducted by adeno-associated
viruses or non-replicating viral vectors. Briefly, the disease-
modifying approach aims to prevent the neurodegeneration
caused by PD, while the latter aims to target the expression of
dopaminergic enzymes. An article aiming to approach the disease
by the latter, identified the genes and enzymes responsible for
dopamine synthesis in neuronal cells (Nagatsu, 2023). The article
further reported that reconstructing the diminished dopamine
synthesis pathway in dopaminergic cells in the substantia nigra by
introducing the genetic sequence of three enzymes responsible
for dopamine synthesis was well tolerated by monkeys.

Cell Therapy

Over the decades, cell and tissue-based therapies were
within the scope of interest. However, due to difficulties in
standardization and adverse side effects, particularly stemming
from the heterogeneous cell population present in tissue
transplants, research has shifted towards homogeneous cell
transplantation, consisting particularly of induced pluripotent
stem cells. This shift occurred because replacing the lost cells with
cell therapy lacked the disadvantages that tissue-based therapies
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Figure 3: Nanoparticles used in the treatment of Parkinson’s can be generally categorized as polymeric, lipids, metal NPs, and carbon
nanotubes. Polymeric nanoparticles which are nanocapsules, nanospheres, dendrimers, and polymeric micelles, are mainly composed of
either natural or artificial polymers. Solid lipid nanoparticles, liquid nanoemulsions, and an amorphous mixture of solid and liquid
nanoparticles — nanostructured lipid carriers, liposomes, and exosomes are the main types of lipid nanoparticles.

had. Research conducted by Kikuchi et al. demonstrated that
primates induced with Parkinson's disease, transplanted with
dopaminergic progenitor cells derived from induced pluripotent
stem cells, have survived, and functioned as dopaminergic
neurons (Kikuchi et al., 2017). Furthermore, primates who
received that cell therapy showed increased movement after
transplantation.

Repurposing of Other Drugs

The process of finding new uses or applications for drugs
that fall outside the scope of their original medical indications is
referred to as drug repurposing. Rather than creating brand-new
medications from the ground up, scientists investigate already-
approved medications to discover new therapeutic applications,
frequently for ailments other than those for which they were
intended. Repurposing existing drugs can result in shorter
development times and less expense spent than creating brand-
new ones. For instance, an article by Stoker et al. reported that
nilotinib, a tyrosine kinase inhibitor, has been repurposed and
tested in patients with PD (Stoker et al., 2018). Since nilotinib is
used to treat chronic myelogenous leukemia, and exenatide is an
established treatment for type 2 diabetes mellitus, data on the
safety and tolerability of these agents in patient populations were
already available. Moreover, they also indicated that in mouse
models with nigrostriatal degeneration, exenatide has been
demonstrated to have neuroprotective and neurorestorative
effects.
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Nanoparticles for the Treatment of Parkinson’s Disease

The recent advances in nanotechnology have shown that
the utilization of NPs in the medical field holds great potential due
to the numerous characterizations and properties such as shape,
surface, size, and many others that can be harnessed to develop
NPs as carriers of medications for treating and targeting various
diseases. NPs have an impressive malleability allowing for the
attachment of different biomolecules, resulting in safe and
efficient transportation of pharmacologically active agents such
as drugs. Due to their extremely small size (1-100nm), NPs can
penetrate major physiological barriers such as the BBB (Venkatas
& Singh, 2021). Many NPs have been employed in this matter, NPs
can be generally categorized as polymeric, lipid, and inorganic
NPs, as illustrated in fig. 3.

Polymeric Nanoparticles

With the two essential types being Nanocapsules and
Nanospheres, the polymeric NPs are mainly composed of either
natural or synthetic polymers. Furthermore, they are sorted into
very specific structures that have proven the characteristics of
biocompatibility, biodegradability, and non-toxicity. The Concept
of Nanocapsules is that the drug is encapsulated in a polymeric
vesicle. On the other hand, Nanospheres, where the drug is
enclosed in a matrix of polymer or adsorbed onto its surface is
degraded allowing flexibility in the rate of delivery reaching from
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days to months (tukasiewicz et al., 2021). In addition, more
advanced polymeric structures such as Polymeric micelles and
Dendrimers are explained in the following section.

Polymeric Nanospheres

Various types of synthetic polymeric nanospheres,
generally, polyglycolic acid, polylactic acid, polyethylene glycol
(PEG), poly(e-caprolactone) (PCL), and Poly(lactic-co-glycolic acid)
(PLGA) are employed regarding their biocompatibility,
biodegradability and, modifiable surface structures such as
ligands and proteins for site-specific deliveries and increased
permeabilities from biological barriers (Castro et al., 2022).

According to the in vivo study by Yuying Zhao et al., oral
administration of Ginkgolide B, which has an antioxidant and
neuroprotective effect encapsulated PEG-PCL in MPTP, induced
murine PD model resulted in more efficient uptake and
accumulation of Ginkgolide B in both cerebral cortex and blood
compared to naked oral administration of Ginkgolide B and
concluded that encapsulation of Ginkgolide B with PEG-PCL has
increased the efficacy of drug intake, achieved the more
sustained release of the drug, and decreased the toxicity caused
by Ginkgolide B (Y. Zhao et al., 2020). In another study conducted
in vivo and in vitro by Kaili Hu et al, in vitro uptake of Lactoferrin
conjugated PEG-PLGA (Lf-PEG-PLGA) resulted in more
accumulation compared to unconjugated PEG-PLGA in bEnd. 3
cell line, moreover human-GDNF administration (IV) of urocortin
incorporated Lf-PEG-PLGA resulted in 2.49 times of greater
accumulation compared to urocortin incorporated unconjugated
PEG-PLGA in 6-OHDA induced PD mouse model and included that
urocortin incorporated Lf-PEG-PLGA decreased the striatum
lesion induced by 6-OHDA in vivo, finally concluded that Lf-PEG-
PLGA might be a promising therapeutic potential for PD (Hu et al.,
2011).

Other than these synthetic polymeric examples, there are
also natural polymers that are quite useful in drug delivery to the
brain. The biggest example of these polymers is chitosan (CS). CS
is a linear polymer that can be obtained from the chitin shells of
crustaceans. The production of CS-NPs is a convenient strategy
because of their biocompatibility and unique features, including
positive charge, that allows for ionotropic gelation (Sahin et al.,
2017). Md, Shadab et al. investigated whether bromocriptine-
loaded CS-NPs can deliver therapeutic agents to the brain via a
non-invasive nasal route, hence increasing bioavailability (Md et
al., 2014). NP compositions did clearly reverse haloperidol-
induced PD, according to a dopaminergic and histopathological
analysis of murine brains. Such observations imply that the drug
delivery method presented here might provide an efficient non-
invasive way of promoting BRC entrance to the brain in clinical
cases. Hernando et al. also made research to establish a unique
NP, glial cell line-derived neurotrophic factor (GDNF)
encapsulated in CS-coated Nanostructured Lipid Carriers (NLCs)
modified with trans activator of transcription peptide (NLC-TAT-
GDNF) for intranasal delivery to improve brain targeting in PD
(Hernando et al., 2018). Motor recovery and modulation of

microglia activation were observed in the CS-NLC-TAT-GDNF-
treated cohort, which was verified by immunohistochemical
tests. As a result, it is possible to infer that intranasal delivery of
CS-NLC-TAT-GDNF could be a useful approach for PD treatment.
There are many other studies about CS-NPs which have been
successful and considered promising for PD.

Polymeric Micelles

Polymeric Micelles are dendrites considered as a form of
complicated polymeric structures. These Polymeric micelles are
composite of either natural or synthetic existing polymers and are
structured in different ways. Polymeric micelles have
demonstrated very promising characterizations that are essential
for in vivo applications such as biocompatibility, biodegradability,
and non-toxicity. Polymeric micelles are exceptionally well
appropriate for drug delivery functions because they are
characterized by nanoscopic core/shell configurations created by
amphiphilic block copolymers, in addition to their inherent and
modifiable characteristics especially for hydrophobic drugs.
Inside the hydrophobic core of the polymeric micelles, the
polymer chains have the ability to move in a way that allows
significant amounts of the water-insoluble drug, reaching almost
50% of the micelle’s weight without any major changes in the
structure of the polymeric micelle (Alexander, 2018).

Wang, F. et al. state in their work that a poorly water-soluble
non-ergoline dopamine agonist indicated for the treatment of PD
called Rotigotine (ROT) has reached a (2.98 = 0.92) mg/ml
concentration and an absolute bioavailability of 84.6% which is a
major increase compared to the conventional method of using
ROT as PD treatment through IV of free ROT (F. Wang et al., 2020).
In their conducted study, they have encapsulated ROT within the
polymeric micelles so that it releases in a water-based
thermosensitive gel after using the nasal route for administration
in the rat model.

Dendrimers

Dendrimers are spherical polymers that are extremely
branched and adjustable, produced by a sequence of organic
coatings constructed on a smaller main component. These NPs
are applied as possible nanocarriers of other functionally active
pharmaceutical agents or as drugs themselves. Dendrimers have
excellent biocompatibility and a hydrophilic outer layer, which
make them useful in the nano-drug delivery field (Zhu et al.,
2019). Poly(amidoamine) (PAMAM) dendrimers are an example
of a flexible and repeatable form of NPs that may be loaded with
drugs and changed by adding specific proteins which can target
certain receptors (Abedi-Gaballu et al., 2018). Rekas et al.
investigated the influence of PAMAM (G3, G4, and G5
generations) on a-synuclein fibrillation (Rekas et al., 2009).
PAMAM dendrimers prevented a-synuclein fibrillation, and this
activity grew relative to generation order and PAMAM content.
PAMAM efficiently stimulated the breakdown of previous a-
synuclein fibrils too. Because a-synuclein oligomers are thought
to be cytotoxic, dendrimers, that induce amorphous aggregation
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and limit the number of fibrils, may provide chances for a
prophylactic strategy to the therapy of PD. Furthermore,
phosphorus dendrimers can also inhibit a-synuclein fibrillation,
nonetheless, their efficiency is dependent on the dendrimer
amount and size. Lower amounts of phosphorus dendrimers were
shown to suppress a-synuclein fibrils in several research studies
(Ferrer-Lorente et al., 2021; Majoral et al., 2021).

Lipids

Due to their properties, lipid-based NPs are highly
biocompatible. They can easily enter the CNS and bypass the first-
pass metabolism of the body when absorbed through the
lymphatic system. According to recent studies, lipid-based
vesicles such as exosomes are an example, which is composed of
phospholipids, and used to encapsulate drugs in PD model
studies.

Solid Lipid Nanoparticles

Solid lipid NPs (SLNs) are globular NPs with an approximate
diameter of 10 to 1000 nm that are utilized in innovative drug
delivery mechanisms due to their high biodegradability (Duan et
al.,, n.d.). A solid lipid inner structure in SLNs helps to dissolve
lipid-soluble compounds. Surfactants (emulsifiers) help to keep
the lipid center stable. SLNs are mainly used as nanocarriers for
dopamine agents in the treatment of PD. Esposito et al. reported
research for the production of a novel bromocriptine (BK) drug
delivery mechanism, which is tested on PD hemilesioned rodents
(Esposito et al., 2008). The tristearin-tricaprin mixture produced
SLN with fixed sizes for up to six months after synthesis.
Encapsulated BK was released in a protracted form for forty-eight
hours with the help of Tristearin-tricaprin NPs. It is shown that
encapsulating with SLN can be an efficient method for increasing
the half-life of BK. Tsai et al. investigated the possibility of oral
apomorphine (AP) administration via SLNs (Tsai et al., 2011).
Glyceryl monostearate (GMS) and polyethylene glycol
monostearate (PMS) have been used as emulsifying agents in
SLNs. The in vivo drug dispersion data showed that SLNs
effectively delivered AP to the brain striatum, significantly
improving the potential of AP to cure PD. In a rodent model with
PD, they discovered that the results of PMS outperformed GMS.
Thus, oral delivery of AP from SLNs may be preferable over
subcutaneous injection. To evade first-pass metabolism and
increase efficiency in the treatment of PD, Pardeshi et al.
examined intranasal administration of RP IV encapsulated in SLNs
via the emulsification-solvent diffusion method (Pardeshi et al.,
2013a). The findings indicated that the examined drug delivery
mechanism might be seen as a potential option other than
traditional tablet formulations. Leonardi et al. developed cationic
SLNs for the ocular administration of Idebenone (IDE), an
effective drug targeting mitochondrial dysfunction in PD
(Leonardi et al., 2015). To assess the effect of NP coating on the
antioxidant potential of IDE, an in vitro Oxygen Radical
Absorbance Capacity test was conducted. The IDE-loaded SLNs
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produced in PBS demonstrated improved drug stability in
contrast to the uncoated drug while retaining its in vitro
antioxidant properties.

Nanostructured Lipid Carriers

NLCs are synthesized by mixing insoluble SLN and liquid NEs
to form an amorphous solid mixture. NLCs are solid both in the
body and at room temperature; therefore, have enhanced
physical stability. The oil molecules in the mixture have no effect
on the Solid Lipid’ crystal matrix and crystals in SL don't dissolve
in Liquid Lipids (LL) (Haider et al.,, 2020). Furthermore, LL
incorporation into the matrix results in the formation of an
amorphous lattice in the crystalline solid matrix of NLC; therefore,
allowing more substance to be delivered. NLCs are classified with
respect to their lipid content and divided into three groups,
imperfect, amorphous, and multiple structures; hence
synthesized accordingly. The size of NLCs generally ranges
between 10 nm — 1000 nm and as surface area varies, the
biocompatibility and drug release capacity of NLCs is affected
(Uner, 2015). To enhance cellular uptake, the size of NLCs used to
deliver chemotropic agents is suggested to be around 50 nm —
300 nm. The study done in vivo and in vitro by O. Gartziandia et
al. indicated that daily intranasal administration of GDNF in CS-
NLC-GDNF with a size of 130 nm was applied on 6-OHDA partially
lesioned rat model and achieved behavioral improvements after
2 weeks and prevented 6-OHDO toxin to invade P12 cells.
Furthermore, the in vitro findings concluded that CS-NLC-GDNF
might be a therapeutic potential for PD (Gartziandia et al., 2015).

Nanoemulsions

NEs, also can be referred to as submicron emulsions, are
stable isotropic systems in which immiscible liquids are made
miscible to form a single-phase by the usage of surfactant or mix
of surfactant with a co-surfactant (Nirale et al., 2020). NEs are
mainly synthesized from generally regarded as safe
pharmaceutical surfactants that can dissolve drugs with low
solubility and prevent drugs from enzymatic degradation. NE
globules contain negatively charged lipophilic and amorphous
surfaces. Due to these properties, those globules can fuse with
organisms containing lipid-based membranes and increase the
efficacy of drug delivery while reducing the toxicity caused by it
(McClements, 2021). A study done in vivo by Bharti Gaba et al.
indicated that intranasal administration of physically stable
Naringenin (NRG) NE incorporated with Vitamin E was successful
to reverse grip strength, swimming activity, and muscle
coordination induced by 6-OHDA in rats while increasing the
efficacy of NRG to the brain by avoiding systemic circulation and
protecting it from enzymatic degradation (Gaba et al., 2019).
Another study done in vivo and in vitro by Gulam Mustafa et al.
indicated that intranasal administration of thermodynamically
stable NE incorporated with RP in the Wistar Rat brain resulted in
notable translocation in the brain. The study concluded that
intranasal administration of NE incorporated with RP has
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therapeutic potential for the treatment of PD (Mustafa et al.,
2012).

Liposomes

Liposomes are globular vesicles composed of one or more
phospholipid bilayers that surround a watery center. They show
remarkable drug delivery technology due to their nontoxicity and
biodegradability. Liposomes have increased drug therapeutic
potential by stabilizing chemicals, overcoming barriers to cellular
and tissue absorption, and boosting drug distribution to specific
areas in vivo, all while avoiding cytotoxic effects (Guimardes et al.,
2021). Liposomes can be effectively loaded with active
substances to bypass the BBB and increase the therapeutic
efficacy of medications treating CNS-related diseases (Agrawal et
al.,, 2017). Wang et al. investigated the preventive role of
liposome-encapsulated resveratrol, a notable antioxidant,
obtained from Polygonum cuspidatum on substantia nigra
neurons of PD mice (Y. Wang et al.,, 2011). The findings
demonstrate that after 2 weeks of liposome-encapsulated
resveratrol treatment, the unusual rotary attitude, failure, and
cell death of substantia nigra neurons, and overall Reactive
Oxygen Species (ROS) levels were considerably reduced, while the
antioxidative potential of nigral tissues was highly improved.
However, resveratrol is liposome NPs that have a greater impact
than basic resveratrol delivery. Kizelsztein et al. observed that
Tempamine (TMN), a strong antioxidant, is effective in
suppressing experimental autoimmune encephalomyelitis in rats
when entrapped in the intraliposomal aqueous solution of
pegylated nanoliposomes (nSSL) (Kizelsztein et al., 2009). Drug
distribution tests of nSSL-TMN demonstrated that over 3% of the
liposome-given amount entered the cortex of the
encephalomyelitis rats. This aggregation inside the brain,
together with the feature of TMN exhibits a regulated delayed
release from the nSSL, which can indicate why nSSL-TMN has
higher curative effectiveness over bare TMN. The findings imply
that further research into nSSL-TMN for the treatment of PD
against ROS is worthwhile.

Exosomes

Exosomes are extracellular membrane-bound vesicles with
a wide range of compositions that participate in
pathophysiological activities. Exosomes have been utilized as
diagnostic indicators and possible drug delivery carriers due to
their small size and ability to transport desired molecules to
target tissues. Some features of exosomes include
biocompatibility, favored tumor targeting, customizable
addressing efficacy, and stability. Making them eye-catching and
ideal for drug delivery systems in a variety of illnesses and cancer
treatment (Patil et al., 2020). Zhao et al investigated the use of
genetically engineered macrophages for actively targeted brain
administration of GDNF (Y. Zhao et al., 2014). In PD rats, systemic
injection of GDNF-expressing macrophages dramatically reduced
degeneration and inflammation. Behavioral investigations
verified the therapeutic potential of macrophage-based drug
delivery systems. Another proposed medicinal method is the

production of exosomes carrying the expressed neurotrophic
factor, accompanied by effective GDNF transport to targeted
cells. These combinations can act as a novel method relying on
cell-mediated active administration of drugs that halt or prevent
the course of PD, eventually providing a chance to individuals
who already are severely afflicted by the condition. Furthermore,
PEGylation studies have been conducted to test the distribution
of medicine found in various drug delivery systems. Exosomes
lacking PEG, operating as a drug-loaded NP delivery mechanism,
demonstrated superior distribution, half-life, and possible
capacity to penetrate the BBB, delivering their cargo to recipient
cells (Batrakova & Kim, 2015; Haney et al., 2015). Exosomes also
are implicated in the transportation of a -synuclein, which is
essential for the development of PD.

Metallic Nanoparticles

In the presence of several important characterizations such
as the physicochemical and biological compatibility in metals,
such as Platinum, Gold, Silver, and Palladium, they have been
recently utilized as materials for NP synthesis. For example, Gold
NPs (AuNPs) are quite modifiable for the required purpose as
they have been used before in many areas. Silver NPs (AgNPs),
have demonstrated an adequate anti-viral and anti-microbial
characteristic. There are also Bimetallic NPs which it is a
composite of two different metals such as Au-Pd NPs, which are
NPs tuned with Quercetin, holding the ability for induced
autophagy in AD.

Gold Nanoparticles

AuNPs can be synthesized or modified by various types of
methods regarding the required size, shape, and surface
properties. Respective of their surface properties and area to be
targeted, AuNPs can be conjugated with several types of
substances or molecules such as antibodies, nucleic acid
sequences, lipids, carbohydrates, and proteins (Pissuwan, 2017).
In a review written by L. A. Dykman and N.G. Khlebtsov, the vast
majority of AuNPs applied in biomedical applications are either
spherical-shaped or rod-shaped particles (Dykman & Khlebtsov,
2011). Due to their differences in size and shape, AuNPs
mentioned earlier exhibit unique cellular uptakes and optical
properties which give rise to wide usage of AuNPs in vitro and in
vivo. A Study done by Emily Cérneo et al. indicated that
applications of AuUNPs (20nm) with 2.5mg/kg concentration for 5
consecutive days in 40 PD male mouse models significantly
reduced the oxidative stress and moderately increased
neurotrophic factors without toxicity (da Silva Cérneo et al.,
2020). Another study done by Jinwei Xue et al. indicated that
AuNPs synthesized from the root extract of Paeonia Moutan
applications of PM-AuNPs with 20uL/mL decreased the ROS
generation levels of BV2 cells in vitro while in vivo PM-AuNPs has
increased the dopamine levels in substantia nigra and motor
coordination in PD mouse models (de Bem Silveira et al., 2021;
Xue et al., 2019).
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Silver Nanoparticles

Generally, AgNPs range between 1-100 nm in scale and
exhibit bactericidal properties by binding to the cell wall when
ionized. Resulting in cellular damage to bacteria (T. Galatage et
al., 2021). Apart from this property, when AgNPs are introduced
to mammalian cells, they can cause damage by binding to the
DNA and thiol groups of proteins due to the release of Ag+ ions
(Gonzalez-Carter et al., 2017). Moreover, resulting in damage to
the cellular & mitochondrial membrane and mitochondrial
respiratory chain, leading to the production of ROSs and even cell
death by inducing intrinsic apoptosis at a high rate (Mao et al.,
2018). According to the in vitro study done by Akira Onodera et
al., cells were exposed to AgNPs with a size of 70 nm, and 1 nm
with a concentration of 5 uL/mg for an hour, which increased the
ROS production in mitochondria only after 5 minutes and
concluded that ROS production levels were higher with respect to
the surface area of AgNPs that were used (Onodera et al., 2015).
Another study done by Gonzalez Carter et al. indicated that
applications of citrate-capped AgNPs, in mouse microglial N9 cell
line given that microglial cells are correlated to PD, has
significantly decreased inflammation of microglial cells and
lipopolysaccharide (LPS)-mediated ROS by intracellular Ag2S
formation resulting from CSE-mediated H2S production
(Gonzalez-Carter et al., 2017).

Carbon Nanotubes

Carbon nanotubes (CNTs) are defined as cylindrical hollow
shapes created by the rolling of graphene, they are categorized
depending on the number of walls forming the cylindrical shape
as single-walled, double-walled, and multi-walled (Herholz,
2008). CNTs are equipped with various properties, but their large
surface area, small size, and ability to carry chemicals are the
most advantageous properties that are used in the drug delivery
field (Mota & Esteves, 2007). In detail, by creating either
Supramolecular assemblies or stable covalent bonds, CNTs are
loaded (LPS)-mediated

CNTs are able to penetrate the cells and allow the delivery
of the drug to the cell. Originally, CNTs are fundamentally
hydrophobic thus, in most solvents and biological media they
cannot diffuse equivalently, so the drug delivery process doesn’t
happen efficiently till they are improved by functionalization
which enhances their biocompatibility and solubility (Sun et al.,
2006).

A recent study by Z. Yang et al, demonstrated how they have
modified single-walled carbon nanotubes (SWCNTs) into
delivering drugs in a successful manner for the treatment of
experimentally induced AD with adequate dosage (Z. Yang et al.,
2010). The inability of neurons to synthesize Acetylcholine (ACh)
and the constant decrease in this neurotransmitter of the
cholinergic nervous system is the main cause of AD (Linhardt et
al., 2008). The controlled drug delivery of ACh into the brain can
relieve the caused symptoms in the patients such as dementia,
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but free ACh cannot enter the brain because of its strong
polarities and ease of decomposition in blood. SWCNTs are
considered very efficient for the delivery of ACh molecules
because of their ability to penetrate the brain through nerve
axons and the absorption of both organic and inorganic
substances (Kane & Stroock, 2007). Moreover, the ACh molecule
is composed of an acetyl group and a quaternary ammonium
group, allowing SWCNTSs to absorb it effectively. The evidential
medical impacts on the experimentally induced AD showed that
SWCNTs effectively carried ACh into the brain and made ACh
levels higher than an AD patient, thus, acting again as a
neurotransmitter (M. Zhao et al., 2001).

Administration Routes of Nanoparticles in Parkinson’s
Disease

Throughout recent studies and research, NPs have shown
the ability to enhance drug delivery by the utilization of both
conventional and unconventional administration routes, in the
following section we discuss the administration routes and
applied studies using these delivery methods.

Oral Delivery

Oral delivery is considered to be the most preferred method
of drug administration that is easily self-administrated and is non-
invasive like the IV route and doesn’t need sterilization
beforehand. Oral delivery is deemed very challenging when it
comes to stabilizing a certain bioavailability and concentration
levels of a drug due to the constantly changing gastrointestinal
(GI) tract nature and its conditions such as pH variations,
thickness, the structure of the mucus covering the interior of the
stomach walls, and the numerous cell types accompanied with
different physiological functions, these conditions form an
obstacle in the way of sufficient drug delivery resulting in the
need for innovative NP design (Date et al., 2016). Controlling both
site and rate of absorption is essential for an adequate design of
drug formulations, moreover, NPs such as liposomal drug forms
are being investigated to increase the oral route absorption (Date
et al., 2016). A study conducted by Tsai et al. demonstrated the
usage of NP encapsulation of Apomorphine, which is a dopamine
receptor agonist for the treatment of PD that is administered in a
subcutaneous injection with high frequency due to low half-life,
and because of quick degradation in the GI tract and first-pass
effect, it has a very poor oral bioavailability (<2%) (Bolger, 2018;
Tsai et al., 2011). They decided to develop SLNs to encapsulate
apomorphine in order to reach the appropriate oral
bioavailability and desired location targeting. With an
entrapment rate of 90%, the NPs developed were able to
withstand up to 21 days in storage following oral administration
of SLNs to rats, it was noticed that the bioavailability has got
significantly enhanced by roughly 12- to 13-fold in comparison
with the NP-free control group. More specific findings have
demonstrated that one dose of SLNs loaded with Apomorphine
has had the outcome of a bioavailability of around 25%, on the
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other hand, by only using an oral solution, a bioavailability of 2.1%
was recorded. Furthermore, the developed oral SLNs have shown
the ability to deliver the same quantities as in conventional
treatment in the mice brains and a promising greater therapeutic
effectiveness when evaluated to a conventional Apomorphine
solution (Tsai et al., 2011). Thus, yielding these Apomorphine
encapsulated NPs as a very promising solution for oral
administration.

Intranasal Route

BBB poses a significant challenge in the administration of PD
therapeutic agents. Due to this reason, intranasal delivery is
proposed for the delivery of some PD drugs. The Olfactory and
Trigeminal pathway of the nasal mucosa to CNS makes it a
potential adsorption site for therapeutics with minimal
invasiveness, preventing Gl and first-pass disruption, as well as
bypassing the BBB, therefore increasing bioavailability and
efficacy of drugs to be delivered. Recent studies indicated that
the administration of PD drugs by intranasal route showed a
dense accumulation of drugs in CNS as well as less systemic
toxicity due to the adverse effects of PD drugs (Silva et al., 2021).
However, due to the enzymatic degradation and surface charge
of PD drugs, naked administration of these therapeutic agents
decreases the efficacy significantly, therefore nanocarriers with
suitable properties are proposed (Su et al., 2020). According to a
study done in vivo and in vitro by Chandrakantsing V. Pardeshi et
al. in vitro permeability test through sheep mucosa of RP loaded
polymeric hybrid NP - achieved 78.46% mucoadhesion and
61.34% RP diffusion, and in vivo, intranasal administration RP
incorporated NP in PD mice model decreased shivering and
immobility in compression to oral-administration of RP tablet
(Pardeshi et al., 2013b).

Transdermal Route

Transdermal drug administration might allow for continuous
delivery of drugs, improved patient outcomes, and transfer
straight to the blood (Rabiei et al., 2020). Nevertheless, these
mechanisms are still not completely evolved, and it is difficult for
many chemicals to get through the epidermis. Numerous
permeability indicators have been established (Chen et al., 2020).
These solutions, unfortunately, are linked to epidermal toxicity
concerns (Manatunga et al.,, 2020). Furthermore, transdermal
drug delivery might have varying absorption rates between
people based on the skin quality of patients, therefore
guaranteeing a reduction in intraindividual variation is required
(D. Yang et al., 2021).

When designing a transdermal approach, potential skin
responses such as rashes, and irritations must be taken into
account. In scientific cases, several Selegiline transdermal
methods had a few adverse effects on the skin of participants
(Fang et al., 2009). in vivo investigations in rat models of PD
revealed that transdermal administration had a greater
therapeutic impact than standard pills (Azeem et al., 2012). SLNs
encapsulated in hydrogels are regarded as a novel and

unconventional strategy  for increased transdermal
administration (Souto et al., 2020). Dudhipala et al. conducted
research to establish, improve, and analyze the pharmacokinetic
and pharmacodynamic behavior of RP loaded SLNs systems
consisting of hydrogel for enhanced delivery (Dudhipala & Gorre,
2020). The findings show that LNPs and associated hydrogel
compositions can be used as an alternate delivery method for
enhanced transdermal distribution of RP for the successful
treatment of PD

Intravenous Route

IV administration route is an invasive method used to
provide drugs and fluid replenishment that must be spread across
the body, particularly when fast delivery is a requirement, which
is accomplished by directly injecting the subject with the
prescribed medication into their circular systems such as
antibiotics, antifungals, and antinociceptive drugs, and cancer
chemotherapeutics. IV is given in either two ways, Bolus, or
Infusion. Furthermore, using the IV route for drug delivery
provides the benefit of instant drug efficacy by avoiding the first-
pass drug phenomenon, which occurs when a drug goes under
metabolization at a particular place in the body, usually the liver,
resulting in a lower concentration of the therapeutic agent upon
reaching its receptor sites or the systemic circulation (Sultatos,
2007). Drugs that are inadequately absorbed by the Gl tract can
be administered intravenously, also the drugs that are extremely
excruciating  when administered intramuscularly  or
subcutaneously may show no troubles by the administration
through the IV route (Bolger, 2018). In a study conducted by R.
Huang et al., it was shown how neuroprotection was achieved in
a rat model that has gone under a rotenone-induced chronic PD.
They have accomplished this neuroprotection using NPs
encapsulating human-GDNF  with multiple intravenously
administered doses and comparing it with a single-time IV
administration. Their findings have demonstrated the difference
in GDNF expression in relation to the time and number of Lf-
modified NPs, where the multiple injections of Lf-modified NPs
had shown higher GDNF expression than that of a single injection
(Huang et al., 2010).

Future Perspective and Conclusion

The pathophysiology of PD remains a mystery, making it
challenging to discover an effective treatment. This is partially
due to the lack of a defined diagnosis for detecting the earliest
pathogenic pathways and neurodegenerative features. At the
moment, pharmacologic treatment begins whenever a patient
experiences motor symptom. However, by the time motor
symptoms occur, the vast majority of dopaminergic neurons have
already been destroyed. This is a significant barrier for
therapeutics seeking to improve neural function and prevent the
progression of the disease. Present treatment approaches are
primarily aimed at delaying and reversing motor symptoms. This
treatment approach can improve the quality of an individual’s
life; however, these therapies decrease efficacy and cause
adverse effects over time.
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On the other hand, nanobiotechnology is developing as a
very effective method for overcoming the limitations that
conventional medicine currently faces. With the help of nano-
drug delivery techniques, it is possible to make multifunctional
NPs with the capability to preserve drugs from degradation by the
peripheral immune system before supplying targeted and
triggered release to CNS. The use of nano-drug delivery systems
might improve sustained release, reduce adverse effects, lower
doses, and boost the efficiency of PD medications. Therefore, NPs
can be thought of as a promising technique for therapeutic
repurposing against PD.

The integration of nanobiotechnology with neuroscience
has great potential to achieve revolutionary treatment strategies
for a wide range of CNS-related diseases, including PD. It is this
integration that will help us find the idea that will end the
progression of PD rather than mitigate it.
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