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Позитронды-эмиссиялық  томография  (ПЭТ)  -  бұл  әртүрлі  ауруларды 
диагностикалаудың қуатты құралы, бірақ радиоактивті заттарды қолданумен қатар жүреді, бұл 
пациенттерге  радиациялық  әсер  ету  қаупін  арттырады.  Бұл  зерттеуде  ПЭТ  әдісімен 
диагностикалық  зерттеулер  жүргізу  кезінде  пациенттерді  радиациялық  қорғауды 
оңтайландырудың  әртүрлі  әдістері  ұсынылды.  Нәтижелер  заманауи  технологиялар  мен 
сканерлеу  хаттамаларын  қолдану  диагностикалық  ақпараттың  жоғары  деңгейін  сақтай 
отырып,  сәулелену  дозасын  айтарлықтай  төмендетуге  мүмкіндік  беретінін  көрсетті.  Көп 
жазықтықты  кескінді  қайта  құру,  оңтайландырылған  радиофармацевтикалық  инъекция 
хаттамалары және әр пациентке жеке көзқарас сияқты әдістер радиациялық әсер ету қаупін 
азайтуда шешуші рөл атқарады. Бұл нәтижелер пациенттер үшін максималды қауіпсіздік пен 
тиімділікті  қамтамасыз  етуге  бағытталған  ПЭТ  әдістерін  үнемі  жетілдірудің  және 
стандарттаудың маңыздылығын көрсетеді.
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Targeted therapy specifically targets tumor cells without affecting all cells indiscriminately. 
By focusing on specific molecular targets, such as specific receptors and enzymes that regulate tumor 
growth, targeted therapies seek to minimize toxicity by effectively targeting tumor dynamics [1].

Radiopharmaceutical  therapeutic  agents  (RPTA)  in  radiotherapy  is  the  effective  use  of 
ionizing radiation in the foci of bone tumors and metastases with minimal radiation-induced damage 
to bone tissues and cells. For these conditions, radiopharmaceuticals have to combine such properties 
as to be osteotropic, have a high affinity for bone tissue, and not damage surrounding tissue.  The 
radiopharmaceuticalsthat use to treat tumors by targeted therapy called tumorotropy radiotargeted 
radiopharmaceuticals.  By focusing on specific molecular targets,  such as specific receptors and 
enzymes that regulate tumor growth, accumulate exactly in targeted tumor.

177Lutetium is an element of lanthanide metal group that emits beta- rays with maximum 
energy  0.497MeV with  light  gamma radiation  energy  113keV(6.4%)  and  208  keV with  range 
<2mm.The half-life of 177Lu  continue in 6.71 days that make is effective and less harmful for health 
[2,3]. Because of the effectiveness of 177Lu it is useable in different types of tumor and metastases 
treatment. Different combinations of it with other elements such as  177Lu-PSMA and 177Lu-EDTMP 
(Table 1) shows positive results in researches and treatments.

225Actinium-an element that does not have stable isotopes. Actinium occupies a place in the 
main subgroup of the third group of the periodic system and has an electronic structure of 6d1 7s2, its 
only stable oxidation degree is  +3,  the value of  the ionic radius is  1.11A. Actinium has more  
pronounced basic properties compared to its closest chemical analog, lanthanum [4]. Its preparations 
are obtained by enrichment of uranium, thorium and radium with charged particles, mainly by protons 
of high energies up to 1GeV. However, in practice, the most widely used indirect generative method 
for the production of 225As from 229Th is the indirect method [4]. In recent years, 225Ac, have gained 
significant attention for their use in targeted alpha therapy (TAT) due to their ability to deliver highly 
potent  alpha particles directly to cancer cells  while  minimizing damage to surrounding healthy 
tissues. The compounds  225Ac-PSMA and  225Ac-DOTATOzol have shown remarkable efficacy in 
treating cancers, such as prostate cancer and neuroendocrine tumors, respectively.

Table 1. General information of drugs
Drug name Component Doze(MBq) Cycles

177Lu-
PSMA

Lutetium with prostate-
specific membrane antigen

6-7,6MBq 2-9

225Ac-
PSM-617

Actinium with prostate-
specific membrane antigen

6-8 MBq 1-4

177Lu-
EDTMP

Lutetium  with 
ethylenediaminetetramethylene 
phosphonate

22.2-37.0 
MBq/kg 

4

225AC-
DOTAzol

Actinum with conjugate 
of zoledronic acid and 1,4,7,10-
tetraazacyclododecane-1,4,7,1
0-tetraacetic acid

404+47kBq 4

Prostate cancer  177Lu binds to prostate-specific membrane antigens (PSMAs), proteins and 
ligands that target cancer cell hyper exploitability. Once bound to target cells,  177Lu delivers beta 
radiation that destroys the tumor with minimal damage to surrounding healthy tissue [5].

177Lu-EDTMP  (lutetium-177  ethylenediaminetetramethylene  phosphonate)  is  a 
radiopharmaceutical used for the palliative treatment of bone metastases. It consists of an osteotropic 
compound  (EDTMP)  labeled  with  the  radioactive  isotope  177Lutetium,  being  an  analogue  of 
phosphate, has a high affinity for bone tissue hydroxyapatite, which ensures selective accumulation of 
the drug in bone, especially in areas with metastatic lesions also ensures delivery of therapeutic dose 
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of radiation directly to the foci of metastasis, minimizing the impact on other organs and tissues.  
Numerous clinical investigations have demonstrated the effectiveness and safety of 177Lu-EDTMP in 
treating painful skeletal lesions and bone metastases. 177Lu-EDTMP significantly reduced pain and 
significantly  improved  quality  of  life  in  individuals  with  painful  bone  metastases  [6].  Turkish 
scientists investigated the effect of 177Lutetium on reducing pain in bone metastases. In a survey of 59 
patients receiving 177Lu-EDTMP, the average pain score of the patient group was as follows. As a 
result of their observation, it was found that the radiopharmaceutical 177Lu-EDTM can be safely used 
for significant efficacy in the treatment of metastatic bone pain, as well as 5.60 ± 0.5, 4.3 ± 0.1, 2.6 ± 
0.4 and 1.4 ± 0.7 at weeks 1, 3, 6 and 8, respectively. In addition, the mean pain score decreased from 
baseline 7.6 ± 1.6 to 1.4 ± 0.7 at week 8 [3].

225Ac-PSMA  (Prostate-Specific  Membrane  Antigen)  therapy  is  a  targeted  alpha-particle 
therapy used to treat prostate cancer. It involves the use of the radionuclide 225Actinium-conjugated 
with PSMA-617, which specifically binds to PSMA receptors highly expressed on prostate cancer 
cells [7]. 225Ac-PSMA therapy has shown promise in treating advanced metastatic prostate cancer by 
selectively targeting tumor cells, reducing damage to healthy tissues [8].  It is particularly useful in 
cases where conventional treatments, such as beta-emitting radionuclides like 177Lu, are less effective 
or  unsuitable.  Study  on  225Ac-PSMA therapy  for  metastatic  castration-resistant  prostate  cancer 
(mCRPC) has been conducted by two groups.

Study by N.A. Selcuk et al. (2018-2022)  involved 23 patients (mean age 70.5 years), all of 
whom had previously received at least two cycles of 177Lu-PSMA.Patients received 1 to 4 cycles of 
225Ac-PSMA with an average activity of 7.6 MBq per cycle. Median progression-free survival was 3.1 
months, and overall survival (OS) was 7.7 months. The illness control rate was 50%, and Grade 3  
hematologic and nephrotoxicity were reported in 1 patient each [9].

Study from Heidelberg University Hospital (2016-2018) involved 13 patients receiving 4 
cycles of 225Ac-PSMA-617, starting with 8 MBq and reducing to 6 MBq. Eleven (85%) patients had 
deceased at time of analysis. For the total cohort, median OS was 8.5 months (Fig.1A). Median OS 
was 12.6 months for PSMA -naïve patients vs. 1.3 months in patients who underwent prior 177Lu-
PSMA  (Fig.1B). Two (15%) patients were alive, 29 and 34 months since first 225Ac-PSMA TAT 
injection; one of them is having an ongoing response to PSMA RLT [10].

a                                                               b
Fig.1. Overall  survival  in  patients  with  metastatic  castration-resistant  prostate  cancer  treated 

with 225Ac-PSMA-617 targeted alpha-radiation therapy: (a)Survival estimate for the total cohort; 
(b)Survival stratified by prior 177Lu-PSMA-617 radioligand therapy.

A  mixture  of  radionuclide  225Ac  andDOTA  (1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid) effectively binds radionuclides such as  225Ac to target receptors on tumor cells. 
Integrin-based agents are designed to target intestinal receptors that are frequently expressed on the 
surface of tumor cells, especially those that cause aggressive and metastatic forms of cancer. Also 

https://www.sciencedirect.com/science/article/pii/S1078143920306311#fig0001
https://www.sciencedirect.com/science/article/pii/S1078143920306311#fig0001
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based on studies conducted in 2023 by Xu, Tingting MD and others, 225Ac-DOTA successfully treats 
refractory bone pain for bone metastasis in 1 cycle of use [11].

Macrocyclic para bisphosphonates have important potential for radionuclide therapy targeting 
bone tissue. DOTAzol(a conjugate of zoledronic acid and DOTA) has shown promise for imaging 
and treating painful bone metastases.225Ac-DOTAzol was synthesized and administered to healthy 
Wistar rats to study bone uptake and soft tissue distribution. High radiolabeling efficiency (≥98%) 
was achieved, with significant bone uptake (SUV femur 4.99) at 10 days post-injection. Bone-to-
blood ratios increased over time, reaching 2409 at 10 days. No clinical toxicity was observed for two 
months, but by the third month, kidney tubular damage was noted in most rats. While 225Ac-DOTAzol 
shows strong potential for bone-targeted therapy, further work is needed to reduce renal toxicity [12].

Although both radiopharmaceuticals are used for targeted therapy in the treatment of tumors, 
each of them has maximum efficacy in different clinical situations and tumor types. Lutitium-177 as a 
beta-emitter is used in cases where gradual exposure of tumors with minimal damage to healthy tissue 
is required.  This is particularly useful in cases of palliative treatment of bone metastases and pain  
recovery. Clinical studies have shown that 177Lu can effectively improve quality of life and reduce 
pain in patients with bone metastasis.

On the other hand, Actinium-225, as an alpha emitter, is particularly effective in aggressive 
and difficult-to-treat tumors such as castration-resistant prostate cancer with bone metastases and 
gastroenteropancreatic neuroendocrine tumors. 225Ac alpha particles have a more localized and potent 
effect on cells, resulting in decreased tumor mass and increased patient survival, even when other 
treatments, including 177Lu, are insufficient.

Thus, the use of 177Lu and 225Ac depends on the specific characteristics of the tumor and stage 
of disease, as well as the individual patient's response to treatment. Both drugs are important agents 
for targeted therapy and can complement each other in multiple cyclic cancer treatment.
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Графеннің  табысты  коммерциялануы  осы  материалды  қолданбалы  құрылғыларға 
интеграциялауды  талап  етеді.  2D-материалдар  бұл  жүйелердің  өнімділігін  анықтайтын 
белсенді компоненттер болғандықтан, оларды қолдану үшін нанодеңгейде де, макродеңгейде 
де  барлық  қажетті  талаптарға  сай  келетін  иерархиялық  гибридті  құрылымдарды ұтымды 
жобалау  және  синтездеу  маңызды.  Алайда  дәстүрлі  микроконструкциялау  әдістері 
экономикалық тиімді микроқұрылғыларды жасауда тиімсіз болып шықты және бұл олардың 
кеңінен  қолданылуын  шектейді.  Осы  мәселені  шешу  үшін  біз  графен  оксидінің  сұйық 
кристалдарына негізделген жаңа еріткішке төзімсіз әдісті ұсынамыз. Перламутр құрылымын 
еліктейтін  (екі  өлшемді  және  өткізгіш  биоүйлесімді  полимерден  тұратын)  гибридті 
композиттік материалдарды құрастыру графеннің көптеген қасиеттерін біріктіруге мүмкіндік 
береді.  Бұл  материалдар  биомедициналық  импланттарды  қуаттандыруға  және  киілетін 
электроникаларға арналған энергия жинақтау құрылғыларын құруда қолданылуы мүмкін.

Гибридті  дисплейлер мен киілетін электроника жоғары өнімділікті,  қысқа зарядтау 
уақытын  және  ұзақ  қызмет  ету  мерзімін  талап  етеді,  сонымен  қатар  олар  жеңіл  және 
ультражұқа  болуы қажет.  Алайда  бұл  міндеттер  дәстүрлі  аккумуляторлық технологиялар 
немесе батареялар арқылы шешілмейді. Электрохимиялық суперконденсаторлар ғылым мен 
өнеркәсіпте үлкен қызығушылық тудырады, себебі олардың бірнеше даусыз артықшылықтары 
бар.  Оларға  жоғары  қуат  тығыздығы,  секундтар  ішінде  жылдам  зарядтау/разрядтау 
жылдамдығы, бұл кез келген биомедициналық құрылғы үшін маңызды, және батареялармен 
салыстырғанда ұзақ қызмет ету мерзімі жатады. Дегенмен, суперконденсаторлардың басты 
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