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Abstract
Nuclear medicine is a rapidly evolving interdisciplinary field that integrates advances in physics, chemistry, and medicine
for the diagnosis and treatment of diseases using radionuclides. This article provides a brief scientific overview of the
historical development of nuclear medicine, from the discovery of X-rays and natural radioactivity to the introduction of key
diagnostic technologies such as gamma cameras, technetium-99m-based radiopharmaceuticals, PET, and SPECT imaging.
Modern therapeutic approaches, including radionuclide therapy, peptide receptor radionuclide therapy, targeted alpha
therapy, and radioligand therapy, have significantly expanded treatment possibilities, particularly in oncology. Recent
advances such as hybrid imaging technologies, theranostics, personalized medicine, and novel radiopharmaceuticals are
expected to further enhance diagnostic accuracy and therapeutic effectiveness.
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3Bonouva AAEPHOU MEAULIUHDLI

Amutabx Apba’', Auna Tynacu Kymap CyHura’

' Kacbeppa sspepHon meguumHbl, MHCTUTYT nocrneAunnoMHoro o6pa3zoBaHus MeQULIMHCKUX HayK MMeEHMU
Canpxasn MaHpu (SGPGIMS), Paebapenu Poyn, lNakxHay — 226014, UHaus.

fAnepHas MeauumMHa sBsieTCs ObICTPO Pa3BMBAIOLLENCS MEXIMUCLMMIMHAPHOM 06nacTbto, 06bEONHAIOLLEN JOCTVIKEHNS (PU3NKK,
XMW 1 MEAULMHBI ANS AMArHOCTUKM M NeYeHst 3ab0neBaHuii C Cnomnb30BaHNEM PaaV oHYKIUAOB. B cTaTbe npeacTaBneH Kpatkui
Hay4HbII 0630p UCTOPUHECKOTO Pa3BUTUS SAEPHON MEANLIMHBI — OT OTKPLITUS PEHTTEHOBCKIX JTy4eli 11 MPUPOSHON pagmoakTBHOCTH
[0 BHEAPEHUS KHOYEBbIX AUarHOCTUHECKUX TEXHOMOMI, TakX Kak ramma-kaMmephbl, paauotapMaLeBTUYECKUE MpenapaThl Ha 0CHOBe
TexHeuus-99m, a Tawke Metogbl Busyarmsaum 3T u OOOKT. CoBpemeHHble TepaneBTU4eckMe NOoaXodbl, BKMHOYas
PaZVOHYKIMOHYI0 TEpanuio, NenTUa-PELEnTOPHYIO PaaMOHYKIMAHYI0 Tepanuto, TapreTHylo anbda-Tepanuio U pagvonuraHaHyo
Tepanuio, 3HaUMTENBHO PacLUMPUI BOMOXHOCTY NeYeHis, 0COBEHHO B OHKOMOMW. IocneaH1e JOCTVKEHNS, Takue Kak rubpuaHble
TEXHOMOMAM BU3yann3aumy, TepaHOCTUKa, NepCoHanN3MpoBaHHas MeauUMHa 1 HoBble paauodapMaLeBTUYeCkMe Npenapatbl, Kak
OxupaeTcs, byayT v fanee noBbILLaTh TOYHOCTb AUArHOCTUKM 1 3PCHEKTMBHOCTb TEpaNiK.

Knioyeebie cnoea: sdepHas meduyuna, TI3T/KT, O®3KT, paduoHyknudHas mepanus, mepaHOCmuKa,
nepcoHanu3uposaHHas MeduyuHa.

Ans yumupoeanusi: Apbs Amutabx, [una Tynacu Kymap CyHuta OBonouus saepHon MeguuuHbl // Hayka u
3ppasooxpaHeHue. 2026. Vol.28 (1), C.7-12. doi 10.34689/SH.2026.28.1.001
TyniHpeme

AAPOJIbIK MEOAULUIMHA 3BONMIOLMACDI

Amutabx Apba’', iuna Tynacu Kymap CyHura’

' Apponbik MeauuuHa kadpeapacbl, Canmpkan MaHau aTbiHAAFbl XKOFapbl OKY OPHbIHAH KeniHri meguumMHa
FbinbiMAapbl UHCTUTYTbI (SGPGIMS), Paebapenu Poypa, INlakxHay — 226014, YHaicTaH.

fApponbiK MeauLMHa paavoHYKIMATEPAl KONAaHy apKbinbl aypyrnapabl AMarHoCTUKanay xoHe emaey MakcaTbiHaa uauka,
XMMUSt KaHe MedMUMHA cananapblHharbl XeTiCTikTepi OpiKTIPETiH KAapKbIHAbI AAMbIN KENE XaTKaH NaHapanblK FbibIM canach.
Byn makanaga sapornbiK MeaULMHAHBIH, TapuXK JamybliHa KbICKalLla FbiMbIMUA LIOMY YChIHbIMFAH: PEHTTEH Caynenepi MeH Tabu
pafMoaKTUBTINIKTIH, allbliyblHaH 6actan, raMma-kamepanap, TexHeuwi--99m HerisiHaeri paguodapMaLeBTUKanbIK npenaparrap,
coHpait-ak MOT xoHe OPIKT OeltHeney agicTepi CUSIKTBI Heriari AUarHOCTUKaMNbIK TEXHONMOrUsNapabIH, EHridinyiHe AeiiHr ke3eH
KapacTbipbinagbl. Kasipri Tepanusnblk ToCcingep, COHbIH, ilwiHAe pagvOoHYKNIMATIK Tepanus, NenTuaTi  peuentopribik
PaOMOHYKNMATIK Tepanusi, HbiCaHanbl anba-Tepanis xeHe paanonuraHaThiK Tepanusi, 9Cipece OHKOMOMUA carnacbliHaa emaey
MYMKIHZIKTEPIH aiTaprbIKTai keHenTTi. MbpuaTi BelHeney TexHonormsnapsl, TepaHoCTUKa, AepbecTeHaipinreH MeavLUyHa xaHe
XaHa pagvochapMaLeBTVKaNbIK npenapaTrap CUsiKTbl COHFbI XKETICTIKTEp AMArHOCTWKaHbIH, ANAiNH apTThIpbIN, TepanusHbIH
TUIMZINIriH ofaH opi KyLwenTedi Aen KyTinyae.

Tytin ce3dep: s0posnkik meduyuHa, MNIT/KT, ODIKT, paduoHyknudmik mepanus, mepaHocmuka, depbecmeHdipineeH
MeduyuHa.

foatiekcos ywin: Apbs Amutabx, funa Tynacn Kymap Cynuta fApponblk mMeguumHa asonoumsce! // FbinbiM xoHe
HeHncaynbik cakray. 2026. Vol.28 (1), b. 7-12. doi 10.34689/SH.2026.28.1.001
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Nuclear medicine has evolved over a century,
profoundly enhancing diagnostics and treatments in
healthcare [1]. It is a fascinating and an evolving field that
intertwines advanced technology, chemistry, physics, and
medicine to diagnose and treat diseases [1].

In 1895, X-rays were discovered by Rdentgen, followed
soon by the discovery of natural radioactivity in 1896 by
Henri Becquerel which was a landmark moment in the
evolution of Nuclear Medicine [2].

In 1896, Marie Curie, along with her husband Pierre
Curie, extended Becquerel's work, discovering new

e

Dmitri Ivanovich Mendeleev, Russian chemist known
or formulating the periodic law and creating a version
of the periodic table of elements. nominated
for the Nobel Prize in Chemistry in 1906.

radioactive elements — radium and polonium in 1898. The
first recorded use of radionuclides in medicine was in 1913
by Georg de Hevesy also known as the Father of Nuclear
Medicine [3].

The cyclotron, invented by physicist, Erest O.
Lawrence in the 1930s, was groundbreaking as this device
accelerated charged particles to high energies, enabling the
bombardment of materials to produce artificial
radionuclides. Before the advent of the cyclotron,
researchers relied on naturally occurring radionuclides,
which were scarce and limited in variety [1].

Henri Becquerel: Got the Nobel Prize in physics in 1903
for his discovery of spontaneous radioactivity. Becquerel
was awarded half of the Nobel Prize for Physics in 1903,
the other half being given to Pierre and Marie Curie
for their study of the Becquerel radiation.

Marie Curie & Pierre Curie:

In 1903, Curie won the Nobel
Prize in Physics for her research of
radiation phenomena, she shared
it with her husband Pierre Curie.

She was also the first woman in
France to attain a PhD in Physics,
and the first woman to teach at the
Sorbonne. In 1911, she won a
second Nobel Prize in chemistry
for the discovery of polonium and
radium.


https://www.google.com/search?sca_esv=37dc570b99b93daa&rlz=1C1VDKB_enIN975IN975&q=Wilhelm+Conrad+R%C3%B6ntgen&sa=X&ved=2ahUKEwjHiu2J-5aPAxXoR2wGHWOKLmsQxccNegQIJhAB&mstk=AUtExfB4b_nnM6Qh6dMxbk0E2t5hP88exSp8cGGbfKhJv0co3z8qhEK1L2dUdQh5VKg3cyFbGwPS4us-PiziOGPUzT9t0H2SNhgoxpFhFEvRTtZb0TxJDDfOX9zpnWKf0sWx3V9Z2855qeYKYqggywvttFebINlifG9rq3Oj693iLtTHabNSFH3hJTsNK0RnJ8taAiRz&csui=3
https://www.aps.org/publications/apsnews/200803/physicshistory.cfm
https://www.history.com/this-day-in-history/curies-isolate-radium
https://www.history.com/this-day-in-history/curies-isolate-radium
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7856499/
https://www2.lbl.gov/Science-Articles/Archive/early-years.html
https://www2.lbl.gov/Science-Articles/Archive/early-years.html
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George de Hevesy - The father of Nuclear Medicine.
Got the Nobel Prize in Chemistry 1943 for his work
on the use of isotopes as tracers
in the study of chemical processes

On March 31, 1941, Elizabeth D., a patient referred to
Dr. Saul Hertz at the Massachusetts General Hospital,
USA for management of hyperthyroidism, was
administered 2.1 mCi of a 13l/3!] mixture. Thus, she
became the first patient with thyroid disease to be
treated with radioiodine. She received a second
administration of 1.3 mCi on April 16, 1941. 1-131 still
used to treat Thyroid diseases including thyroid
cancer. Dr.Saul Hertz is the pioneer to use Radioiodine
[I-131] in patients in Thyroid diseases.

The Nobel Prize in Physics in 1939 was awarded to Ernest
Orlando Lawrence for the invention and development of
the cyclotron and for results obtained with it, especially

with regard to artificial radioactive elements.

In the late 1930s, Dr. Saul Hertz, along with his colleagues,
conducted pioneering research using radioactive iodine [l-
131]. By the early 1940’s, radioactive iodine was being used
to treat hyperthyroidism and, later, thyroid cancer & is used fill
date [4].

In the 1950s, the first diagnostic scans using radionuclides
were performed, marking a pivotal moment in medical
imaging. The gamma camera, developed by Hal Anger in
1957, was a revolutionary invention in the field of nuclear
medicine [1].

The 1960s witnessed the introduction of Technetium-99m
(Tc-99m) which quickly became a cornerstone in diagnostic
imaging due to its ideal physical and chemical properties & till
date it remains the same. The metastable isotope technetium-
99m (Tc-99m) was extracted for the first time by Emilio Segre
in collaboration with Glenn T. Seaborg in 1938, who together
isolated it after bombarding natural molybdenum [Mo] with
08Mev deuterons in the 37-inch cyclotron of Ernest Orlando
Lawrence’s radiation laboratory [5].

Tc-99m has a half-life [T/2] of 06 hrs, & emits 140 kev of
monoenergetic gamma rays, which is most suitable for
imaging by gamma camera, and can be incorporated into
various compounds to target different organs and systems [5].

These developments fundamentally changed the
landscape of medical imaging and diagnosis. In the 1970s
and 1980s, two major imaging technologies emerged in
nuclear medicine: Positron Emission Tomography (PET) and
Single Photon Emission Computed Tomography (SPECT) [1].
Positron Emission Tomography (PET) was invented by
Michael E. Phelps and Edward J. Hoffman. They developed
the first human PET scanner in 1973.[6]


https://www.acs.org/education/whatischemistry/landmarks/medical-uses-of-radioiodine.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6357704/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6357704/
https://openmedscience.com/revolutionising-healthcare-a-historical-perspective-on-medical-imaging/
https://openmedscience.com/revolutionising-healthcare-a-historical-perspective-on-medical-imaging/
https://www.ge.com/news/reports/new-nuclear-scanner-gives-doctors-an-inside-view-of-the-body
https://www.ge.com/news/reports/new-nuclear-scanner-gives-doctors-an-inside-view-of-the-body
https://pubmed.ncbi.nlm.nih.gov/11710769/
https://www.ncbi.nlm.nih.gov/books/NBK559013/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5374360/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5374360/
https://www.google.com/search?sca_esv=9dd6fa6532a43e61&rlz=1C1VDKB_enIN975IN975&biw=1280&bih=585&q=Positron+Emission+Tomography&sa=X&ved=2ahUKEwjGu4_V1aaPAxXZh1YBHe2ZPIYQxccNegQIIxAB&mstk=AUtExfCFD9nvMt6LuPitwqP9oI9V72Q6KcH4wDWY2hPC1RFRlBFp3Gzj0eNoJlAZ2IKIlAdt_hG50KQneUcOYWbBtIVMpDJ3Sz-FT4nVsqTn4r24_BKRnADx2J4KJRcQLW-76Bxc87VjhXEHevm9ekuuUQT5iJ1xgQ35U2S_SYigsv0NSB3i2S1o_jJfBMSS5Tip9RQN&csui=3
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Hal Oscar Anger was the inventor of the scintillation camera and one
of the pioneers in the field of instrumentation used in nuclear medicine ,
In 1952, Dr. Anger integrated a pinhole collimator and a wide Nal(Tl)
scintillator crystal with a photographic plate into a gamma camera that
could directly convert the fluorescence created by gamma rays into

visible images.

The Nobel Prize in Physics 1959 was awarded jointly to Emilio Gino Segre
and Owen Chamberlain for their discovery of the antiproton.

Therapeutic nuclear medicine has also evolved from the
use of lodine-131 since the 1940s for the treatment of
Graves' disease, solitary thyroid nodule [STN],
autonomously functioning thyroid nodule [AFTN] & Thyroid
Cancer to further new radionuclide therapeutic agents like
Samarium -153 [Sm-153] /Phosphorus -32 [P-32] /Strontium
-89 Sr-89] for bony pain palliation in osteoblastic metastatic
disease in breast cancer, prostate cancer [12].

Radiation synovectomy is done using Er [erbium]-169, Y
[Yttrium]-90 and many other radionuclides are being used for
treatment of rheumatoid arthritis & hemophilic arthropathy [13].

The newly evolved therapy using Lu-177 [ Lutetium -177]
labelled with DOTANOC / DOTATATE is vastly used for the
treatment of metastatic neuroendocrine tumours [NET’s]
[14].
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Eric Krenning and his team, made
significant contributions to the field of
nuclear medicine in the late 1990s,
particularly in pioneering Peptide Receptor
Radionuclide Therapy (PRRT) [7].

TheraSphere, involving Y-90 [Yttrium -90]

microspheres, is  another  noteworthy
advancement, & s used  for
radioembolisation, a  process  where

radioactive beads are delivered directly to
liver tumours [8].

These  developments  underscore
nuclear medicine’s continuous evolution
and impact in cancer therapy, blending
innovative scientific research with practical,
clinically effective solutions.

Maurits Geerlings and other pioneers in
radioligand therapies, like Richard Baum,
Rod Hicks, Mike Sathekge have made
monumental contributions to the field of
theranostics, a blend of therapy and
diagnostics. Their work, particularly in the
development and application of Actinium-
225 (Ac-225), has paved the way for
significant breakthroughs in the treatment
of various diseases, notably cancer [1].

Ac-225, an alpha-emitting radionuclide,
has shown great potential in targeted alpha
therapy (TAT), a form of radioligand
therapy (RLT) [9].

PET/CT is a non-invasive study & does
the biochemical imaging of the body. Most
commonly used in oncology to detect and
evaluate tumors, staging & restaging of
cancers & is also useful in cardiology to
assess myocardial viability. It is also used
in neurology & psychiatry [10].

PET radionuclides are short lived. Most
commonly used is 18F (t12= 110 min) due to
its longer half-life. Is more commonly used
worldwide. Other agents are - 50 (ti= 2
min), BN (t12= 10 min), "'C (t12= 20 min),
but due to their very short half-lives we
need onsite cyclotron for production &
injecting fast in the patient after its
preparation [11].

The magic bullet is a scientific concept developed by the
German Nobel laureate Paul Ehrlich in 1907. While working
at the Institute of Experimental Therapy he formed an idea
that it could be possible to kill specific microbes (such as
bacteria), which cause diseases in the body, without harming
the body itself [15].

Based on his concept, it was not until the early 1950s
that an Ab [antibody] was conjugated to a radionuclide.
Leichner and co-workers studied the use of "'In [Indium -11]
[ 9Y  [Yttrium -90] labelled anti-ferriin  for RIT
[radioimmunotherapy] in patients with hepatoma [16].

For the first time the FDA - approved radiolabeled anti-
CD20 mAbs [ monoclonal antibody], €Y-labeled Zevalin®
(ibritumomab tiuxetan) in 2002 and '3'l-labeled Bexxar® in
2003 for the treatment of non-Hodgkin’s lymphoma (NHL) &


https://jnm.snmjournals.org/content/58/Supplement_2/3S/tab-figures-data
https://jnm.snmjournals.org/content/58/Supplement_2/3S/tab-figures-data
https://jnm.snmjournals.org/content/58/Supplement_2/3S/tab-figures-data
https://jnm.snmjournals.org/content/60/2/167
https://jnm.snmjournals.org/content/60/2/167
https://www.mdpi.com/1424-8247/16/10/1460
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8780589/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8780589/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5565267/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5565267/
https://en.wikipedia.org/wiki/Paul_Ehrlich
https://en.wikipedia.org/wiki/Microorganism
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is considered a landmark event in the developmental history
of therapeutic radiolabeled mAbs (RIT) [17].

Another remarkable development has been the use of alpha
therapy which is done to ionize tumours using — Ra [Radium] -

More recently, the integration of nuclear medicine
techniques with other imaging modalities like MRI (Magnetic
Resonance Imaging) and CT (Computed Tomography) has
led to the development of hybrid imaging technologies [19].

223, At [Astatine] - 211 & many more alpha emitters [18].

Michael E. Phelps[ Lt.] & Edward J.Hoffmann[Rt.] invented the Positron Emission Tomography (PET).
They developed the first human PET scanner in 1973 at Washington University in St. Louis.

F .

Dr. Richard Baum is a pioneer in theranostics, a term he
helped popularise. His work in the early 2000s, particularly
with Lutetium-177 (Lu-177) based therapies, laid the
groundwork for later advancements with Ac-225

Combining the functional imaging of PET or SPECT with
the anatomical detail provided by MRI or CT has greatly
improved diagnostic accuracy and treatment planning. This
integration allows clinicians to simultaneously evaluate the
structure and function of tissues and organs, leading to more
precise diagnoses and personalised treatment strategies [19].

The future of nuclear medicine is being shaped by several
exciting trends and advancements, particularly in the area of
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personalised medicine, advanced radiopharmaceuticals, and
the integration of nanotechnology. These developments are
poised to significantly enhance the precision and effectiveness
of nuclear medicine in both diagnostics and therapy [20].

The concept of personalised medicine in nuclear medicine
involves tailoring diagnostic procedures and therapies to the
individual's specific biological characteristics. This approach
aims to optimise the effectiveness of treatment by considering
factors like genetic makeup, molecular/cellular analysis, and
individual health history [20].

New radiopharmaceuticals could offer better localisation
of diseases, more precise imaging, and targeted therapy
with minimal impact on healthy tissues [21].

Integration of nanotechnology into nuclear medicine is
an area of significant potential. Nanotechnology involves
working with materials at the atomic or molecular level,
which can be applied to design more effective
radiopharmaceuticals and imaging agents. By leveraging
nanotechnology, researchers aim to create agents that can
target diseases at a cellular or even molecular level [21].

This precise targeting could lead to earlier detection of
diseases and more effective treatments, especially in the
case of cancer, where early detection and targeted therapy
are crucial [21].

These advancements are expected to revolutionise the
field of nuclear medicine and have a broader impact on
healthcare. They promise to improve the accuracy of
diagnoses and the effectiveness of treatments and
ultimately lead to better patient outcomes [22].

The future of nuclear medicine is bright and dynamic, with
personalised medicine, advanced radiopharmaceuticals, and
the integration of nanotechnology leading the way. These
advancements hold the promise of transforming the way
diseases are diagnosed and treated, offering hope for more
effective, efficient, and personalised healthcare solutions [22].

Conflict of interest: The authors declare no conflict of
interest.
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