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授課地點 : 中正樓2F放射線部大會議室 

核醫105學年度實習放射師專題課表 

上課日期              時間                  題目                主講者 

2016/10/27       13:30 ~ 14:20     核醫臨床藥物       吳元鍾 藥師       

        14:30 ~ 15:20     核醫正子藥物       張智偉 放化師       
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                       Yuan-Chung ,Wu， Pharmacist                      

Department of Nuclear Medicine 
                    Taipei Veterans General Hospital 

E-mail :ycwu10@vghtpe.gov.tw             



 What is radiopharmaceutical？  
 Category  of radiopharmaceuticals. 
 Mo-99/Tc-99m generator systems. 
 Quality Control of Radiopharmaceuticals. 
 Radiochromatographic analysis for    
              determining radiochemical purity. 
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  What is radiopharmaceutical？ 
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     A radiopharmaceutical is a radioactive drug used for 
diagnosis or therapy in a tracer quantity ,masses so 
small that they do not produce pharmacologic effects , 
It is composed of two parts ;a radionuclide and a 
pharmaceutical. 
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ex : Tc-99m 5270mCi/ μg → Tc-99m 1.8x10-4 μg/mCi   
 
       MDP  7.5mg  
       Phytate 2.9mg 
       DMSA 1.4mg 

 

簡報者
簡報註解
http://www.radiopharmaceuticals.com.sg/intro_radiopharmaceutical.asp
http://www.pcc.vghtpe.gov.tw/antidote/p6-1.htm
DMSA（Succimer）：建議劑量為10 mg/kg (350 ㎎/㎡) q8h口服5日，然後改為q12h再口服14日。必要時可重複療程，但中間應至少相隔2星期。 �http://www.pcc.vghtpe.gov.tw/antidote/p6-1.htm



 Decay mode:                                         
         Electron capture or isomeric transition from metastable states ; no 

particulate radiation; gamma or x-ray only.  
 Photon energy :                          
     100 ~ 200 keV is ideal 
    Below 100 keV =  tissue  absorption and scatter ( decreases resolution ) 
    Above 200 keV there is low detection efficiency. ( decreases sensitivity ) 
 Half-life :   
       Effective half-life equal to 1 to 1.5 times the imaging time. 
 Chemical properties:                             
    Can be compounded into different chemical forms. 
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Fundamentals of nuclear pharmacy 6th p62~64 



 Pulmolite ®  MAA kit 
 Techne ® MDP kit 
 Techne ®  Pyrophosphate kit 

 Techne ®  DTPA kit 

 Techne ®  DMSA kit 
 Techne ®  Phytate kit 

 Hepatolite ® DISIDA kit 
 Ceretec ® HMPAO kit 

 Neurolite ® ECD kit 

 Cardiolite ® MIBI kit 

 

8 



 Ligand : 
         The properties of the ligand are primarily responsible 

for dictating how the product will behave in the body. 
 
 Reducing agent : 
         Stannous ion  .. 
 
 Other agent : 
         Stabilizers , transfer ligands ,  
          buffer , solubilizing agent .. 
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Radionuclide 

99mTc 

(Non-radioactive  
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Organ  
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+ Macroaggregated  
Albumin (MAA) 

 + Phytate 

  + DTPA 

Liver 

Lungs 

Kidneys 

Study  
parameter 

Reticuloendothelial  
system function 

Regional pulmonary  
perfusion 

Renal Blood Flow 

Radiopharmaceuticals 
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簡報者
簡報註解
https://www.ipen.br/conteudo/upload/201008061109260.Texto%20sobre%20Radiofarmacos.pdf
http://tech.eanm.org/tech_radiopharmacy.pdf
http://www.youtube.com/watch?v=0GSCECqc8U8
http://www.youtube.com/watch?v=sdd3w5md4RA

http://www.youtube.com/watch?v=o0jR2OQ6LtE
http://www.ipen.br/conteudo/upload/201008061109260.Texto%20sobre%20Radiofarmacos.pdf
http://www.youtube.com/watch?v=_sQcFhYQhbA&p=84BD2F8EC9D16C77&playnext=1&index=51




 
  Category of radiopharmaceuticals 
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Radiopharmaceuticals 

Diagnosis Therapy 

SPECT PET 
18FDG  

13N-Ammonia 

11C-sodium acetate 

90Y-Microspheres (SIR-Spheres® ) 

90Y-Ibritumomab tiuxetan  (Zevalin ® ) 

 223Ra-Cl2  

133Xe gas  

67Ga-citrate 

201Tl-chloride 

51Cr-RBC  

99mTc kits  

131I-NaI 

131I-NaI 

111In-Pentetreotide 

 188Re-liposome  
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131I-NP59 



                                                                         Examples 
 
Ready-to-use prepared product        133Xe gas ， 131I-Hippuran  
                                                          67Ga-citrate ， 201Tl-chloride ， 99mTcO4

  
                                                          223Ra-Cl2  
Instant 99mTc kit                                  DTPA ， MDP ， DISIDA ， MAA 
                                                                  PYP ，HMPAO， Phytate  …. 
 
99mTc kits requiring heating               Sestamibi ， MAG3 ， Sulfur colloid 
 
Products requiring significant           99mTc-Trodat-1 ， 99mTc-ECD  
manipulation                                          131I-NP59 ， 111In-pentetreotide，  
                                                                                                   51Cr -RBC ， 99mTc-RBC 
                                                                                                   90Y-Microspheres (SIR-Spheres® ) 
                                                                  90Y-Ibritumomab tiuxetan  (Zevalin ® ) 
                                                                 18FDG ，13NH3，11C-sodium acetate… 
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- 

Nuclear Medicine 2nd edition p338 
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Clinical Nuclear Medicine P40-41 

  -  

簡報者
簡報註解
Tc-99m MAG3 製配中S-Benzoyl可防止標誌後PH過高…
Tc-99m DMSA 製備在酸性的ph值下,氧化態為3價 (carboylic acid)……..而製備在鹹性的ph值下,氧化態為5價



Tc-99m as sodium pertechnetate is added to the  
                            reaction vial 
 
 
Tc-99m radiopharmaceutical is ready for dispensing 
 
 
The patient dose is withdrawn from the vial 
 
 
Each dose is measured in the dose calibrator 
                            before it dispensed 
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Reduced 99mTc + chelating agent  
99mTc-chelate 

簡報者
簡報註解
Crystalline powder

http://tw.wrs.yahoo.com/_ylt=A3eg8_gNA.lL7wQA3vJ21gt./SIG=13f8qt20a/EXP=1273648269/**http%3A//www.pharmacy.ohio-state.edu/academics/nuclear_pharmacy/images/instrumentation160.jpg
http://tw.wrs.yahoo.com/_ylt=A3eg8_grTOpL2PYAHAd21gt./SIG=13ba2q1on/EXP=1273732523/**http%3A//www.pharmacy.ohio-state.edu/academics/nuclear_pharmacy/images/compounding203.jpg


 Common problems associated with 99mTc 
chelates: 

          1. Excessive 99mTc 
          2. Excessive 99Tc 
          3. Radiolytic oxidants 
          4. Inadequate stannous ion 
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Radiopharmaceuticals in Nuclear Pharmacy and Nuclear Medicine 3th p43 



 Common problems associated with 
preparative manipulations : 

          1. Improper mixing order 
          2. Improper heating 
          3. Incubation /time delays 
          4. Component concentration 
          5. Radiolytic effects 
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Radiopharmaceuticals in Nuclear Pharmacy and Nuclear Medicine 3th p608 



 Common problems associated with drug 
stability and delays before dispensing: 
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1. Aluminum ion 
2. Radiolytic effects  
3. Sedimentation particles 
4. Interaction with container walls  
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+ Formulation 

Cu(MIBI)4.BF4 

L-Cysteine hydrochloride hydrate 
Stannous chloride                            0.075mg 
Mannitol                                                20mg 

1mg 
     1mg 

Sodium citrate dihydrate                      2.6mg 

簡報者
簡報註解
Myocardial perfusion scan,    Parathyroid scan,    breast image
不管是先做壓力相或是先做休息相，因為Tc-99m MIBI不會再分佈，因此比較後面做的那一個所使用的劑量就是要比較高，這樣才能壓的過前面的影像強度 
使用Tc-99m MIBI需要注射兩次原因就在於MIBI注射進入心肌細胞後很難再擴散出來，因此在注射Tc-99m MIBI後影像不會因為時間的流逝而像Tl-201一般會進行再分佈，只會不斷decay罷了 
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Property 

Molecular 

Charge 

Uptake mechanism 

First-pass extraction                          
( at resting blood flow ) 

Heart uptake                            
(% injected dose at rest) 
Heart retention 

201Tl-Chloride   99mTc-Sestamibi  99mTc-Tetrofosmin   82Rb-Chloride     13N-ammonia 

 +1 Cation 

Hydrophilic 

Active transport 
Na-K ATPase  

 ~85 %  
Diffusion limited  
> 2.5ml / min /gram 

 ~ 4% 

Redistributes 

Radiopharmaceuticals in Nuclear Pharmacy and Nuclear Medicine ,p467 

  +1 Cation 

Lipophilic 

Passive  diffusion 

 ~66 %  
Diffusion limited  
> 2.0ml / min /gram 

 ~ 1.2% 

Bound in 
mitochondria 

+1 Cation 

Lipophilic 

Passive  diffusion 
 

 ~54 %  
Diffusion limited  
> 1.7ml / min /gram 

 ~ 1.0% 

Bound in 
mitochondria 

   +1 Cation 

Hydrophilic 

Active transport 
Na-K ATPase  
 
  ~59 %  
Diffusion limited  
> 1ml / min /gram 

Redistribution 
( not possible ) 
(rapid physical 
Half-life = 76 sec ) 

  Neutral 

Lipophilic 

Passive diffusion 
NH4

+→ NH3 + H+ 

(19 μsec equilibrium) 
 
  ~82%  
Diffusion limited  
> 2ml / min /gram 

13NH3+Glutaminic 
acid →13N-Glutamine  
Biologic  half-life =    
   1~2hr) 
(rapid physical 
Half-life = 10min) 



22 

Contraindications 

Unstable angina or resting ischemia 

Poor  LV function ( EF<15% ) 

Hypertension ( > 200mm Hg systolic ) 

Hypotension (  < 90mm Hg systolic ) 

Severe aortic stenosis 

History of asthma 

Active bronchospastic disease 

History of tacharrhythmias 

Second-degree AV block 

Oral dipyridamole 

Xanthine compounds 

Atrial fibrillation  
         with rapid ventricular response 

Dipyridamole Adenosine Dobutamine 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Radiopharmaceuticals in Nuclear Pharmacy and Nuclear Medicine ,p465 



 Fractors that may cause 
radiochemical impurities : 

      1、 >100mCi 99mTc 
      2、 Volume < 4ml 
      3、Waiting longer than 5min to  
            place the vial into the   
            boiling water bath . 
      4、Not adding air to the vial    
            during  radiolabeling . 
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Formulation 

Betiatide 
Disodium tartrate 
Stannous chloride 
Lactose 

European U.S 
1mg 1mg 

40mg 

None 
40μg 

20mg 

16.9mg 
200μg 
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Radiopharmaceuticals in Nuclear Pharmacy and Nuclear Medicine ,p555 

Property 

Glomerular filtration 

Tubular transport 

Tubular reabsorption 

Collecting system 

Cortical binding 

Dosage 

Critical organ 

 rad (cGy)/mCi 

Tc-99m DTPA 

Yes 

0.27                     0.28                   0.85                         0.48                            5.71 

No 

Not significant 

10mCi 
(blood flow) 
3mCi 
(renogram) 

(4.8hr  void ) 

Tc-99m MAG3 Tc-99m DMSA I-131 OIH Tc-99m GH 

  Yes                      Yes                     No                           Yes                             Yes 

Yes  
(cortical binding) 

Bladder wall          Bladder wall       kidney cortex          Bladder wall               Bladder wall 

Yes 
(Secretion) 

Yes Yes Not significant 

No                        No                      No                           No                              No 

Yes  
(cortical binding) 

Yes 
(Secretion) 

No                        Yes                     Yes                          No                              No        

10mCi 
(blood flow) 
15mCi 
(static) 

   5mCi (static) 
 

5mCi (blood 
flow) 
1~3mCi 
(renogram) 

75μCi  
(1kidney) 
200μCi 
(2kidneys) 
(renogram) 
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Vial A   Bicisate ·2HCl  (l,l-ECD·2HCl) 
            EDTA  (Edetate disodium dihydrate)  
            SnCl2 ..   
Vial B   Phosphate buffer     
                                        

l.l > d.l > d.d 
Cerebral retention pH=2.7 ± 0.25 

  pH=7.6 ± 0.4 

簡報者
簡報註解
Vial A ECD ,(ph 2.7是為了增加ECD 得穩定性) Vial B NaPO3 (因中性的Ph值有較好標誌效果)  (Diagnostic nuclear medicine p202)
立體化學異構物  l,l isomer                                     旋光性   左旋levorotary >右旋dextrorotary
l,l form ECD 經過 BBB會使得 一邊的被酯ester group(R-COO-R`)變成CARBOXYLIC ACID (R-COOH)
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Handbook of Nuclear Medicine and Molecular Imaging  P112 



 131I-labeled NP-59 is use in Adrenocortical scan.  
(Cushing’s syndrome, aldosteronism, adrenal 
adenoma, adrenal hyperplasia.) 

 Radiocholesterols are dissolved in an alcoholic 
vehicle ontain Tween-80 and should be  injected 
intravenously over 2~3min . 
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 Administer an appropriate iodine drug thyroid  gland  
    (such as Lugol` solution or SSKI). 
 Dexamethasone  suppression . 
 At  4°C, NP-59 is stable for 2 weeks , an deiodination            

occurs at room or higher temperature 
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CH2
131I 

HO 
6 5 

10 

3 



 Energy (Mean /Maximum) (MeV) :   0.94 /2.3 
 Range  (Mean /Maximum) (mm) :     2.5 /11 
 SIR-Spheres® are intended for use on the day of 

calibration.  ( >24hr , Particle number   30% ). 
 SIR-Spheres® is intended for implantation into hepatic 

tumours via the hepatic artery. 
 For treating unresectable liver  
   metastasis from primary 
   colorectal cancer. 
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簡報者
簡報註解
釔 90 微球體直徑約為頭髮的三分之一 
2003年歐盟之核准治療不能動手術的晚期肝癌 (多處病變 ,兩葉均受累.  腫瘤浸 潤主要肝靜脈. 廣泛擴散 )

2002年FDA核准大腸直腸癌之肝轉移(colorectal metastasis)
無法有效切除之轉移性大腸直腸癌者,(意思是說,癌細胞源自直腸並且擴散至肝臟)
http://sirtexmedical-chinese.com/patients.html
http://www.sirtex.com/files/TRN-US-0320for20US1.pdf
Tumours 主要是由肝動脈供血 ,而正常的肝組織由肝靜脈供血..
http://www1.vghtpe.gov.tw/msg/%E5%9C%8B%E5%85%A7%E7%AC%AC%E4%B8%80%E4%BE%8B%E8%82%9D%E8%87%9F%E6%83%A1%E6%80%A7%E8%85%AB%E7%98%A4%E6%96%B0%E7%99%82%E6%B3%95.pdf



Parameter                                              Resin           Glass 
Trade name                                    Sir-Spheres ®    TheraSphere ® 
Manufacturer and location              Sirtex Medical   MDS Nordion 
                                                        (Singapore)       (Canada)  
Diameter (μm)                                    20 ~ 60            20 ~ 35 
Particles /activity (million/3GBq)         40 ~ 80              1.2 
Specific gravity                                    1.6g/dl             3.6g/dl 
Specific activity per  microsphere          50Bq               2500Bq 
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 Zevalin® in the treatment of relapsed or refractory 
low-grade ,follicular,transformed B-cell Non-
Hodgkin's Lymphoma. 

 The Rituximab predose is given initially to block 
accessible  CD 20 sites in the peripheral circulation 
and prevent indiscriminate uptake of the 
radiolabeled antibody in the reticuloendothelial 
system . 
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簡報者
簡報註解
http://www.theodora.com/drugs/zevalin_injection_biogen_idec.html
Rituximab is used to reduce the amount of B-cells in your blood 
http://www.zevalin.com/get-informed/
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90Y-Ibritumomab tiuxetan  (Zevalin ® ) 
 

簡報者
簡報註解
http://nucmed.wikispaces.com/Wendt+Talk+4
http://www.google.com.tw/imgres?imgurl=http://www.edah.org.tw/journal/images/23/1521-07.jpg&imgrefurl=http://www.edah.org.tw/journal/23/15-21.html&usg=__s3XDahF_0idVsDAbjW6c8JbxIho=&h=403&w=673&sz=18&hl=zh-TW&start=6&zoom=1&tbnid=Tu7HXiMwZSDOoM:&tbnh=83&tbnw=138&ei=dOKQT5G4HKXEmQWot6GIAg&prev=/search%3Fq%3Dibritumomab%26hl%3Dzh-TW%26sa%3DX%26gbv%3D2%26rlz%3D1R2ADFA_zh-TWTW465%26tbm%3Disch%26prmd%3Divns&itbs=1



Radiopharmaceuticals in Nuclear Pharmacy and Nuclear Medicine p677 



 Radium belongs to the same group of elements as 
Calcium. 

 Radium-223 is a calcium mimetic that binds to 
newly formed bone stroma,  
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簡報者
簡報註解
http://prostate-cancer.org/wp-content/uploads/insights/may2012/Insights-May-2012_Radium_223.pdf
http://www.xofigo-us.com/product-information/



 Xofigo® is indicated for the treatment of patients 
with castration-resistant prostate cancer (CRPC), 
symptomatic bone metastases and no known 
visceral metastatic disease. 

 223RaCl2 emits high-energy  
    ionizing α- particle which  
    cause lethal, double-strand  
    DNA breaks in adjacent  
    tumor cells in the bone. 
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 Recommended Dosage ： 
     50 kBq (1.35 μCi) / kg body weight, given at 4-

week intervals for 6 injections 
 Radium-223 emits mainly α-particles 
 t1/2 = 11.43 days 
 Of the total decay energy 
         95.3 ％ emitted as α-particles     
           3.6％  emitted as β-particles    
           1.1％  emitted as γ- or X-rays 
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 A 99mTc labeled tropane derivative (cocaine), is a 
potential dopamine transporter (DAT) imaging agent 
for the central nervous system. 

 N2S2 diaminedithiol type chelator  
    with tropane at the 2β-position. 
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Forty mCi of elution of freshly 99mTcO4 diluted  
in 5 ml of saline solution were injected in the kit  

submitted to 16 atm and temperature of 121ºC,  
during 30 minutes in an autoclave  

After cooling to room temperature in an  
water bath over  15 min.  

2β 

簡報者
簡報註解
尋找更適用於臨床的多巴胺傳送者示蹤劑裡，研究學者以cocaine的類似化學結構(analogue)–tropane–以及其一系列衍生物嘗試螯合99mTc，先期的研究發現99mTc TRODAT-1不只可穩定的螯合99mTc，且低毒性，是為適合之結構 
http://www.snm.org.tw/csnm2002/newslett/0001.htm#9
http://trodat.synthasite.com/



 8-amino acid segment of somatostatin that 
maintains active binding properties ,It is 
resistant to enzymatic degradation in the body.   

 The agent for the scintigraphic localization of 
Primary and metastatic neuroendocrine tumors 
bearing somatostatin receptors (SSTR2、5). 
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D- Phe 

D-Trp 

Lys 

Thr 

S 

S 

111In-DTPA- Cys Phe 

Cys Thr 



Mechanism :  
   Cold-PYP+RBC            99mTc+RBC       99mTc-RBC 
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99mTcO4 + Sn2+         reduces 99mTc + Sn4+  
  80% of reduced Tc binds to β chain of the globin 
part of hemoglobin And 20% to heme . 

 

   TcO             TcO          Reduced 99mTc  
4  
-  - 

 4 
Bound 

RBC 

cell membrane 

10 ~20ug/kg 

簡報者
簡報註解
血紅素（Hemoglobin）是Heme和Globin的結合物，Heme的分子中含有鐵，所以體內需要有足夠的鐵份，以避免貧血（氧氣的運輸不夠）。Globin是Hemoglobin的蛋白質部份，它含有四條胜鏈（Peptides）──每一條胜鏈是一串無數氨基酸（Amino Acid）的結合體。Globin中所含的胜鏈可按氨基酸的排列次序和長短的不同分成α,β,γ,δ等數種，每一種胜鏈所含的氨基酸和排列次序都已經被檢定，成年人的Hemoglobin是由二條α鏈和二條β鏈組成的。鎝-99m 7價可自由進出細胞膜 ,80% irreversibly to the beta-globin chains on the hemoglobin.
http://www.nucmedconsultants.com/tutorials/backups/celllabeling.ppt#259,4,Principles of Tc-99m RBC Labeling
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In vivo 
Modified  

in vivo 

20min 20min 

10min 

In vitro 

+ 

5min 

5min 

  + 

簡報者
簡報註解
體外法是一種操作複雜而且相當耗時的一種做法，先抽取10~20 mL的血液，然後在血液中加入stannous citrate，這樣除了可以供應約1.5 μg的Sn2+，也同時可以防止血液凝固，經過5分鐘的輕微搖晃後，將血液拿去離心，將含有多餘未作用Sn2+的上清液丟棄，將15~30 mCi的Tc-99m與剩下沉積的紅血球混合，經過5分鐘的輕微搖晃後，再將作用完成的混合液注射回病患的血液中，經過5~10分鐘後標記的紅血球就能均勻的分佈在循環血液中了，標記的效率大約是在95﹪以上，不過由於整個過程耗費的時間很長，技術人員又必須處理血液樣品以及接受到較多的輻射暴露，因此臨床上對於體外標記法的接受度並不高 
Tc-99m RBC labeling的方式有三：
(i)in vitro:抽血10-20ml，加入Sn PYP，輕輕攪動5min後，離心或加入sodium hypochlorite除去多餘的Sn ion，最後再加入99mTcO4-，再incubate 20min即可。
(ii)modified in vivo:靜脈注射Sn PYP(500μg)至病人體內，20分後抽3ml血到含99mTcO4-(20 mCi)針筒內，在室溫下輕輕搖晃針筒10min後，再把標誌完成的血液製劑打回病人體內。
(iii)in vivo:靜脈注射Sn PYP(500μg)，15-30分後再注射99mTcO4-。
http://mulicia.pixnet.net/blog/post/5245390
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簡報者
簡報註解
http://tech.eanm.org/tech_radiopharmacy.pdf
將凝固的纖維蛋白Fibrinogen除去，剩下的液體便稱為血清Serum 
http://www.wretch.cc/blog/cytokine/17607753
http://www.google.com.tw/imgres?imgurl=http://www.djjh.kh.edu.tw/teacherweb/t210/blood-red01.jpg&imgrefurl=http://www.djjh.kh.edu.tw/teacherweb/t210/bloodball.htm&usg=__my5ZRXExd8diupo8eFF8jqkPAoA=&h=279&w=228&sz=13&hl=zh-TW&start=11&zoom=1&tbnid=gJTC40Ek8_TxpM:&tbnh=114&tbnw=93&prev=/images%3Fq%3D%25E8%25A1%2580%25E7%25B4%2585%25E7%25B4%25A0hemoglobin%2Bheme%26um%3D1%26hl%3Dzh-TW%26lr%3Dlang_zh-TW%26sa%3DN%26tbs%3Disch:1&um=1&itbs=1




 Ionization chamber 
        Sealed chamber (Argon ,halogen..) 
         High pressure 
         Operating voltage( about 150 V) 
 
 Isotope selector   
         Calibration factor 
          Feedback resistors 
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簡報者
簡報註解
利用氣體被游離所生的離子 對來偵測
相同活性的不同的放射性核種會產生不同的電流量
校正因子 =測量每1mCi的放射性核種所產生的電流而定.
外加電場電壓可使得游離電子朝中央陽極絲移動,正電荷朝周圍的陰極壁移動,因而產生可測得的電子脈衝信號



Lead-lined storage cabinets 
         a. Radiopharmaceuticals 
         b. Radioactive sources 
         c. Radioactive waste 
 
Lead L-block shields 
Lead bricks 
Lead vial shields and syringe shields 
Lead foil or sheeting of various thickness 
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簡報者
簡報註解
半值層(HVL)=為輻射暴露減少一半的厚度..                          半值層大小的決定在於射線的能量及吸收物質的原子序,射線能量愈大則半值層愈大,原子序愈高的物值半值層值愈小


http://www.google.com.tw/imgres?imgurl=http://www.glasteknik.se/bilder/BlySprutor.JPG&imgrefurl=http://www.glasteknik.se/en/Leadglass.html&usg=__4NeRiLZJA7qX82RfNSavlqVs5uY=&h=239&w=394&sz=11&hl=zh-TW&start=204&um=1&itbs=1&tbnid=hIAsFwoi90lU_M:&tbnh=75&tbnw=124&prev=/images%3Fq%3DSYRINGE%2BLEAD%2BSHIELD%26start%3D200%26um%3D1%26hl%3Dzh-TW%26sa%3DN%26ndsp%3D20%26tbs%3Disch:1
http://www.google.com.tw/imgres?imgurl=http://www.drct.com/images/Radiation_Shielding/stainless_steel_L_block_shield.jpg&imgrefurl=http://www.drct.com/dss/shielding/L-block.htm&usg=__X4aaDYKOmICV2qBB5PWDMJR1U8k=&h=288&w=209&sz=33&hl=zh-TW&start=37&um=1&itbs=1&tbnid=LLDL-5_yterMUM:&tbnh=115&tbnw=83&prev=/images%3Fq%3DL-%2BLEAD%2BSHIELD%26start%3D20%26um%3D1%26hl%3Dzh-TW%26sa%3DN%26ndsp%3D20%26tbs%3Disch:1
http://tw.wrs.yahoo.com/_ylt=A3eg8_duBCxMG6IASU521gt./SIG=12c4cighl/EXP=1278039534/**http%3A//www.gammascout.co.kr/menu2/file/syringeholder.JPG
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Radiopharmaceuticals in Nuclear Pharmacy and Nuclear Medicine ,p113 ~ 112 



 
Mo-99/Tc-99m generator systems 
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簡報者
簡報註解
http://www.sciencemediacentre.ca/smc/index.php?option=com_content&view=article&id=94%3Aisotopes&catid=1%3Alatest-news&Itemid=49&lang=en
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 (NH4)299MoO4 
       Ammonium molybdate 
 
 99MoO4 
 
                           99mTcO4 
 Na99mTcO4 
      Sodium pertechnetate 

49 
Nuclear medicine third edition p6~7 

 -2 

  -1 
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Nuclear medicine third edition, p6~7 
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Fundamentals of nuclear pharmacy 6th ,p72~74 
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永久平衡 
(Seqular equilibrium) 

暫態平衡 
(Transient equilibrium) 

不平衡 
(No equilibrium) 

母核 T1/2>>子核T1/2  
100倍以上 

母核 T1/2>子核T1/2  
10-100倍 母核 T1/2<子核T1/2 

達平衡時放射活度：

A2≒A1 

1
12

2
2 AA

λλ
λ
−

=

min 68

68β

275d

68

2/12/1

GaGe
==

→
−

TT h6

99mβ

h67

99

2/12/1

TcMo
==

→
−

TT min27

214α

min 3
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PbPo
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Radionuclides                        Parent(Mo-99)   Daughter(Tc-99m)  
 
Half-life                                        66hr                                  6hr 
Mode of decay                                  β-                                     Isomeric transition 
Daughter products                      Tc-99m ,Tc-99                  Tc-99 
Principal photon energies            740keV ,780keV            140keV(89%) 
 
 
Generator function 
 
Composition of ion exchange column                             Al2O3 
Eluant                                                                           Normal saline 
Time from elution to maximum daughter yield                23hr 
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                                                   Problem                            Standard 
Radionuclidic                Excessive Mo-99                  < 0.15μCi Mo-99/mCi 
purity                             in eluant                              Tc-99m at time of administration 
             
Chemical purity         Al2O3 from generator               < 10μg/ml ( fission generator ) 
                                  ion exchange column in    
                                      elution     
Radiochemical           Reduced oxidation states          95％ of Tc-99m activity should 
purity                         of Tc-99m (i.e ,+4,+5, or         be in +7 oxidation state 
                                     +6 instead of +7) 
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簡報者
簡報註解
根據NRC的規定在Tc-99m的洗出液裡Mo的量不得超過0.15 μCi/mCi Tc-99m，至於怎麼測量，就看你所使用儀器的種類而有所不同，高級一點的同位素劑量計測器有配置PHA，因此可以直接依能量的高低不同來分別測出Mo-99和Tc-99m的活度，依頒型的同位素劑量計測器沒有配置PHA，因此就利用厚約6mm的鉛罐將Tc-99m沖洗液包住，因為Mo-99的能量為740和780 KeV，可以穿透鉛罐，而Tc-99m的能量只有140 KeV無法穿透鉛罐，因此利用這個方法就可以約略的測出Mo-99的活度，至於Tc-99m的活度就直接測量即可，因為依目前孳生器的設計，Mo-99的含量並不高，因此不太會干擾到Tc-99m的活度測量，這樣一來就可以計算出兩者的比值了來判斷Mo-99的含量是否過高 
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簡報者
簡報註解
http://tech.eanm.org/tech_radiopharmacy.pdf



 How much Mo-99 activity is present on the generator column? 
              A=A0e-λpt         A0 = Mo-99 activity on generator column at time of calibration 

                                                                                                           t  = time elapsed since calibration     
                                                                          λp= 0.693 /Mo t1/2 

 How much Tc-99m activity has  formed by Mo-99m decay at 
any given time?        

                                                       

                                                                                                                               
 

     Transient equilibrium    ATc=0.957(AMo)t         (AMo)t= (AMo)0e-λpt 
                                                          t  = time elapsed since calibration 

       Previous elution   ATc=0.957 (AMo)0(e-λpt - e-λdt )+ (ATc)0e-λdt 

                                                                           t  = time in hours elapsed after previous elution  

 What fraction of available Tc-99m is removed (the efficiency of 
elution)?   

                        80% ~ 95% 
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簡報者
簡報註解
假設一天流洗一次,那之前流洗剩的5~15%會在24小時內decay至不到1%,所以可忽略不考慮
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    Quality Control of   
                  Radiopharmaceuticals 
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 中華藥典  
 U.S. Pharmacopoeia 
 European Pharmacopoeia 
 British Pharmacopoeia 
 Japanese Pharmacopoeia 
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 Production of radioactive 18F 
 Labeling dried 18F to a precursor (mannose triflate) 
 Preliminary purification  
 Hydrolysis step changes the sugar to 18FDG 
 Purification steps and final filtration during synthesis remove 

product impurities 
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Coincidence TracerLab MXFDG 
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1.Physicochemical Tests 
              Physical characteristics 
              pH  
              Radionuclidic purity 
              Radiochemical purity 
2.Biological Tests 
               Sterility test 
               Apyrogenicity test 
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簡報者
簡報註解
無菌的溶液不能保證無熱原
http://www.coa.gov.tw/view.php?catid=13598&print=1       




 Recognize the color and state of Radiopharmaceutical 
 Colloidal or aggregated preparations：                                            

size identify visualization of the reticuloendothelial system： 
                                                                                     10nm ~ 1 μm                                

99mTc-sulfur colloid：80 ~500nm 
 99mTc-MAA，Tc-label albumin microsphere：   10 ~90μm                         

(checked with hemocytometer under a light microscope)                                                 
larger than 150 μm  pulmonary arterial blockade  embolism 
smaller   than 10 μm  localize in the reticuloendothelial system 
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Nuclear pharmacy .H M Chilton et al;41 

1 



 Ideal pH radiopharmaceutical should be7.4 ( pH of the blood ) 
 However， radiopharmaceutical can vary between 2 ~ 9 because of 

high buffer capacity (緩衝能力) of blood.  
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簡報者
簡報註解
http://tetca-doc.org.tw/richardcyyeh/Chapter%208%20Quality%20control%20of%20Radiopharmaceutial%20.pdf



 Impurity sources from： 
   99Mo-99mTc generator：99Mo breakthrough from the alumina column 
       131I ：contain many other iodine isotopes 
 
 Radionuclidic purity is determined by measuring the half-live and     
       characteristic radiation emitted by individual radionuclides. 
      γ-ray emission radionuclides ：checked with multi-channel analyzer 
       pure β emission radionuclides ：checked with β-spectrometer  
                                                               or a liquid scintillation counter 
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 Radiochemical impurities arise from decomposition due to 
         1. action of solvent 
         2. change in temperature or pH 
         3. light 
         4. presence of oxidizing or reducing agents   
         5. radiolysis(輻射分解) 
 Analytical methods 
            Paper chromatography (PC) 
            Thin-layer chromatography (TLC) 
            Instant thin-layer chromatography (ITLC) 
            High performance liquid chromatography (HPLC)    
 
           

69 



 1. To prove that radiopharmaceuticals are in essence free of viable                   
          microorganisms. 
 Incubate the radiopharmaceutical sample in 

      (1) fluid thioglycollate medium at 30 ~ 35℃ for  14 days 
      (2) sobean-casein digest medium for incubation at 20 ~ 25℃ for  14 days 
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簡報者
簡報註解
比活度 = 放射性核種的每單位質量的放射活性   ( mCi/mg ) ( mCi/ml ) ( mCi/mole )
比活性愈大radiolysis愈大…



 Pyrogens include any substance capable of  eliciting a febrile 
(or fever) response upon injection or infection 。 

 The severity of response is dependent upon the amount of    
         pyrogen administered。(Myalgia 、headache 、nausea    
                                                                             、sepsis …) 
 The USP set a limit for radiopharmaceutical at 175EU/ V 。 
                   ( EU=Endotoxin Units ) ( V = maximum dose in ml) 
 Sterile ≠ Pyrogen free 
 Pyrogen (熱原) ≠ Endotoxin (內毒素) 
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簡報者
簡報註解
http://tetca-doc.org.tw/richardcyyeh/Chapter%208%20Quality%20control%20of%20Radiopharmaceutial%20.pdf
http://www.blossombio.com.tw/PDF/NewTechInfo/EndotoxinEffects.pdf
內毒素為一種脂多醣 (lipopolysaccharide, 簡稱為LPS)，是來自革蘭氏陰性菌細胞壁的毒性化學物質，可刺激免疫細胞 (包含巨嗜細胞，白血球) 釋放細胞介素 (cytokine)，這些物質包括interleukin-1β、interleukin-6 及tumor necrosis factor-α等，這些發炎前媒介物進而引起全身性急性發炎宮.. 
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73 
Endotoxins Pyrogens, LALtesting and Depyrogenation 3th ,p28 



 

74 Endotoxins pyrogens ,LAL Testing, and Depyrogenation 3rd ,p29 
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簡報者
簡報註解
外毒素是一種簡單的蛋白質，性質不穩定，一般易被熱、酸及消化黴破壞
http://www.supermt.com.tw/Sepsis/mechanisms%20of%20bacterial%20endotoxin.pdf
http://159.226.2.2:82/gate/big5/www.kepu.net.cn/gb/lives/microbe/microbe_toxin/200310170024.html
http://www.fengtay.org.tw/paper.asp?page=2009&num=1127&num2=154
http://classes.midlandstech.edu/carterp/Courses/bio225/chap04/ss4.htm
http://w3.tshs.tp.edu.tw http://w3.tshs.tp.edu.tw
位於細胞壁最外層的特異性多糖(O抗原)與細菌的抗原特異性有關；類脂A在最內層靠近汰聚糖一邊，是內毒素脂多糖分子中具毒性及其他活性的部分。類脂A的毒性主要在於以酯鍵相連的脂肪酸，若脂肪酸被水解，類脂A即失去毒性，脂多糖也隨之失去毒性。 �http://www.sotcm.com/xijun.htm
/~hung/bio/11-1-2.doc
http://www.cgu.edu.tw/DMI/MChen/2010%20%E8%AD%B7%E7%90%86%E5%BE%AE%E7%94%9F%E7%89%A9%20pdf/10_03_30_Ch5_6.pdf
http://www1.tf.edu.tw/top/department/food/%E9%A3%9F%E5%93%81%E7%B3%BB%E7%B6%B2%E9%A0%81/teacher&research/%E9%99%B3%E5%A7%BF%E5%88%A9%E8%80%81%E5%B8%AB/lesson01/09%E5%BE%AE%E7%94%9F%E7%89%A9%E7%9A%84%E6%84%9F%E6%9F%93.pdf




 Pyrogen Test (In vivo test ) 
       Rabbit fever test    
 
 Bacterial Endotoxin Test (In vitro test )     
       Limulus Amebocyte Lysate(LAL) test  
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簡報者
簡報註解
鱟試劑檢驗法最早是在1956年由美國的貝格博士（Dr. Bang）偶然間發現將鱟的變形血球（amebocyte）以無菌蒸餾水脹破後所萃取之溶質（lysate），會與多種革藍氏陰性菌或以100 ℃煮沸之革藍氏陰性菌（由於內毒素屬革藍氏陰性菌之菌體結構一部份，不似外毒素會受高熱所破壞）結合後產生一種類似果膠樣的半透明膠狀物質。因此當受檢之醫療用品或注射液被革藍氏陰性菌污染時，應用鱟血液萃取之溶質可與內毒素於37℃下於半小時至1小時內凝集的特性快速檢驗出來 
LAL(Limulus Amoebocyte Lysate鱟變形細胞溶解產物) 化驗檢測水中內毒素 
內毒素。內毒素是革蘭氏陰性菌細胞壁中的一種成分，叫做脂多糖。脂多糖對宿主是有毒性的。內毒素只有當細菌死亡溶解或用人工方法破壞菌細胞後才釋放出來，所以叫做內毒素 
外毒素一般是從完整細胞排放出來的，但一些革蘭陰性菌，並不將外毒素主動分泌到菌體外，只是在細菌死亡溶潰後才釋放出來。 
凝膠法，檢驗試劑會與細菌內毒素結合成形成黃色凝膠，在恆溫反應作用後，判讀待測樣品是否有凝集反應，以得知樣本中是否含有內毒素。
比濁法，檢驗試劑能與細菌內毒素結合形成凝膠的特性，利用凝膠率去評估樣品內所的內毒素含量。有內素素存在的情況下，檢驗試劑在形成凝膠前會先產生混濁，當內毒素含量愈高時，混濁愈快形成，混濁度可以由反應後讀取吸光值得知。。
顯色法，檢驗試劑和內毒素反應後，會顯色得到黃色產物，可利用405 nm測得吸光值，定量顏色的深淺與一組已知濃度的標準品呈線性相關。 
http://tw.myblog.yahoo.com/jw!66EmHeaGAxArpQ4X6k88CusiRM0-/article?mid=85



 Semi-quantitative method ： 
      Gel-clot techniques (濁度法) 
  
  Quantitative method：  
      Photometric techniques (呈色法) 
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Turbidimetric techniques 
 

Chromogenic techniques 

   End-point 
Kinetic 

         End-point 
      Kinetic 

pNA 

簡報者
簡報註解
內毒素可催化並活化LAL中的Proenzyme。活化的enzyme可將無色的受質(無色的人工多肽基質) 裂解，釋放黃色的pNA，反應終止後偵測405~410 nm吸光值   (呈色法原理與濁度法相同，但在試劑內加入呈色劑，以顏色的變化來取代混濁的狀態。)此法又可分為終點法(End-point test)和動力學法(Kinetictest)，終點法是只取單一時間點的吸光值來計算內毒素濃度，而動力學法是連續偵測多個固定時間點的吸光值，再利用內毒素含量愈高，反應達到一定OD值所需時間愈快的特性，來定量內毒素含量。 
http://emobio.com/rd209.html
http://www.thco.com.tw/front/bin/ptdetail.phtml?Part=PA-08-01-01-01-00&Category=56096
http://www.endotoxin.com.tw/products_LAL%20reagent.htm
http://vettech.nvri.gov.tw/AppendixEdit/publication/814.pdf



 終點法 End-point ： 
     根據反應混合物中的內毒素濃度和其在培養終止(相同反應時間)時的
濁度 (釋放的呈色團的量)吸光度之間存在的量化關係。 

 
 
 動力學法 Kinetic ： 
     測定反應混合物的濁度(釋放的呈色團)到達某一預先設定的吸光值所
需要的反應時間(onset time)，或是檢測濁度(色度)增加速率的方法。 

78 OD = optical density 

簡報者
簡報註解
化學物質在波長的吸光值(A; absorbance)定義為A = log(I0/I)。吸光值另稱為optical density (OD )。吸光值(或OD值) 只為一個數值，並無單位。 
http://www.endotoxin.com.tw/products_LAL%20reagent.htm
http://tw.myblog.yahoo.com/miss-tecan/article?mid=136&next=108&l=f&fid=8&sc=1
http://openinfo.npust.edu.tw/agriculture/npus12/kk/part1/agr11part1exp0.pdf
http://openinfo.npust.edu.tw/agriculture/npus12/kk/part1/agr11part1exp0.pdf



 Incubating Microplate Readers (ELx808™) 
 無熱源水 (LAL Reagent Water) 
 標準品(Control Standard Endotoxin (CSE) E. Coli) 
 內毒素呈色劑  (Pyrochrome® ) 
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簡報者
簡報註解
http://www.thco.com.tw/style/frame/templates15/product_detail.asp?lang=1&customer_id=2627&name_id=127507&content_set=color_2&Directory_ID=69263&id=386481
http://www.acciusa.com/lal/product/LAL%20Reagents/Pyrochrome%C2%AE/product.html



 Radiochromatographic analysis for    
        determining radiochemical purity 
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81 

Chromatography 

Liquid chromatography                         Gas chromatography 

    Liquid / solid                                 Size exclusion               Gas / Solid                        Gas / Liquid 
  (L / S adsorption)                        (Gel filtration ,GF)        (G / S adsorption)           (G / L partition)                                                               
    

Basic Separation Techniques in Biochemistry, p5 

Liquid / liquid   
(L / L partition) 

Cation           Anion  

Ion exchange    
(IE electrostatic ) 
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Chromatography 

Liquid chromatography                         Gas chromatography 

          Flat methods                          Column methods          Packed column         Wall coat column 
                                                                           
    High performance 

LC ( HPLC ) 
Paper                      Thin-layer   
chromatography      chromatography 
                                 ( TLC ) 
             
                                Instant thin layer 
                                chromatography  
                                ( ITLC ) 

Open column  

High performance 
Thin-layer 
chromatography             
( HPTLC ) Basic Separation Techniques in Biochemistry, p4 



 
 The electrostatic forces (adsorption and capillary 

action) of the stationary phase and the polarity of the 
mobile phase  are the two determining factors in the 
separation of different radiochemical components in a 
sample 。 
 

 Rf = Retardation factor    
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Rf = 
The distance traveled by the analyte 

The total distance traveled by the mobile phase 
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簡報者
簡報註解
http://www.biodex.com/nuclear-medicine/products/tec-control-chromatography



 Reaction with the support，especially by drying the 
spots. 

 Splashing when spotting. 
 Grease from fingers. 
 Strips touching wet walls of the developing 

chamber. 
 Incorrect mobile phase. 
 Insufficient mobile phase to allow full development 

to the required solvent front. 
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86 
Radiopharmaceuticals in Nuclear Pharmacy and Nuclear Medicine ,p283 
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Using fresh solvent into the developing tank to a  
depth of 3 ~ 4mm 

Prepare the strip: Mark the solvent front with a color 
 pen and  the start with a pencil 

Apply one small drop of the sample ( <0.1ml) With  
a thin needle onto the strip;( the drop must not dry) 

Immediately put the strip into the developing tank 
 ,the spot must remain above the solvent level . 

When the solvent has reached the front,Take the  
strip out and let it dry. 

Technetium-99m pharmaceuticals p130 

簡報者
簡報註解
假如移動相不能和水互溶(immiscible)時,那樣品要等他乾.不然可能會有產生不好的resolution 2010/06/25
http://www.nuclemed.be/product.php?cat=51&prod=112



88 
Technetium-99m pharmaceuticals p126 

簡報者
簡報註解
MEK =Methyl ethyl ketone (甲基乙基酮)

http://www.google.com.tw/imgres?imgurl=http://www.114ep.com/data/company/0905/09051212235534.jpg&imgrefurl=http://prod.114ep.com/list_403_466.html&usg=__JdBekRMKQ1aS28wDTQHKc056ZXY=&h=225&w=300&sz=23&hl=zh-TW&start=8&um=1&itbs=1&tbnid=ZIXk5cgv70umBM:&tbnh=87&tbnw=116&prev=/images%3Fq%3DTLC%2BSCAN%26um%3D1%26hl%3Dzh-TW%26sa%3DN%26ndsp%3D20%26tbs%3Disch:1
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簡報者
簡報註解
Rf =組成物從樣品的原點向前移動的距離與溶劑從樣品的原點向前移動的距離比值
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