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TIN-117m: PRODUCTION, CHEMISTRY, AND EVALUATION AS A 
· BONE-SCANNING AGENT* 

Y. Yano, P. Chu, and H. 0. Anger 

Do.nner Laboratory and Lawrence Berkeley Laboratory 
Universityof California, Berkeley, California 94720 

Abstract 

Cyclotron and nuclear reactor methods of producing 

117m Sn were compared. Reactor production gave the highest 

yield. Of several chelates studied, in rats 117mSn tartrate gave· 

the highest bone uptake (55%) with less than So/o uptake in soft 

tissue. Because of a favorable half-life of 14 days and emission 

of 158 keV photons, 117mSn is considered as a possible bone-

scanning agent. Scintillation camera and whole-body scan pic-

. 117m tures show uptake of .. Sn-tartrate in bone of beagle dogs. 

Radionuclidic purity, chemical toxicity, and absorbed radiation 

dose are within limits acceptable for human use. 

)l< ' 
This work was done tinder the auspices of the United States 

Atomic Energy Commission. 
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TIN-117m: PRODUCTION, CHEMISTRY, AND EVALUATION AS A 
BONE-SCANNING AGENT.· 

Y. Yano, P. Chu, and H. 0. Anger 

Donner Laboratory and Lawrence Berkeley Laboratory 
University of California, Berkeley, California 94720 

The early detection of metastatic bone lesions could be greatly 

facilitated if a radionuclide with suitable physical and chemical char-

acte ristics for bone scintigraphy were readily available. Although 

18 · 99m · (1) 
· F and Tc-labeled bone- seeking agents such as polyphosphates 

and diphosphon~te s( 2) appear to be very promising for bone scinti-

graphy, an "off-the- shelf" radiopharmaceutical would be useful either 

18 . 
for those not close to an F supplier or those not prepared to do 

99mTc labeling of bone-seeking agents. 

Tin-117m has some characteristics which make it desirable for 

photon emissiops of 158 keV (87 per cent abundant) are ideally suited 

for imaging wl.th gamma cameras; (3) it decays 100 per cent by iso­

me~ic transition to stable 117 Sn, and (4) it has a high affinity for bone 

when it is administered as a tin chelate . 

Investigations have been made on the production and chemical 

forrn of 117msn that provides a useful bone-scanning agent. 



-2-

Mate rials and Methods 

Production of 1.1.?mSn 

Th ·· h d f d · 117ms ·· · t d I h ree met o s o pro uctng · n were tnve stlga e . n t e 

first method isotopically enriched 116sn (98.5 per cent) was obtained 

. * ' . 116 
as tin metal from AERE at a cost of $0.95/mg and the Sn (n, -y) 

117ms 1 · t· · t· t d · th Ge 1 El t · T t n nuc ear reac ton was tnves tga e 1n e nera ec r1c es 

Reactoi't which has a thermal neutron flux of 5.4 X 1014 n/ cm
2 
/sec. 

T bt · 117ms f 1 t· 1 h. h ·f· t·· ·t 50 f 116s oo atn.· no reatvey tg specttcactvty, mgo n 

were irradiated for periods up to 30 days. The target material was 

dissolved in concentrated HCl, and the chemistry of separation and 

117m preparation of Sn compounds were carried out with the acid solu-

t . f 117m8 . ton o n. 

Two methods of cyclotron production were investigated in an 

effort to obtain "carrier-free" 1.1.?mSn: In one method, InC1
3

(obtained 

from K and K Laboratories) was used as the target material for the 

115r (4H · ) 117ms ·1· t·· · 25 ·Mv 4H t· 1 
49 

n 
2 

e, .E.!! 50 n nuc ear reac ton ustng - . e 
2 

e par tc es 

from the LBL 88-in. cyclotron. The InC13 target material was dis­

solved in 7.5 N HCl and a few drops of 30 per cent H2o2 were added. 

Chemical separations were made by extraction into a solution of 83 

per cent 2-ethyl-2-hexanol and 17 per cent petroleum ether to separate 

the indium target material from the radionuclide s of Sn and Sb(
3

). 

In the second method of cyclotron production, isotopically en-

114 . + . 
riched Cd (90-99 per cent), obtatned from ORNL as CdO was 

* ' Atomic Energy Research Establishment, Harwell, England. 

tvallecitos, California. 

+Oak Ridge National Laboratories. 

•• 

• 

• 



• 

-3-

114 4 117m . . . · 
used for the 48 Cd(

2
He, _!!) 50 Sn nuclear reaction using 25- MeV 

iHe particles. The CdO target material was dissolved in 8 ~ HCl 

and the 117mSn extracted into 1v1IBK (methyl-isobutyl-ketone )(4 ). 

117m· . The recovered Sn was assayed by counting the 158-keV 

photons on a multichannel analyzer using a Nal(Tl) crystal. Gamma 

spectroscopy was used to determine the radionuclidic purity of the 

117m separated Sn. 

The half-life of the radionuclides produced by these methods 

was obtained by counting both the separ.ated and unseparated samples 

117m . 
of Sn for a penod of at least 420 days. 

Chemical preparations and their distribution in ariimals 

Various chelates of 117mSn and 113sn were evaluated in a 

total of 20 Sprague-Dawley rats each weighing 200-250 g and in 2 

beagle dogs each weighing about 10 kg. Preparations of 117msn and 

113 . . . 113 
Sn as tartrate or citrate, and Sn as HEDTA (N-hydroxyethylene-

diaminetriacetic acid) in 5:1 and 10:1 molar ratios of chelating agent 

to tin were administered intravenously. The distribution of 117msn 

was determined at 3 and 20 h after administration; 113sn was assayed 

at 19 hr. Two rats were assayed for each preparation and at each 

time interval. The rats were sacrificed under ether anesthesia, and 

the various organs and blood samples in plastic vials were counted in 

a well-counter. Distribution studies were also done using commer­

Cially available 
113

s.n {T 
1
; 2 115 days, 390-keV photons from In-113m 

daughter) prepared and counted under the same conditions as 
117

mSn. 
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The Donner Laboratory scintillation camera (5 ) and Mark II 

whole-body scanner( 6) were used to image the in vivo distribution of 

the radiopharmaceutical. 

. 117m 
In addition, blood disappearance curves of Sn as tar-

trate and citrate chelates were obtained in studies with beagle dogs. 

After the intravenous administration of 100-200. JlCi of 117mSn, 1-ml 

blood samples were obtained periodically for up to 3 h. The blood 

samples we:~e counted and the data plotted on semilogarithmic paper .. 

The data were also analyzed by using a computer program for a two­

compartment model as de
1

scribed by Farker(
7

) for ~etermining the 

extraction efficiency of bone as a per cent of cardiac output. 

The per cent excretion of the radiopharmaceutical by the kid-

neys was determined by catheterizing the bladder 3 h after intrave­

nous administration of the 117mSn tartrate or citrate and determining 

the total activity in the urine. 

Toxicity studies of tin tartrate were carried out in 21 Sprague'-

Dawley rats by administering intravenously up to 5000 times the pro-

posed human dose of stannous tartrate or stannic tartrate. Tin was 

given in concentrations ranging from 2 to 18 mg/kg. The rats were 

ke'Pt under observation for up to 3 months, then sacrificed, and mac-

roscopic examinations were made of the various organs. 

Results
1 

and Discussion· 
I 
i 

Production i 
I . . . 

Although the cross section for thermal neutron activation is only 
I ·. . 

1 16 : · 117m 
6 mb for Sn, the reactor production of · Sn was adequate with 

I 

• 

\! 
~ 

' 
! 
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· 14 1 2/. . 117m _/ a thermal neutron flux of 5.4X 10 n,cm sec; ·one mC1 of Slfmg 

Sn was obtained from a 30-day irradiation. Thus; if 250 JJ.Ci were to 

be used for a 70-kg human patient, 0.25 mg of Sn would be adminis­

tered, which would be 3.5 JJ.g/ kg-or at least 1000 times below the 

toxic response level. This projection of toxicity was based on the as-

sumption that there would be a comparable toxicity for tin compounds 

in man as there was in our rat studies which showed no adverse ef-

fects at the 4.2 mg/kg concentration. 

The yield of 
117

mSn from either of the two cyclotron produc-

t . . th d 1 . -I th 115I (4H ) 117s · d" t" 10n me o s was very ow. n e 
49 

n 
2 

e,£!! 
50 

n ura 1a 10n, 

th d . t· t" . 115I (4H 2 )117Sb -- d 115I e pre om1na 1ng reac 1ons were 
49 

n 
2 

e, n 
51 

, an 
49 

n 

4 118 
(
2

He, _g) 
51

Sb. This was evidenced by the activities found in the or-

ganic and acid phases after solvent extraction. There was a predom-

inating activity, withT~/2 of 5.0h and gammaemission of254keV,which 

appeared to be 118sb. There was also a radionuclide with a T 
1

; 2 of 

about 2 hand gamma emissions of 158 keY and 511 keY, which appeared 

to be 117Sb. 

I h 114Cd {4H ) 117m8 . d. . 117m5. bt . d n t e 48 2 e,_g 50 n u.ra 1ahon, n was o a1ne , 

. 114 4 117m though in low yield. However, there was also the 
49

cd (
2

He, E) ·
50 

In 

nuclear reaction occurring, as evidenced by aT 
1

; 2 2.0-h activity with 

gamma emissions of 314 and 565 keY. In the MIBK-extracted phase 

there was 92 per cent recovery of 117mSn which was about 3 JJ.Ci 

per JJ.A.mp-h. The yield of 
117

mSn might be increased with a. lower­

energy ~He particle (< 25 MeV) but it appears unlikely that enough 

117m Sn could be produced by cyclotron irradiation to warrant further 

efforts. 
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I 

I 117m
5 For the reactor-produced n, which has a specific activ-

ity of about 1 rn.Ci/mg, short-lived radionuclides of 
117

min(T
1
/2 1.93h) 

and 117In(T
1

; 2 45 :r:nin) were produced possibly by the (E,.E) nuclear 

t . ·. 117s· (o 47 ' t' · th · t · 11 · h d 116s > reac 10n. on n . p,er cen .1n e 1so op1ca y enr1c e n . 

' I 117m 117 
These indium activities decayet:} to Sn and Sn respectively and 

their chemical separation was not necessary. A few days after the 

end of the irradia~ion, gamma Jpectroscopy of the unseparated 117mSn 

from a reactor pr_oduction run indicated mainly the 158-keV gamma 

. . f 117m5 em1ss1on o n. However from about 225 to 400 days after the 

irradiation when the 
117

mSn ac~ivity had decayed away, an 88-keV pho-

ton was observed. This long-lived radionuclide was determined to be 

109cd frbm the decay curve of 117mSn (Fig. 1), which indicates a 

straight line decay curve with aT 
1
; 2 of 14 days for a period of at least 

70 days and a T 
1

; 2 of 1.2 yr for a period of about 240 to 420 days after 

- . . 117m 
the irradiation. These data were obtamed on Sn from a two-day 

irradiation. 

Data were also obtained on 117mSn from a 30-day irradiation. 

Although not shown here, the decay curve frorp. 94 to 250 days after the 

irradiation revealed only two components with a T 
1
; 2 of 14 days and a 

T 1; 2 of about 1 year. This long-lived activity was not found in the 

.MIBK-extracted 117mSn. If 117mSnisusedinhumanstudies, an MIBK ex­

tractionprocedureto remove the unwanted 109ca will probably be necessary/' 

· . . . - · 117m . . . 
The gamma spectrum and decay scheme of Snare shown 

in Fig. 2 ... Only the 158-keV gamma emission was seen for 
117

mpn 

from a typical production run. The decay scheme( 8) shows two transi-

tions, M-1 and M-4, withtwo gamma emissions in cascade. The 

,II 
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combined gamma-emission intensity is 0.89/dis. The combined 

eK + eL + .e_M is 1.11/dis where the e:K is o. 77/dis, the e.L is 0.27/ 

dis ~nd the eMN is 0.07/dis( 9). The high internal conversion ratio of 

the M-4 transition greatly increases the radiation dose from 117mSn. 

The estimated radiation dose to a 70-kg patient would be 1.98 

. 117m rad to bone and 0. 78 rad to kidneys from 250 JJ.Cl of Sn-tartrate. 

This assumes that there is 50 per cent excretion and 50 per cent up-

take in bone. 3 h after intravenous administration and that the effective 

half-life in bone is the same as the physical half-life. 

117m 
Table 1 shows the uptake of Sn as a 5:1 molar ratio of 

citrate or tartrate in rats at 3 and 20 h after intravenous administra-

tion. The relatively high uptake in femur (about 2.2 per cent of the 

injected dose/ g of femur) and the low uptake in blood and soft tis sues 

at 3 h indicate high bone uptake which would be advantageous for bone 

scanning. 

A similar distribution was observed when commercially avail­

able 113sn was administered at 10:1 or 5:1 molar ratios of citrate, 

tartrate or HEDTA (Table 2). · These data indicate an uptake in the 

femur which is comparable to 18F. Tin tartrate at the 10:1 molar 

ratio has the highest uptake in femur of the various chelates of 113sn. 

·.The data in.Tables 1 and 2 do not account for 100 per cent of the in-

jected activity because the amount excreted in the urine was not deter-

mined and the uptake in the various organs was per gram of tissue 

(except for carcass and gut) and not for the total activity in each organ. 

These data only indicate the general trend of uptake for various condi-

tions of preparation and time of study. The bone -to- blood ratio of · 
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. . 117m \ 
120:1 for the Sn-tartrate at 3 h was adequate for good borte imaging. 

At 20 h the bone -to-blood ratio was twice the ratio at 3 h. 

. 117m 
The blood d1sappearance curve for the . Sn tartrate (Fig. 3) 

has at least two components, with T 
1
; 2 of 9 minand T 

1
; 2 113 min. 

Although the citrate curve was plotted it was not analyzed for the com-

ponent half-times. 

The kinetic_:s:.of some' bone- seeking radioph~rmaceutica1ls (Table 
_. ~ . 

3) were obtained by. computer analysis of blood disappearance and uri­

nary excretion data for beagle dogs by using the method of Parker(?) 

for a two-compartment model. Tin-117m tartrate was taken up by bone 

with nearly the same efficiency as 18F and with 2 to 3 times the effi­

ciency of 99mTc.,.Sn-EHDP, a 99mTc-Sn(II)-diphosphonate complex< 2>. 
117m 18 

The renal clearance of Sn tartrate was about the same as F but 

99m less than the Tc-Sn-EHDP. The total per cent of the injected dose 

117m . 18 of Sn tartrate gowg to bone was nearly the same as F but about 

I 99m · 117m 
2-1 2 times the Tc-Sn-EHDP. These data indicate that Sn 

tartrate is an excellent bone-scanning agent in the beagle dog. 

117m . · . 
Figure 4 shows the distribution of Sn tartrate 1n a beagle 

24 h after intravenous administration of 100 f.LCi. The whole-body scan 

is shown, together with the composite of the lateral view taken with the' 

scintillation camera. Scans were also done up to 2 weeks after intra-

. ' t· f 117ms t t t and the 117ms·. t· "t t"ll venous 1nJec 1on o n ar rae, · n ac 1v1 y was s 1 

retained in the bone. 

)J· 

, 

"' 
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Summary 

117m · 
The advantages of Sn for bone scanning are ( 1) reactor 

production and 14-day half-life, (2) 158-keV photons, (3) good uptake 

in bone, and {4) acceptable radiation dose to the patient for 250 ~Ci 

dose administered intravenously. 

117m 
However, the two major disadvantages of Sn for bone scin-

tigraphy are (1) the 100 per cent conversion of the M-4 gamma tran­

sition, which greatly increases the radiation dose, and {2) the low 

. 117m 
neutron activation cross section, which reduces the yield of Sn, 

thereby i:ncreasing its cost and decreasing its specific activity. 

A nuclear reactor with a neutron flux greater than the 

·· 4.4 I 21 . · 117m 5.4X 10 n em sec would greatly Increase the usefulness of Sn 

as a bone-scanning agent by increasing the yield and specific activity 

f 
117m5 o n. 

3 
The toxicity data indicate a safety factor of at least 10 when 

.. 117m I 250 ~CI of Sn 0.250 mg of Sn would be administered intravenously 

to a 70-kg patient. 

Acknowledgment 
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Table 1. The uptake of 
117

mSnas. 5:1 molar ratio chelates of 
tartrate or citrate expressed as per cent of injected dose per 
g rat tissue at 3 and 20 h after i. v. administration.* 

\) 
CITRATE " TARTRATE ORGAN 

3 h 20 h 3h 20 h 

Blood 0.011 0.005 0.019 0.007 
0.012 0.004 0.016 0.005 

Heart 0.014 0.021 0.026 0.024 
0.015 0.017 0.022 0.009 

Lungs 0.041 0.032 0.057 0·.030 
0.036 0.030 0.047 0.032 

Liver • 0.050 0.049 0.048 0.048 
0.038 0.035 0.045 0.065 

Kidneys 0.545 0.382 0.696 0.405 
0.594 0.299 0.607 0.383 

Spleen 0.019 0.030 0.048 0.031 
0.020 0.027 0.032 0.029 

Muscle of femur 0.005' 0.010 0.014 o.o 11 
0.013 0.007 0.044 

Femur+ marrow 2.20 2.81 2.04 4.05 
2.22 2.26 2.39 

tCarcass 
52.7 46.0 47.0. 58.0 
36.1 44.8 44.1 52.5 

t Gut 
1.47 3.38 2.65 4.82 
0.94 . 2.32 2.91 3. 78 

* . . 
Two rats were assayed at each time for each compound; the 

individual values are given. 

•• tPer cent uptake of administered 117ms t t 1 t· n per o a 1ssue . 

'•' 
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Table 2. 113 The uptake of Sn as 5:1 or 10:1 molar ratio 
chelate s of tartrate, citrate, or .. HEDTA as per cent of ~ 
injected dgse per g rat tissue at 19·h after i. v. admin-
istration. 

u 

Organ TARTRATE CITRATE HEDTA 

10:1 5:1 10:1 5:1 10:1 5:1 

Blood 0.014 0.012 0.012 0.011 0.006 0.022 
0.010 0.010 0.013 0.008 0.005 0.025 

' . ~ '• 

Heart 0.012 0.011 0.013 0.010 0.007 0.016 
0.018 0.013 0.013 0.009 0.005 0.016 

Thymus 0.009 0.009 0.007 0.007 0.008 0.006 
0.100 0.006 0.007 0.006 0.006. 0.015 

Lungs 0.026 0.022 0.027 0.021 0.018 0.025 
0.047 0.027 0.032 0.019 0.023 0.064 

., 

0.033 Liver 0.027 0.033 0.030 0.030 0.035 
0.044 0.028 0.029 0.026 0.024 0.028 

Ki~neys 
0.730 0.693 0.687 0.605 0.540 0. 703 
0.869 0.800 0.565 0.576 0.517 0.630 

Spleen 0.027 0.028 0.026 0.022 0.021 0.029 
0.034 0.028 0.023 0.019 0.019 0.031 

Muscle 0.052 0.007 0.006 0.005 0.003 0.003 
sternum 0.006 0.005 0.007 0.005 0.002 0.025 

Sternum 0.358 0.476 0.322 0.281 0.254 0.299 
0.397 0.336 0.443 0.236 0.308 0.429 

Ribs 0.132 0.215 0.234 0.067 0.065 0.106 
0.227 0.163 0.268 0.111 0.169 0.105 

Muscle of femur 0.042 0.004 0.005 0.004 0.037 0.004 
0.010 0.008 0.024 0.007 0.037 0.007 

Femur +marrow 2.59 2.33 2.03 2.10 2.17 2.09 ~ 
2.93 2.31 2.68 1.78 1.95 2.25 

Marrow 0.282 0.097 0.154 0.226 0.216 0.180 
0.304 0.069 0.423 0.389 0.415 0.126 fi,' 

Femur 3.02 2.48 2.51 2.50 2.47 2.18 
3.47 2.76 2.99 1.63 2.35 2.43 

*Two rats were assayed for each preparation of each compound. 



\/ 

'-! 

-13-

Table 3. Kinetics of some bone-seeking radiopharmaceuti­
cals in beagle dogs as determined by computer analysis 
of blood-disappearance and excretion data for a two­
compartment model. 

117mSn 99mTc-Sn:-EI-JDP* 18F 

Tart. Cit. 

Sex (F) (F) (F) (M) (F) (M) 

Wt. (kg) 10.4 11.8 8.1 12.0 10 12.7 

Bone Clearance 1.4 1.0 0.34 0.41 1.6 2 .. 2 
(o/o est. c. 0. )t 

Renal Clearance 
1.3 0.8 1.7 1.6 1.2 1.1 {o/o est. c. 0.) 

Per cent to 53 55 17 20 57 67 
Bone 

*Ethane-1-hydroxy, 1-1 diphosphonate labeled with 99mT'c using 
Sn(II). 

t Per cent of estimated cardiac output. 
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FIGURE CAPTIONS 

117m 
Figure L Decay curve of the unseparated Sn produced by a 

2-day irra~iiation of 98 per cent enriched 1 16Sn; 

H7m 109 o--o decay of Sn, • • decay of .. Cd. 

Figure 2~ Decay scheme (top) and gamma spectrum (bottom) of 

117m5 n. 

Figure 3. 117m . Blood disappearance of Sn as c1trate or tartrate 

up to 3 h after i.v. injection into two beagle dogs. 

Figure 4. Whole- body scan (top) and scintillation camera (bottom) 

. 117m 
p1ctures of. Sn tartrate 24 h after i. v. injection into a 

beagle d9g. 
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