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Colloidal Yttrium Hydroxide-Y-90 and Yttrium Phosphate-Y-90. 
Preparation and Tissue Distribution Following I. V. Adniinistration. (26364) 

Radiocolloid therapy of leukemia and 
other malignancies. first reported by Hahn 
(1  ) and co-workersj has steadily gained ac- 
ceptance as an advaiitageoiis radiation mo- 
dality. Of the nunierous radioisotope prepa- 
rations proposed for this purpose. only 3 
(Gold- 1?8. chromic phosphate-1'-32. and zir- 
conj-1 phosphate-1'-32 ) have been adeyuatelj. 
described and tested (2.3.4 ) . These mate- 
rials share a coiii!~io~~ attribute. Follon-incr 
i .  1 1 .  administration the!- concentrate i n  re t i - 
culo-endothelial tissues where they achieve a 
selective irradiation while sparing other or- 
gans of the bodj- (not possible with external 
irradiation or with commonlj- emploj-ed ionic 
radioisotopes ) . E i ~ n  these, however. have 
certain disadvantages. Kadiogold is imde- 
sirable liecause of its penetrating gamma 
emission. while chromic and zirconyl phos- 
phate<. though pure beta-emitters. have for 
certain situati3ns an undesirablj- Ion: hali- 
life ( 14.3 daj-.;I. 'Thus. the latter produce 
their bio1o:;ical effects rather slowlj- ant1 
leave appreciable residual activi tj- in the pa- 
tient for a considerable period. For the 
treatment of acute and chronic leukemia and 
in particular for selective sublethal irradia- 
tion of leukemic patients prior to atteniptccl 
bone inarrow transplantation. a more rat)- 
idly acting radiocolloid which would deca!. 
promptly was especially desired. Kadioac- 
tive yttrium (Y-90) with its short half-life 
(2.54 days) and its energetic beta emission 
(2.18 MEI') seems uniquelj- suited for thi\ 
p ii rp ose . 

Simple methods for preparation of stable 
colloids of yttrium hyctroxide and yttrium 
phosphate have been developed. Their prop- 
erties. toxicities and tissue deposition follow- 
ing i.v. administration have been studied in 
mice, and terminal leukemic patients. Their 
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therapeutic application is descnied elsewhere 
( 5 ) .  

.llrthotls. Screening tes t s .  Many surfac- 
tants and suspending agents were evaluated 
for their effectiveness in preparation of col- 
loidal yttrium hydroxide and yttrium phos- 
phate in sitzi. Those which permitted floccu- 
lation or sedimentation of the colloid within 
4s hours were rejected. Of the remainder, 
carbosymethylcellulose and Igepon T-77t 
served to disperse both phosphate and hy- 
ciroside. while albumin. dextran,:: maltose, 
and clestrin were effective only with the lat- 
ter. Igepon T-77 was eliminated for lack of 
information as to its toxicity. Albumin was 
subsequently eliminated when it was found 
t o  interfere with complete conversion of 
yttrium to the insoluble hydroxide form. 

Tcsts c-nniplcteness of conversion. Com- 
Illeteness of chemical conversion of radio- 
!-ttrium to the desired colloidal form was 
e~alua ted  i n  low specific activity pilot experi- 
ments. Hy methods such as described below, 
yttrium hydroxide was prepared in presence 
of each dispersent listed above, as was 
yttrium phosphate. After pasteurization at 
6.5 C' for one hour, aliquots of each colloid 
:icre dialyzed q a i n s t  250 volumes of physi- 
ologic saline a t  a pH of 8.1. After 24 hours 
the dialysate and original colloid were as- 
sayed for radioactivity, and the percent dia- 
lyzable radioyttriurn calculated. Results are 
presented in Table I. From these studies al- 
1)uinin was rejected, and the preparations of 
!-ttriuni hj-droxide in maltose and of phos- 
phate in carboxyinethylcellulose were se- 
lected for additional study. 

Preparation of t h  prapeaitic colloidal y t -  
trium hydmxide, Y ( O H )  ,-Y-90. T o  radio- 

t hntara Chemicals Div., General Dyestuff Corp., 

$ Plavoflex, 6% Aqueous, Wyeth Labs. 
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active yttrium chloride6 ( 7 5-2 75 mil' icuries) 
in its original shipping container, 1.Q ml 
yttrium chloride carrier solution (0.01 hl  
YCl,, in 0.1 N HC1) was added. These were 
mixed. allowed to equilibrate a t  roclm tem- 
perature for 10 minutes, and transferred to a 
suitable 20 ml vial, using sterile hypodermic 
needle and syringe. The original mntainer 
was then washed with 5.0 ml of 50% maltose 
solution, the wash being added to the radio- 
active material and mixed. A drop of phe- 
nolphthalein solution was added, and the 
mixture titrated to its endpoint with 1.0 N 
SaOH. Total volume was adjusted to 10.0 
nil with sterile 0.9% NaC1. Sterilizalion was 
achieved by pasteurization a t  65'C for one 
hour and the product stored a t  5°C. 

TAB1,E I. l>ialyzaliilit,y of V:irious Baclioyttriuni 
Colloicls. 

Clieinical q c  il inlyzablct 
___- 

f0l.lll Dispersant Y-so 

PrPpamtion of therapeutic col lodal  Y t -  
triuni phosphate, ( Y P O , - Y 9 O ) .  One ml 
yttrium chloride carrier solution was added 
to the radioactive yttrium chloride in its 
original shipping container, mixed, and al- 
lowed to equlibrate for 10 minutes a t  rooim 
temperature. The  mixture was transferred 
to a suitable 20 ml vial and the container 
washed with 5 .O ml 4.0% carboxymethylcel- 
lulose solution. The  washings were added to 
the radioactive mix. 0.5 ml of 0.1 hl  Na:$Q4 
was added, mixed, and the solution titrated 
to the phenoiphthalein endpoint with 1 .O 
_V hraOH. The volume was adjusted to 10 
ml with sterile 0.9% saline, and the product 
pasteurized a t  65°C for one hour a r d  stored 
a t  5 O C .  

Tissue dis- 
tribution of these radiocolloids in mice 1, 3 
and 7 days following their i.v. administration 

Fate in experimental animals. 

$ Obtained as carrier-free YCl,-Y-90 in HC1 from 
Oak Ridge Nat. Labs., Union Carbide Nuclear Co., 
Oak Ridge, Tenn. 

TA413LE 11. Toxicity of Y(OH),-Y-90 f o r  Swiss Al- 
bino Mice. 

Dose 2 8 -day Dose 28-day 
(aic/kg) survival (nic/ig) survival 

2no .O% 18 .o 76 
150 .@ 1 A .0 
100 . 0 14 "0 
50 33.3 1 2  100.0 
4 0 .o 10 100.0 
3 0 33 .3  

was evaluated by methods described previ- 

Radiation toxicity. Toxicity of yttrium 
hydroxide-U-90 was evaluated in white mice 
by i.v. administration of varying doses (10 
to 200 mc:/kg). These animals were ob- 
served during a 28-day period and percent 
survival in each group calculated, Table 11. 

Total excretion per day of Y- 
90 by mice was investigated during the study 
described above. Mcthods were those de- 
scribed previously (4) (Table 111). 

Six patients received 
each radiocolloid. Of these, 11 were ter- 
minal acute leukemia, while one had inoper- 
able C.A. of the rectum. Tissue assay meth- 
ods were those previously described (4) .  
Diagnoses, doses, and survival times of all 
patients are indicated in Tables I V  and V. 

From 9 of the above 
patients, complete 24 hour urine specimens 
were collected for assay of excreted Y-90. 

Results. These radiocolloids had remark- 
able stability; after prolonged storage at 
5"C, no visible sediment was observed. Elec- 
tron microscopy revealed well-dispersed, uni- 
forin micelles ranqing froim 0.04 to 0.08 I-L in 
diameter. The products were routinely dem- 
onstrated to be sterile by thioglycollate cul- 
ture methods. In no instances were pyro- 
genic reactions elicited upon their i.v. admin- 
istration to experimental animals or man. 
The tissue distribution of maltose-suspended 

ously (4 1.  

Excretioiz. 

Localization in man. 

Excretion by  m a n .  

TABIlE 111. Y(OH), Excret ion by Nice.  

D:ry % cscrctrcl 

1 .49qc 
2 .13 
3 .05 
4 -03 
> .03 
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TABTiE TV. Tissue Deposition of Y-90 in  T,eukemjc Patients a f t e r  I.V. Y (OH),." 
~~~~~~~~ ~~~~ ~ 

Pat i en t SMBt  MTDt: 8R t VP  t MM J M  
Days survival 1 7  20 20 23 26 57 
Dose, me 53.3 54.6 7.5.0 56.9 6.6 20.0 
Body wt, kg 25.9 18.1 19.1 15.9 61.0 11111 
Diagnosis L I, I, L M T, 

.026 

.009 

.007 

.009 

.007 
iini 

.UO63 
niii 

11131 

7 )  

.005 
,002 
.016 
.015 
.02% 
.0005 
. 0 0 0 4 

11111 
, 7  

radio y t t r i um h y d r o sid t: i n S wi s s a 1 b i n o m i c e 
is presented in Table 1.1. The  correspond- 
ing data for carbosy-~net l i~ lce l lu lose-s~~~-  
pended yttrium phosphate in -4KR mice are 
presented in Table VII .  Results are re- 
ported as percent of recovered activity per 
gram of wet tissue. Each figure represents 
the mean of 3 animals for each sacrifice date. 
Considerable variance among animals of ail>. 
one group was observed so that small differ- 
ences between groups probably have little sig- 
nificance. Despite these limitations some 
conclusions appear warranted. Following 
i.v. administration, both radiocolloids disap- 

peared rapidly from the circulating blood. 
MYth both colloids, much of the Y-90 was 
deposited in liver and in bone (including 
marrow). Of the remaining tissues, spleen, 
kidney, adrenal, and lung revealed significant 
accumulation of radioactivity. Other tissues 
contained only very minute quantities. These 
data suggest that both colloids are deposited 
primarily in the reticulo-endothelial system 
( presumably by phagocytosis) . However 
the high specific activity of bone is suggestive 
of a competing mechanism. Efforts a t  sepa- 
ration of bone and bone marrow for indepen- 
dent assay were unsuccessful, and one is un- 
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TABLE TI. Tissue Dcpositiori o f  'Y(O€I;13 iii Mice 
after I.V. Administration. 

70 of recovered Y-9O/g I? et tissue 
Tissue Day 1 Day 3 Day 7 

Liver 
Bone 
MusclP 
Splcen 
Blood 
Ki dn e j 
Lung 
A dr en a1 
Heart 
Bra in  

22.7yo 
24.0 

1.4 
6.0 

.5 
6.0 
2.0 
5.9 
3.3 
.1 

36.7% 3 6.4Cj"c 
42.1 25.1 

.4 .- 
10.3 33.1 

.6 .I 
10.6 1.5 

2.2 2.4 
5.8 1.2 
1.6 . 3  

3 

9 
*I .;I 

able to estimate the relative contribution of 
activity in the individual tissues. Such high 
specific activities associated with bone, how- 
ever. are suggestive that these colloids may 
be undergoing some dissociation w Ithir. the 
animal body with subsequent deposition of 
"ionic" yttrium in bone substance in a man- 
ner such as that previously described (6,7) .  

Toxicity of radioyttrium hydroxide.  
Though a few animals survived a much 
larger dose. the mouse LDr,(, for this colloid 
appears to be 12-14 rnc/kg of body weight. 
The small number of test animals does not 
permit a more precise evaluation o?' toxicity 
(Table 11). 

Excretion o f  radioytirium hydroxl'de. Ra- 
dioactivity is excreted very slowly, that is 
0.5% in the first 24 hours, decreasing to 
0.03% a t  5 days (Table 111). Thus, less 
than 1% of the administered do:,e is ex- 
creted during an interval of 5 day:. 

DisirihAtion of mdioyttriurn colkoids in 
map?. Consideration of Table IV relative to 
tissue deposition of maltose-suspe nded yt- 
trium hydroxide in w-an, and Table V con- 

'TXRIIE V T T .  Tissue Deposition of TPO, - P-90 ill 
X ice  after I.V. Admiiiistr.;~tioii, 

70 of I-ecoverecl Y-9O/g ,yet tissuc. 
'r i n su c Day 1 Day 3 Day 7 

Bone 
Liver 
Lung 
M11scle 
Blood 
Kidney 
Heart 
Brain 
Spleen 
Sdrenal 

57.9% 
18.4 
1.8 
2.1 
1.9 
9.1 
1.1 

.3  
2.2 
__ 

58.87~ 
22.9 
1.6 

.I 
3.4 

.G 

. 0 
8.9 
2.2 

F 

.'i 0 .6 6 , i  

31 .i! 
.x 
.1 
.I 

2.0 
.3 
.I 

14.5 
2.4 

cerning the deposition of carboxymethylcel- 
lulose-suspended yttrium phosphate in man, 
warrants certain observations. As with pre- 
viously described radiocolloids, these prod- 
ucts deposit primarily in the reticulo-endo- 
thelial tissues olf the human body. Thus, 
marrow, spleen and liver accumulate appre- 
ciable quantities. To a lesser extent bone, 
kidney, and lungs also demonstrate radiocol- 
loid uptake. Other tissues, including 
adrenal, heart, lymph nodes, and muscle, 
show little uptake. I n  these experiments, 
where bone and bone marrow could be suc- 
cessfully separated and assayed indepen- 
dently, it was noted that bone deposition was 
not a prominent feature in distribution of 
yttrium phosphate. It did, holwever, account 
for a greater portion of the distribution of 

3 5 ~  

3 1 2 3 4 5 6 7 1  
D A Y S  AFTER A D M I N I S T R A T I O N  

FIG. 1. Cumulative urinary excretion o f  Y-90 by 

yttrium hydroxide by cofmparison. Such re- 
sults would tend to confirm the metabolic 
stability of yttrium phosphate and to a less 
extent the yttrium hydroxide, a conclusion 
which could not be reached on the basis of 
mouse data alone. With this rather limited 
group of subjects, no correlations were evi- 
dent between size of dose administered, diag- 
nosis, or time of survival after administration 
of radiocolloid and the particular tissue de- 
position observed in that individual patient. 

Urinary excretion of radioactivity by  man. 
It is evident from Table 111 and Fig. 1 
that urinary excretion of radioactivity by 
man exceeds that observed in mice quite ap- 

Inan after i.v. colloidal W(0€€)3  and PPO,. 
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preciablj7. Thus, of some 9 patients studied. 
only 3 showed total excretion of 2 %  or less 
during the first 5 days, while the remaining 
6 patients demonstrated a cumulative excre- 
tion of 5 to 35% of administered dose during 
this same time interval. Quite probably this 
latter figure (35% in 4 days) was associated 
with gross hematuria in this particular pa- 
tient. There seems no  ohvious correlation 
between tissue deposition in the individuai 
1 )at i en t s a n (1 the ex c r e t o r J- 11 a t t e r n s show 11 
by them. 

Szr~irr i zar~~.  1 . Simple technics have been 
described for preparatioii of 2 new colloids 
of radioyttrium X-( OH) :: and ’s-PO,. Mal- 
tose has heen employed as suspending agent 
for the former. carhos~-~ir t l iylcel lulose f o i  
the latter. I3oth products have heen demon- 
strated to 1iaI.e a small. uniform particle size. 
good emulsion stability. and low percentage 
d i a l ~ . ~ a b l e  radioacti\rity. 2 .  The LD-,,, of 
\ - (OH)  - I7-9O i n  mice was approsiniatel~. 
1 2  to 14 inc I<:. 3 .  Tisii;rie deposition i n  

mice and terminal human patients has been 
predominantly reticulo-endothelial in both. 
Evidence is suggestive that some metabolic 
dissociation occurs with subsequent deposi- 
tion of yttrium in hone. 4. Urinary excre- 
tion of activity has been evaluated for mice 
and man. 
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N o r m a l  Growth of Rat Maiuimary Glands During Pregnancy and 
Early I,actation.* (24365) 

Kirliham and Tarner ( 1 ) first suggested de- 
sosyribon~icleic acid (DXA ) may be em- 
ployed as a quantitative index Oi mammar!- 
gland tlevelopnient under normal and eiperi- 
nie:i t a1 con d i t i (in s . Ti >. this in e t hwl . i n  am - 
mary gland proliferation has heen oliscrvetl 
to occur through pregnancy in the mouse( 2 .  
3 ) ,  and during lactation in the rat and mouse 
(3 ,4) .  This paper presents a more detailed 
study of mammary gland growth durinq ]?re:- 
nancy and early lactation in the rat. 

Data were obtained from primi- J iZc lk z~d~ .  

* Contribution from Mo. Agr. Esp. Sta. Journal 
Series No. 2239. Approved l i ~  t h e  1)ircctor. Thic 
investigation was supported I)! Krant5 iron1 
U.S.P.H.S. and Am. Cancer SOC 

t Public Health Service Research Fellow of Nat. 
Cancer Inst. 

parous Sprague-Dawley-Rolfsmeyer rats on 
days 5 .  10. 1.5. 18-20 of pregnancy and on 
d;i>-s I. 2 .  3. and 4 or̂  lactation. Days of preg- 
nancy were determined by presence of sperm 
lvi thin the lragina. Six abdominal-inguinal 
mammary glands were removed from each 
rat and placed in a deep freeze for 4 days, ex- 
tracted in 95% ethanol for 3-5 hours and in 
ether for an  additional 3-5 hours. Dry, fat- 
free tissue (DFFT) was weighed and ground 
t o  a fine powder in a \Viley mill. DNA of a 
25 mg aliquot of tissue was determined by 
method of Webb and Levy(5). Product of 
quantity Dn‘A;rng DFFT and DFFT/100 
q body weight (B.W.) was estimated as “to- 
tal I )SA’’ .  

Results. Jfammary gland DNA1100 g 
B.W. of normal non-pregnant rats has been 


