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The Effects of Estradiol Valerate upon the Serum and 
Bone of the Lizard Sceloporus cyctnogenys (32608) 
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D e p a r t m e n t  of A4natonzy, Univcrsity of Arkansas School of A1 fdicine,  Little Rock,  Arkansas  

Investigations which have been carried out 
on birds have indicated that estrogens inhibit 
bone resorption, cause an elevation in serum 
calcium, and the synthesis of new proteins not 
present in nonestrogenized birds( 8 , l l ) .  These 
manifestations are associated with the pre- 
ovulatory buildup of reserve (~sseous tissues 
within the marrow cavities of long bones due 
to a high estrogen titer, followed by a lowering 
of the estrogen titer and the resorption cvf the 
bone. In this latter stage the calcium store is 
transferred from the bone into the serum and 
to the egg shell and yolk ( 9 ) .  

The hypercalcemic response produced by 
injection of estrogens is also evident in fishes, 
amphibians and reptiles. The target tissue is 
the liver, which produces a calcium-phospho- 
protein-phospholipoprotein complex. When 
this protein is synthesized calcium is appar- 
ently mobilized from endogenous and exogen- 
ous sources and is stored with other nutrients 
in the yolk and is utilized by the growing 
embryo(3,9,11). 

We have been interested in investigating the 
phylogenetic origin of estrogen-induced med- 
ullary bone. There is some question as to 
whether or not early reptiles possessed me& 
ullary bone since that group does not have 
heavily calcified eggshells as do the birds. 

Edgren(4) observed that the carapce and 
plastron of the musk turtles has less density 
during the ovulatory period; a similar re- 
sponse was demonstrated micmradiographi- 
a l l y  in the long bones of the slider turtles 
(10). Thus, a t  least in turtles, bone was a p  
parently resorbed to take care of the ovulatory 
needs without a preovulatory buildup of 
medullary bone or calcium store. 

Since studies of the effects of estrogens in 
reptiles have been limited to turtles, the ovo- 
viviparous lizard {Sceloporus cyanogenys) 
was selected. 

Materials and Methods. Adult Sceloporus 
were divided into two groups. One group was 
injected with 0.05 cc of sesame oil carrier and 
the experimental group was injected with 250 

p g  of estradiol valerate in the same volume of 
sesame oil. They were sacrificed 5, 11, 15, and 
42 days after the injection. 

Before sacrifice the lizards were injeded 
with 100 IU of heparin, and blood was col- 
lected following decapitation. The right knee 
and half mandible were prepared for histo- 
logical study, while the left knee and half 
mandible were fixed for microradiography by 
methods previously described ( 10). 

The plasma levels of total protein and in- 
organic phosphorus were determined using the 
Technicon Auto Analyzer. Calcium was deter- 
mined by the calcein method( 1 ). Electropho- 
resis was run using the Beckman mimzone 
cell with Beckman cellulose acetate membrane 
and barbital buffer, pH 8.6, with an ionic 
strength of 0.075. The voltage and time were 
250 V at 20 min. 

Resdts. The histological and microradio- 
graphic preparations did not manifest any 
significant differences between the experi- 
mental and conitrol animals. The bones of the 
group treated with estrogen did not have any 
observable emdosteal bone, nor were there ap- 
preciable numbers of resorption cavities on the 
endosteal surfaces. 

Estrogen induced a significant elevation in 
the plasma levels of total calcium, inorganic 
phosphorus, and total protein (Table I). Both 
serum calcium and phosphorus increased 
rapidly, were significantly different from the 
controls within 5 days (p<.OOl), and ap- 
peared to reach a plateau in 2 weeks. Ex- 
tremely high amounts of bath serum calcium 
and phosphorus were found. Highest indi- 
vidual amounts recorded were 450 mg/100 
ml for calcium and 117 mg/100 ml for in- 
organic phosphorus (Table I, Estrogen group 
treated for 15 days) as compared with 13 mg/ 
100 ml for calcium and 7.4 mg/100 ml for 
phosphorus in the controls. The quantity of 
total proteins present in the serum did not in- 
crease pmportionally to the amount of cal- 
cium and phosphorus, but they increased 
gradually in amount throughout the experi- 
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FIG. 1. Plasma eleotrolphoretic pattern and plasma 
chemistry of 3 lizards. The upper one is that of a 
conltroI lizard. Four fractions were separated and 
identified according to their mobilities. The fastest 
(fraction 1) comprising 25.4% of the protehs was 
n a m d  the “albumen.” Fraction 2 (11.9%), fraction 
3 (19.8%), and fraction 4 (42.9%) were named 
“alpha,” “beta,” and “gamma” globulins, respectively. 
Note that beta globulin is becoming confluent with 
gamma globulin in the 11-day estrogen-treated lizard. 

mental period from 4.2 gm/lOO ml in the 
controls to 10.3 gm/100 ml in the 6-week 
estrogen-treated group (Table I ) .  

The electrophoretic pattern had four peaks 
in the controls, and were named according to 
their decreasing electrophoretic mobilities, 
i.e., “albumen” (fraction 1) and “alpha” 
(fraction 2 )  , “beta” (fraction 3 ) ,  and 

(fraction 4) globulins (Fig. 1, con- 
trol). There were no statistically significant 
differences betwen the electrophoretic pat- 
terns or ltortal plasma proteins between the 
controls and the 5-day estrogen-treated group 
(Table 11).  The 1 1-42-day experimental ani- 
mals manifested a steady increase not only in 
relative percentages but also in absolute 
quantities of gamma globulin (Table 11). 
While the albumen appeared to decrease in 
relative percentages, it did not differ signifi- 
cantly in absolute amount between the con- 
trols and all of the experimental groups 
(Table 11). The gamma globu1in:dbumen 

ratios were increased significantly the longer 
the treatment ()< .001) . The alpha and beta 
globulin peaks were readily distingukhable in 
the controls but either disappeared or became 
confluent with the gamma globulin peak in the 
experimental groups (Figs. 1 and 2 ) .  

Discussion. Hypercalcemia, hyperphospha- 
temia, and hyperproteinemia have been pro- 
duced by large doses of estrolgen in turtles 
(11) and snakes ( 3 ) .  The estrogenic re- 
sponse in those reports were significantly 
lower than those reported in the present in- 
vestigation. However, in agreement with their 
reports, our observations indicate that the 
response is directly related to time, the maxi- 
mum bleing reached by 2 weeks. 

Estrogen results in the synthesis of proteins 
within the liver which are released into1 the 
blood ( 11). In reptiles, these proteins have a 
high calcium binding capacity, approximately 
55 mg of calcium per gram of protein( 11). 
In the present study estrogen caused a rela- 
tively moderate rise from approximately 4 to 
10 gm/100 ml of serum proteins, while in- 
ducing a large elevation from 13 to over 320 
mg/100 ml of serum calcium. This corrobo- 
rates the previous report of high calcium 
bindling capacities of the proteins ( 1 1 ) . DS- 
sauer and Fox ( 3 ) observed hyperproteinemia, 
hypercalcemia, and enlargement of the livers 
in unfed snakes treated with estrogen and con- 
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FIG. 2.  Plasma electrophoretic p;tttern and plasma 
chemistry of two lizards treated with estradiol vale- 
rate. Note that the  “,alpha globulin” has nearly dis- 
appeared in the 15-day treated lizard, and is ap- 
parently gone in lthe 42-day treated lizard. 



6 ESTRADIOL EFFECTS ON LIZARD SERUM AND BONE 

cluded that the calcium was released from the 
bone. Furthermore, Simkiss(9) suggested that 
caluu'm was necessary for the proteins to re- 
main soluble in the serum, and thus explained 

why hypercalcemia took place even when no 
outside source of calcium was available. 

Histologically, no apparent bone resorption 
was observed. If resorption of bone took place 

TARllF, I. Plasma 1,evcls in Sccloporzts cyanogcnys Trcatcd with a Single Iiijection of 250 Fg 
of Estratliol V:iIcratc. 

Length of 
treatment Total protein Calciu ni PO, 

Treatment (days) (gm)/100 1111 (ing)/100 nil (mg)/100 ml 

S e e m e  oil 
control (1)" 
Estrogen (5) 

Sesame oil 
control (1) 
Estr0ge.n (4) 

Sesame oil 
control (1) 
Estrogen (6) 

Scsame oil 
control (15) 

Btrogen (20) 

5 
5 

11 
11 

15 
15 

42 

42 

3.3 
4.9 2 0.75b 
(4.2-5.8) 

6.4 
5.4 2 1.70 
(3.67.6) 

3.9 
8.7 _+ 1.6 
( 6.7-1 1.4) 

4.2 _+ .92 
(3.1-6.3) 

10.3 k 2.1 
(7.0-13.9) 

13.0 
46.0 14.2 

( 2 4 4 0 )  

13.0 
224.0 +_ 23.3 
( 2 10-258) 

13.9 
259.3 62.1 

(298450)  

13.0 2 6.2 
( 8 3-3 0 .O ) 

322.6 5 89.6 
(105-437) 

5.0 
24.8 2 2.86 
(2 1.0-29.0) 

11.5 
52.9 & 6.9 

(53-68) 

9.5 
88.1 2 21.2 

(60-117) 

7.4 & 1.3 

55.3 & 25.4 
( 6.0-9.0) 

(21-105) 

" Numbers in parentheses after treatinant are numbers of animals in group. 
The values listed are & one standard deviation. 
The numbers in parenthems under the values & shida .rd  doriakion are the total range. 

TABLE 11. Electrophoretic Analyses of Serutn Proteins of Sceloporus cymogenyls Treated 
with a Single Injection of 250 cLg of Estrndiol Vdernte. 

Length of 
No. treatment Total plasma Gamma. Gamma globu- 

Treatment aninials (days) probein Albunieri globulin Lin/albumen 

Sesame oil 
control 15 42 4.2 & 0.9" 34.6 f: 7.2" 

(18.646.1) 
Estrogen 5 5 4.9 2 0.75 36.0 & 6.0 

Estrogen 5 11 5.4 2 1.7 22.4 2 9.24 
(16.6-38.6) 

Estr0ge.n 6 15 8.7 2 1.6 11.0 2 3.0 

Estrogen 20 42 10.3 2.1 12.3 & 3.9 

(27.3-43.1) 

(6.3-15.3) 

(3.3-16.7) 

34.7 2 8.7" 
(10.9-48.6) 
38.7 & 5.7 
(32.744.4) 
53.1 -e 17.3 
(31.5-68.2) 
72.9 f: 5.3 

78.6 t 9.0 
(71.8-82.3) 

(54.5-95.2) 

1.09 & 0.54" 
( 0.30-2.61 ) 

1.11 ? 0.67 

2.8 1.43 
( .9 6-4.03) 
7.3 3.02 

8.6 ,+ 5.68 

( 0.8 1-1.62) 

( 4.3-1 3.1) 

( 4.6 1-26.2 7 ) 

Albumen and gamma globulin giveii in percentages 5 standard deviation. 
The numbers in  parentliesm under v d u w  are the total range. 

* The total plasma proteins are given in gni/100 nil of p1;uinn. 
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to obtain sufficient calcium to bind the pror 
teins, i t  must have been generalized a d  took 
place in  all of the bones. If we assume that 
Sceloporus cyanogenys has less than 2 ml of 
plasm, 4 mg af calcium could elevate the 
serum d c i u m  levels to over 300 mg/llx) d. 
In the lizards used, the total skeleton weighed 
around 4 p, and so the loss of only 0.1 % 04 
the skeletal weight could bring enough calcium 
into the circulating blood. Thus, the small 
amount of calcium removed from the lizard 
b n e s  was difficult to observe histologically. 

Previous investigators (3,9,11) interested 
in the role of estrogen in p lasm protein syn- 
thesis have all considered that the liver was 
the site of origin. Our study has indicaited that 
the “gamma globulin” comlpent  appears to 
be the main plasma protein that is increased 
in absolute quantity. Gamma globulin is syn- 
thtsikd in the reticdoendothelial system, 
particularly the plasma cells ( 2 ,  5 ,  6, 7 ) ,  and 
estrogen causes not only an increased phage 
cytic index but also plasma cell hypqlas ia  
and increased gamma globulin production ( 7). 
Therefwe, it is suggested that in the lizard, 
estrogen induces an increased production of 
“gamma globulins” which may be produced 
by nonhepatic organs. Further studies will be 
conducted along these lines. 

Summary. Adult Sceloporus cyanogenys 
were treated with 250 pg of estracliol valerate 
for 5, 11, 15 and 42 days. The bones were 
studied histologically and the plasma chemistry 
was detcmined. No morphological changes 
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were observed in the bones. The plasma cdci- 
um and inorganic phosphorus were signifi- 
cantly elevated from the controls within 5 
days aflter the injection. The proteins did nut 
increase significantly until 11 days after in- 
jection, and the elevation occurred only in the 
“gamma globulin” component. I t  is suggested 
h t  estrogen induces increased “gamma 
globulin” synthesis whose origin is in part in 
the reticuloendothelial system. 
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Immunization of Mice to Sarcoma 180 and Ehrlich Carcinoma with 
Ultraviolet-Killed Tumor Vaccine* (32609) 

M. L. LITTMAN, Y. C. KIM, AND D. SUK 
Veterans Administration Hospital, Brooklyn, N .  Y . ,  New York University School of Medicine, New 

York, N .  Y .  and Catholic Medical College, Seoul, Korea 

As early as 1906 Ehrlich (1)  reported that 
animals bearing a progressively growing tumor 
would reject a second transplant of the same 
tumor. Since that time it has h o m e  known 

*This investigation was supported by Public 
Health Service Reseamh Grant No. CA-08861 of 

that once a transplanted animal tumor is ac- 
tively established, i t  may either d m g e  pro- 
gressively and kill the h a t ,  or upon r e a d h g  
a certain point in development, may md-o 
spontaneous regression and spare the host 
(2-4).  Animals with spntanmmly 
tumors were found to be immune to sub- the National \Cancer Institute. 


