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It is demonstra ted that a water-soluble form of  estradiol (disodium salt o f  estradiol 
diphosphate), apart from having an estrogenic influence on the uterus, is effective against 
severe blood loss and has a cardiotropic activity. 
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Estrogens (female sex hormones) and their analogs 
have found wide application in the t rea tment  o f  
female and male endocrine and nonendocrine dis- 
orders [1]. Since these hormones  and their ana- 
logs have low hydrophily,  oil solutions are the 
c o m m o n  form of  the drug used at the present  
time [4]. 

However,  oil solutions cannot  be injected in- 
travenously, being suitable only for intramuscular 
and subcutaneous administration. 

The use o f  oils as solvents for steroid hor-  
mones has a number  o f  drawbacks. Unsaturated 
fatty acids conta ined in these oils are prone to 
peroxidation with the subsequent formation of  toxic 
compounds  with a broad spectrum of  biological 
activity, which may generate untoward effects dur- 
ing clinical application. Furthermore,  there is the 
possibility that in an environment  predisposed to 
peroxidation steroid hormones can become involved 
in this process and transformed so that the spec- 
t rum of  their  hormonal  and pharmacological ac- 
tivities changes. The presence of  biologically active 
fat-soluble antioxidants in oils can also distort the 
clinical picture in view o f  the biological activity 
intrinsic to these compounds.  The possibility of  a 
direct chemical  interaction between antioxidants 
and estrogens should also be considered. It is note- 
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worthy that the distribution o f  hormones  in the 
organism and their effect  on internal organs are 
probably l imited by weak diffusion in the sur- 
rounding tissues due to the "coalescence"  of oil 
molecules. This hampers  the creat ion of  "high- 
impact" hormone concentrations in the blood and 
reduction of  the dose. 

Therefore, the development of  a new water- 
soluble form of  sex steroid hormones suitable for 
intravenous administration, assessment of  their bio- 
logical activity in animal models, and the search for 
new areas of  clinical application are urgent tasks. 

Our aim was to study some pharmacobiological 
properties o f  the water-soluble form of  estradiol 
diphosphate (ED) synthesized in our  laboratory. 

MATERIALS AND METHODS 

Spectroscopy of the specimens containing estrogenic 
preparations was per formed in a Specord M 42/ 
M400 spectrophotometer using a rectangular quartz 
cuvette with an optical pathway length of  1 cm. 

Hormonal  and biological activity of  ED was 
assessed in fertile rats and mice weighing 180-220 
and 15.9+1.7 g, respectively. The estrogenic activ- 
ity of  ED was assessed by the gravimetric method: 
by measuring the uterine mass as described else- 
where  [7]. ED in normal  saline (pH 7.4) was 
injected intraperitoneaUy in a dose of  0.1, 1.0, 10, 
and 100 gg per mouse for 3 days or in a single 
dose of  10 tsg/mouse with daily monitoring of  the 
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Fig. 1. Absorbance spectra of estradiol and ED. I, 2) ethanol  
(96%) and  wate r :e thanol  (1:1) ED solu t ions ;  3, 4) wate r  and  
w a t e r : e t h a n o l  (1:1) ED s o l u t i o n s .  The  e s t r a d i o l  a n d  ED 
concent ra t ion  is 2.5• -4 M. 

process during a 5-day period. Control  animals 
received intraperitoneal injections o f  normal saline. 

The effect  o f  ED on cardiac  funct ion and 
hemodynamic  parameters was studied in rats after 
a 60-rain infusion in the femoral vein [3]. The 
following parameters were measured: left ventricu- 
lar pressure, amplitudes of  contract ion and relax- 
ation, systemic arterial pressure, and heart  rate 
from the changes in the R - R  interval on the elec- 
trocardiogram. 

Lipid peroxidation was assessed by the accu-  
mulation of  products reacting with 2-thiobarbituric 
acid in canine heart  homogena te  [8]. 

Free and total activities o f  13-galactosidase and 
13-glucosidase in rat heart homogenates were deter- 
mined as described elsewhere [9], the protein con- 
centration was measured after Lowry. 

In experiments on rats, hemorrhagic shock was 
simulated by a single bleeding from the carotid ar- 

tery in a volume equal to 2.5% of the body weight. 
ED (sodium salt) was adminis tered intrave- 

nously in a dose o f  10 mg/kg 10 rain prior  to 
and after bleeding. 

The survival rate was observed over  1-h and 
24-h periods. Statistical analysis was performed by 
conventional methods. The differences were consid- 
ered to be significant at p<0.05. 

RESULTS 

We have synthesized a water-soluble form of  es- 
tradiol, one o f  the most  active sex hormones ,  as 
a disodium salt o f  ED. 

Estradiol benzoate  or dipropionate  ester is a 
white crystalline powder  practically insoluble in 
water  and poorly soluble in ethanol and vegetable 
oils [1]. Estradiol esters slowly degrade in the tis- 
sues, are absorbed slowly, and elicit a prolonged 
effect  on the organism. For  this reason, they can 
be administered at relatively long intervals between 
injections. 

The water-soluble form of  estradiol was synthe- 
sized in a reaction with phosphorus oxychloride in 
a pyridine solution at 0~ this being followed by 
treatment with an alkaline solution at p H  8.0. The 
resultant compound is a white crystalline powder 
readily soluble in water  and insoluble in spirits. 

The absorbance spectrum of  ED does not dif- 
fer appreciably from that of  the conventional drug 
form. However,  quantitatively the maximum ED 
absorbance is 3 times as high as that o f  the con-  
ventional form. ED is characterized by a shift to- 
ward the short-wave region (6 nm). The quantita- 
tive differences in the spectra of  these preparations 
are not due to polarity of  the medium, since they 
are retained in water:ethanol solutions (1:1). Both 
preparations are readily soluble in the water-e tha-  
nol mixture. 

The water-soluble ED exhibits pronounced es- 
trogenic activity, as evidenced by the increase in 
the relative mass of  the uterus in response to ad- 
ministration o f  the drug to mice. 

TABLE 1. Effect of ED (10 mg/kg)  on  Rat Heart  Func t ion  (% of the  Baseline Value) 

Parameters 

Left  v e n t r i c u l a r  p r e s s u r e  

C g r ~ e s  i a m p ] i t u d  e 

R e l a x a t i o n  a m p l i t u d e  

S~S~emi~ art~ried: :pressure 
R--R interval changes 

Observation period, min 

5 

5.40• 

5i28• 
5 , 9 5 •  

6.78• 1.69" 11.86--4.01" 

15 3O 

1"0.69• 14.12• 

I 0 i 4 1 - - 4 . 7 B  14:31 •  

I 0 . 7 0 •  13 .97•  

12!29--5.56 
16.10•  ~r 

Note.  Contract ion ampl i tude  is d p / d t = ;  relaxation am 
va lues .  

flitude is dp/dtr~ n. Asterisk indicates 

45 

8 .65 •  

8 .65--5 ,43  

8 . 6 2 •  

7.38---4.0~ 

10.17•  

60 

5.77.-~5.48 

5.81'-----5.57 

6.24--5.63 

4.10"4-4.17 

7.63• 

p<O.05 compared with the baseline 
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For example, when ED was injected in a dose 
of  10 ~g/mouse, the pharmacological response was 
characterized by the following dynamics (in terms of  
the relative mass o f  the u terus) :  0.064_+0.003, 
0.097+_0.002, 0.093_+0.003, 0.100-+0.006,  and  
0.110_+0.005 on days 1, 2, 3, 4, and 5, respectively. 

For assessing the estrogenic activity as a func- 
tion of  ED dose the preparation was administered 
in doses o f  0.1, 1.0, 10.0, and 100.0 ~tg/mouse for 
3 days. The relative mass of  the uterus increased 
from 0.06-+0.007 (control) to 0.21-+0.03, 0.29-+0.002, 
0.5-+0.002, and 0.54+0.03, respectively. From this it 
follows that the estrogenic activity o f  ED depends on 
the dose and the time after administration. 

Administration o f  ED to intact  rats in a dose 
o f  10 mg/kg increased left ventr icular  contractile 
activity. Systemic arterial pressure also increased 
and the hear t  rate d ropped .  These  parameters  
reached the maximum toward the 30th rain after 
ED administration (Table 1). 

Water-soluble forms of  glucocorticoid hormones 
and their synthetic analogs are widely applied in 
emergency states [5]. The possibility o f  using other  
steroids (for example, sex hormones)  has hardly 
been considered due to their lipophilic properties that 
preclude intravenous administration. A study of  the 
pharmacological activity of  ED (water-soluble form) 
has revealed that, in addition to its estrogenic ac- 
tivity, ED modulates the functional-metabolic param- 
eters of  the cardiovascular system and increases the 
survival rate of  animals after severe blood loss. 

In exper iments  with male rats subjected to 
acute  hemorrhage,  ED adminis tered in a dose o f  
10 mg/kg before  and after bleeding reduced the 
mortali ty rate: the survival rate was 90-95% 1 h 
and 70-75% 24 h after bleeding in the experimen- 
tal group and 73 and 53%, respectively, in the 
control group. 

The increase in survival rate after heavy bleed- 
ing and improved function o f  the cardiovascular 

system induced by  ED may be due to its action 
on the membrane  structures in the myocardium 
and on the processes causing their damage. 

For  example, one hour after a single injection 
o f  ED (10 mg/q~g) the percentage of  free activity 
o f  the lysosomal enzyme 13-galactosidase dropped 
from 74.5 to 46.0% and for ~-glucosidase from 
89.7 to 57%, indicating that ED stabilizes lysoso- 
real membranes  in the rat heart.  

Three hours after administration o f  ED (10 
mg/kg) to dogs, the conten t  o f  2-thiobarbituric 
acid-reactive substances in heart homogenate tended 
to decrease (from 8.5+1.9 to 5.4+0.5 nmol /g  tis- 
sue). Previously, we reported that ED reduces both 
the ability of  mitochondria to accumulate Ca 2§ and 
the rate o f  Ca :+ uptake and release by myocardial 
mitochondria  [2]. 

The findings indicate that  the water-soluble  
form o f  estradiol, in addition to possessing estro- 
genic activity, protects the organism from severe 
b lood loss and exhibits a card io t ropic  activity, 
which may be of  practical significance. 
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