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The natural agent deltostim is a mixture of furanostanol steroid glycosides characterized 
by a high anabolic and a low androgenic activities. In doses of  5-30 mg/kg it stimulates 
the production of  proteins and nucleic acids in the skeletal and cardiac muscles. These 
doses do not suppress biopolymer production in the liver, which indicates that the agent 
is not toxic for animals. 
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The use of synthetic anabolics for the treatment of 
many diseases, for improving adaptation to exercise 
in athletics, and for body weight gain in animals in 
agriculture is associated with many untoward effects 
because besides anabolic these agents possess andro- 
genic activity [5]. Recent studies have been focused 
on agents of plant origin exerting no direct andro- 
genic effects, stimulating protein production, and 
activating some enzymes involved in energy meta- 
bolism [3]. For example, steroid glycosides are wide- 
spectrum biostimulators which were isolated from 
many plants. 

Deltostim (DS) isolated from a suspension cell 
culture of  Dioscorea deltoidea wall, strain DM-05 
(Institute of Plant Physiology, Russian Academy of 
Sciences) is a mixture of the furostanol glycosides 
deltoside and protodioscine (2:3). Its toxicity is low 
and it is soluble in water, which differs it favorably 
from synthetic steroids. Pharmacological studies of 
DS revealed immunomodulating activity and ability 
to stimulate ovulation in mammals [2] and prom- 
pted investigation of its anabolic effects. 
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We studied the anabolic activity of DS and the 
main mechanisms underlying this activity: protein 
and nucleic acid production in animal tissues (ske- 
letal and cardiac muscles and liver). 

MATERIALS AND METHODS 

Experiments were carried out on 3-week-old cas- 
trated male rats initially weighing 40-60 g. The 
animals were castrated under light ether narcosis as 
described previously [41. The rats were fed the stan- 
dard diets. All agents were dissolved in normal 
saline and injected intramuscularly i n  a single dose 
of 0.5 ml for 7 days starting from the day of castra- 
tion. In the first series of experiments, the anabolic 
properties of DS were studied. The rats were divided 
into 6 groups, 5 animals per group: 1) controls 
injected with normal saline; 2) DS in a total (in- 
jected for 7 days) dose of 5 mg/kg; 3) 10 mg/kg 
DS; 4) 30 mg kg DS; 5) 190 mg/kg DS; and 6) 35 
mg/kg testosterone propionate. On the 8th day, 24 
h after the last injection, anabolic effect of DS was 
assessed by changes in body weight. For integral 
assessment of anabolic properties of the drug, the 
anabolic index was calculated as the ratio of myo- 
tropic activity (increment in the weight of m. levator 
ani, MLA) to androgenic activity (increment in the 
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TABLE 1. Effect of DS on Body Weight Gain and Anabolic Index of Castrated Male Rats (M~m) 

801 

Control 

DS, 

Drug, total dose, mg/kg 

5 

10 

30 

190 

Testosterone propionate, 35 

Body weight gain, g l 

6.4-+1.9 

19.0+3.5 

22.4+9.8 

13.2• 

10.7+9.4 

11.2• 

MLA weight mg 

30.36• 

55.62• 

59.84• 

56.84• 

46.25• 

39.87• 

i VP weight, mg 

35.30+1.58 

44.35_+5.65 

44.33-+6.12 

51.49+10.41 

45.34• 

58.63-+812 

Anabolic index: 
MLA weight/VP 

weight 

0.86_+0.12 

1.26• 

1.32+_0.15 

1.16+0.21 

1.02-+0.10 

0.68-+0.12 

weight of ventral prostate, VP). The index value >1 
indicates that the studied drug is anabolic, less than 
! that it is androgenic [5]. 

In the second series, the effect of DS on the 
production of biopolymers RNA, DNA, and protein 
in rat skeletal and cardiac muscles and liver was 
studied. Experiments were similar to the first series, 
but only two doses were used: 5 and 30 mg/kg. 

Protein and nucleic acids were measured in tis- 
sue homogenates degreased with chloroform:metha- 
nol mixture (2:1). RNA was separated from DNA 
by hydrolysis in 0.3 N KOH at 37~ for 1 h. Hydro- 
lysate was acidified by HCIO 4 on the cold to attain 
the 0.5 N concentration. RNA in supernatant was 
measured by spectrophotometry as described pre- 
viously [81. The precipitate containing DNA was 
hydrolyzed in 0.5 N HCIO, at 70~ for 20 min. 
DNA in hydrolysate was measured as described 
previously [6]. Protein was measured by a modified 
biuret method [ 11. Activation of protein and nucleic 
acid production in tissues was assessed by the ratios 
RNA/protein, DNA/protein, and RNA/DNA. The 
content of protein and nucleic acids was assessed 
per g wet tissue. 

In the third series, the effect of DS on the 
content of the connective tissue protein collagen 
was studied in the skeletal and cardiac muscles. 
Hydroxyproline was measured as described pre- 
viously [9]. Preliminary hydrolysis of tissues was 
carried out in sealed ampoules in 6 N HC! at 120~ 

for 8 h. Possible changes in collagen macromole- 
cules caused by various doses of the drug were 
assessed by the amount of hydroxyproline released 
into water during 10-min warming of tissue frag- 
ments to 65~ (Verzar's test [10l). 

RESULTS 

The results presented in Table ! demonstrate the 
anabolic effect of DS. All doses of furostanol glyco- 
sides markedly increased body weight in compari- 
son with the control group. The highest effect was 
observed with the least doses: 5 and 10 mg/kg. The 
body weight gain in this group of animals was 
almost 3.5 times as high as that in the control. The 
increase in the weight of MLA, the target organ for 
anabolics, was greater than the increment in the 
weight of  VP. At a dose of 5 mg/kg, the M LA 
weight increased by 83.2% during the experiment, 
while the weight of VP increased by only 25.6%. 
Similar changes were observed at a dose of 30 nag/ 
kg: the MLA weight increases by 87.2% and that 
of VP by 45.9%. 

The anabolic index was >1 for all doses of DS, 
indicating that the anabolic effect predominates and 
the androgenic effect is negligible or null. The syn- 
thetic steroid testosterone propionate, a classical 
drug of comparison, induced an increment in body 
weight in comparison with the control group, but 
exerted both anabolic and androgenic effects, causing 

TABLE 2. Effect of DS on Production of Protein and Nucleic Acids in Muscle Tissue (M~:m) 

Myocardium Skeletal muscle 

DS dose, mg/kg RNA/protein, DNA/protein, RNNDNA RNNprotein, DNA/'protein, RNA/DNA 
x l 0  ~ xl03 xl03 • 

Control i 5.4_+0.2 25.0_+0.2 0.22_+0.03 6.7+0.4 11.5+0.1 0.58+0.02 
I 

DS, 5 ; 8.1-+0.4 11.2-+0.1 ! 0.72_+0.10 9.8+0.2 12.9+0.t 0.75_+0.05 

30 24.0-+0.6 16.6+03 : 1.44+_0.40 9.5+0.3 13.8+_0.2 0.66+_0.05 
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TABLE 3. Effect of DS on Protein and Nucleic Acid Production in Liver 
Tissue of Rats (M:l:m) 

DS dose, 
mg/kg 

Control 

DS, 5 

30 

RNNprotein, 
x 103 

11.8• 

13.2t-0.1 

10.9~0.3 

DNNprotein, 
xl03 

51.8• 

43.6• 

46.3• 

RNNDNA 

0.23t-0.02 

0.30t-0.03 

0.22t"0.02 

testosterone propionate (Table 4). The proportion of 
soluble collagen released with the low-molecular-  
weight fraction into hot water decreased. Anabolic 
and androgenic drugs may accelerate collagen ma- 
turation in the skeletal muscle by enhancing its 
cross-linking. 

The content  of  hydroxyproline in the myocar- 
dium doubled after 30 mg/kg DS. Heart weight vir- 

TABLE 4. Effect of DS on Hydroxyproline Content in the Skeletal and Cardiac Muscles (Me.m) 

Control 

DS, 

Drug dose, mg/kg 

5 

30 

Testosterone propionate, 35 

Hydroxyproline content in skeletal 
muscle, g/100 g dry tissue 

total 

0.084i-0.018 

0.071i-0.013 

0.088i-0.027 

0.071:L-0.23 

after heating 
at 65~ 

0,038• 

0.048i-0.016 

0.047• 

0.068• 

Hydroxyproline content in myocardium, 
g/100 g dry tissue 

total 

0.055t-0.03 

0.051!"0.012 

0.115t"0.026 

0.045t"0.012 

after heating 
at 65~ 

0.045• 

0.043• 

0.076• 

0.043• 

a notable increase in the weight of  VP. Its anabolic 
index was much lower than 1. 

Then we evaluated the effect o f  DS on the pro- 
duction of  RNA, DNA, and proteins in the skeletal 
and cardiac muscles. The drug injected in a dose of  
30 mg/kg stimulated the myocardium (Table 2). 

After injection of  DS, the ratios of  biopolymers 
in the myocardium changed: the RNA/protein ratio 
also increased more than 4-fold and the R N A / D N A  
ratio increased, indicating active protein production 
in the muscle. Injection o f  the drug in a dose of  
5 mg/kg changed the DNA/prote in  and R N A / D N A  
ratio, but to a lesser extent  than the dose of  30 
mg/kg. The effect of  DS on the skeletal muscle in 
the studied doses was lower than its effect on the 
myocardium,  which is probably caused by hypo- 
dynamia during the experiment: the anabolic effect 
is the highest in intensive exercise. 

Study of  DS effect on the liver revealed no 
appreciable stimulation of  protein and nucleic acid 
production (Table 3). The content of  protein and 
RNA in the liver slightly increased after a dose of  
5 mg/kg. It is important that the studied doses did 
not suppress the biopolymer production in the liver, 
which indicates that DS is not toxic for animals. 

Changes in the content of  the connective tissue 
component  of  the skeletal and cardiac muscle in- 
duced by DS were assessed by the content of  hydro- 
xyproline. 

The total content of  hydroxyproline in the skele- 
tal muscle virtually did not change after DS and 

tuaUy did not change. An increase in the proportion 
of  collagen in the myocardium was observed after 
the synthetic steroid retabolil, which is widely used 
in cardiology. Due to the ability to stimulate the 
production of  collagen in the myocardium, DS can 
be used in cardiology for accelerat ing reparative 
processes in the heart during the treatment of  myo- 
cardial infarction. 

Thus, studies of the biologic effects of  DS on 
organs and tissues of experimental animals demon- 
strated its low toxicity and high anabo l i c  effect, 
consisting in stimulation of  protein and nucleic acid 
production. 
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