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We herein report the androgenic-anabolic activities of some synthesized
substituted androstano[17,16-c]pyrazoline (steroidal structure). Twenty six steroid
derivatives 1-11 containing acetyl, ester, methoxy and oxazole moieties attached to a
steroid moiety were conveniently synthesized and screened for their androgenic anabolic
activities. Synthetic steroid structures linked to a different function groups seem to be a
promising approach in the search for novel leads for potent androgenic agents. The
detailed synthetic pathways of obtained compounds and androgenic activities were

reported.
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In our previous work, we found that
certain of substituted steroidal and terpenoidal
derivatives showed antiandrogenic, anabolic, and
antioxidant activities'. Some new heterocyclic
compounds containing steroid moieties have been
synthesized and used as 5o-reductase and
aromatase inhibitors, anti-inflammatory, anti-
alzheimer, Anti-parkinsonism and anti-arthritic and
immunosuppressive*® agents. Androgenic
hormoneisnatural or synthetic compound, usually
a steroid hormone, which stimulates or controls
the development and maintenance of male
characteristics in vertebrates by binding to
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androgen receptors. This includes the activity of
the accessory male sex organs and development
of male secondary sex characteristics. The
androgen receptor (AR), also known as NR3C4
(nuclear receptor subfamily 3, group C, member 4),
isatype of nuclear receptor* that is activated by
binding of either of the androgenic hormones
testosterone or dihydrotestosterone!? in the
cytoplasm and then transl ocating into the nucleus.
The androgen receptor is most closely related to
the progesterone receptor, and progestinsin higher
dosages can block the androgen receptor34. The
main function of the androgen receptor is as a
DNA-binding transcription factor that regulates
gene expression®®, however, the androgen receptor
has other functions as well*¢. Androgen regulated
genes are critical for the development and
maintenance of the male sexual phenotype. The
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primary mechanism of action for androgen
receptorsisdirect regulation of genetranscription.
The binding of an androgen to the androgen
receptor resultsin aconformational changeinthe
receptor that, in turn, causes dissociation of heat
shock proteins, transport from the cytosol into the
cell nucleus, and dimerization. The androgen
receptor dimer bindsto aspecific sequence of DNA
known as a hormone response element. Androgen
receptors interact with other proteins in the
nucleus, resulting in up- or down-regulation of
specific gene transcription'’. Up-regulation or
activation of transcription results in increased
synthesis of messenger RNA, which, in turn, is
translated by ribosomes to produce specific
proteins. One of the known target genes of
androgen receptor activation isinsulin-like growth
factor | (IGF-1)®. Thus, changesin levelsof specific
proteins in cells are one way that androgen
receptors control cell behavior. One function of
androgen receptor that is independent of direct
binding to its target DNA sequence is facilitated
by recruitment via other DNA-binding proteins.
One example is serum response factor, a protein
that activates several genes that cause muscle
growth?®. Androgen receptor is modified by
acetylation, which directly promotes contact
independent growth of prostate cancer cells®.
More recently, androgen receptors have been
shown to have a second mode of action. As has
been also found for other steroid hormone
receptors such as estrogen receptors, androgen
receptors can have actions that are independent
of their interactions with DNAZ. In view of these
observations and as continuation of our previous
works in steroidal chemistry, we have herein
screened some of steroidal derivatives fused with
pyrazole and isoxazole rings as Androgenic
anabolic activities in comparison to Testosterone
as positive controls.

EXPERIMENTAL

Chemistry

All thetested compounds were confirmed
according to the previously reported procedures®.
Phar macological screening
Animals

Biological experiments were made
according to the ethical rules and animals were
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obtained from the animal house colony of the
National Research Center, Cairo, Egypt. All animals
were allowed free access to water and were kept
on a constant standard diet. Prepubertal Sprague-
Dawley maleabinorats 21 day old (45-50 g), were
used to investigate the effect of the tested
compounds on the development of male sex
organs. Adult male albino rats (150 days) weighting
(150-200 g) were used in the present work to
evaluate the androgenic-anabolic activity of all
newly synthesized derivatives.
Androgenic-anabolicactivity

Groupsof immature malealbinorats (each
group contains 8 animals), 21 days old, received
subcutaneously particular target compounds and
testosterone as reference standard at a total dose
of 0.7 mg kg™ according to the following design:
group 1 received the vehicle (DM SO); group 2
received the testosterone reference standard in
vehicle (DM SO) (at adoseof 0.1 mg kg™ daily for
7 days); group 3 was subdivided into 22
subgroups, each received individually one of the
tested compounds (at a dose of 0.1 mg kg™ daily
for 7 days). Androgenic-anabolic activity of all
newly synthesized compounds was measured
according to the reported procedure??. Groups
of prepubertal albinorats (n = 8) 21 daysold, were
kept on aconstant diet and tap water. Each animal
was given daily a subcutaneous injection of the
tested compound as well as testosterone as
reference standard at a dose of 0.1 mg kg for
seven days. On day eight (22-26 hours after the
last injection), the animals werekilled, dissection
of thelevator ani muscle, the ventral prostate gland,
testis, seminal vesicles, vas deference and
epididymiswere carried out and wereweighed. The
ratio of the mass gain of the levator ani-muscle to
the mass gain of the ventral prostate gland was
calculated where the mass gain of the levator ani
muscle indicates
Acutetoxicity (LD,)

Male rats were used to determine
intraperitoneal LD, of the tested compounds. Prior
to determination of the LD, value, arangefinding
screen were conducted using 20 rats each treat
with atested compound at adose ranging from 3-
2000 mg kg™. Based on the mortality observed
within 14 days, the doses used for the LD,
determination were 3, 10, 30, 100, 300, 1000, 2000
mg kgt for compounds administered by
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intraperitoneal injection as a 10% solution in
dimethyl sulphoxide (DM SO). Control animals
received intraperitoneal injections of DM SO. For
each concentration and control, ten maleratswere
injected with the tested compoundstwice daily for
two weeks to kill any swirved animals. From the
mortality data of all tested animals, the
intraperitoneal LD, values for each agent were
determined according to Austen et al.>.

RESULTSAND DISCUSSION

Chemistry

In continuation of our previous work, a
series of some substituted steroidal derivatives
and fused with pyrazoline or isooxazole moities 1-
11 (Figures 1 and 2) were synthesized and reported
before??. Herein, we used these compounds for
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evaluation as androgenic-anabolic agents.
Pharmacological activities

Androgenic-anabolic activity
From Tables 1 and 2, the ratio of the mass gained
by the levator ani-muscle to the mass gained by
the prostate gland was cal cul ated, wherethe former
indicatesthe anabolic activity and the latter shows
the androgenic effect of the tested compounds. It
was revealed that all the tested compounds have
significant androgenic aswell as anabolic effects.
All the tested compounds showed potent anabolic
activities where the ratio of mass gained by the
levator ani-muscle (anabolic) to the mass gained
by the ventral prostate were high (Table 1).

The 1'-acetyl-1'H-5' -substituted pheny!-
5a-androstan[17,16-c]pyrazoline-33-yl-
trifluoroacetate derivatives la-c only showed
potent anabolic activities due to the presence of

Table 1. Androgenic-anabolic activities of the tested compounds 1-11

Comp.No. Mass of prostate gland (g)? Mass of levator ani-muscle (g)? Ratio®
Testosterone 0.760+0.004 0.204+0.005 0.27
Control 0.20+0.005 0.18+0.006 -
la 0.234+0.005 0.276+0.006 1.18
1b 0.345+0.005 0.400+0.007 1.16
1c 0.345+0.004 0.386+0.007 112
2a 0.789+0.004 0.860+0.006 1.09
2b 0.987+0.004 0.197+0.005 0.20
2c 0.789+0.005 0.174+0.006 0.22
3a 0.786+0.006 0.197+0.007 0.25
3b 0.567+0.007 0.150+0.006 0.27
3c 0.449+0.008 0.125+0.005 0.28
da 0.953+0.009 0.276+0.004 0.29
4b 0.675+0.008 0.203+0.005 0.30
5a 0.768+0.007 0.238+0.006 0.31
5b 0.564+0.006 0.192+0.007 0.34
6a 0.365+0.005 0.128+0.006 0.35
6b 0.365+0.006 0.131+0.005 0.36
7a 0.587+0.007 0.217+0.005 0.37
7b 0.588+0.006 0.229+0.004 0.39
7c 0.589+0.005 0.241+0.005 0.41
8a 0.465+0.004 0.205+0.006 0.44
8b 0.324+0.005 0.152+0.007 0.47
%a 0.356+0.006 0.171+0.007 0.48
9% 0.574+0.006 0.293+0.007 051
10a 0.465+0.007 0.293+0.006 0.63
10b 0.475+0.005 0.342+0.007 0.72
1lla 0.564+0.006 0.412+0.006 0.73
11b 0.578+0.007 0.428+0.005 0.74

@ Mean = SEM (n = 8).

b Ratio of the mass gained by the levator ani-muscle to the mass gained by the prostate gland.
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acetyl pyrazoline groups that permit hydrogen
bonding with the unbound receptor site for
anabolic activities.

The 1'-Phenyl-1‘ H-5'-(4-bromophenyl)-
5a-androstan[17,16-c]pyrazoline-33-yl-
trifluoroacetate (2a) showed nearly equal anabolic
androgenic activities which are the margine line
and one of the derivatives with long-sought
property bindsequally to NR3C4 and the unbound
receptor site for anabolic activities. Both the
phenylylpyrazoline 1‘-phenyl-1'H-5'-(4-
fluorophenyl)-5a-androstan [17,16-c] pyrazol-ine-
3B-yl-trifluoroacetate (2b) and 1 -phenyl-1'H-5'-(4-
methylphenyl)-50-androstan [ 17,16-c] pyrazol-ine-
3B-yl-trifluoroacetate (2c) showed dramatically
abnormally the highest androgenic activities due
to high affinity to NR3C4. The 1 -methyl-1'H-5'-

substituted phenyl-5a-androstan[17,16-c]
pyrazoline-33-yl-trifluoroacetate derivatives 3a, 3b
and 3c showed high androgenic activitiesbut lower
than that of the phenyl ones because the molecule
lipophilic character decreased and affinity to NR3C4
decreased. The 5'-(substituted phenyl-5a-
androstan[17,16-c]isoxazole-32-ol derivatives4a,b
showed lower androgenic activities than that of
the methylpyrazoline 3a, 3b and 3c because the
moleculelipophilic character decreased and affinity
to NR3C4 decreased. The 3B-acetoxy isoxazole
derivatives 5a and 5b showed lower androgenic
activitiesthan that of theisoxazole derivatives 4a
and 4b because the molecule lipophilic character
decreased and affinity to NR3C4 decreased. The
3B-trifluoro acetoxy isoxazole derivatives 6a and
6b showed lower androgenic activitiesthan of the

Table 2. Effect of the tested compounds on androgenic organs 1-11

Comp. Mass (g)?

No. Epididymis Testis Semind vesicles  Vasdifference
Testosterone 0.360+0.005 0.700+0.002 0.630+0.007 0.190+0.002
la 0.111+0.003 0.216+0.005 0.194+0.004 0.257+0.005
1b 0.163+0.002 0.318+0.006 0.286+0.003 0.373+0.004
1c 0.163+0.003 0.318+0.005 0.286+0.004 0.360+0.003
2a 0.374+0.003 0.727+0.004 0.654+0.003 0.801+0.004
2b 0.468+0.003 0.909+0.003 0.818+0.004 0.183+0.005
2c 0.374+0.003 0.727+0.004 0.654+0.003 0.162+0.006
3a 0.372+0.002 0.724+0.004 0.652+0.005 0.183+0.005
3b 0.269+0.003 0.522+0.003 0.470+0.004 0.140+0.004
3k 0.213+0.003 0.414+0.003 0.372+0.004 0.116+0.005
4a 0.451+0.004 0.878+0.003 0.790+0.003 0.257+0.006
4b 0.320+0.003 0.622+0.002 0.560+0.004 0.189+0.006
5a 0.364+0.003 0.707+0.007 0.637+0.004 0.222+0.005
5b 0.267+0.002 0.519+0.008 0.468+0.003 0.179+0.004
6a 0.173+0.003 0.336+0.007 0.303+0.003 0.119+0.004
6b 0.173+0.002 0.336+0.007 0.303+0.003 0.122+0.003
7a 0.278+0.002 0.541+0.006 0.487+0.004 0.202+0.004
7b 0.279+0.002 0.542+0.005 0.487+0.004 0.213+0.005
7c 0.279+0.002 0.543+0.004 0.488+0.003 0.224+0.006
8a 0.220+0.003 0.428+0.004 0.385+0.004 0.191+0.006
8b 0.153+0.002 0.298+0.005 0.269+0.005 0.142+0.005
9%a 0.169+0.003 0.328+0.004 0.295+0.004 0.159+0.004
9 0.272+0.002 0.529+0.003 0.476x0.005 0.273+0.005
10 0.220+0.003 0.428+0.003 0.385+0.004 0.273+0.004
10b 0.225+0.002 0.438+0.004 0.394+0.004 0.319+0.004
1la 0.267+0.003 0.519+0.005 0.468+0.004 0.384+0.003
11b 0.274+0.002 0.532+0.004 0.479+0.003 0.399+0.004

Mean _+SE (n = 8).
All results were significantly different from normal control value (p <0.05).

All results were significantly different from testosterone value (p <0.05).
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3B-acetoxy isoxazole derivatives 5aand 5b.

The 16-[ (x-diethyl)mal onyl)-substituted
phenyl]-3B-hydroxyl-androstan-17-one 7a-c
showed lower androgenic activities than that of
the 3B-trifluoro acetoxy isoxazole derivatives 6a,b
because the molecule lipophilic character
decreased and affinity to NR3C4 decreased
because the molecule lipophilic character
decreased and affinity to NR3C4 decreased. The
16-[substituted phenyl]-methylene-50-androstan-
3?-0ls8a,b showed lower androgenic activitiesthan
that of the 16-[(o-diethyl)malonyl)-substituted
phenyl]-3B-hydroxyl-androstan-17-one 7a-c
because the molecule lipophilic character
decreased and affinity to NR3C4 decreased. The
16-[substituted phenyl]-methylene-50-androstan-
3-one 9a,b showed lower androgenic activitiesthan
that of the 16-[substituted phenyl]-methylene-5o.-

Table 3. Evauation of LD, of
the tested compounds 1-11

Comp. No LD, (mg kg™)?
Testosterone 2751.00£7.7
Dehydroepiandrosterone 3411.00+£5.77
la 4956.29+8.66
1b 4961.24+5.55
1c 4966.21+9.56
2a 4971.17+5.67
2b 4976.14+8.78
2c 4981.12+5.87
3a 4986.10+8.76
3b 4991.09+5.64
3c 4996.08+8.65
da 5001.07+5.66
4b 5006.07+5.55
5a 5011.08+5.55
5b 5026.11+8.66
6a 5041.19+5.78
6b 5056.32+8.77
7a 5071.48+8.76
b 5086.70+5.85
7c 5101.96+7.76
8a 5117.27+5.67
8b 5132.62+5.56
9a 5148.02+8.58
9% 5163.46+5.47
10a 5178.95+8.57
10b 5194.49+9.69
1la 5210.07+9.78
11b 5225.70+9.67

aMean £ SD, n = 24
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androstan-3p-ol 8a,b, The 16-[substituted phenyl]-
methylene-5a-androstan-3p-yl-acetate 10a,b
showed lower androgenic activities than that of
the 16-[substituted phenyl]-methylene-5c.-
androstan-3-one 9a,b because the molecule
lipophilic character decreased and affinity to NR3C4
decreased. The 16-[substituted phenyl]-methylene-
50-androstan-33-yl-acetate 11a,b showed lower
androgenic activities than that of the 16-
[substituted phenyl]-methylene-5oi-androstan-33-
yl-acetate 10a,b because the molecule lipophilic
character decreased and affinity to NR3C4
decreased.

Acutetoxicity (LD,)

Initially, acutetoxicity of the synthesized
compounds was assayed by determining their
LD, Interestingly, most compounds were |ess
toxic than thereference drug, The LD, (rats) was
determined by injecting different increasing doses
and calculating the dose that killed 50% of the
animals(Table3).

Structureactivity relationship (SAR)

N-acetyl of pyrazoline showed potent
anabolic activities. Replacing the N-acetyl of
pyrazolinewith phenyl onenearly equaizesanabolic
androgenic activities. 1 N-Acetyl of pyrazoline
showed potent showed high androgenic activities
but lower than that of the phenyl ones. The
isoxazole derivatives showed lower androgenic
activitiesthan that of the methylpyrazoline. The 33-
acetoxy isoxazole derivatives decrease the
androgenic activities. The 32-trifluoroacetoxy
isoxazole derivatives showed lower androgenic
activitiesthan of the 3B-acetoxyisoxazolederivatives.
16-[(a-Diethyl)-malonyl) substituted phenyl]-3p3-
hydroxylandrostane decreases the androgenic
activitiesthan that of the isoxazole derivatives.

CONCLUSON

All the tested compounds showed potent
anabolic activitieswhere the ratio of mass gained
by the levator ani-muscle (anabolic) to the mass
gained by theventral prostatewere high (Table 1).
NR3C4, careful examination of the structure of
these agents in correlation with their activities
leads to the following assumptions of SAR. The
descending order of androgenic activitieswere as
following (3a-c) > (4a,b) > (5a,b) > ( 6a,b) > (7a-c) >
(8a,b) > (9a,b) >(10a,b) > (11a,b).
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