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ABSTRACT 

l hc objective of this study was to elucidate the efficient 
synthesis or novel mod ified steroids containing aminopyrane. 
am inopyridine or am inothiophene rings. l7~-Acetoxy-5a-androstan-3-

one 2 reacted with ethyl cyanoacetate 3 to afford the 
etboxycarbonylacetonitrile-5a-androstane derivative 4. The scope and 
limitation ol compound -l was studied to form the 
aminopyrunoandrostane derivative 7a.b and the aminopyridoandroswne 
derivative lOa.b. Also compound 2 reacted wi th cyanoacetamide lla or 
cyanothioacetamide lib to afford the aminothienoandrostane derivative 
12a.b. in vitro cytotoxic activity of compound 12a was evaluated against 
hepatocellular carcinoma (HepG2 cell) using. 3-(4,5-dimethylthiazol<> 
yl)-2,5-diphenyltetrazoJium bromide MTT assay. Also the in vivo anti
tumor activity was evaluated against Ehrlich ascites carcinoma (EAC). 
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Ehrlich ascites carcinoma (EAC). 

1. INTRODUCTION 

A variety of steroids with unusual and interesting structures have 
been synthesized and evaluated for their antitumor activities [Thibeault 

~ cf~l., (2008) and Evgcnija et a l., (2008)] . Also the antitumor activities 
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of many compounds containing heterocyclic ring have been reviewed 
[Prcobrazhenskaya (1985) and Kidwai -et al., (2002)]. The biological 
and medical activities of steroidal heterocyclic compounds have 
stimulated considerable interest in the chemistry of steroids [Jindal et 
al.., (2001)}. Th~se compounds .hav~. be,tv·also . .tested ,su~cess.fu.lly against 
several types of cancer '[Handr-atta· et . al., · {2005'}] . Recently, our 
research group has developed several novel efficient syntheses of 
biologically active modified steroids [Abdelbalim et al., (2007); 
Elmcgcd (2005) and Hana et al., (2008)]. The main purpose of the 
present study was the facile synthesis of novel promising anticancer 
steroidal heterocyclic derivatives. Furthermore, this study was 
undertaken to shed light on the antitumor activity of some of these 
derivatives against hepatocellular carcinoma (HepG2 cells) in vitro and 
against Ehrlich ascites carcinoma (EAC) in vivo. 

2. MATERIALS AND METHODS 

2.1. Synthesis 
Starting steroid 17P-bydroxy-5a.-androstan-3-one (androstanolone) 

was pmchased from Sigma Company, USA. All solvents were dried by 
distillation prior to use. All melting points were measured using an 
e lectrothermal apparatus and are uncorrected. The IR spectra were 
recorded in (KBr discs) on a shimadzu FT-IR 8201 PC spectrometer and 
expressed in cm-1

. The 1H NMR and 13C NMR spectra were recorded 
with Jeol instmment (Japan), at 270 and 125 MHz respectively, in 
DMSO-d6 or CDCl3 as solvent and chemical shifts were recorded in ppm 
relative to TMS. Mass spectra were recorded on a GCMS-QP 1000 Ex 
spectra mass spectrometer operating at 70 ev. Elemental analyses were 
carried out by Microanalytical Data Unit at National Research Center, 
Giza. Egypt. Reactions were monitored on Merck aluminurh thin layer 
chromatography (TLC) plates and visualized by UV light (254 run). For 
the nomenclature of steroid derivatives, we used the definitive rules for 
the nomenclature of steroids published by the Joint Commission on the 
Biochemical Nomenclature (JCBN) of IUPAC (IUPAC, (1989a) and 
.IUPAC, (1989b)]. 

2.1.1. 17~-Acctoxy-3-cthoxycarbonylacctonitril-Sa-androstane. (4) 
To a mixture of 17P-acetoxy-5a-androstan-3-one 2 (0.33 g, 

lmmol) and ammonium acetate (0.5g), equimolar amounts of ethyl ~~ 
~I 
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cyanoacetate 3 (0.11 g, lmmol) was added. The reaction mixture was 
heated in an oil bath at 130°C for 15 min. The solid produc·t formed upon 
cooling at room temperature, was triturated with ethanol; collected by 
filtration and crystalli1.ed from dioxane to form pale yellow crystals from 
compound 4: yield 0.29 g (70%), mp 153-155 °C. IR (KBr, cm'1): u = 
2925, 2847 (CH 3, CH2), 2223 (CN), 1738 (ester-C=O), 1725 {acetate
.C=O), 1598 (C=.C). ~'H NMR {CDCb, ppm): 5= 0.81 (s, 3H, .. CldJ- l 9), 
1.02 (s, ?H, Ci-I3-18), I :3s' (t: 3H, J=6.07, ester--CHJ), 2.08 (s, 3H, 
COCH3), 3.28-3.50 (m, .I H, C5-aH), 4.25 (q, 2H, J=6.07, ester-CH2). MS 
(El): m/z (%): 427 (M+, 18), 367 (M+-CH3COOH, 22), 316 (M+
CsHsN02, 27), 273 (C19H290, 100). Calc. for C26H37N04 (427.576): C, 
73.03; H, 8.72; N, 3.27; found: C, 73.2 I ; H, 8.51; N, 3.10. 

2.1.2. Synthesis of 17~-Acctoxy-6'-amino-2'll-pyrano [3' ,4':2,3] 
androstane derivatives (7a,b) 
General procedure 

To a solution of compound 4 (0.85 g, 2m mol) in absolute ethanol 
(30m!) containing sodium acetate ( I.Og) either benzaldehyde Sa (0.2 I g, 
2mmol) or anisaldehyde Sb (0.27 g. 2mmol) was added. The reaction 
mixture in each case was heated under rel1ux for 3-5 h until all the 
reactant had disappeared as indicated by TLC. Sodium acetate was 
isolated on hot by filtration and the filtrate was concentrated. The 
isolated product upon cooling over night at ro9m temperature. in each 
case, was collected by filtration, dried and crystallized from the 
appropriate solvent. 

2.1.2.1. Ethyl 171~-acctoxy-6 ' -amino-2 '-phcnyJ-2 'II-pyrano[3 ',4' :2,31-
Su.-androstan-5'-carboxylatc (7a) 

Pale white crystals from ethanol, yield 0. 77 g (73%), mp 11 6-
1 I rc, IR (KI3r, cm.1): u =3450 (NH2), 3020 (CH-aromatic), 293-5, 2849 
(CH3, CH2), 1735 (ester, C=O), 1718 (acetate, C=O), 1565 (C=C). 1H 
NMR (DMSO-d6 , ppm): o = 0.77 (s. 3H. CH3-19), 1.03 (s, 3H, CH3-J 8), 
1.30 (s,3l-L 1=6.02, ester-CH3), 2.07 (s, 3H. COCH3), 3.36-3.57 (m, I H, 
C:i-aH). 4.27 (q, 21-I, 1==6.02, ester-CH3). 4.59 (s, 2H, NH2, D20-
exchangcablc).· 7.23-7 .52 (m, 51-I. C6H5) . MS (El): m/z (%): 533 (M+, 
38), 473 (M+-CH3COOH), 272 (C,9H2MO, 100). Calc. for C33H,13N05 

. (5-33'.698): C, 74.27; H, 8. !2; N, 2.62; found: C, 74.50; H, 8.32; N, 2.83. 

--- ·~ 
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2.1.2.2. Ethyl17P-acetoxy-6'-amino-2'-(p-methoxypheny)-2'H
pyrano[3' ,4' :2,3]-Sa-androstan-5'-carboxylate (7b) 

22 

Yellow crystals from ethanol, yield 0.76 g (68%), mp 103-105°C, 
IR (K.Br, cm-1

): u = 3549 (NH2), 3035 (CH-aromatic ), 2921,285 1 (CH3, 

CH2), 1728 (ester C=O), 171 0 (acetate C=O), 1595 (C=C). 1H NMR 
(DM$0-d6 . ppm).: 6 = 0.70 (s, 3H, CHJ-19), 0.?8 (.s, 3H, C_H3), 1.38 (s, 
3H. J=6.08, ester-CI-13). 2. 12 (s, 3H, COCH3), 3.32-J..SO (m, lH:-C5-aH), 
3.80 (s, 3H. OCI·U. 4.25 (q, 2H, J=6.08, ester-CH2), 5.28 (s, 2H, NH2, 

D20-cxchangeable). 7.25 (dd, 2H-aromatic , JHH ·8Hz), 7.48 (dd, 2H
aromatic. J11 t.1 91-lz). MS (El): m/z (%): 562 (M+-1, 35), 503 (M+
CH3COOI-l. 72), 456 [M ... -(C6I-l.~-OCHJ), 43], 107 (C6H4-0CH3, 100). 
Calc. for C3,1Ht~ 5N06 (563.724): C, 72.44; H, 8.05; N, 2.48; found: C, 
72.26; H, 7.87; N, 2.23. 

2.1.3. Synthesis of l 7 J~ -Accto:xy-6'-aminopyrido[3' ,4':2,3]androstanc 
derivatives ( 1 Oa,b) 
General procedure 

To a solution of compound 4 (0.85g, 2mmol) m 
dimethylformamide (20m!) contammg a catalytic amount of 
triethylamine (1 ml) either phenyl isothiocyanate Sa (0.27g, 2mmol) or 
phenyl isocyanate Sb (0.13g, 1mmol) was added. The reaction mixture, 
[n each case, was heated under reflux for 5-7 h until all the reactants had 
disappeared as indicated by TLC. The reaction mixture poured over an 
ice/ water mixture and ncutrali ;.cd with dilute hydrochloric acid. The 
solid product that formed. in each case. was fil tered off. dried and 
crystallized !'rom the appropriate solvent. 

2.1.3.1. Ethyll7~-acctoxy-6'-amino-1'-phcnyl-2'-thioxopyrido 
[3' ,4' :2,3]-Sa-androstan-5'-carboxylate (1 Oa) 

Brown crystals from dioxane, yield 0.78 g (70%), mp 168-l70°C 
, IR (KBr, cm-1): u = 3385 (NH2), 3032 (CH-aromatic), 2935, 2840 {CH3, 

CH2), 1738 (ester C=O), 1725 (acetate C=O), 1605 (C=C), 11 98 (C=S). 
1H NMR (CDCLJ, ppm): B = 0.82 (s, 3H, CHJ-19), 1.16 (s, 3H, CH3-18), 
1.30 (t, 3H, J=6.12, ester-CH2), 2.01 (s, 3H, COCH3) , 3.32-3.50 (m, IH, 
Cs-aH), 4.20 (q, 2H, J=6.12, ester-CH2), 4.52 (s, 2H, NH2, D20-
exchangeable), 6.46-7.01 (m, 5H, C6Hs). MS (EI) : m/z (%): 56 1 {Nt-1, 
29), 502 (M+- CH3COOH, 52), 273 (C19H290, 100), 77 (C6Hs, 35). Calc. 
for C33H.12N20,,S (562.762): C, 70.43 ; H, 7.52; N, 4.98, S, 5.70; found: C, 
70.30: H, 7.23; N, 4.75: S, 5.56. 
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2.1.3.2. Ethyl17p-acetoxy-6'-amino-1 '-phenyl-2'-oxopyrido[3' ,4':2,3]
SCJ-androstan-5'-carboxylate (lOb) 

Yellow crystals from ethanol, yield 0.74 g (68%), mp 177-178°C, 
IR (KBr, cm-1

): u = 3385 (NH2), 3030 (CH-aromatic), 2942, 2840 (CHJ, 
CHt), 1735 (ester C=O), 1728 (C=O), 1695 (C=O), 1610 (C=C). 1 H 
NMR (CDCL3,. ppm): 8 = 0.82 (s, 3H, C,H3-;_19), 1.16 (s, 3H, Cf-h-18), 
-1.32 .'(t~· JH, J=6.12, ester-CH2), 2.20 (s, :JH; COCH3), 3.32-3.50 (m, lH, 
C5-aH), 4.22 (q, 2H, 1=6. 12, ester-CH2), 4.52 (s, 2H, NH2, D20-
exchangeable), 7.64-7.84 (m, SH, C6Hs). MS (EI): m/z (%): 545 (~-1, 
30), 486 (M+- CH3COOH, 59), 273 (C19H290, 100), 77 (C6Hs, 63). Calc. 
for C33H42N20s (546.696): C, 72.50; H, 7.74; N, 5.12; found: C, 72.32; 
H, 7.59; N, 4.90. 

2.1.4. 17P-Acetoxy-5' -amino-4' -amidothieno [2' ,3' :2,3]-Sa-androstane 
(12a), 17P-Acetoxy-5' .. amino-4'-thioxamido[2' ,3' :2,3]-Sa.-androstane 
(12b) 
General procedure 

Equimolar amounts of 17~-acetoxy-5a-androstan-3-one 2 (1.66 g, 
5mmol), sulfur (0.16 g, 5mmol) and cyanoacetamide lla (0.42 g, 
5mmol) or cyanothioacetamide llb (0.50 g, Smmol) in absolute ethanol 
(30ml) containing a catalytic amount of triethylamine (0.5ml) were 
heated under reflux for 3 h until all the starting materials had disappeared 
as indicated by TLC. The reaction mixture left to cool over night at room 
temperature. The solid product that formed, in each case, was collected 
by filtration and crystallized from the proper solvent. 

Compound 12a: Yellow crystals from methanol, yield 1.76 g 
(82%), mp 113-11 5°C, IR (KBr, cm-1

): 3486, 3340 (2NH2), 2935, 2851 
(CH3, CH2), 1728,1695 (2C==O), 1575 (C=C). 1 H NMR (DMSO-c:IQ , 
ppm): 8 = 0. 78 (s, 3H, CH3-19), 1.03 (s, 3H, CH3-18), 2.07 (s, 3H, 
COCH3), 3.45-3.65 (m,lH, C5-aH), 4.65, 4.87 (2s, 4H, 2NH2, D20-
exchsmgeable), 13C NMR (CDCL3, ppm). 8 = 35.7 (C-1), 140.5, 127.2 
(fused C-2, C-3), 20.2 (C-4), 43.7 (C-5), 26.7 (C-6), 29.2 (C-7), 36.0 (C-
8), 50.7 (C-9), 37.6 (C-10), 22.5 (C-11), 34.9 (C-12), 43.0 (C-13), 51.8 
(C-14), 24.2 (C-15), 27.8 (C-16), 82.0 (C-17), 20.7 (C-18), 15.7 (C-19), 
170.8 (C=O), 2 1.0 (CH3, acetate), 117.5 (C-4'), 163.8 (C-5'), 168.2 

_ (C:=O, amide). MS (EI): m/z(%): 430 ~. 32), 370 (~-CH3COOH), 
262 [M+ -(C7HsN20S, retro-Diels Alder fragment), 26], 168 (C1H8N20S, 
retro-Diels Alder fragment (14a), 100). C~ilt. for C24H34N20 3S (430.603): 
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C, 66.94; H, 7 .96; N, 6.51; S, 7.45; found: C, 66.71; H, 7.70; N, 6.29; S, 
7.27. 

Compound 12b: Yellow crystals from ethanol, yield 1.67 g 
(75%), mp 96-98°C, IR (KBr, em·'). 3435-3337 (2NH2), 2933, 2852 
(CH3, CH2). 1727 (C=O), 1565 (C=C), 1190 (C=S). 1H NMR (DMSO-d6, 

ppm): o = 0.73 (s. 3H, CH3-19), 0.97 (s, 3!-I, CH3-18), 2.28 (s, 3H, 
COCH3), 3.38-3.58 (m, lH, Cs-aH), 4.77, 4.92 (2s, 4H, 2NFh, D20-
exchaneable), MS (tl): m/z(%): 446 (M+, 52), 386 (M ... -CH3COOH,I8), 
262 [M+ -C7HsN2S2 (retro-Diels Alder fragment), 37), 184 (C7HsN2S2, 
retro-Diels Alder fragment (14b), 100). Calc. for C24H34N202S2 
(446.668): C, 64.53; H, 7.67; N, 6.27; S, 14.36; found: C, 64.76; H, 7.84; 
N, 6.41; S, 14.53. 

2.2. In vitro cytotoxic activity 
2.2.1. Materials 

RPMI-1640. Trypsin, Fetal calf serum (FCS), L-glutamine and 
dimethyl sulfoxide (DMSO) were purchased from Sigma Chemical Co. 
(StLouis, MO, USA). Penicillin G sodium and streptomycin sulfate were 
obtained from 8io-Waste Co. (Wexford, Ireland). 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide MTT was purchased from 
Duchcl~t-Biochcmic (Haarlem. Amsterdam. Netherlands). Sodium 
bicarbonate was obtained from Merck Co. Inc (USA). 

2.2.2. Cell culture 
Human hepatocellular carcinoma cel. l line (HepG2), was supplied 

by Naval American Research Unit, Egypt (NAMRU). Cells were 
propagated and maintained in RPMI- 1640 medium with L-glutamine and 
supplemented with l 0% fetal calf serum for growth and 2% of the 
maintenance medium [ 1% of 4% sodium bicarbonate and 1% antibiotic 
mixture (l ,000,000 units of penicillin G sodium and 1,000,000 ~g 
streptomycin sulfate in l 00 ml deionized water)] in 75 cm2 tissue culture 
flasks. 

2.2.3. Growth inhibition assay 
T he cytotoxic effect of the compound 12a was investigated using 

MTT assay (Mosmann et at., (1983)}. Tl:le Human hepatocarcinoma 
(HepG2 cell lines) at approximately 80% confluence (i.e. logarit~ically 
growing cells) were selected for trypsinization, and then counted using 
trypan blue dye. The percentage of cells that resisted staining ought to be 
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above 97%. Cells were seeded in 96-well microplates,. after the cell 
concentrations were adjusted to (3 X 103 cells I well) in 100 ~~ RPMI-
1640 culture medium and incubated at 37 °C and 5 % C02 over night. 
The cells were treated with compound 12a which was dissolved 
individually in olive oil and in dimethylsulfoxide (DMSO), in three 
different concentrations (1 0, 50 and 100 ~-tMiml) andre-incubated for 24, 
48 and 72h. Then the cells were washed with sterile phosphate buffer 
saline (PBS) and 100 ~-tl of the tetrazolium dye (MTT) (0.5mg/ml) 
solution was added to each well, and the cells was incubated for an 
additional 4h. The medium was discarded; I 00~-tl of DMSO was added to 
dissolve the purple formazan crystals formed. The optical density (OD) 
of solubilized formazan was measured at 570 nrn (reference filter 690 
nm) using an automatic microplate reader (Wako, Japan). The results 
were expressed as percent of cell growth inhibition compared with the 
control. 

The effect of compound 12a on the morphology of treated 
Hepatocellular carcinoma cells was investigated by the light inverted 
microscope and then photographed by SONY CYBER-SHORT 
[Theiszova et al., (2005)). 

2.3. In vh:o antitumor actiYity 
2.3.1. Tumor transplantation. 

A line of Ehrlich Ascites Carcinoma (EAC) was supplied from 
the National Cancer Institute, Cairo, Egypt. The EAC cells were there 
after propagated by weekly intraperitoneal (IP) injections of 3x 106 cells, 
freshl y drawn from a donor mouse bearing 7-9 day-old ascites tumor 
suspended in 0.3 ml sterile saline solution [Mady (2002)]. 

2.3.2. Experimental animals. 
Twenty tive S\,·iss albino female mice weighting 20 ± 2 g ,,·ere 

obtained from the Animal House Colony of the National Research 
Center, Cairo, Egypt. Five mice in each cage were housed in plastic 
cages of dimensions of 42L x 26W x 22H centimeters. Animals were 
maintained under controlled conditions of humidity, .temperature, and 
diurnal environment of light and dark. The mean ambient temperature in 

. the housing facility was 28·c. The animals were randomly assigned to 5 
groups (n=S) as follows: Group 1 (vehicle control) was left without any 
treatment for 14 day. Group 2 (negative control) injected intrapertioneal 
(i.p.) with 0.2 ml ofEAC, which contain 2x 106 cells for tumor induction 
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and left for 14 day. Group 3 (positive control) injected (i.p.) with 0.2 ml 
of EAC and treated with a dose of 20 mg/kg b.wt. i.p. day after day of 
reference drug 5-flurouracil (as standard antitumor agent) for 14 days. 
Group 4 received the tested compound 12a at dose 25 mg/kg b.wt. (i.p.) 
dissolved in dimethyl sulfoxide (DMSO) day after day for 14 day which 
is period of the study of antitumor activity and simultaneous alterations 
in the hematological profile were estimated as well as tumor volume was 
measured [Gupta ct al., (2004)]. 

In order to detect the influence of effect of compound 12a on the 
hematological status of EAC-bearing mice, after administration of the 
last dose followed by 18 h fasting, all mice were then sacrificed a 
comparison was made among five groups (n= 5) of mice on the 14'11

• 

Blood was drawn from each mice by the retro orbital plexus method and 
the white blood cell count (WBC), hemoglobin and baematocrit % were 
determined [D'Amour ct al., (1965) and Lowry ct al., (1951)]. Blood 
collected J'rom mice should be immediately placed in a tube containing 
anticoagulanl. lor routine hematologic testing is ethylene diamine tetra
acetic acid (EDT A). The reports of results from standard hematological 
evaluation is called complete blood count (CBC) which was determined 
using automated hematology analyzers (celi-Dyn,3500- USA) [Hedrich 
et al., (2004)). 

2.4. Statistics 
Data were assessed by the method of analysis of ANOV A 

followed by t-test. P<O.OS was considered as statistically significant, 
P<O.O 1 was considered as statistically high significant. 

3. RESULTS AND DISCUSSION 

3.1. Chemistry 
Pyrane. pyridine and thiophene rings represent molecular 

frame works that serve as a platform for developing pharmaceutical 
agents for v<.~rious applications. Many derivatives of pyrane, pyridine and 
thiophene proved as antih10mr agents [Cocco et al., (2007); Amr et al., 
(2006) and Brault ct al., (2005)]. These observations encouraged us to 
undertake the synthesis of pyrano, pyrido and thieno-steroid. 

Simple acetylation of 17P-hydroxy-5a-androstaJ1-3-one 
(androsrtanlone 1) afforded 17P-acetoxy-5a-androstan-3-one 2. 
Compound 2 fused with ethyl cyanoacetate 3 in the presence ammonium 
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acetate · to fonn the Knoevenagel condensed product, 3-
ethoxycarbonylacetonitril-Sa-androstane derivative 4 in 70% yield 
(Scheme I). The mass spectrum of compound 4 revealed the presence of 
molecular, ion peak at m/z = 427 (18 %) an,d the 1H NMR spectrum 
showed,,beside the ex.pe'c.ted signals of andros·tane moiet, the ·presenee of 
triplet signal at o = l.Js· (3H) and a qua.rtet signal at o· = 4.'25 (2H) which 
are characteristic for the ethyl ester group. 

The presence of the a,~-unsaturated nitrile moiety in compound 4 
showed interesting activity towards several chemical reagents. The 
reaction of compounds 4 with either benzaldhyde Sa or anisa!dhyde Sb in 
refluxing ethanol in the presence of sodium acetate did not give the 
corresponding arylidine but afforded compounds containing amino 
groups which were identified. according to the analytical and spectra I 
data (cj.' ,YJweriuls and ;v!e!lwds), as 6'-amninopyrano[3',4':2.3] 
androstane derivatives 7a,b respectively (Scheme 1 ). The formation of 
these compounds was assumed to proceed via the aldol adduct 
intermediates 6a,b followed by cyclization (Scheme l ). 

0 

2 + 

6 a ,b 

CH3 OAc 

cHr~ ·- -c-o 

-..N Amm acotato :eo~; s a ~:H b~R .. QCH 
3 

~~0 
co £t fus1on 1 

1 =: OHtNaOAc: NC 

3 NCI ' 
. H 4 C0 2Et 

Et02C 

C02Et 
7 a. R=H 

Scheme 1 
b, R=OCH3 
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The reaction of compound 4 with either phenyl isothiocyanate 8a 
or phenyl isocyanate Sb in dimethyl formamide using triethylamine as 
catalyst afforded the corresponding intermediates 9a,b which readily 
underwent intramolecular cyclization to give the 6'-aminopyrido 
[3' ,4' :2,3] androstane derivatives lOa,b respectively (Scheme 2). 
Elucidation of the proposed structures 7a,b and lOa,b was based on their 
correct elemental analyses and compatible IR, 1 H NMR and mass 
spectral data (cf Materials and Methods). 

The reaction of 3~keto steroids with cyanomethylene reagents and 
sulfur under Gewald's conditions has been reported [Roy, (1973) and 
Elmcgccd ct al., (2004)]. Thus. the reaction of compound 2 with 
cyanoacetamidc ll a or cyanothioacetamide 11 b and sulfur in ethanolic 
trictl~ylamine solution afforded the corresponding aminothieno 
[2 .3 :2,3Jandrostane derivatives 12a and 12b (Scheme 3) in 82% and 
75% yield respectively. Identical mass spectra of the latter products 
indicate that . tl:te compounds are free from the angular is9mer 
aminothieno[2 ,3 :4,3Jandrostane derivatives 13a,b. The mass spectra 
showed the molecular ion peaks at m/z = 430 (32 %) for compound 12a 
and at m/z = 446 (52 %) for compound 12b besides a base peak at m/z 
= 168 and m/z =184 respectively for the retro-Diels Alder fragments 
l4a,h (Scheme 3). All the analytical and spectral data of compounds 12a 
and 12b arc in accordance with the proposed structures (cf Materials and 
lv/ethods). 
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2 · + s + 

14 a. X=O 
b.X=S 

~' EtOH I Et3N 

H2N 

11 a.X=O 

b. X=S 

Scheme 3 

PhNCY 

8a. Y=S: b. Y=O 

.Scheme 2 

H2N 

H2N 

X 

H 
Ph, I 
.r--- N 

'r-NC 

Ph-N 

H2N 

12 a.X=O 

b.X=-S 

13 a,X=O 
b. X=s 

C02Et 

9a.b 

l 

C02Et 

10a. Y=S 

b. Y=O 

3.2. In vitro evaluation of the cytotoxic activity of compound 12a. 

29 

In this study, the most structurally promising, compound 12a was 
investigated as anti-tumor agent against hepatoma (HepG2) cell line. The 
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inhibition of proliferation of HepG2 cells was determined using MTT 
assay. The usage of olive oil or DMSO as a solvent at a volume of 1 00)11 
(the maximum volume used to dissolve the tested compounds) had no 
significant effect on the viability of HepG2 cells when treated for 24, 48 
and 72h (figure} ). Data in table I are exprc.sscd as percentage of cell 
growth inliihition or treated cells versus controls :1: S.D. calculated on the 
average or the ~.:xpcrim.cnts performed in triplicate. The proliferation 
(celgrowth) of 1-fepG:! cells when treated with compound 12a was 
significantly inhibited in a dose and time dependent manner, especia:tly at 
48 ami 72h incubation time when olive oil used as solvent and at 24 and 
48h incubation time when DMSO used as solvent. Significantly, there 
was no growth inhibition effect observed at 24h when olive oil or DMSO 
used as solvents. /\i'ter 72h incubation when DMSO used as solvent the 
growth inhibition was 52% at 50~LM and decreased to 29% at I 00)1M. the 
best resull s obta ined at 72h when olive oil used as solvent at 50 and 
I OO~tM where the growth inhibition rate was 67% and 70% respectively. 

The results expressed as ICso values in ~lM were reported in table 
2. The !C50 of compound l2a decreased with the increasing of the 
incubation time when olive oil used as so tvenl. On the other hand. the 
IC ~~~ im:n:ast:d with tht: increasing of the incubation time vvhcn DMSO 
uscJ as su h-~..·nt. 

In COIIljXlriStll1 \\ ith data published about the cytotoxic acti\·ity or 
:-;onlL' steroids I Yoshiua ct al., (2003)J ami from the structure activity 
relationship vi~.:wpoint. we postulate that the addition of 
diaminothiophcnt:: ring to the steroid moiety increased the cytotoxic 
activity especially at a concentration of 50~tM and at 72h incubation 
period. In general the results at 72h when olive oil used as solvent is 
better than that of DMSO, this revealed that olive oil is suitable vechile 
for antitumor drug (Kunihiro (1987)]. These results are confirmed by 
the morphological study and its photographic data of light microscope at 
photograph L 
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24h 48h 72h 

Incubation rime 

Fig.(l): Effect of DMSO and oljve oil ( 100 j.il) on growth of (HepG2) 
cells, at different time intervals, C= control. 
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Fig. (2): Effect of compound 12a dissolved in olive oil at 24, 48 and 72h 
on the proliferation of HepG2 cells in vitro 
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Fig. (3): Effect of compound 12a dissolved in DMSO at 24, 48 and 72h 
on the proliferation ofHepG2 cells in vitro 

Table (1): l~l'fect or tested compound (12a) using ol ive oil or J?MSO as 
solvent on hepatoma cell line proliferation, data expressed as 
percent of cell growth inhibition ± SD. P < 0.05 was 
considered as statistically significant*, P < 0.01 was 
considered as statistically high significant **. 

Tr~a1cm.:n1 21 hr 48 hr 72 hr 

Cone. IOtiM S0 11M 
100 

IOJ!M 50)!M 100 IO)!M 50 11M 
100 

J! M 11M JIM 

12a 99.73± 12 1.36 117.72 97.02±0. 46.:111± ,18.13± 96.67± 33.09± 30.57± 
(10 olrve oil) 0.02 ±0 08 ±0.0:1 00 o.oo" 0 oo-· 0.00 o.oo" o.oo" 

12a 98.07S 8!1.66± 81.33± 97.63±0 43.64±. 59.11± 98.27± .J8 13% 7 1.36± 
(m DMSO) ±009 0 00 u 01 00 02" 0.00" 0 00 0.03 .. o.oo" 

Table (2): The in vitro cytotoxic activity of compound 12a (ICso in J.tM). 

Compound Olive oil DMSO 

48 h 72 h 48 h 72 h 
12a 

47 36 43 50 
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3.3. In vivo study 
The antitumor activity was evaluated on EAC bearing mice using 

animal modeL The the novel steroid derivative 12a, at dose level of 
(25mg/kg), completely inhibited the tumor growth in the experimental 
model and showed zero tumor volume at the end of in vivo experiment, 
while· EAC eontrol showed 4.S6±Q.37 ·mL. Our novel compound .12a was 
-~o-p.~id.er;;-~. as go·od::as sta~dar? ~rug_ s~A~rou~~~il"(20mgrkg). (~ble 3). It 
ts Well khown that 5-flurouracd 1s one of the most commonly used drugs 
to treat cancer clinically. In cancer chemotherapy one of the major 
problem is anemia which mainly due to reduction in RBCs or 
hemoglobin percentage. Treatment with the novel compound 12a 
remained the hemoglobin content, body weight, hematocrit % and WBC 
cells count near to normal values and similar to values observed with 5-
flurouracil (table 3, fig.4). Furthermore, none of the treated mice with 
compound 12a exhibited any abnormal behavior or any toxicity 
symptoms of dose used during this study. Compound 12a was active as 
antitumor agent with no side effects, with no loss of appetite and showed 
no dizziness or erection of hairs or hypothermia. This indicates the safety 
of using it at specified low dose as chemotherapeutic agent. 

Table (3): Effect of the tested compound 12a on hematological 
parameters and on body weight of EAC bearing mice. n=5. 
mean±SD. •p< 0.05 vs normal group, ·•p< 0.01 vs normal 
group. 

EAC control 12a Standard 
Parameters Normal (~X I 06Cells/ (25mg/kg)+ 5-flurouracil (20mg/kg)+ 

mice) EAC EAC 
Hemoglobin 

13 .63±:0.75 6.86±:2.25"' 12.77±0.035 10.73±0.15'" 
/g% 

Haematocrit 
42.36±1.00 25.9±2.29" 38.32±0.17' 40.86±2.17 

,% 

Total 
WBC/103

- 9.16±0.70 11.16±0.25" 6.58±0.1" 6.40±0.52" 
mm-3 

·Body weight 
22.66±:0.57 27.33±2.51" 18.27±0.38' 23.0±1.0 /gm 

·Tumor 
.· 

Volume /mL Nil 4.56±0.37 Nil Nil 
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Fig. (4): Effect of the tested compound 12a on hemato logical 
parameters and on body weight of EAC bearing mice. 

b 

c 
Photograph I: The morphoiogy ofHepGz cells after 72 hour incubation: 

a) control without any treatment, b) cone. 100 j..tM of 12a using DMSO 
as solvent, c) cone. 100 !lM of 12a using olive oil as solvent. 
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Photograph II: Shows effects of 12a at dose 25mg/kg b.wt. on mice 
with EAC (right). compared to an EAC control -non 
treated- animal (left). Substantial difference observed on 
treated animals indicating complete response. 
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