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Abstract: Data indicates that some steroid derivatives may induce changes on glucose levels; nevertheless, data 
are very confusing. Therefore, more pharmacological data are needed to characterize the activity induced by the 
steroid derivatives on glucose levels. The aim of this study was to synthesize a new steroid derivative for evaluate 
its hypoglycemic activity. The effects of steroid derivative on glucose concentration were evaluated in a diabetic 
animal model using glibenclamide and metformin as controls. In addition, the pregnenolone-dihydrotestosterone 
conjugate was bound to Tc-99m using radioimmunoassay methods, to evaluate the pharmacokinetics of the steroid 
derivative over time. The results showed that the pregnenolone-dihydrotestosterone conjugate induces changes on 
the glucose levels in similar form than glibenclamide. Other data showed that the biodistribution of Tc-99m-steroid 
derivativein brain was higher in comparison with spleen, stomach, intestine liver and kidney. In conclusion, the 
pregnenolone-dihydrotestosterone conjugate exerts hypoglycemic activity and this phenomenon could depend of its 
physicochemical properties which could be related to the degree of lipophilicity of the steroidderivative.
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Introduction

There are epidemiological and clinical studies 
which show that diabetes is a risk factor to 
develop cardiovascular diseases [1-3]. Several 
drugs have been used for treatment of diabe-
tes; such as the biguanidines, sulfonylureas, 
α-glucosidase inhibitors and other drugs [4, 5]. 
Nevertheless, some of these drugs can induce 
several adverse effects such as intrahepatic 
cholestasis and cutaneous bullae that are 
associated with glibenclamide therapy [6]. 
Other studies indicate that therapy with metfor-
min can induce lactic acidosis in diabetic 
patients [7]. In addition, other data indicate 
that most frequent side-effects to acarbose 
treatment are flatulence and diarrhoea [8]. All 
these clinical data have opened the way for the 
developed of new drugs for treatment of diabe-
tes; for example, the preparation of thiazolidin-
edionesthat partiallymimic certain effects of 
insulin on carbohydrate and lipidmetabolism in 
Type [9, 10]. Other data [11] showed the syn-

thesis of pyrazole-4-carboxylic Acidswith hypo-
glycemic activity in a diabetic animal model.
Other reports showed that some steroid deriva-
tivesalso exert hypoglycemic activity; for exam-
ple, the synthesis of two steroid-dihydropyrimi-
dine derivatives as antidiabetic agents used in 
a diabetic animal model [12]. Additionally, 
recentlytwo glibenclamide-pregnenolone deriv-
atives with hypoglycemic activity were prepared 
[13]. These data indicate that some steroid 
derivativesmay induce changes on glucose lev-
els; nevertheless, data are very confusing, per-
haps this phenomenon is due to differences in 
the chemical structure of the steroid derivatives 
or to the different pharmacological approaches 
used. Therefore, more pharmacological data 
are needed to characterize the activity induced 
by the steroid derivatives on glucose levels. To 
provide this information, the present study was 
designed to investigate the effects of new ste-
roid derivative on glucose levels using a diabet-
ic model. 
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Experimental

Chemical synthesis

The compounds N-(2-amino-ethyl)-succinamic 
acid 17-acetyl-10,13-dimethyl-2,3,4,7,8,9,10, 
11,12,13,14,15,16,17-tetradecahydro-1H-cyc- 
lopenta[á]phenanthren-3-yl-ester (1) and he- 
misuccinatedihydrotestosterone (2) were pre-
pared with previously methods reported [14, 
15]. Other reagents were obtained from Sigma-
Aldrich Chemical Co., Ltd. The melting point for 
the steroid derivative was determined on an 
Electrothermal (900 model). Infrared spectra 
(IR) were recorded using KBr pellets on a Perkin 
Elmer Lambda 40 spectrometer. 1H and 13C NM- 
R (nuclear magnetic resonance) spectra were 
recorded on a Varian VXR-300/5 FT NMR spec-
trometer at 300 and 75.4 MHz (megahertz) in 
CDCl3 (deuterated chloform) using TMS (tetra-
methylsilane) as internal standard. EIMS (elec-
tron impact mass spectroscopy) spectra were 
obtained with a Finnigan Trace Gas Chroma- 
tography Polaris Q Spectrometer. Elementary 
analysis data were acquired from a Perkin El- 
mer Ser. II CHNS/0 2400 elemental analyzer. 

Synthesis of N-{2-[3-(17-Acetyl-10,13-dimethyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthren-
3-yloxycarbonyl)propionylamino]-ethyl}-suc-
cinamic acid 10,13-dimethyl-3-oxo-hexadeca-
hydro-cyclopenta[a]phenan- thren-17-yl-ester 
(compound 3)

A solution of 1 (120 mg, 0.26 mmol), 2 (100 
mg, 0.26 mmol) and boric acid (60 µl, 0.43 

were in accordance with the Guide for the Care 
and Use of Laboratory Animals [16]. Female 
rats (Wistar; weighing 200-250 g) were ob- 
tained from UAC.

Reagents

Experimental induction of diabetes in rats: The 
rats were injected with alloxan monohydrate 
dissolved in sterile normal saline at a dose of 
150 mg/kg body wt. intraperitoneally. After 2 
weeks, rats with moderate diabetes having gly-
cosuria (indicated by Benedict’s qualitative te- 
st) and hyperglycemia (i.e., with a blood glucose 
≥ 200 mg/dl) were used for the experiment.

Experimental design and treatment

In the experiment (Table 1), a total of 78 rats 
were used. Diabetes was induced in rats, 2 
weeks before starting the experiment. The rats 
were divided into thirteen groupsafter the in- 
duction of diabetes. Six rats were used in each 
group (72 diabetic surviving rats andsix normal 
rats).

Biochemical assays measured in acute form.

Blood glucose was determined from tail blood 
with a rapid glucose analyzer (Accutrend Sensor 
Comfort; Roche, U.S.A.) every 24 h.

Radiochemical study

The hemisuccinate of dihydrotestosterone (co- 
mpound 1) and the pregnenolone-dihydrotes-
tosterone conjugate (compound 3) were bound 

Table 1. Experimental design for evaluate the hypoglycemic ac-
tivity of steroid derivatives using a diabetic rat male model. The 
dose administered daily had an intragastric tube for 30 days
Group 1 (Normal rats) 2 ml of normal saline
Group 2 (Diabetic control rats) 2 ml of normal saline
Group 3 (Diabetic rats) Glibenclamide (600 μg/kg body mass)
Group 4 (Diabetic rats) Metformin (350 mg/kg body mass)
Group 5 (Diabetic rats) Compound 1 (4 mg/kg body mass)
Group 6 (Diabetic rats) Compound 1 (6 mg/kg body mass)
Group 7 (Diabetic rats) Compound 1 (8 mg/kg body mass)
Group 8 (Diabetic rats) Compound 2 (4 mg/kg body mass)
Group 9 (Diabetic rats) Compound 2 (6 mg/kg body mass)
Group 10 (Diabetic rats) Compound 2 (8 mg/kg body mass)
Group 11 (Diabetic rats) Compound 3 (4 mg/kg body mass)
Group 12 (Diabetic rats) Compound 3 (6 mg/kg body mass)
Group 13 (Diabetic rats) Compound 3 (8 mg/kg body mass)

mmol) in 10 mL of methanol was 
stirring for 72 h to room tempera-
ture. The reaction mixture was ev- 
aporated to a smaller volume. Af- 
ter the mixture was diluted with 
water and extracted with chloro-
form. The organic phase was evap-
orated to dryness under reduced 
pressure, the residue was purified 
by crystallization from methanol: 
water (1:3). 

Biological activity

All experimental procedures and 
protocols used in this investigation 
were reviewed and approved by 
the Animal Care and Use Com- 
mittee of University autonomous 
of Campeche (No. PI-420/12) and 
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to Tc-99m using radioimmunoassay methods 
[17-19]. A solution of 20 mg of steroid deriva-
tive in 1.0 ml was adjusted to pH 7.0 with 0.1 M 
NaOH. The solution was then added to another 
freshly prepared solution (75 ml) of stannous 
chloride (2 mg/ml in 0.1 M HCl) and the pH was 
readjusted to 7.0. In addition, two ml of a 
Tc-99m pertechnetate solution eluted from a 
sterile 99 Mo-99m-Tc shielded generator was 
added to the mixture solution.

Quality control

Thin Layer Chromatography was used to quality 
control [20]. The labeling efficiencies with 
Tc-99m were evaluated chromatographically 
using a Silica-gel 60 F254 plate. To determi-
nate the radiochemical purity of compound 
studied, a solvent system such as acetonitri- 
le:water (4:1) was used. The plates were count-
ed by images in a gamma camera equipped 
with a high resolution collimator with a digital 
computer (VP450). The Rf values were deter-
mined using as control Tc-99m pertechnetate 
and hydrolyzed Tc-99m colloid. The purities of 
Tc-99m-conjugate were determined by paper 
electrophoresis. The paper strips were run at a 

constant voltage of 600 V for 30 min using a 
buffer solution (0.1 M, pH 7.4). The paper strips 
were counted by images in a gamma camera 
equipped with a high resolution collimator with 
a digital computer. Movement was determined 
relative to Tc-99m pertechnetate and hydro-
lyzed Tc-99m colloid.

Biodistribution study

Six rats per group were used for each biodistri-
bution study. Each diabetic rat received 0.3 ml 
(200 μCi) of Tc-99m-steroid derivative (com-
pound 3) and Tc-99m-hemisuccinate of dihy-
drotesteosterone (compound 1) by tail vein ad- 
ministration. Sequential scintigrams were tak- 
en at predetermined intervals (15, 30, 45 and 
60 min) with a gamma camera equipped with a 
high resolution collimator with a digital com-
puter. The animals were sacrificed and the 
organs were removed and the radioactivity was 
counted by images in a gamma camera equi- 
pped with a high resolution collimator with a 
digital computer. The percentages of the inject-
ed dose per organ were determined by compar-
ison of tissue radioactivity concentration with 
the total radioactivity. Additionally, the blood 

Figure 1. Synthesis of N-{2-[3-(17-Acetyl-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopenta[a]phenanthren-3-yloxycarbonyl)propionylamino]-ethyl}-succinamic acid 10,13-dimethyl-3-oxo-hexadec-
ahydro-cyclopenta[a]phenanthren-17-yl-ester (3). Reaction of N-(2-amino-ethyl)-succinamic acid 17-acetyl-10,13-di-
methyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[á]phenanthren-3-yl-ester (1) and hemi- 
succinate dihydrotestosterone (2) using boric acid as catalyst (i).
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(ml) in the heart was collected to evaluate the 
radioactivity with the same equip.

Physicochemical parameters evaluation

In study, physicochemical descriptors such as 
LogP, π, Rm, Vm, Pc and St were evaluated 

tive is showed in the Tables 2 and 3. Finally, the 
results of mass spectroscopy (MS) (70 elec-
tronvolts) shown; m/z 830.52. Additionally, the 
elementary analysis data for the steroid deriva-
tive (C50H74N2O8) were calculated (C, 72.26; H, 
8.79; N, 3.37; O, 15.40) and found (C, 72.24; H, 
8.76).

Table 2. 1H NMR (300 MHz, CDCl3) data for steroid derivative (compound 3)
0.62 (s, 3H), 0.78 (s, 3H), 0.90 (m, 1H), 0.98 (s, 3H), 1.01 (s, 3H), 1.04 (m, 1H), 1.05-1.15 (m, 4H), 1.16 (m, 1H), 
1.19-1.21 (m, 3H), 1.20 (m, 1H), 1.32 (m, 1H), 1.35 (m, 1H), 1.36 (m, 1H), 1.39-1.46 (m, 3H), 1.51-1.56 (m, 3H), 
1.61-1.70 (m, 5H), 1.73-1.88 (m, 4H), 1.89-1.96 (m, 2H), 2.06 (m, 1H), 2.07-2.08 (m, 2H), 2.13 (s, 3H), 2.14-2.23 
(m, 5H), 2.31-2.38 (m, 2H), 2.42 (t, 2H, J=6.54), 2.49 (t, 2H, J=6.54), 2.51 (m, 1H), 2.54 (t, 2H, J=6.54 ), 2.56 
(t, 2H, J=6.54), 3.32 (t, 2H, J=6.80), 3.44 (t, 2H, J=6.80 ), 4.53(m, 1H), 4.65 (m, 1H), 5.40 (d, 1H, J=6.80), 8.69 
(broad, 2H) ppm. 

Table 3. 13C NMR (300 MHz, CDCl3) data for steroid derivative (compound 3)
12.06 (C-21), 13.10 (C-57), 17.06 (C-22), 19.58 (C-56), 20.75 (C-13), 21.90 (C-48), 22.90 (C-53), 23.50 (C-11), 
23.58 (C-60), 27.00 (C-8), 27.60 (C-10), 27.76 (C-40), 28.84 (C-9), 29.42 (C-24, C-35), 30.43 (C-34), 31.40 (C-
54), 31.78 (C-44, C-52), 31.90 (C-25), 35.16 (C-4), 35.30 (C-6), 36.92 (C-12), 37.02 (C-41), 37.37 (C-30), 37.50 
(C-15), 37.78 (C-14), 37.94 (C-42), 38.20 (C-49), 38.80 (C-47), 42.40 (C-29), 42.66 (C-2), 43.40 (C-17), 43.90 
(C-46), 45.40 (C-7), 47.20 (C-5), 50.02 (C-43), 50.65 (C-3), 56.78 (C-45), 63.60 (C-55), 73.95 (C-39), 82.40 (C-1), 
122.70 (C-51), 139.60, 139.60 50), 169.81 (C-26), 171.28 (C-36), 171.40 (C-19), 171.66 (C-32), 209.20 (C-58), 
212.36 (C-16) ppm. 

Figure 2. Activity induced by the pregnenolone-dihydrotestosterone 
conjugate (D-P) on glucose concentration in a diabetic rat model. The 
results showed that D-P significantly reduced (p=0.05) the blood glu-
cose concentration at doses different in comparison with diabetic rats 
(without treatment). The effects are expressed as mean ± S.E. n=6 of 
each group. F=non-diabetic rats; FF=diabetic rats without treatment.

using previously methods reported 
[21].

Statistical analysis

All the experimental data were sta-
tistically evaluated and all the 
results were expressed as mean ± 
S.E. The data obtained were put 
under Analysis of Variance with the 
Bonferroni correction factor [22] 
using the SPSS 12.0 program. The 
differences were considered signif-
icant when p was equal or smaller 
than 0.05.

Results 

Chemical synthesis

The yieldof the reaction product 
(compound 3, Figure 1) was 68% 
with melting point of 190°C. In 
addition, the spectroscopic analy-
ses show signals for IR (Vmax, cm-1) 
at 1744, 1720 and 1658. In addi-
tion, the chemical shifts of the 
spectroscopic analyses of 1H NMR 
and 13C NMR for the steroid deriva-
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Figure 3. Effect exerted by pregnenolone derivative (PE) on glucose con-
centration in a diabetic rat model. The results showed that blood glu-
cose concentration was not decreased by administration of PE at doses 
different in comparison with glibenclamide and metformin. The effects 
are expressed as mean ± S.E. n=6 of each group.  F=non-diabetic rats; 
FF=diabetic rats without treatment.

Biological activity

Glucose levels: The resultsobtained 
in an acute form on male rats, 
showed that Glibenclamide (470 to 
112 mg/dl; p=0.05) and metformin 
(458 to 148 mg/dl; p=0.06) sig- 
nificantly reduced the bloodglu- 
cose levels in comparison with 
diabetic rats (without treatment) 
which were used as control (405 to 
520 mg/dl). Additionally, other 
results showed thatthe compound 
3 (Figure 2) significantly decrease 
the blood glucoselevels at doses 
of 4 mg/dl (430 to 134 mg/dl; p= 
0.05), 6.0 mg/dl (450 to 81 mg/dl; 
p=0.05) and 8.0 mg/dl (410 to 96 
mg/d1; p=0.05).

Other results indicate that the 
compound 2 (Figure 3) at doses of 
4 mg/dl (452 to 502 mg/dl), 6 mg/
dl (502 to 570 mg/d1) and 8.0 
mg/dl (478 to 532 mg/dl) was  
not decreased the glucose levels  
in comparison with glibenclamide 
and metformin. It is important to 
mention that experimentscontrol 
with normal rats (non-diabetic) the 
level of glucose showedan average 
of 98 to 104. Finally, other experi-
mental results (Figure 4) indicate 
that also the dihydrotestosterone 
derivative exert changes on glu-
cose concentration in similar form 
that compound 3 at dose of 4 mg/
Kg (502 to 138 mg/dl; p=0.05); at 
6 mg/kg (456 to 116 mg/dl; 
p=0.05); at 8 mg/Kg (522 to 124 
mg/dl; p=0.05). 

Radiochemical study

Thin Layer Chromatography meth-
od shows that steroidderivatives 
were bound to Tc-99m (@90%) un- 
der the conditions previous des- 
cribed. The purities of Tc-99m-
steroid conjugates determined by 
paper electrophoresis showed a 
value of Rf of 0.56 for Tc-99m-st- 
eroid derivative (compound 3) and 
a Rf of 0.45 for Tc-99m-hemisu- 
ccinate of dihydrotestosterone (co- 
mpound 1). 

Figure 4. Activity induced by the hemisuccinate of dihydrotestoster-
one (HD) on glucose concentration in a diabetic rat model. The results 
showed that HD significantly decreased (p=0.05) the blood glucose 
levels at doses different in comparison with diabetic rats (without treat-
ment). The effects are expressed as mean ± S.E. n=6 of each group.  
F=non-diabetic rats; FF=diabetic rats without treatment.
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Pharmacokinetics activity

The biodistribution of Tc-99m-steroidderivatives 
(Figure 5; Tables 4 and 5) showed thatbiodistri-
bution of compounds 3 was significantly high-
erin the brain than in spleen, stomach, intes-
tine liver andkidney in comparison with the 
compound 1.

Physicochemical parameters

Data of compounds 1 and 3 are showed in the 
Table 6. These data indicate a higher degree of 
liposolubility of 3 with respect to 1.

groups bound to pregnenolone fragment; at 
0.78 and 0.98 ppmfor methyl groups bound to 
dihydrotestosterone fragment; at 2.13 ppm for 
methyl group bound to carbonyl group; at 0.90, 
1.05-1.15, 1.19-1.24, 1.32, 1.36, 1.51-1.56, 
1.73-1.88, 2.06, 2.14-2.23, and 4.65 ppm for 
dihydrotestosterone fragment; at 1.04, 1.16, 
1.20, 1.35, 1.39-1.46, 1.61-1.70, 1.89-1.96, 
2.07-2.08, 2.31-2.38, 2.51, 4.53 and 5.40 ppm 
for pregnenolone fragment; at 2.42, 2.48, 2.54 
and 2.56 ppm for methylene groups bound to 
both ester and amide groups; at 3.32 and 3.44 
ppm for methylene groups bound to both amide 
groups; at 8.60 ppm for both amide groups. 
The 13C NMR spectrum of 3 contains peaks at 
12.06 and 17.06 ppm for methyl groups bound 
to dihydrotestosterone fragment; at 13.10 and 
19.58 ppm for methyl groups bound to preg-
nenolone fragment; at 23.58 for methyl group 
bound to carbonyl group; at 20.75, 25.50, 
27.00, 27.60, 28.84, 35.16-36.92, 37.50-
37.78, 42.66-43.40, 45.40-47.20, 50.65 and 
82.44 ppm for protons involved in the dihy-
drotestosterone fragment; at 21.90, 27.76, 
31.40-31.78, 37.02, 37.94-38.80, 43.90, 
50.02, 56.78-73.95 and 122.70-139.60 ppm 
for methylene groups involved in the pregneno-
lone fragment; at 29.42-30.43 and 31.90 ppm 
for methylene groups bound to both ester and 

Figure 5. Scintigrams (μCi) were taken 15 min after the administration 
of the Tc-99m-steroid derivatives. The pregnenolone-dihydrotestoster-
one conjugate (A) show different values on brain (196.44 μCi) in com-
parison with others biological compartments such as spleen (17.24 μCi) 
and gonads (11.08 μCi). Other data showed a biodistribution of the 
hemisuccinate of dihydrotestosterone (B) inseveral issues such as brain 
(176.9 μCi) spleen (10.80 μCi), and gonads (7.78 μCi).

Discussion

Chemical synthesis

There are several experimental ap- 
proaches to develop new drugs to 
treatment of diabetes; however, 
expensive reagents and special co- 
nditions are required [23-25]. The- 
refore in this study a new hypogly-
cemic drug was prepared by the 
reaction of a pregnenolonederiva-
tive andhemisuccinate of dihydr- 
otestosterone to form the pregnen-
olone-dihydrotestosterone conju-
gate using boric acid as catalyst. 
The chemical structure of the preg-
nenolone-dihydrotestosterone con-
jugate was confirmed using IR and 
NMR spectroscopy (Tables 2 and 
3). The IR spectra contained char-
acteristic vibrations at 1744 for 
ester group; at 1720 for ketone 
group; at 1658 for both amide 
groups. The 1H NMR spectrum of 
the steroid derivative shows signals 
at 0.62 and 1.00 ppm for methyl 

Table 4. Biodistribution of Tc-99m-dihydrotes-
tosterone succinate conjugate (μCi). Each 
value is mean ± S.E. n=6

Time (minutes)
Organ 15 30 45 60
Brain 176.02 170.12 168.44 156.08
Spleen 11.22 10.78 10.68 10.02
Stomach 10.80 9.78 10.00 8.78
Intestine 5.80 5.66 5.78 5.40
Liver 16.24 15.02 14.04 13.22
Kidney 3.88 3.90 4.02 3.68
Gonads 7.78 7.56 7.86 6.65
Blood 3.76 3.24 2.04 1.80
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amide groups; at 37.37 and 42.40 ppm for 
methylene groups bound to both amide groups; 
at 169.81 and 171.66 ppm for both amide 
groups; at 171.28 and 171.40 ppm for both 
ester groups; at 209.20 and 212.36 for both 
ketone groups. Finally, the presence of the 
pregnenolone-dihydrotestosterone conjugate 

ing radioimmunoassay methods (17-19). In 
thistechnique the steroid derivatives were eas-
ily labeledwith Tc-99m by the conventional st- 
annous chloridemethod. The steroid conju-
gates involved in thisstudy are excellent che- 
lating agents, with both carbonylgroups bin- 
ding to Tc-99m.

Table 5. Biodistribution of Tc-99m-steroid conjugate (μCi). 
Each value is mean ± S.E. n=6

Time (minutes)
Organ 15 30 45 60
Brain 196.44 196.12 195.88 197.08
Spleen 10.22 10.02 9.44 9.02
Stomach 17.24 16.44 16.38 15.76
Intestine 7.02 6.54 5.04 5.00
Liver 18.24 18.04 17.86 17.88
Kidney 5.10 4.87 4.44 4.32
Gonads 11.08 10.65 10.02 12.44
Blood 3.32 2.88 2.22 2.04

Table 6. Physicochemical parameters [log P (log Kow), and 
π] of both compounds hemisuccinate of dihydrotestosterone 
(1) and steroid derivative (3)
Compounds LogKow Fragment Contributions
1 -CH3 [aliphatic carbon] 1.0946

-CH2- [aliphatic carbon] 5.4021
-CH [aliphatic carbon] 1.8070

-C(=O)- [carbonyl, aliphatic attach] -1.5586
-COOH [acid, aliphatic attach] -0.6895

-C(=O)O [ester, aliphatic attach] -0.9505
-tert Carbon [3 or more carbon attach] 0.5352

Fused aliphatic ring unit correction -2.0526
Equation Constant 0.2290

Log Kow 3.8167
π 0.7508

3 -CH3 [aliphatic carbon] 2.7365
-CH2- [aliphatic carbon] 11.2953
-CH [aliphatic carbon] 3.6140

=CH- or =C < [olefin carbon] 0.7672
-NH- [aliphatic attach] -2.9924

-C(=O)- [carbonyl, aliphatic attach] -3.1172
-C(=O)O [ester, aliphatic attach] -1.9010

-C(=O)N [aliphatic attach] -1.0472
-tert Carbon [3 or more carbon attach] 1.0704

Fused aliphatic ring unit correction -4.1052
Equation Constant 0.2290

Log Kow 6.5494
π 2.7327

was further confirmed from mass 
spectrum which showed a molecular 
ion at m/z 830.52.

Biological activity

In this study, the hypoglycemic activi-
ty of the pregnenolone-dihydrotestos-
terone conjugate was evaluated in a 
diabetic rat model. It is important to 
mention, that diabetes was induced 
with alloxan. There are reports that 
alloxan causes massive reduction in 
insulin release, through the destruc-
tion of β-cells of the islets of Lan- 
gerhans [26].

On the other hand, the results showed 
that pregnenolone-dihydrotestoster-
one conjugate had potency similar in 
comparison with glibenclamide; nev-
ertheless, this effect was higher with 
respect to metformin. Analyzing these 
data and physicochemical properties 
of these steroid derivative, alternative 
experiments were performed using as 
pharmacological tools to hemisucci-
nate of dihydrotestosterone and the 
pregnenolonederivative to test if any 
of the fragments involved in the preg-
nenolone-dihydrotestosterone conju-
gate could be the responsible for its 
hypoglycemic activity. The results in- 
dicate that pregnenolone-dihydrotes-
tosterone conjugate have similar effe- 
ct in comparison with hemisuccinate 
of dihydrotestosterone and different 
with respect to pregnenolone deriva-
tive. These data indicate that only the 
hemisuccinate of dihydrotestoster-
one is the responsible of hypoglyce-
mic activity of the pregnenolone-dihy-
drotestosterone conjugate. 

Pharmacokinetics activity

Analyzing the results previously des- 
cribed, in thisstudy was evaluated the 
biodistribution of steroidderivative us- 
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On the other hand, to evaluate the pharmacoki-
neticsof the compounds hemisuccinate of dihy-
drotestosterone and pregnenolone-dihydrotes-
tosterone conjugate as a consequence ofin-
creases in time (15, 30, 45 and 60 min) the 
Tc-99m-steroid conjugates were used. The re- 
sults indicatethat the biodistribution of both-
steroid derivativeswas significantly higher in 
brain in comparison with spleen, stomach, in- 
testine liver and kidney; however, there are dif-
ferences in the distribution of the compounds 
hemisuccinate of dihydrotestosterone and 
pregnenolone-dihydrotestosterone conjugate 
in each organ studied. Thisphenomenon could 
be conditioned by interaction betweenthe ste-
roid derivatives and some endogenous sub-
stancesinvolved in the brain or by the degree of 
lipophilicity exerted by both steroid derivatives; 
this effectmay depend of some physicochemi-
cal parameters involved in its structure chemi-
cal such as happening with other type of com-
pounds [27].

Physicochemical parameters 

In order to delineate the structural chemical 
requirementsof the compounds hemisuccinate 
of dihydrotestosterone and pregnenolone-dihy-
drotestosterone conjugate in volved in the de- 
gree of lipophilicity, some parameters such as 
thedescriptors log P and π [28] were calculat-
ed. The descriptor log P estimates the logarith-
micoctanol-water partition coefficient; there-
fore, log P representsthe lipophilic effects of a 
molecule which includesthe sum of the lipophil-
ic contributions of the parent moleculeand its 
substituent [29]. The differencebetween the 
substituted and unsubstituted log P values is- 
conditioned by the π value for a particular sub-
stituent. Several years ago, Hammett showed 
that π valuesmeasure the free energy change 
caused by particular substituentto relate to bio-
logical activity [30]. Therefore, in this study, the 
logP and π parameters werecalculated by previ-
ously methods reported (Mannhod andWater-
beemd, 2001). The results (Table 6) showed an 
increase inlogP and π values in the pregneno-
lone-dihydrotestosterone conjugate with res- 
pect to hemisuccinate of dihydrotestosterone. 
Thisphenomenon is conditioned mainly, by the 
contribution of allsubstituent atoms involved in 
the chemical structure of two compounds. All 
these data indicate that aliphatic carbons in- 
volved in thepregnenolone-dihydrotestoster-
one conjugate contributes to increase the de- 

gree oflipophilicity in comparison with the com-
pound hemisuccinate of dihydrotestosterone 
which consequently brings higher biodistribu-
tion of the pregnenolone-dihydrotestosterone 
conjugate in all biological compartments in 
comparison with hemisuccinate of dihydrote- 
stosterone.

Conclusions

The new steroid derivative exerts hypoglycemic 
activity and this phenomenon could depend of 
its physicochemical properties which could be 
related to the degree of lipophilicity of the ste-
roid derivative.
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