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Abstract: Purpose.  This study was performed to study the pharmacokinetics and tissue uptake of 
three arylpiperazine derived SARMs, 1-(4-Nitro-2-trifluoromethyl-phenyl)-4-pyridin-2-yl-piperazine 
(I ), 1-(4-Nitro-2-trifluoromethyl-phenyl)-4-(3-trifluoromethyl-phenyl)-piperazine (II ) and 1-(4-
Fluoro-phenyl)-4-(4-nitro-2-trifluoromethyl-phenyl)-piperazine (III ) which have also shown better 
activity profile (reduced prostate weight) than the standard drug flutamide after 10 mg/kg oral 
administration in rats.  Methods.  Each compound was administered orally at a dose of 10 mg/kg in 
male Sprague Dawley rats and the concentration in biosamples were determined using HPLC-UV 
assay.  Results.  The compounds were quickly absorbed, distributed and eliminated from the serum 
with an MRT of ~7 h after dose.  Their concentrations in prostate were higher than those in blood and 
hypothalamus.  The clearance was smaller than the hepatic blood flow of the rat, suggesting an 
insignificant amount of extrahepatic elimination of the compounds.  Moreover, the most promising 
compound (I ) showed high stability in rat serum, SGF and SIF, and was not excreted through the 
urine and the fecal excretion was very low (~4%).  Conclusions.  These results indicated that the 
compounds have good absorption, negligible extrahepatic elimination and naturally target the prostate.  
Moreover, I  which showed lower hypothalamus levels and better activity profile (reduced prostate 
weight) than II  and III  (13) indicating that I  might be a promising candidate drug for the management 
of BPH. 
 
1.  Introduction 
 
Benign prostatic hyperplasia (BPH) is the 
non-malignant enlargement of the prostate 
and one of the most common diseases in 
men older than 50 yr and is characterized 
by both obstructive and irritative 
components caused by the enlarged  
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prostate (1,2).  The diagnostic evaluation 
and treatment choices for patients with 
moderate to severe symptoms of BPH are 
recommended by the American Urological 
Association (AUA) (3).  However, the 
clinical application of the steroidal AR 
ligands has been limited by poor oral 
bioavailability, potential hepatotoxicity, 
lack of tissue selectivity, and occasionally, 
cross reaction with other steroid receptors 
(4,5).  The discovery of nonsteroidal 
androgens not only provides an 
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opportunity to identify agents with 
superior therapeutic index and 
pharmacokinetic profiles to steroidal 
androgens but also implicates the 
possibility to obtain tissue-selective AR 
modulators (SARMs) (6-9).  As a partial 
agonist in the prostate, SARMs may 
provide a completely new approach for 
androgen suppression in BPH treatment, 
with fewer side-effects. 
 
Arylpiperazine derivatives have been 
reported as potent nonsteroidal AR 
antagonists (10,11) and some of them have 
exhibited better activity profile than 
bicalutamide both in vitro and in the 
testosterone propionate treated castrated 
rat model (12).  Thus, 
aryl/heteroaryl/aralkyl/aroyl piperazine 
derivatives were synthesized as SARMs 
that can achieve AR blockade without 
causing increased testosterone levels.  Of 
these, three compounds viz. 1-(4-Nitro-2-
trifluoromethyl-phenyl)-4-pyridin-2-yl-
piperazine (I ), 1-(4-Nitro-2-
trifluoromethyl-phenyl)-4-(3-
trifluoromethyl-phenyl)-piperazine (II ) 
and 1-(4-Fluoro-phenyl)-4-(4-nitro-2-
trifluoromethyl-phenyl)-piperazine (III ) 
(Figure 1), have shown better activity 
profile (reduced prostate weight by 47%, 
43%, and 39%, respectively) than the 
standard drug flutamide (24% reduction) 
(13).  We have previously reported that I  
at 10 mg/kg oral dose exhibited good 
absorption, negligible extrahepatic 
elimination, and rapid distribution to the 
target organ (prostate) but restricted entry 
through the blood-brain barrier.  This 
communication reports the 
pharmacokinetics and their uptake by 
prostate (target tissues for main effects) 
and hypothalamus (target tissues for side 
effects) of II  and III  and excretion and 
stability studies of most promising 
compound I  after single 10 mg/kg oral 
administration in order to develop a 
potential candidate drug for BPH 
management. 

 

2.  Materials and Methods 
2.1. Materials 
 
Compounds I , II  and III  were synthesized 
in our laboratories.  The purities of these 
compounds were greater than 99%, as 
determined by high performance liquid 
chromatography (HPLC).  HPLC grade n-
hexane, analytical grade ammonium 
acetate and glacial acetic acid were 
obtained from E Merck Limited (Mumbai, 
India).  Ultra pure water was from a 
Millipore MilliQ water purification system.   
 
Drug-free whole blood and tissues samples 
were collected from adult, healthy male 
Sprague Dawley rats provided by 
Laboratory Animal Services Division of 
the Institute and pooled to generate drug-
free pool of the biosamples for use as 
control.   

 
2.2. Animals 
 
Male Sprague Dawley rats weighing 250 ± 
25 g were housed under a 12-h light/dark 
cycle in a room with controlled 
temperature and humidity.  Food and water 
were provided ad libitum.  All experiments, 
euthanasia and disposal of carcasses were 
carried out as per the guidelines of Local 
Ethics Committee for animal 
experimentation. 

 
2.3. Pharmacokinetic and tissues uptake 
studies 
 
In all the studies mentioned below the dose 
was administered after overnight fasting 
(12-16 h) in male Sprague Dawley rats 
(n=3 per time point).  Suspension 
formulation of I , II  and III  was separately 
prepared by triturating the compounds 
with gum acacia and water in a pestle with 
mortar, and a single oral dose of 10 mg/kg 
was given to conscious rats by oral gavage.  
Rodent food and water were provided 2 h 
after the dose.  The animals were 
sacrificed at various times up to 24 h after 
drug administration, and blood, prostate, 
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and hypothalamus were collected.  Serum 
samples were also harvested.  The 
hypothalamus of three rats were pooled 
and homogenized in order to ensure a 
measurable quantity.  All samples were 
stored at -20°C until analysis. 

 
2.4. Excretion studies of compound I in 
rats 
 
The rats were given a single 10 mg/kg of I  
by the oral route and individually kept in 
modified Ballman cages for sample 
collection.  Rodent food and water were 
provided 2 h after the dose.  Urine and 
feces were collected at 0, 24, 48 and 72 h.  
The volume of urine was noted and the 
samples were centrifuged at 1000g for 10 
min at 4°C to remove the debris and were 
stored at -20°C pending analysis.  Feces 
samples were dried in vacuum desiccator, 
weighed, powdered and stored in 
desiccator.  The concentration of I  was 
determined by HPLC and cumulative 
amount of compound excreted was 
calculated in urine and feces samples. 

 
2.5. Stability studies of compound I in 
serum, simulated gastric fluid (SGF) 
and simulated intestinal fluid (SIF) 
 
Drug-free rat serum was preincubated in a 
water bath incubator at 37°C for 10 min 
and then spiked with I  to obtain a 
concentration of 0.1, 1 and 10 µg/ml.  
Spiked serum was distributed into 24 glass 
extraction tubes having 500 µl each and 
incubated at 37°C and 50 oscillations/min.  
Three tubes (n=3 for each time point) were 
taken at 0, 0.5, 1.0, 1.5 and 2.0 h post 
incubation and the concentration was 
determined by HPLC.  Pre-incubated SGF 
(without pepsin) and SIF (without 
pancreatin) were spiked individually with 
appropriate aliquot of formulation to 
obtain a concentration of 365 µg/ml and 
100 µg/ml, respectively, and immediately 
subjected to incubation.  These will be the 
resultant concentration of I  in SGF and 
SIF for 60 kg human corresponding to 10 

mg/kg rat’s oral dose.  Aliquots (100 µl) of 
the incubation mixture were sampled at 0, 
5 min, 0.25, 0.5, 0.75, 1.0 and 2 h post 
incubation and the concentration of I  was 
determined by HPLC.  The initial 
concentration was considered as 100% and 
the remaining concentration versus time 
profiles was plotted to determine the 
degradation rate constants. 

 
2.6. Analysis of the compound in serum, 
tissues, urine and fecal samples 
2.6.1. Serum and urine 
 
Aliquots of blank, spiked or test serum or 
urine samples (0.5 ml) taken in 10 ml test 
tube was added 2 × 3.5 ml n-hexane, 
vortex-mixed for 1 min and centrifuged at 
1000g for 10 min.  The supernatant was 
transferred to a 10 ml conical tube by snap 
freezing the aqueous layer in liquid 
nitrogen and evaporated to dryness in a 
Savant speed vac concentrator.  The 
residue was reconstituted in 0.2 ml of 
mobile phase, centrifuged and the resulting 
clear solution was injected into the HPLC 
system.  The external standard method was 
used for quantification.  Test samples were 
analyzed along with calibration standards 
and QC samples prepared in the same 
biomatrix. 

 
2.6.2. Tissues 
 
For the analysis of the compounds in 
tissues samples, the sample preparation 
method was modified.  The tissues were 
chopped into small pieces.  Ten-volumes 
of physiological saline were added to the 
chopped tissues samples and were 
homogenized using tissue tearer.  Tissue 
homogenate sample was spiked with the 
compound solution (25 µl/ml) to prepare 
calibration standards and QC samples.  
Aliquots of blank, spiked or test 
homogenate samples (0.5 ml) was 
extracted with n-hexane and assayed as 
described above. 

 
2.6.3. Analysis of feces samples 
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A modified sample preparation method 
was used for the analysis of I  in feces 
samples.  Calibration standards of the 
compound were prepared by individually 
spiking powdered rat feces.  For spiking, 
less than or equal to 2.5% of the spiking 
solution was used.  Powdered 50 mg feces 
samples were transferred in a test tube and 
wetted with water (50 µl) by gently 
tapping and then extracted with n-hexane 
and assayed as described above. 

 
2.7. HPLC analysis 
 
The concentration of the compounds was 
measured by HPLC as described 
previously (13) with modification.  The 
HPLC system consisted of a pump (LC-
10AT VP with FCV-10AL VP, Shimadzu), 
degasser (DGU-14A, Shimadzu) and auto-
injector (SIL-HTc, fixed with a 100µl 
loop).  Chromatographic separations was 
achieved on a Phenomenex C-18 column 
(5 µm, 150 x 4.6 mm id) preceded with a 
guard column (5 µm, 30 x 4.6 mm, id) 
packed with the same material under 
isocratic condition at a flow rate of 1 
ml/min.  Eluents were monitored at 260 
nm with UV-Vis multiple wavelength 
detector (Shimadzu, Japan) and 
chromatograms were integrated using 
Class-VP (version 6.12 SP5) software.  
The mobile phase was prepared by mixing 
acetonitrile and 0.01 M ammonium acetate 
buffer (65:35, v/v) and mixed well, 
degassed for 15 min before use.  The 
chromatography was performed at ambient 
temperature. 

 
2.8. Pharmacokinetic calculations and 
statistics 
 
The peak concentration (Cmax) and its time 
of occurrence (tmax) are the observed 
values.  The data sets were individually 
subjected to non-compartmental analysis 
using the WinNonlin program (version 1.5) 
to obtain pharmacokinetic parameters.  
The area under the serum concentration-

time curve from time zero to the time of 
final measurable sample (AUC0-t) was 
calculated using the linear trapezoidal 
method (14). 
The results of tissue distribution of the 
compounds were expressed as ng/g tissue, 
calculated from Ct (ng/g tissue) = CsVs / W, 
where Ct is the tissue concentration (ng/g), 
Cs is the supernatant concentration, Vs is 
the supernatant volume, and W is the 
weight of the tissue sample.  Mean tissue 
concentration versus time curves were 
obtained, and pharmacokinetics 
parameters were determined, using the 
same equations described for serum. 
 
Data are presented as the mean ± SEM.  
Statistical analyses of the parameters were 
performed by one-way ANOVA analysis 
using Kaleidagraph software (Synergy 
Software, USA) and P <0.05 was 
considered statistically significant. 

 
3. Results 
3.1. Assay validation 
 
The analysis method was proved to be 
specific and repeatable with reasonable 
detection sensitivity for plasma, tissue, 
urine and feces samples tested.  With the 
HPLC conditions, the region was found to 
be free from endogenous impurities and 
the peak heights were linear with the 
concentrations.  For serum and urine 
samples, the extraction recovery were 
always >95% of the QC samples, the 
lower limit of quantification was 10 ng/ml, 
and intra-day and inter-day variability 
were <15% (Table 1).  For tissue and feces 
samples, the extraction recovery were 
always >90% with variations well within 
internationally recognized acceptance 
criteria for assay validations (15). 

 
3.2. Pharmacokinetics and tissues 
uptake 
 
The animals tolerated the treatment as no 
peculiarities in the animals’ behaviour 
were observed.  The time-dependent 
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concentrations of the compounds are 
illustrated in Figure 2.  A non-
compartmental model analysis was applied 
to calculate the pharmacokinetic 
parameters using WinNonlin (version 1.5) 
software and the calculated values are 
listed in Table 2.  For comparison, the 
concentration-time profile and 
pharmacokinetic parameters of I  is also 
shown.  Compound I  exhibited a double-
peak profile and was detected up to 24 h.  
The first Cmax was observed at 0.5 h, and 
the second Cmax was at 2 h post dose.  The 
AUC0-t, mean residence time (MRT0-t) and 
clearance (Cloral) were 712 ng.h/ml, 6.97 h 
and 0.01 L/h/kg, respectively.  The 
elimination half-life (t1/2) and AUC0-∞ 
could not be determined due to inability to 
define terminal elimination phase.  
However, the prostate levels achieved the 
Cmax which occurred after 1.5 and 6.0 h 
and the Cmax in hypothalamus occurred 
after 1.0 and 2.0 h post dose.  Prostate-to-
serum and hypothalamus-to-serum ratios 
for I  were 7.94 and 2.81, respectively.  
The compounds II  and III  showed one 
peak serum concentration at 1 h and 2 h 
and the levels were detected up to 8 h and 
24 h post dose, respectively.  The serum 
Cmax of I , II  and III  showed significant 
variations (P <0.05).  However, both the 
serum and prostate AUC0-t of I  and II  
showed insignificant variations (P >0.05).  
The MRT0-t of II  was lower than that of I  
and III .  The serum clearance for I  and II  
were similar but lower for III .  However, 
the prostate and hypothalamus levels for II  
and III  were higher than that of I .  
Although the serum-to-prostate ratio for II  
was lower than that of I  but the prostate 
and hypothalamus levels for II  and III  
were higher than that of I  (Table 2). 

 
3.3. Excretion of I in rat feces 
 
In urine, no unchanged I  was detected 
after 10 mg/kg oral dose.  The unchanged I  
could be monitored up to 72 h post dose in 
feces.  Cumulative amount of I  excreted in 
feces versus collection time is shown in 

Figure 3 and varied between 103.58 to 
158.31 µg. 

 
3.4. Stability studies 
 
Concentrations of I  in serum, SGF and SIF 
were almost constant for up to 2 h of 
incubation (data not shown) indicating that 
the compound was stable in serum and at 
both acidic (SGF, pH 1.2) and slightly 
alkaline (SIF, pH 6.8) conditions. 

 
Discussion 
 
The HPLC procedure developed in our 
laboratory was used to quantify the 
concentration of the compounds I , II  and 
III  in the biosamples (13) with minor 
modification. The procedure was validated 
before use and the recoveries of the 
analytes from the biosamples were >90% 
with an LOQ of 10 ng/ml in rat serum, 
tissues, urine and feces with variations 
within the acceptable limit of variation 
(15).  Compound I  showed high stability 
in rat serum, SGF and SIF (16). 
 
Following oral administration, II  showed 
single peak in serum and was observed 
only up to 8 h whereas tissues exhibited 
double peak and were detected up to 24 h.  
Compound III  exhibited single peak in 
serum and prostate but double peak in 
hypothalamus.  However, I  showed double 
peak in serum, prostate and hypothalamus.  
The double peak phenomenon has been 
widely observed with various classes of 
drugs (17-23).  Possible mechanisms 
include variable absorption rates along the 
gastro-intestinal tract (24), storage and 
subsequent release from a post absorptive 
depot site (possibly liver parenchyma cells) 
(25).  Although, additional studies are 
required to characterize the exact 
mechanism responsible for the double 
peak phenomenon, it may be the result of 
the poor aqueous solubility that might 
have resulted in the precipitation of the 
drug in the intestine where the slow 
dissolution of the compound in the 
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absorptive regions could have led to the 
discontinuous profile but not due to the 
enterohepatic recirculation as the second 
peak in the concentration-time profile was 
the larger than the first peaks (26).  The 
systemic clearance values were similar and 
were smaller than the hepatic blood flow 
of the rat (2.9 L/h/kg; (27)), suggesting an 
insignificant amount of extrahepatic 
elimination of this compound (Tables 2).  
The Cmax and AUC0-t as a measure of 
bioavailability, MRT (a practical function 
similar to half-life) as a measure of time 
required to eliminate 63.2% of the 
administered dose are all variable. 
 
The target organ is prostate, where it binds 
and exerts its activity, i.e., reduction of the 
prostate.  All the three compounds are 
reaching the target organ but were also 
detected in hypothalamus (target tissues 
for side effects).  The prostate-to-serum 
(P/S) ratios of II  and III  were higher than 
that of I .  Although the hypothalamus-to-
serum (H/S) of I  and III  were comparable 
but the hypothalamus levels of III  were 
higher than that of I . Due to obvious 
reasons, a high hypothalamus levels is 
undesirable.  I, which has shown higher 
reduction in prostate weight, exhibited the 
lowest hypothalamus levels than II  and III .  
However, since some amount of I  crosses 
the blood-brain barrier, its interference 
with the negative feedback mechanism 
resulted in increased serum testosterone 
levels during 0.5-6.0 h post dose (13).  
Similar rise in serum testosterone levels 
has been reported for bicalutamide (12).  
Moreover, the flip-flop serum testosterone 
levels correspond to the levels of I  in 
serum, prostate, and hypothalamus.  
Nevertheless, its significantly higher levels 
of I  in prostate than in brain 
(hypothalamus) kept the prostate weight 
suppressed (13). 

 
With a view to develop the most active 
compound I  as a candidate drug for BPH 
management, its stability and excretion in 
rats was also studied.  It displayed high 
stability in rat serum and both acidic (SGF, 
pH 1.2) and slightly alkaline (SIF, pH 6.8) 
conditions.  Unchanged I  was not excreted 
through the urine and the fecal excretion 
was very low (~4%). 

 
Conclusion 
 
Preclinical pharmacokinetics studies play a 
critical role in lead identification and 
optimization in the early drug discovery 
process.  This study is the first preclinical 
pharmacokinetic evaluation of the three 
arylpiperazine derived SARMs 
(compounds I , II  and III)  for BPH 
management.  These novel compounds 
were well absorbed, rapidly distributed to 
the target organ (prostate) and to the 
hypothalamus (the target organ for major 
side effect) and have the clearance smaller 
than the hepatic blood flow of the rat.  Of 
these, I , having a high degree of efficacy 
and potency in animal models, high 
stability in rat serum, SGF and SIF, and 
acceptable pharmacokinetics in preclinical 
species, is a promising drug candidate 
SARM for clinical development for BPH 
management. 
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Figure 1. Chemical structure of compounds I , II  and III  
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Figure 2.  Concentration-time profile of compounds I , II  and III  in serum, prostate and 
hypothalamus after single 10 mg/kg oral dose in male Sprague Dawley rats.  Bar represents 
SEM 
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Figure 3.  Cumulative amount of compound I  excreted in feces after 10 mg/kg oral dose in 
male Sprague Dawley rats (n=3).  Bar represents SEM 
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Table 1.  Intra- and inter-assay accuracy (%bias) and precision (%RSD) of compounds I, II 

and III in rat serum 

Concentration 

(ng/ml) 

Compound I  Compound II  Compound III  

Low Medium High Low Medium High Low Medium High 

Theoretical 25 

ng/ml 

100 

ng/ml 

1000 

ng/ml 

25 

ng/ml 

100 

ng/ml 

1000 

ng/ml 

25 

ng/ml 

100 

ng/ml 

1000 

ng/ml 

Observed 

(Mean ± SD) 

23.83 

± 

1.71 

103.81 

± 5.82 

995.57 

± 

29.75 

25.4 

± 3.4 

103 ± 

12.37 

973.9 

± 

85.8 

22.77 

± 

3.80 

96.73 ± 

11.92 

974.73 

± 

86.87 

%Biasintra-assay -2.61 3.89 -1.16 3.1 0.12 - 3.25 -

10.83 

-10.86 -7.88 

%Biasinter-assay -3.32 2.32 -1.88 -8.29 -0.05 -2.16 -8.58 -1.96 -1.71 

RSDintra-assay 

(%) 

6.98 4.47 1.91 2.78 1.36 1.54 6.63 6.01 1.26 

RSDinter-assay 

(%) 

7.68 7.76 4.97 13.54 13.64 8.81 8.56 12.05 8.91 
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Table 2.  Pharmacokinetic parameters of compounds I, II and III after single oral 
administration of 10 mg/kg in male Sprague Dawley ratsa 
Parameters Compounds I  Compounds II  Compounds III  

Serum Prostate Hypotha

lamus 

Serum Prostate Hypotha

lamus 

Serum Prostat

e 

Hypot

halam

us 

Cmax (ng/ml 

or ng/g) 

1 106.01 ± 

2.47 

442.19 ± 

18.82 

99.47 239.89 ± 

48.05* 

530.15 ± 

257.49 

113.88 749.16 

± 

67.38* 

5740.2

1 ± 

431.00

* 

2077.

43 

2 139.31 ± 

2.47 

364.73 ± 

39.94 

123.82 - 625.95 ± 

163.96 

141.99 - - 123.8

2 

tmax (h) 1 0.5 1.5 1.0 1.0 1.0 4.0 2.0 8.0 1.0 

2 2.0 6.0 2.0 - 8.0 18.0 - - 2.0 

AUC0-t (ng h/ml 

or ng h/g) 

712 5653 1999 657 7525 2665 5546* 89830* 15475 

T/S ratio 1.00 7.94 2.81 1.00 11.45 4.06 1.00 16.20 2.79 

MRT (h) 6.97 10.98 11.57 2.76* 8.23 13.59 8.59 11.48 8.55 

CLoral (L/h/kg) 0.010 0.001 0.001 0.010 0.001 0.004 0.0012 0.0001 0.000

4 

aEach value represents the average of three rats dosed orally at 10 mg/kg.  Serum and prostate 
concentrations are mean ± SEM from three rats.  Hypothalamus concentrations were the 
mean of replicates from the pooled tissue of three rats. *Significant difference (P <0.05)  
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