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INTRODUCTION 
Cancer is a chronic illness brought on by the body's cells proliferating 
too much and becoming uncontrollably [1]. With a high incidence and 
fatality rate, prostate cancer (PCa) is the most prevalent malignant 
tumour in males among all cancer types [2]. The underlying aetiology 
of prostate cancer is still unclear, and the illness is complex and 
heterogeneous, acting differently in various individuals. According to 
a number of studies, androgen and the androgen receptor (AR) are 
thought to be important factors in the development of PCa. Currently 
the primary therapeutic techniques used for treatment of PCa are, 
surgery, radio-therapy, chemotherapy and immunotherapy. Even 
though solid tumours can be swiftly removed with surgery, this may be 
a useful therapeutic approach for early or middle-stage tumours. For 
the majority of patients with advanced tumours, this type of treatment 
is not the ideal option because it frequently results in trauma, bleeding, 
infection, decreased immunity, and other dangers [4]. Patients who 
have not benefited from surgical treatment are frequently treated with 
radiation therapy, which is a costly and drawn-out procedure. A 
number of problems are frequently the outcome of this treatment [5]. 
Chemotherapy is the process of attacking cancer cells by introducing 
chemicals into the body. The two therapeutic agents that are clinically 
utilised to treat prostate cancer are nonsteroidal antiandrogens like 
flutamide and bicalutamide and steroidal antiandrogens like 
cyproterone acetate. Due to their partial agonistic action and 
overlapping effects with other hormonal systems, steroidal 
antiandrogens can cause a number of difficulties, including erectile 
dysfunction, gynaecomastia, and serious cardiovascular issues [6–8]. 
In comparison to steroidal antiandrogens, nonsteroidal antiandrogens 
are preferred due to their better oral absorption and fewer adverse 
effects. However, patients who have been taking nonsteroidal 
antiandrogens for a number of months have been known to experience 
antiandrogen withdrawal syndrome [9, 10]. In addition to killing 
tumour cells and healthy cells equally, long-term use of these 
medications has clear side effects include mutation of the AR and 
increases susceptibility to drug resistance with a very high chance of 
recurrence [11]. Prostate adenocarcinoma continues to have a high 
incidence and accounts for 20% of cancer-related fatalities in men, 
despite improvements in diagnostic and therapeutic treatment 
techniques [12]. Prostate cancer is driven by the androgen receptor 
(AR), according to a number of studies [13, 14]. Since the majority of 
PCa cells initially rely on androgens to survive, lowering androgen 
levels is the first line of treatment for PCa [15, 16]. Effective new 
Androgen receptor down-regulating drugs (ARDAs) are desperately 
needed for the prevention and treatment of advanced metastatic PC, as 
evidenced by the disease's dismal clinical prognosis [17–22].

Peptide conjugates, a new class of anticancer medications that can 
specifically target cancer cells with minimal damage to healthy organs, 
may improve future cancer therapy choices [23–25]. Peptides that 
specifically attach to cancer cell surface receptors may enhance tumour 
therapy. By obstructing oncogenic signalling pathways, these peptides 
prevent cancer cells from dying, regulate their activity, and promote 
the proliferation of tumour cells [26]. 

Solid-phase Peptide Synthesis
The peptides SR1a-d used in this study were synthesized using 
solidphase peptide synthesis [27,28]. The general synthetic scheme for 
the peptides is illustrated in figure 1. The synthesis of peptides SR1a to 
SR1d was carried out in a frit equipped, acid and base resistant syringe on 
rink amide resign. For loading the first amino acid, the resin was pre-
swollen in dimethylformamide (20 min). The Fmoc group removed by 
treating the resin with 1.5 mL of 20% pipiridine in dimethylformamide 
for two times and resin was washed with dimethylformamide. Then 
added to a solution of the amino acid derivative, HATU and HOBt (3 eq. 
each) were dissolved in 2.5 ml of DMF in a separate test tube and for this 
DIPEA (5 eq.) was added to this solution and allowed to react for 10 min 
at rt. The resulting suspension was added to the resin and the reaction 
mixture was left shaking for 5 h at rt.  

Figure 1: Flow Chart of Solid-based Peptide Synthesis Steps

After obtaining a homogeneous solution, six equivalents of 
diisopropylethylamine (DIEA) was added to the solution. The 
resulting mixture was then added to the resin and gently Shaked using 
shaker for 5 hr. After completion of the coupling which was confirmed 
by ninhydrin test, the resin was then washed and solvent was removed. 
The resin was then treated 2 times for 30 s each time with 1.5 mL of 
20% Piperidine in dimethylformamide to remove the Fmoc group and 
washed thoroughly with dimethylformamide solvent. Subsequent 
amino acids were added to the peptide sequence by repeating the 
procedures described above.
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ABSTRACT
Prostate cancer is thought to have claimed the lives of nearly 42,000 men worldwide in 2024 alone, despite significant improvements in diagnosis 
and treatment. Since androgens contribute significantly to the development of prostate tumours, the androgen receptor (AR) is the main target for 
PC treatment. There are currently no authorized therapeutic targets for androgen receptor castrate resistance prostate cancer (CRPC), an aggressive 
kind of prostate cancer. Four peptides' cytotoxic potential in AR and AR+ cell lines was investigated in this work. A biological evaluation showed 
that the triazole core increased the overall activity of AR-antagonists. Indeed, using both androgen-dependent and androgen-independent 
pathways, the representative drug SR1d demonstrated encouraging invitro antitumor efficacy against three distinct 22Rv1, LNCaP, and PC3 PC 
cell lines, suppressing tumour development by 60%. Additionally, in a xenograft mice model, SR1d inhibited the growth of prostate tumours. In the 
therapy of CRPC tumours, this shows great promise for advanced preclinical research.
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To couple the each amino acid moiety on to rink amide resin, first 
corresponding amino acid was placed in a test tube containing the 
HATU coupling agent and activator HOBt (three equivalents), they 
were completely dissolved using dimethylformamide. 

Construction of Triazole and Amide Groups at the g Position of 
Proline
Reduction of Azide Group to the Amine Functionality on Solid-
phase
Reduction of azide group to the amine functionality on solid-phase 
peptide was carried out using reported procedure [29]. For this the 
resin bound peptide systems were exposed to PPh , in DMF: water 3

(25% v/v) at room temperature for 24hr. the resin was washed with 
DMF and acylation reaction was carried out with p-aminobenzoic acid 
using regular peptide coupling procedure. After the acylation was 
completed the resin was washed with DMF followed by 
dichloromethane and dried. The peptide was cleaved from the resin 
with trifluoroacetic acid and purified by HPLC.

The [3+2] Cycloaddition Reaction of Peptidyl Azidoproline
The copper-catalyzed azide-alkyne cycloaddition (CuAAC) “click” 
reaction was chosen for its selectivity in azide and alkyne conjugation 
to further modification of peptide SR1a. Click chemistry has been 
carried out with p-aminophenylacetylene using a previously reported 
on-resin methodology [30]. The resin was suspended in a mixture of 
acetonitrile, water, DIEA, and pyridine (4:4:2:1). The alkyne 
compound was added followed by a catalytic amount of CuI. After 
shaking overnight, the resin was washed with DMF followed by 
dichloromethane and dried. Finally the peptide was cleaved from the 
resin with trifluoroacetic acid and purified by HPLC.

The innovative peptide (NH -Arg-Asn-Asn-Ile-Pro-Trp-Ser-CO-NH ) 2 2

SR1a and its derivatives (Figure 2) were synthesized using solid phase 
methods. Replacing the proline residue with modified azidoproline 
residue gave peptide SR1b. Reduction of azide group on resign using 
PPh DMF: H Ofollowed by acylation with p- aminobezoicacid gave 3, 2  

compound SR1c. Compounds SR1d was obtained by click reaction 
with p-aminophenylacetylene. 

SR1a

SR1b

SR1c

SR1d
Figure 2: Structure of SR1a, SR1b, SR1c and SR1d Compounds

Cleavage of Peptides from the Resin
Peptides attached with resin were stirred with cocktail: TFA: H O: 2
triisopropylsilane = 95:2.5:2.5 for 3 h. Crude peptide was filtered and 
washed with methanol solvent. The solvent was evaporated using 
nitrogen gas (N ). Diethyl ether was then added to the crude to 2
precipitate the peptide. The peptide was separated by centrifugation. 
This step of washing with ether was repeated five times and finally the 
remaining sediment was dissolved in water and acetonitrile and placed 
in a freeze dryer. The peptides produced were characterized using 
high-performance liquid chromatography (gradient from 0% to 100% 
MeCN for 20 min, C18 column) and a purity of more than 95% was 
collected, dried using lyophilizer and the structural integrity of the 
peptides was characterized by mass spectroscopy.

Biology
Cell Toxicity Study
Five human cancer cell lines, MCF-7, HCT116, HeLa HepG2 and 
LNCaP were used to determine the anti cancer activity of the 4 
peptides. Normal human cell line HaCaT was also used for 
comparison. Cell toxicity experiments were carried out in accordance 
with the previously reported method [31, 32]. Cell viability was 
examined by employing the MTT technique which its principle is on 
the basis of the transformation of 3-(4, 5-dimethylthiazol2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) dye to formazan crystal by 
succinate dehydrogenase enzyme of mitochondria in the alive cells. 

4The cells were bred into 96-well plates at a concentration of 10  
cells/well and incubated for 24 h. The cells were exposed to different 
serial dilution (0, 2.5; 5.0; 10.0; 20.0; 40.0, and 80.0 µM) 
concentrations of the peptides for 48 h. The supernatant solution was 
removed and MTT reagent (10 μL, 5 mg/mL in PBS) was added to each 
well and the microplate was kept at 37°C for 4 h. The medium solution 
containing MTT was discarded and DMSO (100 μL) was added to each 
well to dissolve the formazan crystals. The plates were then maintained 
for 20 min at 37 °C. At the end, the optical density of each well was read 
at 570 nm against the reference wavelength of 630 nm as the 
background, employing a spectrophotometer plate reader (Infinite® 
M200, TECAN) [33]. For breast cancer cells, ciprofloxacin as a 
positive cytotoxic control of the peptides was used. Data were shown 
as the mean of triplicate measuring of the number of living cells.

RESULTS
In Vitro Antitumor Activity of Peptides 
For cellular assessments, a select panel of cancer cell lines was initially 
evaluated including MCF-7 human breast adenocarcinoma cells, 
HCT116 human colon adenocarcinoma cells, HeLa cervical 
adenocarcinoma cells, HepG2 hepatocellular carcinoma cells, LNCaP 
androgen-sensitive human prostate cancer cell line and HaCaT normal 
human epidermal keratinocytes cell line were used to study the 
antiproliferative activity, the growth and colony formation. 

Figure 3: The effect of Peptides SR1a-SR1d for inhibition of growth 
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and colony formation on HaCaT, MCF-7, HCT116, HeLa, HepG2 and 
HL-60 cells. Data plotted are mean values ±SEM for three independent 
experiments.

As shown in Figure 3, the cellular antiproliferation activities of 
peptides SR1b and SR1d against all tested cell lines were relatively 
high, while those of Peptides SR1a and SR1c were 100 times lower 
than peptides SR1b and SR1d.  

The cellular antiproliferation activities SR1b and SR1d against the 
growth and colony formation are considerably higher for HCT116 and 
HeLa cell lines but significantly high for HepG2 and LNCap cell lines. 
Though Peptides SR1a and SR1c were inhibit the growth and colony 
formation of HeLa, HepG2 and LNCap cell lines at higher 
concentrations (>50μM) and these peptides are not able to significantly 
inhibit the growth and colony formation of MCF-7 and HCT116 cell 
lines even at higher concentration (> 80μM). An ideal anticancer drug 
should be selectively toxic against cancer cells with minimal toxicity 
to normal cells. We have evaluated the toxicity against normal human 
epidermal keratinocytes HaCaT cell line. It should be noted that all the 
peptides SR1a-SR1d were show minimal toxicity against normal 
human epidermal keratinocytes HaCaT cell line.

The compounds SR1c and SR1d demonstrated significant inhibition of 
HeLa, HepG2, LNCaP cells proliferation and colony formation. The 
results of the analysis were expressed as IC  and shown in Table 1.  50

Compound SR1d exhibit cytotoxic effect on HeLa (31 μM);  HepG2 
(25 μM) and LNCaP (16 μM) whereas  compound SR1b exhibit 
cytotoxic effect on HeLa (37 μM);  HepG2 (32 μM) and LNCaP (40 
μM) respectively. These results indicate that compound SR1d is very 
effective in cytotoxic effect on LNCaP cell line and 3 times more active 
than compound SR1b. 

Table 1. Antiproliferative Activity of Tested Extracts, IC , µg/ml.50

In Vitro Antitumor Activity of Compound SR1d in Prostate 
Cancer
LNCaP cell line is an androgen-sensitive human prostate cancer cell 
line. [34] Several studies suggest that prostate cancer is dependent on 
androgens at initial stage for growth. [35] Over the time, the cancer can 
progress to an androgen independent form and classified as castrate-
resistant prostate cancer (CRPC). In this stage tumors can grow in the 
absence of androgens.[36] Since the compound SR1d was most 
effective for LNCaP androgen-sensitive human prostate cancer cell 
line, further analysis was performed with androgen-independent 
human prostate cancer cell lines including PC3 and DU-145 and 
compared with LNCaP.  

Figure 4: The effect of peptide SR1d on cell viability of different 
Prostate Cancer cells in a dose-dependent manner. *p < .05, **p < .01, 
and ***p < .001

The cytotoxic potential of SR1d was examined in PC3, LNCaP and 
DU-145 cells. The result showed that SR1d elicited significant 
cytotoxicity toward all the three cell lines (Figure 4) with the lowest 
EC  reported in PC3 cell. cytotoxicity was more pronounced in PC3 50

cells with an EC  of 10.3 ± 0.5 μM (Table 2). 50

Table 2. Inhibitory Activities of Compound SR1d Against Other 
PCa Cell Lines (EC  values (μM))50

In several cancer cells like leukemia, breast cancer and skin squamous 
AKR1C3 is reported to be involved in cell proliferation through 
activation of MAPK (mitogen-activated protein kinase) or PI3K 
(phosphatidylinositol-3 kinase pathway).[37-40]  PC3 cells generally 
express AKR1C3 but not AR. The Significant reduction of viable cell 
numbers in the presence of SR1d compound indicating that AKR1C3 
plays an important role in the androgen-independent PC3 cell 
proliferation.

Effect of Peptide SR1d on Androgen-dependent Proliferation of 
Prostate Cancer 22Rv1 cells
It is well established that 22Rv1 cells expressed both AKR1C3 and 
AR,[41] therefore we selected this cells for evaluate the effect of 
peptide SR1d on androgen-dependent proliferation. Initially we carry 
out the effect of pregnenolone, a precursor of androgens promotion on 
proliferation of the cells. The promotive effect of pregnenolone was 
found to be in a dose-dependent manner and was maximum at 20 μM, 
(Figure 5A) hence the cells were treated with 20μM of pregneolone in 
subsequent proliferation experiments.

Suppression of the pregneolone-induced proliferation with SR1d was 
studied and compared with AR antagonist flutamide. The result 
showed that proliferation of pretreated cells with SR1d significantly 
suppressed compare to flutamide (Figure 5B). Next we carried out the 
flow cytometer study to analyze the changes in the cell cycle on 
treatment of SR1d. It is observed that treatment of pregnenolone 
significantly increased S-phase cell population and pretreatment with 
SR1d caused decrease in both S-phase and the G0/G1-phase cell 
population (Figure 5C).  These result indicate that peptide SR1d arrest 
the cell in the G0/G1-phase.

Next we tested weather the anti-proliferative effects of peptide SR1d is 
from suppression of androgen signaling through inhibition of 
AKR1C3 in the cells, is effects on cellular metabolism of 4-
androstene-3,17-dione (4AD) to testosterone was examined by 
quantifying testosterone concentration. For this we first quantified the 
testosterone concentration by pretreatment with finasteride an 
inhibitor of steroid 5α- reductase that catalyzes the conversion of 
testosterone to DHT.  It was found that the testosterone concentration 
was doubled by the pretreatment with 2μM finasteride. Then cells were 
cultured under 2μM finasteride pretreated conditions with 0 and 20 μM 
SR1d peptide. The presence of 20 μM SR1d peptide significantly 
reduces the testosterone production (Figure 5D). Further it was noticed 
that in the absence of finasteride, the production of testosterone doesn't 
effected significantly by the treatment of SR1d peptide. This suggested 
that the peptide SR1d do not affect catalytic potency of 5α reductase. 

Figure 5: Suppression of androgen-dependent proliferation of 
prostate cancer 22Rv1 cells by SR1d. 
(A) Cell proliferation by pregnenolone (Preg). The cells were cultured 
in the absence or presence of the indicated concentrations of Preg, and 
the viable cell numbers were estimated at 72 h. Data are expressed as 
percentages of the cell number in the Preg-free control cells. 
Significant difference from the control cells, ***p < 0.01, *p < 0.05. 
(B) Effects of SR1d and flutamide on the Preg induced cell 
proliferation. The cells were pretreated for 2 h without or with the 
indicated concentrations of SR1d, or flutamide and then treated for 72 
h with 20 nM Preg. Data are expressed as percentages of the cell 
numbers in the Preg-free control cells. 
(C) Effects of SR1d on the cell cycle. The cells were pretreated for 2 h 
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No Peptides MCF-7 HCT116 HeLa HepG2 LNCaP HaCaT
1 SR1a >100 >100 > 50 > 50 > 50 >100
2 SR1b > 50 ≈ 50 37±0.64 32±0.43 40±1.4 >100
3 SR1c >100 >100 34±1.2 > 50 > 50 >100
4 SR1d > 50 ≈ 50 31±0.9 25±0.4 16.3±0.3 >100

Peptide PC3 DU-145 LNCaP
SR1d 10.3 ± 0.5 14.2 ± 0.4 16.3 ± 0.3
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without or with 10 μM 20 SR1d and then treated for 24 h with 20 nM 
Preg. The percentages of G0/ G1, S, and G2/M phases were analyzed 
using a flow cytometer.
(D) Effects of SR1d on the metabolism of 4AD into testosterone. The 
cells were treated for 2 h without or with 2 μM finasteride and/or 
AKR1C3 inhibitor (SR1d) and then cultured for 24 h in the presence of 
100 nM 4AD. The concentration of testosterone in the cell extracts was 
analyzed by EIA and is expressed as the percentage of that in the 
finasteride-free control cells. 
Significant difference from the control cells (***< 0.001) (**p < 0.01) 
and (*p < 0.05).

Effect of SR1d on Prostate Tumor Growth 
To evaluate the anticancer efficiency of the SR1d in vivo we 
investigated the suppressive effect of this compound on prostate tumor 
growth in a xenograft mouse model using PC3 cells. Male muse 
bearing orthotropic prostate tumors were administrated a daily oral 
does of vehicle, and SR1d (8.5 mg/kg). The results showed that SR1d 
treatment significantly reduced tumor volume by 66% (1900 ± 204 vs 
650 ± 73) compared to vehicle (Figure 6). Intrestingly no 
histopathological changes were observed in other tissues of the lung, 
liver, and kidney of the SR1d treated mouse. Thisresults suggest a 
possibility that the SR1d is useful as novel therapeutic agent for CRPC.

Figure 6: Effect of SR1d on tumor growth in a xenograft mouse. Male 
mice were inoculated with 2 x 105 PC3 cells directly to the ventral 
prostate. Mice were treated with either vehicle (1:1 peanut oil: water 
mL/kg), SR1d (8.5mg/kg) by oral gavage daily for six weeks. 
Necropsies were formed 24h after the last day of treatment (A) 
Photograph of the prostate tumors from each treatment group. (B) 
Mean ± SEM of tumor volume. The prostate of an animal that did not 
receive PC3 cell inoculation was taken as reference. Scale bar 
represents 10mm.

CONCLUSION
AR-prostate cancer has a poor prognosis, with the majority of patients 
dying within two years and no clinically approved targeted treatment 
options [42,43]. Thus, there is a need to discover treatments that target 
prostate cancer cells independently of the AR. Many synthetic and 
natural inhibitors for AKR1C3 have been reported. Though 
development of selective inhibitor for AKRIC3 is desire, since 
AKR1C3 is structurally similar to other AKRIC isoforms like 
AKR1C1, AKR1C2 and AKR1C4 having different physiological 
roles. In this study we have developed a novel peptide triazole as potent 
AKR1C3 inhibitor with high selectivity of this enzyme over other 
human AKRIC subfamily members. Our in vivo and in vivo studies 
demonstrated that SR1d inhibitors exhibit excellent antiproliferative 
activity against prostate cancer Pc3, DU-145, and LNCaP cells and 
also 22Rv1 cells through suppression of androgen signaling by dual 
inhibition of AKR1C3 and AR. The inhibitors SR1d suppressed the 
proliferation of androgen independent and androgen-low-sensitive 
prostate cancer cells. In line with these findings, our current research 
demonstrates that peptide triazole compounds may be potential 
therapeutics for the treatment of prostate cancer. Further studies to 
reveal the underlying molecular mechanism of prostate cancer 
inhibition are required to explore the therapeutic potential of the 
peptide.
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