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ABSTRACT
Background: The α-adrenergic receptor antagonist is the most effective medical therapy to 
reduce the dynamic component in patients with BPH. However, long-term administration 
of receptor antagonists can cause upregulation of mRNA receptor expression, resulting 
in tolerance of drug effectiveness. PKC-α is involved in the process of prostate smooth 
muscle contraction through activation of the voltage-gated Ca2+ conducted canal, influ-
enced by androgen hormones, especially testosterone, and has an isoform with Twist1, 
a transcription factor that plays a role in up-regulation of androgen receptors. Objective: 
The aim of the study was to compare the effect of long-term tamsulosin monotherapy and 
tamsulosin – dutasteride combination therapy in PKC-α enzyme expression in prostate 
stromal tissue of Rattus norvegicus rats of Wistar strain. Methods: Out of 80 samples of 
Rattus norvegicus rats were divided into 8 groups with different interventions: negative 
control group, positive control group, tamsulosin monotherapy administration for 1 day, 3 
day, and 6 day groups, and tamsulosin – dutasteride combination therapy for 1 day, 3 day, 
and 6 day groups. BPH was induced with 3 mg/kg of testosterone proprionate for 3 weeks, 
continued with drugs administration according to intervention grouping. Prostate stromal 
tissue was taken and prepared for PKC-α enzyme measurement with ELISA method. Re-
sults: There was a significant difference (p<0.05) in the effect of tamsulosin monotherapy 
and tamsulosin-dutasteride combination therapy on the PKC-α expression. There was a 
strong positive relationship between the duration of tamsulosin–dutasteride combination 
therapy on the PKC-α expression, which means the longer the duration of the combination 
of tamsulosin–dutasteride combination the higher the PKC-α expression. Conclusion: Ad-
ministration of long-term tamsulosin – dutasteride combination therapy causes upregula-
tion PKC-α expression more than tamsulosin only.
Keywords: BPH, PKC-α, tamsulosin, tamsulosin – dutasteride combination, upregulation.

1. BACKGROUNd
Benign prostatic hyperplasia (BPH) is a histological diagnosis that shows 

the proliferation of smooth muscle and epithelial cells in transitional zone of 
the prostate (1). The enlarged prostate causes the lower urinary tract symp-
toms (LUTS) in two ways: (1) direct obstruction to the bladder outlet (blad-
der outlet obstruction / BOO) due to tissue enlargement (static component); 
and increased smooth muscle tone and its resistance (dynamin component) 
(1).

The α-adrenergic receptor antagonist is an effective therapeutic agent for 
treating LUTS due to BPH because the prostatic smooth muscle basic tone 
mainly involves α-adrenergic receptors, especially α-1a. Tamsulosin as selec-
tive α-adrenergic antagonist is very effective in treating BPH (8, 10). While 
5-α reductase inhibitor (5-ARI) inhibits the 5-α reductase enzyme (5-AR) 
which converts testosterone into dihydrotestosterone (DHT). Dutasteride as 
a second generation of 5-ARI could inhibit both of 5-AR isoenzymes and re-
duce static component of BPH (1, 2). However, long-term administration of 
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α-adrenergic receptor antagonists can cause upregula-
tion of receptor mRNA expression. This causes difficulty 
in receptor inhibition in the process of smooth muscle 
contraction, resulting in a decrease of effectiveness of 
the drugs (3).

Protein kinase C (PKC) is a family of serine / thre-
onine kinase proteins that are mainly involved in intra-
cellular signal transduction, one of its isoforms is PKC-α 
(5). PKC-α is involved in the process of prostate smooth 
muscle contraction through activation of the volt-
age-gated Ca2+ conducted canal. PKC-α is also influ-
enced by androgen hormones, especially testosterone, 
and has an isoform with Twist1, a transcription factor 
that plays a role in up-regulation of androgen receptors, 
so that inhibiting PKC could decrease Twist1 expres-
sion, blocking the AR marker and decrease AR induc-
tion (6, 7).

Based on this background, it is necessary to conduct 
a research on the administration of long-term α-adren-
ergic receptor antagonist (tamsulosin) as monother-
apy and in combination with 5-α reductase inhibitor 
(dutasteride) on PKC-α expression in prostate stromal 
tissue.

2. OBJECTIVE
The aim of this study was to compare the effect of 

long-term tamsulosin monotherapy and tamsulosin 
– dutasteride combination therapy in PKC-α enzyme 
expression in prostate stromal tissue of Rattus norvegi-
cus rats of Wistar strain.

3. MATERIAL ANd METHOdS
This study was designed using a controlled, pro-

spective post-test only experimental method. This 
study measured the PKC-α expression from pros-
tate stromal tissue of BPH. Ethical clearance number 
400/144/K.3/302/2019.

Study Design
80 samples of Rattus norvegicus rats of Wistar strain 

were acclimatized for 2 weeks and then divided into 8 
groups (10 samples per group) with different interven-
tions: negative control group, positive control group, 
tamsulosin monotherapy administration for 1 day, 3 day, 
and 6 day groups, and tamsulosin – dutasteride com-
bination therapy for 1 day, 3 day, and 6 day groups. All 
groups, except negative control group, were castrated 
and induced to BPH with 3 mg/kg of testosterone pro-
prionate for 3 weeks. Drugs administration were given 
by gastric lavage according to intervention grouping: 
negative and positive control group were given 5 mg/
kg of distilled water, tamsulosine monotherapy groups 
were given 1 mg/kg of tamsulosin for 1, 3, and 6 days, 
and tamsulosin – dutasteride combination therapy 
group were given combination of 1 mg/kg of tamsulosin 
+ 0,5 mg/kg of dutasteride for 1, 3, and 6 days. After 
drug administration was done, samples were terminated 
and prostate stromal tissue was taken.

Measurement of PKC-α Enzyme
Prostate stromal tissue samples were prepared with 

vertical laminary air flow. Prepared prostate tissue 

then rinsed off one time with phosphate buffered saline 
(PBS), homogenized in 1 ml PBS, and stored overnight 
in -20oC temperature. After two freezing-thawing cycles 
to break down cell membrane, homogenate were centri-
fuged for 5 minutes in 2-8oC temperature. Supernatant 
were taken and assayed (11). PKC-α enzyme expression 
were measured with ELISA tehchnique using Rat p-PKC 
ELISA Kit from Abbexa® product serial number CSB-
E12801r.

Statistical analysis
Results data is shown in mean ± SD. All data were an-

alyzed using SPSS version 2.1 software using Kruskall 
Wallis parametric test if fulfilling data normality Kolm-
ogorov-Smirnov test and homogeneity Levene test. If 
data normality isn’t met, Chi Square test is preferred. 
Correlation was analyzed using Spearman test. Data 
were analyzed with confidence rate of 95% and α=0.05.

4. RESULTS
Based on descriptive analysis of all 8 groups of inter-

ventions, it was found that negative control group (with-
out castration) showed the highest mean of PKC-α en-
zyme level in prostate stromal tissue. The group which 
was given tamsulosin – dutasteride combination thera-
py for 1 day showed the lowest mean of PKC-α enzyme 
level in prostate stromal tissue of Rattus norvegicus of 
Wistar strain.

Figure 1 illustrates the mean levels of PKC-α in the 
group giving tamsulosin and tamsulosin-dutasteride 
combinations have significant differences. It was found 

Figure 1. Average PKC-α Prostate Enzyme of Wistar Rattus 
norvegicus strain based on Tamsulosin and Tamsulosin-
dutasteride Combinations

Figure 2. Comparison of PKC-α levels of the Tamsulosin 
Monotherapy Group and the Tamsulosin-dutasteride 
Combination
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that long-term alpha PKC levels would increase in the 
group with the combination of tamsulosin-dutasteride 
with level in day 3 was 1822.30 + 45.65 compared with 
tamsulosin alone with level 1604.30 + 36.51.

In Figure 2 shows the levels of PKC-α monotherapy 
compared with a combination. It was found that long-
term alpha PKC levels would increase in the group with 
the combination of tamsulosin-dutasteride with level 
in day 3 was 1822.30 + 45.65 compared with tamsu-
losin alone with level 1604.30 + 36.51. In day 6, tam-
sulosin-dutasteride combination at level of 1663.75 + 
116.81 while tamsulosin alone at level of 1442.10 + 29.17.

According to Chi Square test, there was a signifi-
cant difference between administration of tamsulosin 
monotherapy and tamsulosin – dutasteride combina-
tion therapy on PKC-α enzyme expression in prostate 
stromal tissue of Rattus norvegicus rats of Wistar strain. 
The negative control group, which showed the highest 
PKC-α level, was significantly different with tamsulosin 
– dutasteride combination for 1 day group, tamsulosin 
monotherapy for 6 day group, tamsulosin monothera-
py for 3 day group, tamsulosin monotherapy for 1 day 
group, tamsulosin – dutasteride combination therapy 
for 6 day group, and tamsulosin – dutasteride combina-
tion therapy for 3 day group in PKC-α level. But it was 
not significantly different from positive control group.

While tamsulosin – dutasteride combination therapy 
for 1 day group, which showed the lowest PKC-α level, 
was significantly different from tamsulosin monothera-
py for 3 days group, tamsulosin monotherapy for 1 day 
group, tamsulosin – dutasteride combination therapy 
for 6 day group, tamsulosin – dutasteride combination 
therapy for 3 days group, positive control group, and 
negative control group in PKC-α level. But it was not 
significantly different from tamsulosin monotherapy for 
6 days group.

Correlation Coefficient Probability
0.608 0.000

Table 1. Spearman correlation study

Based on Spearmen correlation test, we found a 
strong negative correlation (opposite), which means the 
longer the administration of tamsulosin monotherapy, 
the lower the PKC-α level in rats’ prostate stromal tis-
sue. We also found a strong positive correlation, which 
means the longer the administration of tamsulosin – 
dutasteride combination therapy the higher the PKC-α 
level in rats’ prostate stromal tissue.

5. dISCUSSION
Human prostate stroma consists of smooth muscle 

cells that have α-1A, α-1B, and α-1D adrenergic receptor 
subtypes responsible for smooth muscle tone. Activation 
of α1 adrenergic receptors will stimulate phospholipase 
C to produce diacylglycerol second messenger (DAG) 
and inositol triphosphate (IP3), which will activate pro-
tein kinase C (PKC), including the PKC-α subtype, and 
trigger the release of calcium deposits that are sensitive 
to IP3. Prostate tissue contraction is sensitive to the re-

lease of intracellular Ca2 + inhibitors and type L calcium 
channel blockers. In its contraction, PKC activation is 
involved in prostatic cell contractility (4).

PKC isoforms α, β1, β2, and γ require DAG and Ca2 
+ for activation. Previous study showed that activation 
of α1 adrenoreceptors stimulates PKC-α activity in hu-
man prostate cells. Because PKC-α is a conventional 
PKC isoform that requires DAG and Ca2+ for its activa-
tion, this proves the activation of the second messenger 
PLC pathway by prostate adrenoreceptors. In that study, 
contractions induced by phenylephrine caused PKC-α 
translocation (4). Thus, activation of the α 1 adrener-
gic receptor stimulates the PLC, then produces IP3 and 
DAG, and translocates PKC-α and opening the L type 
calcium channel. Therefore, blockade of contraction by 
alpha blocker agents can decrease PKC-α (4).

However, previous studies have shown that prolonged 
administration of alpha blockers can cause upregulation 
of α1 adrenergic receptors, which is characterized by 
a decrease in the effectiveness of alpha blocker agents 
after more than six months of use. Long-term use of al-
pha blockers can cause increased expression of α1 type 
mRNA in the ventral and dorsolateral prostate (12). In-
creased expression of α1 type adrenergic receptor mR-
NAs causes hypersensitivity of agonist agents and resis-
tance to antagonistic agents (3, 13, 14).

Expression of α1 adrenergic receptors varies in each 
organ. The α1 receptor protein is most abundant in the 
prostate, with the dominance of the α1a receptor sub-
type, followed by α1b and α1d. The difference in location 
and activity of the α1 receptor causes different resistance 
patterns due to upregulation of the α1 receptor. α1a sub-
type receptors are present on the surface and intracellu-
lar, α1b subtypes on the cell surface, and α1d on intra-
cellular (3). Long term administration of alpha blockers 
makes the receptors inactive so that phosphorylation is 
not easy to occur, so the density of the adrenergic recep-
tor α becomes more abundant. Due to the dominance of 
the prostate receptor type, tamsulosin will provide up-
regulation especially in the α1a subtype (14).

Protein kinase C (PKC) family consists of 12 serine–
threonine kinase isoenzymes that play an important role 
mainly in the transmembrane signaling pathway. There-
fore, the PKC regulates cell proliferation and differentia-
tion, cell-cell interactions, secretions, cytoskeletal func-
tion, gene transcription, apoptosis, and drug resistance. 
The PKC isoenzyme family is divided into three main 
categories based on its cofactor needs: classic, novel and 
atypical. Classical PKC (α, β1, β2, and γ) and the new 
PKC δ, ε, η, and θ) can be activated by the second mes-
senger DAG produced by the receptor-ligand binding. 
Classical PKC isozyme requires calcium in its activation, 
while atypical PKC (ζ, λ, and μ) are not calcium depen-
dent (15, 16).

The PKC isoenzymes initially belong to different sub-
cellular compartments, and are regulators of intracel-
lular homeostasis, intracellular communication, and 
the exchange of various protein and peptide molecules 
through their interactions with receptors for activated 
C kinases (RACK) at specific sites. PKC activation in-
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volves translocation from the cytosol to the binding site 
of specific proteins in the cell membrane. After translo-
cation from the cytosol to the cell membrane, activat-
ed PKC forms a complex with receptor proteins, phos-
phatidylserine, and several sitoactive proteins including 
drug-resistant glycoprotein p170. This can involve four 
basic types of interactions: forming membrane com-
plexes that are dependent on Ca2+ ions which are cata-
lytically inactive, forming two membrane contacts at C1 
and C2, involving molecular conformational changes, 
and additional changes after bonding with DAG / phor-
bol diester. Each isoenzyme is characterized by its abil-
ity to phosphorylate certain intracellular protein spec-
trums, depending on the subcellular location, specificity 
of the substrate, and its activation requirements (15–18).

PKC in the cell nucleus is in an inactive form and 
undergoes phosphorylation. The first phosphorylation 
involves phosphoinositide-dependent protein kinase I 
(PDK1), then PKC undergoes two more autophosphor-
ylation. After undergoing phosphorylation, PKC enters 
the cytosol even though it is still in an inactive form. PKC 
activation occurs if the C1 region binds to DAG and the 
C2 region binds to Ca2 + and phosphatidyl serine (16-
18). Adrenergic receptor mRNA upregulation causes an 
increase in α1 receptor activity due to increased sensi-
tivity. Thus, PKC-α activity also increases as a result of 
stimulation of adrenergic receptor α (3).

Based on statistical results, it is shown that the tam-
sulosin-dutasteride combination therapy for 1 day gives 
lower PKC-α results than the tamsulosin-dutasteride 
combination therapy for 3 days and 6 days. This is con-
sistent with previous research that long-term adminis-
tration of alpha blocker will cause upregulation there-
by increasing PKC-α levels. The results of PKC-α levels 
obtained by the combination of Tamsulosin Dutasteride 
are higher than Tamsulosin alone in the long run. This 
refers to the study of Andreollo et al, 2012 which says 
that the ratio of human age to rats is 13.2 rat days is 1 
human year, and in other words 1 rat day is equal to 1 
human month (3).

However, the results of this study do not show any 
regularity in increase of PKC-α regarding the dura-
tion of tamsulosin monotherapy nor the tamsulosin – 
dutasteride combination therapy administration. This 
could be due to other factors that influence PKC-α levels 
in rat prostate stroma, for example initial PKC-α levels 
and inflammatory conditions that occur during treat-
ment. In addition, the duration of giving tamsulosin to 
provide upregulation effects in humans is approximately 
6 months (3), which in experimental rats was not long 
enough to induce upregulation. Therefore, further re-
search with minimum confounding factors and longer 
duration of therapy administration is needed to expose 
the upregulation process clearer.

A previous study also concluded on the sixth to the 
twelfth day, the continuous monotherapy tamsulosin 
administration has an upregulation impact (20,21). On 
the first day, the prostate's smooth muscle cells are less 
contractile; however, by the sixth to the twelfth day, they 
are more so (22, 23). On the other hand, this study's 

findings also indicated that tamsulosin and dutasteride 
had the impact of reducing contractility, which peaked 
on day 12 (21-23).

A limitation of this study is that the duration of 
dutasteride in rats takes longer to induce increased 
PKC-α expression. Therefore, further research is needed 
with treatment on rats for more than six days simulta-
neously. Further research is also needed regarding the 
negative feedback mechanism by the PKC-α enzyme on 
phospholipase C activity.

6. CONCLUSION
Administration of long-term tamsulosin – dutasteride 

combination therapy causes upregulation PKC-α ex-
pression more than tamsulosin only.
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