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Abstract
The atypical adenomatous hyperplasia (AAH) is invariably an incidental histological change, with no clinical findings spe-
cific for its diagnosis, and the mean patient age at diagnosis is 64–70 years. The incidence of AAH varies between 1.5 and 
19.6% of transurethral resections and in up to 33% of radical prostatectomies. Herbal medicines are becoming a popular 
option in the treatment of prostatic-related diseases, such as date palm pollen and saw palmetto in the treatment of prostatic 
hyperplasia. A testosterone/citral-induced AAH in Wistar rat model was used to evaluate the protective effect of Sophora 
japonica fruit extract (SFE). The present study suggests that SFE has an ameliorating effect on the prostatic hypertrophy and 
inflammation through its effect on clusterin, IGF, IL-6, IL-8, TNF-α, and TGF-β1 expression. In addition, the administra-
tion of SFE ameliorated the inflammatory score, and histopathological changes in AAH-induced rats in a dose-dependent 
manner. The treatment with SFE reduced the number of prostatic acini in AAH rat model and decreased the production 
of pro-inflammatory cytokines. The fruit extract of S. japonica was characterized by determination total phenol content 
(60.3 mg of gallic acid equivalent/g of dry extract), total flavonoid content (97.9 mg quercetin equivalent/g of dry extract) 
and the major isoflavonoid sophoricoside (302.9 ± 2.6 µg/g of the extract). In conclusion, SFE has an ameliorating effect on 
the prostatic hypertrophy and inflammation. This effect may be attributed to the ability of SFE to decrease the production 
of pro-inflammatory cytokines, TNF-α, IL-1β and IGF-1 as well as an increase in TGF-β1.

Keywords  Sophora japonica · Atypical adenomatous hyperplasia · Prostatic hypertrophy · Pro-inflammatory cytokines · 
TGF-β1 expression

Introduction

Atypical adenomatous hyperplasia (AAH) is a pseudoneo-
plastic lesion that can be confused with prostate adenocarci-
noma (PAC) and characterized by the proliferation of small 

glands in the prostate with imbalance between prostate cell 
growth and apoptosis (Montironi et al. 2007; Sciarra et al. 
2008). It is considered as an intermediate lesion between 
benign prostate hyperplasia (BPH) and PAC (Bostwick 
et al. 1993). The AAH is invariably an incidental histologi-
cal finding, and there are no clinical findings specific for it 
and the mean patient age at diagnosis is 64–70 years (Hum-
phrey 2012). The incidence of AAH varies between 1.5 and 
19.6% of transurethral resections and in up to 33% of radical 
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prostatectomies (Enciu et al. 2012). It was suggested that 
immunoinflammatory stimulators might play a role in the 
prostatic epithelial cell growth by modulating the cytokine 
system and might promote hyperplastic changes (Gleason 
et al. 1993; KESSLER et al. 1998). Chronic Inflammation 
produces free radicals as various reactive oxygen species 
(Rigas and Sun 2008).

Because of many side effects of drug therapy and surgical 
procedures, herbal medicines are becoming a popular option 
in the treatment of prostatic disease. Sophora japonica L. 
(SF) is a traditional Chinese medicine known as Kushen and 
it has been commonly used for the treatment of viral hepa-
titis, cancer, viral myocarditis, gastrointestinal hemorrhage, 
and skin diseases such as eczema and psoriasis (Chinese-
Pharmacopoeia-Commission 2010). Quinolizidine alkaloids 
and flavonoids are the major active constituents of this plant. 
Alkaloids exhibit many pharmacological effects including 
sedative, analgesic, antipyretic, and anti-arrhythmic actions 
(Zhang et al. 2015). Matrine and oxymatrine are the main 
alkaloids of SF and was reported to have anticancer and anti-
inflammatory effect (Ho et al. 2009; Zhang et al. 2011). On 
the other hand, flavonoids have been also known for their 
antioxidant, anti-proliferative and anti-inflammatory activi-
ties (Jin et al. 2010; Zhou et al. 2009). Moreover, Kushen 
flavonoids have been found to exert more potent antitumor 
activities than Kushen alkaloids and has also antiangiogenic 
activity (Pu et al. 2013; Sun et al. 2012). The aim of the cur-
rent study was to investigate the possible protective effect 
of the SF methanolic extract on enlarged rat prostate and 
the histopathological changes related to inflammation, pro-
liferation and/or apoptosis in AAH-induced experimentally 
in rats.

Materials and methods

Chemicals and reagents

Solvents of HPLC grade were used for HPLC analysis, in 
addition to analytical grade solvents for extraction and thin-
layer chromatography (TLC) which were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Antibodies against 
clusterin, phospho-Smad2, and β-actin were obtained from 
Santa Cruz Biotechnology (Santa Cruz, CA; anti-clusterin 
for Western blot analysis); Upstate Biotechnology [Lake 
Placid, NY; anti-clusterin for immunohistochemistry (IHC)]; 
and Cell Signaling Technology Inc. (Danvers, MA). Anti-
body against TGF-β1 ligands were purchased from Dakocy-
tomation (Carpinteria, CA). Citral was obtained from Fluka 
Chemie AG, Buchs, Switzerland. Testosterone was obtained 
from Sigma-Aldrich and Dakocytomation (Carpinteria, CA); 
while, saw palmetto was obtained from Futurebiotics (NY, 
USA).

Plant materials and extraction

The fruits of S. japonica were collected from the Experi-
mental Station of Faculty of Pharmacy, Cairo University, 
in April 2010. The plant was identified by the staff of the 
Department of Biology, Faculty of Science, King Abdulaziz 
University. A sample was kept at the Herbarium of the 
Department of Natural Products and Alternative Medicine, 
Faculty of Pharmacy, King Abdulaziz University. The plant 
materials were air dried and subjected to grinding; then kept 
in dark air-tight closed containers until the extraction step.

Powdered fruits of S. japonica (300 g) were extracted 
with methanol (3  ×  2000  mL) using Ultra-Turrax T25 
homogenizer. The solvents were distilled off under reduced 
pressure to give 152 g of yellowish-brown extract, which 
then lyophilized and kept at 4 °C till biological tests.

Characterization of S. japonica extract

Determination of total phenol and flavonoid content

The phenolic content of S. japonica L. extract was meas-
ured using the Folin–Ciocalteu method (Singleton and Rossi 
1965) with the modifications proposed by (Abdel-Sattar 
et al. 2014). The total phenolic content was determined by 
measuring the absorbance at 685 nm using gallic acid as a 
reference standard (0.02–0.30 mg/mL) and the result was 
expressed in milligram equivalents of gallic acid per gram 
of dry extract. In addition, the total flavonoid content in the 
extract was determined using a previously described alu-
minum chloride colorimetric assay, which relies on quan-
tifying the formation of flavonoid–aluminum complexes by 
measuring the absorbance at 430 nm (Lamaison et al. 1990). 
Quercetin was used as a reference standard (0.03–0.30 mg/
mL). The total flavonoid content was expressed in milligram 
equivalents of quercetin per gram of dry extract.

High‑performance liquid chromatography (HPLC) analysis

Dried fruit powder (500 mg) was extracted with methanol 
(2 × 10 mL, HPLC grade) using ultra sonic bath for 15 min, 
and then the volume was made 25  mL with methanol. 
HPLC analysis was performed on Agilent HP1200 series 
HPLC system equipped with a G1322A quaternary pump 
and degasser, a photodiode array detector (PDA). The flow 
rate was maintained at 1.0 mL/min and UV monitored at 
320, 280 and 254 nm. Chromatographic separations were 
performed on an Agilent ZORBAX Eclipse XDB-C18 
(150 × 4.6 mm i.d., 5 μm), including C-18 guard column. 
Prior to HPLC analysis, all samples were filtered using 
Millex-HV filters (Millipore, Bedford, MA, USA) with 
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0.45-mm pore size. Injection volume was 20 μL. Sophori-
coside was selected for standardization process as an exter-
nal standard (Abdallah et al. 2014). A standard calibration 
curve was established in the detector linear range from 25 
to 1000 µg/mL (supplementary data). For gradient elution, 
mobile phases A and B were employed. A; 0.1% TFA in 
water and B was acetonitrile. The following linear gradient 
was used: from 0% B/A to 20% B/A in 10 min, then to 50% 
B at 15 min, from 50% to 100% B at 20 min and 100% B till 
22 min then returning back to 100% A at 25 min. Under the 
previous conditions, sophoricoside was eluted at 13.98 min.

Biological assay

Animals  Adolescent male Wistar rats, aged 50–60  days, 
were obtained from the animal facility of King Fahd 
Research Center, King Abdulaziz University, Jeddah, Saudi 
Arabia. They were used in the study according to the guide-
lines of the Biochemical and Research Ethics Committee at 
King Abdulaziz University, following the NIH guidelines. 
Animals were housed in a well-ventilated, temperature-con-
trolled room at 22 ± 3 °C with a 12-h light–dark cycle. They 
were provided with standard rat chow pellets obtained from 
Grain Silos and Flour Mills Organization F-1005, Jeddah, 
Saudi Arabia and tap water ad  libitum. All experimental 
procedures were performed between 8 and10 a.m. and care 
was taken to avoid stressful conditions.

Experimental design  Orchidectomy was performed asepti-
cally, under ketamine anesthesia, by a midscrotal incision. 
Following ligation of the spermatic cord and vessels, testes 
and epididymis were removed. The remaining stump was 
pushed back through the inguinal canal into the abdominal 
cavity, and the scrotal sac was closed by sutures (Golomb 
et al. 1998). After castration, the rats were maintained under 
standard laboratory conditions for 7 days to allow a definite 
involution of the prostatic gland (Sandford et al. 1984).

The AAH was induced as previously described by (Engel-
stein et al. 1996). In castrated rats using citral and testos-
terone, rats were subcutaneously injected with testosterone 
propionate in corn oil (0.5 mg/0.1 mL/rat) each day for 
30 days. Citral, 1 M diluted in 70% ethanol, was smeared 
on a different shaved area of skin, each time, on the back at 
a final dose of 185 mg/kg every 4 days for 30 days. Control 
group rats were smeared with the solvent (ethanol) alone at 
the shaved skin. Considering the pungent lime fragrance of 
citral, the control groups were kept in a separate location 
from the citral-treated animals to avoid possible false results 
as citral have some influence via the olfactory tract.

Animal treatment  Seven days after castration, the ani-
mals were randomly divided into six groups (n = 7). Group 
I served as control (shamed operation) received corn oil 

(0.1 mL/rat) and 1% CMC-Na (0.3 mL/100 g body weight) 
daily during the period of the experiment. Groups from II to 
VI were castrated and had AAH. Group II served as negative 
control and received CMC-Na 1% as previously mentioned. 
Group III served as positive control and received Saw Pal-
metto (100  mg/kg) suspended in 1% CMC-Na. Groups 
from IV to VI were treated with SFE at doses of 75, 150 or 
300  mg/kg/day, respectively, by oral gavage. All the SFE 
were suspended in 1% CMC-Na and were given to rats once 
daily by oral gavage along with testosterone injection and 
citral smearing for 30 days as described before (SCOLNIK 
et al. 1994). After euthanization, ventral prostate of each rat 
in each group was removed from the body, 24 h after the last 
administration, and weighed. The prostate index (PI) was 
calculated as ‘prostate weight/rat body weight × 100’. The 
half of the tissues were frozen in liquid nitrogen and stored 
at -75 °C until use. The remaining tissues were fixed imme-
diately in 0.1-M phosphate-buffered 10% formalin (pH 7.4) 
for 48 h and then embedded in paraffin and were used for 
histological studies. Serial 4-μm-thick sections from each 
tissue specimen were prepared and mounted on poly-l-ly-
sine-coated glass slides. These were used for detection of 
IL-6, IL-8, TNF-α, IGF-1, clusterin and TGF-β1 receptors 
in the prostatic tissue by immunohistochemistry.

Histopathology and histoscore  A part of the ventral lobes 
was separated and fixed overnight in Stieve’s solution. 
Thereafter, the tissue was thoroughly rinsed with water, 
and immersed overnight in ethanol 70%. Then, it was dehy-
drated, embedded in paraffin, and 5-mm-thick sections were 
cut and stained by Harris’ hematoxylin–eosin, according to 
the standard procedures of (Lillie and Fullmer 1965).

A score-chart protocol (histoscore) developed by (SCOL-
NIK et al. 1994) was used to obtain an objective quantitative 
assessment. The examination, description, and scoring of the 
slides were performed in a blinded manner. The scoring sys-
tem presented in arbitrary units to make a better evaluation. 
In a second step, the cumulative score in each group was 
correlated with the final histological diagnosis to establish 
a range score for normal and hyperplasia. Additional histo-
logical inflammatory score described by (De Nunzio et al. 
2011) was used to evaluate the inflammation. Score 0: no 
inflammation, score 1: scattered inflammatory cell infiltrate 
without nodules, score 2: no confluent lymphoid, and score 
3: large inflammatory areas with confluence.

Immunohistochemistry and  immunohistoscoring  Staining 
with hematoxylin and eosin was performed to observe the 
histopathological changes. For analysis of IL-6 and TGF-
β1 expression, sections from the paraffin-embedded tissue 
blocks were mounted on charged glass slides and baked at 
60  °C for 1  h in the oven, then mounted on the Ventana 
staining machine, dewaxed by EZ Prep (xylene substitute) 
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and rehydrated. The tissue sections were heated in Ventana 
buffer CC1 (pH 6) to facilitate antigen retrieval, then treated 
with H2O2 to eliminate endogenous peroxidase. This was 
followed by incubation for 60 min at room temperature with 
primary antibodies IL-6 and TGF-β1. The dilutions used 
were; IL-6 (dilution 1:50) and TGF-β1 (dilution of 1:25). 
Subsequently, the sections were incubated with biotinylated 
secondary antibody using avidin–biotin complex method. 
The immunoreaction was visualized using diaminoben-
zidine. All the sections were lightly counterstained with 
hematoxylin as a background. The positive control used for 
IL-6 and TGF-β1 was from the colon. The negative controls 
comprised serial sections that were stained using equiva-
lent concentrations of nonimmune mouse IgG in place of 
the primary antibodies. The level of staining was evaluated 
independently by three observers blinded to experimental 
conditions.

Expression of TGF-β1 and IL-6 was evaluated according 
to a semiquantitative scale: score 0, no detectable staining 
at all; score 1, less than 10% of the cells stained positive; 
score 2, 10–50% positive cells; and score 3, more than 50% 
of cells positive (Hobisch et al. 2000). Staining intensity 
was scored as score 0, score 1 (weak staining detected at 
intermediate to high power), score 2 (moderate detected at 
low to intermediate power) to score 3 (strong detected at low 
power) (Gounder et al. 2008).

Reverse transcription polymerase chain reaction 
(RT‑PCR)  Total RNA was extracted from the snap-frozen 
tissue samples using total RNA isolation kit (Macherey–
Nagel) according to the manufacturer’s instructions. RT was 
performed in a 10-µL reaction mixture. The RT reaction 
contained 1-μg RNA, 10-mM Tris–HCl (pH 8.3), 50-mM 
KCl, 1.5-mM MgCl2, 2.5-mM dithiothreitol, 500  μmol/L 
each of dATP, dCTP, dGTP, and dTTP (Bioline), 40-U 
RNasin (Bioline), 25-μg/mL oligo dT_pd (T)12–18 (Bio-
line) and 100-U Moloney murine leukemia virus reverse 
transcriptase (Bioline). The reaction mixture was incubated 
at 42° C for 60 min and then heated to 80° C for 5 min. The 
resultant cDNA was used for PCR. For quantitative real-
time RT-PCR, we prepared appropriate dilutions of each 
single-strand cDNA followed by normalizing of the cDNA 

content using β-actin as a quantitative control. Quantitative 
PCR amplification was performed with a 25-μL final vol-
ume consisting of 1-μL RT reaction mixture, 3-mM MgCl2, 
10 pmol of each sense and antisense primer, and 12.5 µL 
(Roche Diagnostics). PCR conditions were as follows: ini-
tial denaturation at 95 °C for 10 min and 35 cycles of dena-
turation at 94 °C for 1 min, annealing at 55 °C for 1 min, 
and elongation at 72  °C for 2  s with a final elongation at 
72  °C for 10  min. Samples were migrated in 1% agarose 
gel using electrophoresis, UV visualized, and images were 
analyzed using total lab120 (Nonlinear Dynamic Ltd). Clus-
terin, TGF-β1, IGF-1, IL-6, IL-8, and TNF-α expression 
in the test samples were normalized to the corresponding 
β-actin level and were reported as the relative band intensity 
to the β-actin gene expression. Sequences of oligonucleo-
tides used as primers for β-actin, IL-6, IL-8, TNFα, TGF-
β1, IGF-1 and clusterin are summarized in Table 1.

Statistical analysis

Data were expressed as mean ± SE and were analyzed by 
analysis of variance (ANOVA) followed by Tukey–Kramer 
multiple comparisons test. Inflammation scores and their 
significance were calculated by Chi square test with Yate’s 
corrections. Differences were considered significant with a 
P value less than 0.05. Statistical analyses were performed 
using the SPSS for Windows (v. 10.0).

Results

Characterization of S. japonica fruit extract

Assay of total phenol content of the methanolic extract of S. 
japonica fruit was determined to be 60.3 mg of gallic acid 
equivalent/g of dry extract. Assay of total flavonoid content 
was determined to be 97.9-mg quercetin equivalent/g of dry 
extract. HPLC analysis (Figs. 1 and 2) revealed the presence 
of sophoricoside as the main isoflavonoid phenolic glycoside 
of S. japonica fruit at concentration of 302.9 ± 2.6 µg/g of 
extract.

Table 1   Sequences of 
oligonucleotides used as 
primers

Gene Forward primer Reverse primer

β-Actin 5′-GTC​ACC​CAC​ACT​GTG​CCC​ATCT-3 5′-ACA​GAG​TAC​TTG​CGC​TCA​GGAG-3′
IL-6 5′-GAA​CTC​CTT​CTC​CAC​AAG​CG-3′ 5′-TTT​TCT​GCC​AGT​GCC​TCT​TT-3′
IL-8 5′-CTG​CGC​CAA​CAC​AGA​AAT​TA-3′ 5′-ATT​GCA​TCT​GGC​AAC​CCT​AC-3′
TNF-α 5′-CAG​AGG​GAA​GAG​TTC​CCC​AG-3′ 5′-CCT​TGG​TCT​GGT​AGG​AGA​CG-3′
TGF-β1 5′-GTT​CTT​CAA​TAC​GTC​AGA​CAT​TCG​-3′ 5′-CAT​TAT​CTT​TGC​TGT​CAC​AAG​AGC​-3′
IGF-1 5′-CAC​AGG​CTA​TGG​CTC​CAG​CAT-3′ 5′-TCT​CCA​GCC​TCC​TCA​GAT​CACA-3′
Clusterin 5′-CTG​ACC​CAG​CAG​TAC​AAC​GA-3′ 5′-TGA​CAC​GAG​AGG​GGA​CTT​CT-3′
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Changes in total body weight (TBW), prostatic 
weight (PW) and prostatic weight index (PWI)

The PW and PWI were increased significantly in AAH-
induced rats. There were no significant changes in PW 
and PWI after treatment with either, saw palmetto extract 
(SPE) or SFE except for SFE in a dose of 400 mg which 

significantly ameliorated the PWI compared to AAH-
induced rats (Table 2).

Effect of S. japonica fruit extract on cytokine gene 
expression

The results of the present study showed that induction of 
AAH in rats significantly increased the gene expression of 

Fig. 1   HPLC chromatogram of total alcoholic extract of Sophora fruit extract at 254, 280 and 320 nm

Fig. 2   HPLC chromatogram of sophoricoside at 254, 280 and 320 nm
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clusterin, IGF, IL-6, IL-8 and TNF-α; while, the TGF-β1 
expression was significantly decreased (Fig. 3a–f). Treat-
ment with SFE induced significant ameliorative effect on 
the increased levels of IL-8 and TNF-α in a dose-dependent 
manner (Fig. 3e, f), while in IGF (Fig. 3c), SFE caused 
significant reduction only in the dose of 400 mg/kg when 
compared with AAH rat values. In contrast, SFE produced 
no significant changes in the IL-6 (Fig. 3d) compared to 
AAH rat values. On the other hand, SFE caused marked and 
significant increase in clusterin and TGF-β1 even more than 
normal control rat values (Fig. 3a, b).

Effect of SFE on immunohistochemistry expression 
of TGFβR‑1 and IL‑6

Tissue sections from the ventral prostate of normal con-
trol rats show no expression of both immunohistochemical 
markers (TGFβR-1 and IL-6) with positive internal controls 
(Table 3, Fig. 4a, b). Among the AAH-induced negative con-
trol rats, the immunohistochemical expression of TGFβR-1 
corresponds to score 3 with strong intensity in the inner 
epithelial cells of acini. Focal strong expression is also pre-
sent among the basal epithelial cells. The expression of IL-6 
corresponds to score 1 showing weak intensity in the inner 
epithelial cells only. No expression was observed in basal or 
stromal cells (Table 3, Fig. 4c, d).

Tissue section of ventral prostate from Saw Palmetto-
treated AAH-induced rats shows TGFBR-1 expression cor-
responding to score 3 exhibiting strong intensity in the inner 
epithelial cells of acini. IL-6 expression is variable between 
score 2 with a moderate staining intensity. No expression 
was observed in basal or stromal cells (Table 3, Fig. 4e, f).

Tissue section of ventral prostate from SFE extract 
400 mg/kg treated revealed IL-6 expression corresponding 
to score 2 with moderate intensity. TGFBR-1 expression was 
score 3 with strong intensity. No expression was observed 
in basal or stromal cells. The immunohistochemical profile 
expressed by the prostatic acini showed no significant dose-
related variation (Table 3, Fig. 4g, h).

Histopathological changes

Tissue sections from the ventral prostates of the normal 
group showed prostatic parenchyma composed of evenly 
distributed acini embedded in fibromuscular interstitium. 
The acini are rounded and lined by two layers of epithelium; 
inner cuboidal and outer flattened. Nuclei are round to oval 
and are basally placed with finely distributed chromatin. The 
surrounding interstitium shows mast cells. These findings 
correspond to a histoscore of 24.3 ± 1.2 (Table 4, Fig. 5a). 
Tissue sections from the ventral prostates of AAH-induced 
rats of the control group show an increase in the number of 
acini (hyperplasia) with uneven distribution. These acini are 
crowded and show short intraluminal papillary projections. 
They are lined by two layers of epithelium; outer flattened 
and inner tall columnar with focal nuclear stratification. 
Occasional mitosis in the range of 1–2 per 10 high-power 
fields is noted. The interstitium is scant and edematous. The 
blood vessels are congested and mixed acute and chronic 
inflammatory cells and are seen concentrated around them. 
These findings correspond to a histoscore of 41.1 ± 1.8 
(Table 4, Fig. 5b–d). Polymorphonuclear leukocytes with 
eosinophilic granules are considered as acute inflammatory 
cells. Chronic inflammatory cells seen are lymphocytes 
which were distinguished by their darkly stained ink-dot 
nucleus and a thin rim of bluish cytoplasm.

Tissue sections from the ventral prostrate of AAH-
induced rats treated with 100 mg/kg Saw Palmetto show 
a reduction in the scale of hyperplastic changes which are 
although persistent when compared to the changes seen in 
the control group. This is evidenced by the relative decrease 
in the number of prostatic acini, which are less crowded. 
There is considerable fibromuscular interstitium with con-
gested blood vessels around the acini. Rare foci of mixed 
acute and chronic inflammatory cells are also seen. These 
findings correspond to a histoscore of 32.2 ± 2.1 (Table 4, 
Fig. 5e).

Tissue sections from the ventral lobe of AAH-induced 
rats treated with 100  mg/kg SFE extract show two 

Table 2   The effect of Sophora 
fruit extract on total body 
weight (TBW), prostate weight 
(PW), and prostate weight index 
(RPW) in rats with atypical 
adenomatous hyperplasia 
(AAH) (n = 7 rats in each 
group)

*Significantly different from normal rats at p < 0.05
# Significantly different from AAH rats at p < 0.05

Treatment TBW (g) start end PW (g) PWI (g)

Start End

Normal rats 196.6 ± 6.13 253.6 ± 7.23 0.18 ± 0.01 0.071 ± 0.05
Rats with AAH (negative control) 192.3 ± 7.53 248.4 ± 8.46 0.66 ± 0.05* 0.261 ± 0.19*
Rats with AAH treated with
 Saw Palmetto (100 mg/kg) 190.7 ± 5.44 256.3 ± 7.21 0.61 ± 0.05* 0.238 ± 0.21*
 SFE (100 mg/kg) 191.5 ± 4.08 243.5 ± 8.87 0.65 ± 0.04* 0.266 ± 0.21*
 SFE (200 mg/kg) 195.3 ± 4.25 258.8 ± 6.74 0.53 ± 0.06* 0.205 ± 0.27*
 SFE (400 mg/kg) 196.7 ± 8.76 265.5 ± 8.76 0.34 ± 0.06* 0.128 ± 0.34*,#
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populations of crowded prostatic acini embedded within the 
scant interstitium. One population of acini appears relatively 
smaller and shows irregular outlines with short papillary 
projections into the lumen. These acini are lined by outer 
flattened and inner tall columnar epithelial cells. Mitotic 
figures in the inner layer of epithelium are seen in the range 
of 4–5 per 10 high-power fields among them. The other 
population of acini is enormously dilated with intraluminal 
secretions. These acini are lined by low cuboidal epithe-
lium and exhibit no mitosis. The nuclei are oval and basally 
placed with fine nuclear chromatin in both populations of 
acini. Both populations of acini show random distribution. 
No specific zonal pattern is seen. The acini are separated 
by edematous interstitium which show focal inflammatory 

cells including mainly neutrophils and mast cells. Dilated 
congested blood vessels are also seen in the surrounding 
interstitium. These findings correspond to a histoscore of 
40.17 ± 1.93 (Table 4, Fig. 6a–d).

Tissue sections from the ventral lobe of AAH-induced 
rats treated with 200-mg/kg SFE show the similar scale of 
changes affecting the acini and interstitium as with those 
treated with 100-mg/kg SFE. Minor variations are seen in 
the form of intra-luminal karyorrhectic debris within the 
acini. The interstitium shows a decrease in the number of 
both acute and chronic inflammatory cells. The inflamma-
tory cells were marginalized to the periprostatic adipose 
tissue rather than being located within the parenchyma, 
which could partially be explained by the nature of biopsy 

Fig. 3   The effect of different 
doses of Sophora fruit extract 
on the expression of Clusterin 
(a), TGF-β1 (b), IGF-1 (c), 
IL-6 (d), IL-8 (e) and TNF-α (f) 
target genes in Wistar rats with 
atypical adenomatous hyper-
plasia (AAH) compared with 
normal control rats and those 
treated with saw palmetto (SP). 
All values are expressed as 
mean ± S.E. of the relative band 
intensity (R.B.I.) using β-actin 
as a reference. *Significantly 
different from normal rats at 
P < 0.05. #Significantly different 
from AAH control rats received 
CMC at P < 0.05
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procedure performed. The findings correspond to a his-
toscore of 41 ± 2.42 (Table 4, Fig. 6e).

Tissue sections from the ventral lobe of AAH-induced 
rats treated with 400-mg/kg SFE also show the similar 
scale of changes affecting the acini and interstitium as with 
those treated with 100-mg/kg SFE. However, a significant 
absence of both acute and chronic inflammatory cells within 
the parenchyma is noted. Mitotic figures seen in the inner 
layer of epithelium are also reduced and are in the range 

of 1–2 per 10 high-power fields among them. The findings 
correspond to a histoscore of 38 ± 1.83 (Table 4, Fig. 6f).

Discussion

In the preset study, testosterone along with citral smear-
ing produced AAH evidenced by increase in both prostatic 
weight and prostatic weight index of the ventral lobe along 

Fig. 4   Tissue section from 
ventral prostate showing immu-
nohistochemical expression 
and quantification of TGFBR-1 
and IL-6 (X40). a Normal rats 
TGFBR-I expression score 0, 
b normal rats IL-6 expression 
score 0, c AAH control rats 
TGFBR-1 expression score 
3, intensity strong, d AAH 
control rats IL-6 expression 
score 1, intensity weak. e Saw 
palmetto 100 mg/kg-treated rats 
TGFBR- 1 score 3, intensity 
strong. f Saw palmetto 100 mg/
kg-treated rats IL-6 expression 
score 2, intensity moderate. g 
Sophora 400 mg/kg-treated rats 
TGFBR- 1 score 3, intensity 
strong. h Sophora 400 mg/
kg-treated rats IL-6 expression 
score 2, intensity moderate
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Table 3   Immunohistochemical expression of IL-6 and TGFBR-1 in normal, atypical adenomatous hyperplasia (AAH) control, saw palmetto 
(SP) and Sophora fruit extract-treated AAH-induced rats

Parameters IHC score in control groups

Normal rats AAH control (CMC 
1% treated)

AAH treated with 
SP 100 mg/kg

AAH treated with 
SFE 100 mg

AAH treated with 
SFE 200 mg

AAH treated 
with SFE 
400 mg

IL-6
 Expression 0 1 2 2 2 2
 Staining intensity Weak Moderate Moderate Moderate Moderate

TGFBR-1
 Expression 0 3 3 3 3 3
 Staining intensity Strong Strong Strong Strong Strong

Fig. 5   a Tissue section from ventral prostate of normal rats showing 
even distribution of acini with abundant fibromuscular stroma. Arrow 
points to acini lined by two layers of epithelium, outer flattened and 
inner cuboidal. b Tissue section from ventral prostate of testosterone 
and citral-treated castrated rats with atypical adenomatous hyperpla-
sia (AAH) reveal acinar hyperplasia as seen by their crowded appear-
ance with lack of interstitium. Thick arrow points to acini lined by 
tall columnar cells. Thin arrow points to short intraluminal papillary 
projections. c Tissue section from ventral prostate of testosterone and 

citral-treated castrated rats with AAH exhibiting nuclear stratification 
of hyperplastic lining epithelium. d Tissue section from ventral pros-
tate of testosterone and citral-treated castrated rats with AAH exhibit-
ing chronic inflammatory cells in the interstitium. Arrow points to a 
collection of lymphocytes. e Tissue section from ventral prostate of 
saw palmetto-treated rats showing reduced but persistent hyperplastic 
changes. Arrow points to a focus of polymorphonuclear acute inflam-
matory cells in the interstitium (×40)
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Table 4   Histoscore and inflammatory scores in normal rats, atypical adenomatous hyperplasia (AAH)-induced negative control rats and AAH-
induced, saw palmetto-treated (SP) and AAH-induced Sophora fruit extract-treated rats

Score 0: no inflammation, score 1: scattered inflammatory cells without nodules, score 2: lymphoid aggregates with no confluence, score 3: large 
areas of confluence
*Significantly different from normal control rats at p < 0.05
# Significantly different from AAH control rats received CMC at p < 0.05

Treatment group Histoscore Inflammatory 
score

Rats in group 
N

Cases of inflammation 
among tested ratsN=

% Inflammation % Inhibition 
of Inflamma-
tion

Normal rats 24.3 ± 1.2 0 7 0 – –
Rats with AAH (nega-

tive control)
41.1 ± 1.8* 1 7 7 100 0

Rats with AAH treated with
SP 100 mg/kg 32.2 ± 2.1*,# 1 6 3 14.28# 85.72#

SF 100 mg/kg 40.17 ± 1.93 1 6 4 25.33# 74.67#

SF 200 mg/kg 41 ± 2.42 1 6 2 22.45# 77.55#

SF 400 mg/kg 38 ± 1.83 0 6 0 18.50# 81.48#

Fig. 6   Tissue section from ven-
tral prostate of rats treated with 
Sophora fruit extract in a dose 
of 100 mg/kg a–d showing; 
a Small, crowded acini lined 
by tall columnar epithelium. 
Arrow points to short papillary 
projections into the lumen. b 
Hyperplastic epithelium show-
ing the presence of mitosis at 
arrows. c Interstitial inflamma-
tion arrow points to polymor-
phonuclear acute inflammatory 
cells. d Large dilated acini lined 
by low cuboidal epithelium with 
luminal secretions. e Tissue sec-
tion from ventral prostate of rats 
treated with Sophora extract in 
a dose of 200 mg/kg showing 
hyperplastic acinus with intra-
luminal karyorrhectic debris at 
the arrow. f Tissue section from 
ventral prostate of rats treated 
with Sophora extract in a dose 
of 400 mg/kg showing polymor-
phonuclear inflammatory cells 
within the periprostatic adipose 
tissue at the arrows (×40)
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with acinar hyperplasia in histopathological study. It was 
suggested that AAH induced in adult rats by citral may be 
attributed to its estrogenic-like effect through its binding 
non-specifically to estrogen receptors located on prostate 
epithelial cells (Engelstein et al. 1996). In addition, the 
AAH-induced rats showed increased gene expression of 
IGF-1 and decreased TGF-β1. There are two major classes 
of growth factors, growth stimulatory factors as IGFs which 
promote the cell proliferation (Biernacka et al. 2012) and 
growth inhibitory factors as TGF-β1 that repress the expres-
sion of E-cadherin, which is a tumor suppressor (Xu et al. 
2017). Moreover, previous studies showed that inflammation 
play an important role in prostatic hyperplasia (Kramer and 
Marberger 2006) which is in accordance with the results of 
the present study that revealed over-expression of the pro-
inflammatory cytokines including IL-6, IL-8 and TNF-α in 
AAH-induced rats.

The results of the present study showed that adminis-
tration of SFE ameliorated the proinflammatory cytokine 
expression, the inflammatory score, and histopathological 
changes in AAH-induced rats in a dose-dependent manner. 
These findings are in agreement with the results of Kim and 
colleagues (2013), which revealed the anti-inflammatory 
effect of sophoricoside, an isoflavone glycoside isolated 
from SFE and revealed a selective inhibitory effect on 
cyclooxygenase (COX-2) activity. Moreover, (Dong et al. 
2013) showed that oxymatrine, a potent monosomic alka-
loid extracted from S. japonica, possesses anti-inflamma-
tory activity through inhibition of the productions of PGE2, 
TNF-α, IL-1β and IL-6 which is evident in the present study. 
In addition, gallic acid, a phenolic compound isolated previ-
ously from SF, which was found to have anti-inflammatory 
effect through inhibition of TNF-α, IL-1β (Owumi et al. 
2020). Previous studies found that gallic acid has also an 
anticancer effect through induction of apoptosis (Tang and 
Cheung 2019; Kang et al. 2020). This is in accordance with 
the histopathological changes of the current study which 
revealed that SFE in a dose of 400 mg caused a reduction of 
the mitotic changes seen in the inner layer of epithelium in 
AAH-induced rats. Results of the present study showed that 
SFE increased the expression of TGF-βI, while decreased 
the expression of IGF-1 especially in a dose of 400 mg/kg in 
rat ventral lobe prostate. Overexpression of TGF-β1 showed 
the increased rate of apoptosis of acini on the ventral pros-
tate. On the other hand, quercetin derivatives present in the 
SFE (Li et al. 2002) suppressed the proliferation of human 
prostate cancer cells via multiple signaling pathway and pro-
mote cancer prostate through inhibition of epithelial–mes-
enchymal transition process (Lu et al. 2020).

Despite that, treatment with SFE failed to ameliorate the 
elevated level of clusterin. Instead, it even aggravated its 
increased level. Clusterin is a conserved glycoprotein that 
plays a key role in cellular stress response and survival and 

evidence has demonstrated that clusterin is overexpressed in 
tumor metastasis. Clusterin has been shown to have the role 
in anti-apoptotic capacities, treatment of the resistance and 
induction of epithelial–mesenchymal transition, all associ-
ated with cancer metastasis (Peng et al. 2019). The con-
flicting results regarding clusterin may be explained by that 
there are two isoforms (1 and 2) with antagonistic actions 
regarding apoptosis (Koltai 2014).

Conclusion

The findings of the present study suggest that methanolic 
extract of SFE has ameliorating effect on the prostatic hyper-
trophy and inflammation. This effect may be attributed to the 
ability of SFE to decrease the production of pro-inflamma-
tory cytokines, TNF-α, IL-1β and IGF-1 as well as increase 
in TGF-β1.
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