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Background. Therapeutic strategies based on herbal plants and diets containing sufficient amounts of antioxidants and essential
vitamins are very important factors in treating reproduction and male infertility worldwide. Thus, the aim of this study was to
investigate the potential effects of Kaempferia parviflora (KP) on the role of some microRNAs in treated and nontreated infertile
rats. In addition, the correlation of expressed microRNAs with sperm count, sperm motility, and sperm viability was identified.
The probable use of these microRNAs as a diagnostic marker for predicting the clinical response of infertility to the treatment with
KP was also achieved. Methods. In the present study, the potential effects of Kaempferia parviflora (KP) at different doses (140, 280,
and 420 mg/kg) for six weeks on male rats with subinfertility were explored. In addition, the effect of KP on the expression of
circulating microRNAs and its correlation with the parameters of sexual infertility was identified by performing both in vitro and
in vivo assays. In vitro antioxidant activity, sperm functional analysis, serum testosterone, and expression of circulating
microRNAs were conducted using colorimetric, ELISA, and real-time RT-PCR analysis, respectively. Results. Kaempferia
parviflora (KP) at nontoxic doses of 140-420 mg/kg/day for six weeks significantly improved serum testosterone and epididymal
sperm parameters (sperm count, motility, and sperm viability), increased testicular weight, and provided a reduction in the
percentage of abnormal spermatozoon in infertile male rats. The expression of miR-328 and miR-19b significantly decreased, and
miR-34 significantly increased in infertile rats treated with KP compared to infertile nontreated rats. After six weeks of KP therapy,
the change in the expression levels of miRNAs was correlated positively with higher levels of serum testosterone and the measures
of epididymal sperm parameters. The respective area under the receiver operating characteristic curve (AUC-ROC) was applied to
predict the potential use of miR-328, miR-19b, and miR-34 in the diagnosis of male infertility in treated and nontreated infertile
male rats. The data showed that AUC cutoff values of 0.91 for miR-328, 0.89 for miR-19b, and 0.86 for miR34 were the best
estimated values for the clinical diagnosis of male rats with infertility. In rats treated with KP for six weeks, AUC cutoft values of
0.76 for miR-328, 0.79 for miR-19b, and 0.81 for miR-34 were the best cutoff values reported for the clinical response of infertility
to KP therapy after six weeks. Conclusions. In this study, the improvement of male infertility might proceed via antioxidant and
antiapoptotic pathways, which significantly improve spermatogenesis and aphrodisiac properties of males. In addition, the
expression of miRNAs, miR-328, miR-34, and miR-19b, in KP-treated and nontreated infertile rats significantly correlated with
increased serum testosterone levels and epididymal sperm parameters as well. MicroRNAs, miR-328, miR-34, and miR-19b, might
be related to oxidative and apoptotic pathways that proceeded in spermatogenesis. Thus, the use of miRNAs could have a role as
diagnostic, therapeutic, and predictive markers for assessing the clinical response of Kaempferia parviflora treatment for six weeks.
This may have potential applications in the therapeutic strategies based on herbal plants for male infertility. However, in
subsequent studies, the genetic regulatory mechanisms of the expressed miRNAs should be fully characterized.
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1. Introduction

In life, infertility is considered one of the most health
problems facing 30-50% of males world wide [1, 2]. Pre-
viously, defects in male spermatogenesis, reduction in sperm
quality, and seminal production were greatly affected by
several treating conditions such as hypogonadism, varico-
cele, infections, and obstructions [1-3]. In addition, sper-
matogenesis and sperm normal production were shown to
be affected by inadequate vitamins intake, chemotherapy,
type of drugs used, toxins, and polluted air [3]. Diets
containing sufficient amounts of antioxidants and vitamins
A, B, C, and E can enhance barrier stability of testis by
increasing blood flow and protect sperm DNA from cellular
oxidative-free radical activity [4, 5]. Antioxidants were
shown to protect DNA and other cellular components from
oxidation and damage, improving sperm quality, which in
turn raises the rates of fertility among males [6-8].

Therefore, therapeutic strategies based on herbal plants
are very important factors in treating reproduction and male
infertility. Natural plants are concomitantly used as a pos-
sibility traditional medicine for treating male infertility and
other human diseases in up to 60% of the world’s population
[9-12]. Medicinal plants related to the family Zingiberaceae
are used worldwide as spices and are shown to have versatile
medical activities, particularly as antioxidative [13], free
radical scavenging activities [14, 15], androgenic activity
[16], aphrodisiac [17, 18], anticancer [19], and anti-in-
flammatory [20].

Kaempferia parviflora (KP) is one of the most popular
plants in the family Zingiberaceae. It has many active
constituents like 7-dimethoxyflavone and 5,7,40-trime-
thoxyflavone [17-24]. Traditionally, KP and its compounds
are used as a folk medicine for managing a variety of dis-
eases, particularly male infertility, due to its aphrodisiac,
antioxidant, and anti-inflammatory activities [17-22].

Previously, a number of biological activities of KP were
identified, particularly antioxidant, anti-inflammatory, and
inhibition of NO production, increasing male libido and
erectile dysfunction, having aphrodisiac properties, and
being used to improve sexual activities and performance
[24-28].

In rabbit semen, KP (Krachaidum, KD) showed previ-
ously a quiet tendency to increase ejaculation volume and a
subsequent increase of the total number, viability, and
progressive motility of spermatozoa [29]. Additionally, the
seminal vesicle and spermatogenesis significantly improved
in rats, following the use of tea or extracts from KP (Kra-
chaidum, KD) [30].

This might be due to the presence of active components
like phenolics and flavonoids present mainly in the KP
extracts [24]. In other studies, like other plants (curcuma
and ginger) in the Zingiberaceae family, it was reported that
KP extracts modulate changes in reproductive function by
relaxation of the smooth muscles of the blood vessels
[31-33], leading to an increase in blood flow to the re-
productive organs and finally an improvement in functions
of male reproductive organs. Also, KP in association with
physical exercise interventions significantly stimulated both
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increase in sexual motivation and enhancement of sexual
performance as well [34].

However, little is known about the roles of circulating
miRNAs in reproductive function and male infertility in
cases treated with traditional medicine particularly, KP
extracts. It was reported previously in many studies that
microRNAs as short noncoding transcripts of up to 22
nucleotides have considerable potential as diagnostic and
therapeutic tools against many diseases [35, 36]. At the
posttranscriptional level, microRNAs might regulate gene
expression. So, it could be used for monitoring diagnosis and
for treatment of male infertility with therapeutic or herbal
medicine [35-37]. In addition, a set of miRNAs was shown
to regulate significantly more biological processes like em-
bryonic development, cell differentiation, cell cycle, cell
growth, and apoptosis [38-40]. Thus, dysregulation of
miRNA functions can lead to the development of disease.
miRNAs are shown to contribute to human spermatogenesis
and to be retained after the completion of spermatogenesis,
and any changes in the expression of spermatozoal RNAs
have been associated with male infertility [41-44].

The role of small noncoding RNAs was significantly
reported in male germ cell development [45, 46]. In previous
studies, miRNAs were reported to have a role in male and
female gametogenesis and the development of the embryo
[46, 47]. miRNAs were identified in the male reproductive
system and in testis, epididymis, sperm cells, seminal
plasma, and extracellular vesicles (i.e., exosomes and
microvesicles) were suggested to represent known functions.
Thus, any alterations in spermatogenesis and embryogenesis
could be attributed to the change in the expression of
miRNAs [48-54]. These signs could clearly have the po-
tential association of miRNAs in various forms of infertility
[53, 54]. In the testis, the critical role of miRNAs was
demonstrated during mitotic proliferation and formation of
spermatogonia from germ cells. Additionally, their roles also
start during spermatogonial stem cells (SSCs) in the epi-
thelium of seminiferous tubules or during spermatocyte
meiosis and spermiogenesis [55].

In normozoospermic controls and in infertile males,
miR-19b and other miRNAs were clearly expressed in hu-
man seminal plasma from fertile controls; however, they
significantly increased in the seminal plasma of the infertile
men [56]. Thus, a significant increase in the expression levels
of miR-19b may be a possible indicator of the degrees of
spermatogenic failure in treated and nontreated cases. In
addition, other studies reported the expression of many
miRNAs, including miR-34, which were associated with
many vital processes of male fertility, particularly the reg-
ulation of germ cell function as well as cell differentiation
during spermatogenesis [56, 57]. It was reported that lower
expression and hypermethylation of the promotor of cellular
miR-34 types were significantly identified in infertile males.
Thus, it was reported that obvious lower expression with
hypermethylation of the promoter region makes miR-34
types be an indicator of the deficiency of spermatogenesis
[58].

In animal models, inactivation and lower expression of
miR34-b,c along with others miRNAs clusters caused low
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sperm counts, abnormal sperm morphology with low mo-
tility, and subsequent male infertility [57, 59, 60]. This might
be due to unsuitable or hypermethylation of CpG in their
promoter regions. In n somatic cells, miR-34 types addi-
tionally act as tumor suppressor genes aside from the P53
gene [61].

Also, an increase in the expression levels of miR-328 was
reported to govern the pathogenesis of male erectile dys-
function (ED) in many ways. It was found that miR-328
might impair stem cell or neuronal survival, control zona-
tion morphogenesis, and affect calcium homeostasis
[62-66].

For aforementioned facts [45-67], identifying the vital
role of miR-19b, miR-328, and miR-34 enforces studying
their expression profile in treated and nontreated infertility
male rats with conventional KP herbal medicine. In addi-
tion, there are no scientific reports on the effect of thera-
peutic or herbal-based treatments such as KP on the role of
these circulating microRNAs in reproductive function and
male infertility. Therefore, the aim of this study was to
investigate the potential effects of KP on the role of
microRNAs, miR-19b, miR-328, and miR-34, in treated and
nontreated infertile rats and also the correlation of expressed
microRNAs with sperm count, sperm motility, and sperm
viability, as well as its potential use as diagnostic biomarkers
in predicting the clinical response of Kaempferia parviflora
treatment.

2. Materials and Methods

2.1. Plant Material. The Kaempferia parviflora (KP) rhi-
zomes obtained were purchased from a convenience store
(Othaim Markets) in Riyadh, KSA. The plant rhizomes were
cut into small pieces and dried in a hot air oven at 55°C
[28, 65]. Then, the dried materials were macerated in ethanol
twice, for 3 days each, and filtered. To prepare a 1% of fresh
KP suspension, the dry KP powder was suspended in dis-
tilled water with Tween 80 [28, 65].

2.2. Assessment of Total Phenolic Content (TPC) and Total
Flavonoid (TF) Content

2.2.1. Preparation of KP Extract. In this test, a mechanical
blender was used to prepare a fine powder of the dried
rhizomes of KP. At room temperature, the rhizomes of the
plant were dried in the shade and then chopped into small
pieces. KP was ground to a fine powder and became ready
for the extraction step. By using a Soxhlet apparatus, 20 g of
the dried rhizome powder was extracted in 300 mL methanol
at 60-65°C for 3-4 h. Then, Whatman filter paper No. 1 was
used to filtrate the extract and exposed to pressure at 40°C for
the concentration process. Finally, the extract was further
dried, weighed (2.6 g), and stored in storage vials at 4°C for
reuse in the study [28, 65, 66].

2.2.2. Total Phenolic Content. In this experiment, the total
phenolic content of the KP extract was estimated by using
Folin-Ciocalteu method as previously reported [68, 69]. “A

total of 200 uL of crude KP extract (1 mg/mL/3 mL dH,0)
was mixed thoroughly with 0.5 mL of Folin-Ciocalteu re-
agent for 3 min. To the mixture, 2mL of 20% (w/v) sodium
carbonate was added, and the whole mixture was stored in
the dark for 60 min as mentioned previously” [68, 69]. Then,
“the absorbance of the produced mixture was measured at
650 nm. Finally, calibration curves were used to calculate the
concentrations of the total phenolic contents and expressed
as mg of gallic acid equivalent per g dry weight as mentioned
before” [68, 69].

2.2.3. Total Flavonoid Content. In this test, the aluminum
chloride colorimetric method was used to estimate the total
flavonoid content of crude KP extract, as mentioned pre-
viously [70]. In this experiment, “50 uL of KP extract (1 mg/
mL ethanol) was completed to 1 mL with methanol and
mixed with 4 mL of dH,O. Moreover, after 5 min of in-
cubation, 0.3 mL of 5% NaNO, solution and 0.3 mL of 10%
AlCl; solution were added, and the mixture was allowed to
stand for 6 min [70], followed by the addition of 2mL of
1 mol/L NaOH solution and the final volume of the mixture
reached to 10 mL by adding dH,0O” [70]. “The absorbance of
the mixture was measured after 15min. Finally, from a
calibration curve, the concentration of the total flavonoid
content present was calculated, and the result was expressed
as mg rutin equivalent per g dry weight” [70].

2.3. Assessment of Antioxidant Activity

2.31. DPPH Assay. The 1,1-diphenyl-2-picryl-hydrazyl
(DPPH) was used to estimate the antioxidant activity of the
KP extract as mentioned before [71]. “In this test, a mixture
of the KP extract was prepared, whereas 3.8 mL DPPH
solution was added to 200 uL of each extract (100-500 ug/
mL) and the whole mixture left in the dark for one hour at
room temperature as mentioned before. In the final stage,
the KP mixture was subjected to measure the absorbance at
517nm against ascorbic acid as a positive control” [71].
Finally, “the ability of the sample to scavenge DPPH radical
was determined as follows” [71]:

{DPPH scavenging effect = Control OD — Sample OD/
Control OD x 100}---[71].

2.3.2. Nitroblue Tetrazolium (NBT) Assay. The free radical
scavenging activity of KP extract to superoxide anion was
identified by nitroblue tetrazolium (NBT) as previously
reported [72]. “In this test, a total of 100-500 yg/mL of the
KP extract reacted with a mixture of 1.5 mmol/L riboflavin,
50 mmol/L nitroblue tetrazolium (NBT), 10 mmol/L D,I-
methionine, and 0.025% (v/v) Triton X-100 in 50 mmol/L
phosphate buffer at pH 7.8, respectively” [72]. “Then, the
reaction mixture was initiated by the illuminating process to
produce a colored formazan compound. The absorbance of
formazan was recorded at 560 nm against ascorbic acid as a
positive control. Finally, the percentage of the scavenging
activity was identified as the inverse of the produced for-
mazan” [72].



2.3.3. FRAP Assay. In this experiment, the antioxidant ca-
pacity of the KP extract was identified by estimation of ferric
(Fe +3) reducing antioxidant power (FRAP), as mentioned
previously [73]. “In this method, 100 4L of the KP extract
(100-500 pg/mL) was incubated with 2.5 mL of 200 mmol/L
phosphate buffer (pH 6.6) and 2.5mL ofl% potassium
ferricyanide for 20 min at 50°C. After that, 2.5mL of 10%
trichloroacetic acid was added to the reaction mixture and
was centrifuged at 10,000 rpm forl0min” [73]. “Then, a
mixture from the upper layer was performed, whereas 5 mL
of this layer was mixed with 5.0 mL dH,O and 1 mL of 0.1%
Fe Cl;. The reaction mixtures were subjected to measure the
absorbance at 700 nm against ascorbic acid as a positive
control” [73].

2.4. Acute Toxicity Test. In this test, although different
concentrations of KP (140, 280, and 420 mg/rat) were pre-
viously studied as improving agents for sexual performance
in streptozotocin- (STZ-) induced diabetic male rats with
infertility [28], the cytotoxicity of KP extract at doses of 140,
280, and 420mg/rat was subjected to measure cellular
toxicity in a healthy group of rats (10 rats) as previously
reported in many toxicity studies [74, 75]. After the first 4h
of dosing, all animals have been observed for the appearance
of any symptoms of toxicity. In addition, the survived an-
imals were recorded following 24 h and maintained under
daily observations for two weeks [74-76].

2.5. Animals Care and Experimental Design. Fifty adult male
Wistar rats weighing about 180-200 g were included in this
study. One week before starting the experiment, all rats were
allowed to acclimatize to the laboratory environment like
controlled conditions of the light cycle (12 hr :12 hr, light
:dark), room temperature (25 +2°C), and relative humidity
(60%-70%) with free access water and rat chow. Animals
were randomly classified into five groups of 10 animals each.
Group 1 (normal group) was administered with the vehicle
(distilled water), and group 2 (subinfertility group) received
para-amino salicylic acid (PAS) at a dose of 400 mg/kg bw,
while groups 3, 4, and 5 were given PAS at a dose of 400 mg/
kg bw with an aqueous suspension of KP extract at doses of
140, 280, and 420 mg/kg, respectively [28, 75]. The animals
were orally administered KP once a day for 6 weeks. “The
experiment and the experimental procedures were per-
formed according to the guidelines of the Experimental
Animal Care Center, College of Applied Medical Sciences,
and were approved by the Ethics Committee of the Ex-
perimental Animal Care Society, RRC, College of Applied
Medical Sciences, King Saud Univ., Riyadh, Saudi Arabia,
under file number (RRC-2019-021)” [76].

2.6. Sperm Collection and Functional Analysis. An overdose
of “pentobarbital sodium was applied for anesthesia; then, all
animals were sacrificed to collect the testes and epididymis”
[28]. “Before the collection of spermatozoa, the testes and
epididymis were weighted. In addition, to collect rat sper-
matozoa, a cauda part of the epididymis was minced into
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small pieces and mixed in 1ml of Hanks balanced salt
solution prewarmed at 37°C. Also, sperm parameters such as
sperm count, motility, and viability were examined by
microscope as previously mentioned” [77].

A Neubauer cell counting chamber under 10x magni-
fication was used to collect sperm counts, as mentioned
previously [78]. In addition, “the one-step eosin-nigrosin
staining technique was applied to assess the percentage of
sperm viability and morphology like normality and ab-
normality” [77, 78]. “In this test, sperm viability and
morphology were then evaluated by counting alive and dead
cells, whereas nonstained cells were considered alive and
orange-red colored cells were considered dead cells” [77].

2.7. Assessment of Serum Testosterone. Serum samples were
collected from the blood by “centrifugation at 2200g for
15min at 4°C and subjected to testosterone analysis using
immunoassay ELISA Kit (Testosterone ELISA Kit, Abcam,
Cambridge, UK)” [28, 65]. The level of testosterone in each
sample was calculated according to the manufacturer’s in-
structions, as mentioned before [28, 65].

2.8. Real-Time RT-PCR Analysis of Circulating miRNAs

2.8.1. Extraction of RNA and Synthesis of cDNA. In this
experiment, “RNA of all samples was estimated by using a
reverse transcription-polymerase chain reaction (RT-PCR)
analyses and the miRNease isolation kit (Qiagen, Hilden,
Germany) as mentioned previously” [79-82]. Then, “reverse
transcription miScriptIl RT kits (Qiagen) were applied to
generate a complementary DNA (cDNA), and then the levels
of miRNAs were evaluated by optical density” [79-82].

2.8.2. Real-Time RT-PCR Analysis. The expression of
“miRNAs in the serum was identified by using quantitative
real-time RT-PCR analyses and primers of circulating
miRNAs, miR-328, miR-34, and miR-19b (Applied Bio-
systems, Foster City, CA, USA)” [79]. In this test, “GAPDH
gene was applied as an internal housekeeping gene to
normalize the average copy number of the resultant PCR
components as previously stated in the literature” [80-82].

In PCR process, “templets of respective cDNA were
subjected to four thermal phases: primary denaturation
phase (I) (at 94°C for 2 minutes); denaturation phase (II) (at
94°C for 30 seconds); annealing phase (III) (at 59°C for 30
seconds); and amplification phase (IV) (at 72°C for 30
seconds)” [80-82]. “The PCR phases (II to IV) proceeded for
45 cycles, and all reactions were measured in a triplicate
manner” [80-82].

2.8.3. Statistical Analysis. In this study, “the data obtained
were analyzed by using an SPSS statistical program (SPSS,
IBM Statistics V.17) and the results of the continuous
variables were expressed as mean + SD” [82]. In addition, the
“nonparametric test (Mann-Whitney-Wilcoxon test) and
the y2 test were performed to estimate the frequency dif-
ferences between the groups, respectively” [82]. Moreover,
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“to compare between the studied variables like serum tes-
tosterone levels, sperm viability and morphology, and ex-
pression levels of miRNAs, two independent sample ¢-tests
were used for all groups. Additionally, multiple stepwise
regressions and Pearson’s correlations analysis were used to
estimate the association between the expressed miRNAs and
the studied independent variables in KP-treated and non-
treated rats” [82]. “The area under the receiver operating
characteristic (ROC) curve was used to measure the sus-
ceptibility and sensitivity of the studied parameters like
testosterone, sperm viability, morphology, and miRNAs,
miR-328, miR-34, and miR-19b, for the diagnosis of male
infertility in treated and nontreated rats as previously re-
ported” [82]. All tests were two-tailed; because of multiple
assessments, results were only considered statistically sig-
nificant at a value of p <0.05.

3. Results

3.1. Phenolic and Flavonoid Contents. Total phenolic and
flavonoids constituents were calculated from the calibration
curves at R* = 0.965 for total phenolic content and R* =0.986
for the total flavonoid content, respectively. The total phe-
nolic content estimated from the methanolic KP extract was
76.8 £ 3.8 gallic acid equivalents/g, and the total flavonoid
content was 42.8 +2.7 rutin equivalents/g (Table 1).

3.2. Antioxidant Activity. The biological antioxidant activity
of Kaempferia parviflora (KP) was measured in vitro and
calculated against the activity to scavenge DPPH radical,
nitroblue tetrazolium (NBT), and ferric (Fe +3) reducing
antioxidant power (FRAP) as shown in Figure 1. The
methanolic rhizome extract of Kaempferia parviflora had
strong antioxidant activity against all the free radicals in-
vestigated. The DPPH radical is widely used in assessing free
radical scavenging activity because of the ease of the reac-
tion. DPPH scavenging activity was 67.13% at a concen-
tration of 600 ug/mL rhizome extract, while that of the
control, ascorbic acid, was 85% (Figure 1(a)). The data
showed that the KP extract scavenging activity against
DPPH radicals is a concentration-dependent manner that
significantly increased with higher concentrations
(Figure 1(a)). Also, in the NBT assay, superoxide scavenging
activity determined for KP extract was 69.0% for 600 ug/mL
of the rhizome extract and 91.3% for ascorbic acid
(Figure 1(b)). The superoxide scavenging activity is also
increased in a dependent manner with higher concentra-
tions (Figure 1(b)).

In assays of the reducing power of the crude extract,
significant changes in absorbance at 700 nm were observed
(0.34-1.2) with increasing concentrations of extract
(100-500 ug/mL) compared to that calculated for ascorbic
acid (0.98-2.8) at the same respective concentrations of
extract (100-500 yg/mL) as shown in Figure (1(c)).

3.3. Acute Toxicity Test. In the acute toxicity test, the rats
showed no toxicity and lethality (LD50 value = 0) following
administration of various doses of KP extract, 140, 280, and

420 mg/rat. The results showed that KP extracts have no
toxicity event at a higher dose of KP 420 mg/kg.

3.4. Effect of KP Extract on Testis, Epididymis, and Seminal
Vesicle Weight. As shown in Table 2, the inductions of male
infertility cause a significant decrease in the weights of testes,
epididymis, and seminal vesicle compared to normal rats
(p <0.05). On the other hand, treatment of infertile rats with
KP at different doses (140 mg/kg, 280 mg/kg, and 420 mg/kg)
significantly (p<0.01) improved testicular weight when
compared to nontreated subinfertile rats. A high dose of KP
(420 mg/kg) improved the epididymis weight and seminal
vesicle compared to nontreated rats (p <0.001).

3.5. Effect of KP Treatment on Sperm Parameters and Func-
tional Analysis. In this experiment, sperm count, sperm
motility, and sperm viability have been significantly reduced,
and morphological abnormality in sperms has increased in
the infertile rats compared to (p <0.05) normal group, as
shown in Table 3. Compared to nontreated infertile rats, a
significant increase (p <0.01) in sperm count, sperm mo-
tility, and sperm viability and a reduction in the percentage
of abnormal spermatozoon were reported in infertile rats
following treatment with KP at doses of 140 mg/kg, 280 mg/
kg, and 420 mg/kg, respectively (Table 3). Sperm parameters
significantly increased and abnormal spermatozoon signif-
icantly improved in infertile rats treated with KP at a dose of
420 mg/kg compared (p < 0.001) to the respective KP doses,
which signifies the activity of KP extract via a dependent
manner with higher concentrations (Table 3).

3.6. Effect of KP Treatment on Serum Testosterone
Concentration. The results showed that serum testosterone
levels were significantly (p <0.05) reduced in infertile rats
compared to normal controls (Figure 2(a)). Serum testos-
terone levels significantly (p <0.001) increased in infertile
rats treated with KP extracts at doses of 140 up to 420 mg/kg/
day compared to infertile nontreated rats, respectively
(Figure 2(a)).

3.7. Effect of KP Treatment on MicroRNAs’ Differential Ex-
pression Profile. In this experiment, the relative expression
of cellular miRNAs was significantly identified by quanti-
tative RT-PCR analysis in control, KP-treated, and non-
treated infertile rats, as shown in Figure (2(b)). In infertile
rats, the expression levels of both miR-328 and miR-19b
significantly increased, and miR34 significantly reduced
compared (p <0.05) to healthy normal rats, as shown in
Figure 2(b). The treatment of infertile rats with KP extract at
doses of 140 up to 420 mg/kg/day significantly improved the
expression levels of cellular miRNAs, whereas the relative
expression of miR-328 and miR-19b significantly decreased,
and miR-34 significantly increased in infertile rats compared
to (p<0.01) infertile nontreated rats, respectively
(Figure 2(b)). The improvement in the differential expres-
sion of microRNAs is a dose-dependent manner, whereas it
is significantly more improved at a higher KP dose of
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TaBLE 1: Total phenolics and flavonoids content of methanolic extract of Kaempferia parviflora Rhizome.

Quantity

76.8 +3.8 (R*=0.965)
42.8 +2.7(R*=0.986)

Phytoconstituents

Total phenolics content®
Total flavonoids content”
Values are means of three biological replicates. *mg gallic acid equivalent (GAE)/g DW. "mg rutin equivalent/g DW.

200 . . . . . . . . . . . 200
180 . . . . . . . . . . . 180
160 160
o 140 o 140
2 120 £ 120
£ 100 £ 100 .
g 80 s 80
X 60 X 60
40 - . - - - - - - - - 40
20 . . . . . . . . . . . 20
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0 200 400 600 800 0 200 400 600 800
Concentration (ug/ml) Concentration (pg/ml)
—— KP extract —— KP extract
—— Ascorbic Acid —— Ascorbic Acid
() (b)
4.5
4
35
g 3
=
_g 2.5
) 2
215 .
1
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0
100 200 300 400 500

Concentration (pg/ml)

—— KP extract
—— Ascorbic Acid
(©)
FiGure 1: Antioxidant and free radical scavenging activities of the Kaempferia parviflora Rhizome. (a) Free radical scavenging

activity, (b) superoxide scavenging activity, and (c) ferrous reducing capacity of methanolic extracts of the Kaempferia parviflora
Rhizome. Ascorbic acid was included as a positive control. Each value is the mean + standard deviation.

TaBLE 2: Effect of KP extract on testis, epididymis, and seminal vesicle weight.

Reproductive organ weight (g)

Groups o . . .
Testes Epididymis Seminal vesicle
Normal 415+0.18 1.82+0.22 1.264 +0.25
Subinfertile 2.96 +0.47° 1.123+0.17° 0.76 £0.16*
Subinfertile + KP140 3.45+0.14>¢ 1.6+0.12%¢ 0.98 +0.23%¢
Subinfertile + KP280 3.65+0.115¢ 1.94+0.11%¢ 1.5 +0.13%¢
Subinfertile + KP420 3.96+0.18>¢ 2.36+0.15"¢ 2.53+0.21>¢

Data are shown as the mean + SD. Significance at p < 0.05.°p < 0.01 (subinfertile versus normal group), *p < 0.01 (subinfertile + KP-treated versus subinfertile
nontreated or normal group), and “p <0.001 (KP420 groups versus KP140 or KP280 groups).
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TaBLE 3: Effect of KP extract on epididymal sperm parameters (sperm count, motility, viability, and abnormal morphology) after six weeks

of treatment.

Epididymal sperm parameter

Groups Sperm count (million/ml) Sperm motility (%) Sperm viability (%) Sperm abnormality (%)
Normal 14.655 + 1.5 87.503 +5.19 93.5+3.72 3.7+0.86
Subinfertility 8.58 +1.21% 69.2 +4.86° 72.7+2.75° 51+1.75°
Subinfertile + KP140 12.70 + 1.25"¢ 74.3+3.36"¢ 76.3 £2.455¢ 4.6+ 1.57%¢
Subinfertile + KP280 13.40 + 1.6>¢ 76.8 +3.56>¢ 84.5+2.8%¢ 3.86 +1.37°¢
Subinfertile + KP420 16.80 + 1.6"¢ 85.9+4.71>¢ 91.3+2.715¢ 3.7+ 1.42%¢

Data are shown as the mean + SD. Significance at p< 0.05.%p < 0.01 (infertile versus normal group), ®p < 0.01 (infertile + KP-treated versus infertile nontreated
or normal group), and “p <0.001 (KP420 groups versus KP140 or KP280 groups).
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FIGURE 2: Effect of the Kaempferia parviflora Rhizome on the expression of serum testosterone and microRNAs’ differential profile in
normal, treated, and treated infertile rats. The results showed that serum testosterone levels significantly increased in rats treated with KP
extracts at doses of 140 up to 420 mg/kg/day compared to infertile nontreated rats, respectively (a). In addition, the relative expression of
miR-328 and miR-19b significantly decreased, and miR-34 significantly increased in infertile rats treated with KP extract at doses of 140 up
to 420 mg/kg/day compared to infertile nontreated rats, respectively (b). The improvement in the levels of serum testosterone and the
differential expression of microRNAs is in a dose-dependent manner. *p <0.05, °p <0.01, and “p <0.001.

420 mg/kg/day compared to (p < 0.001) respective lower KP
doses (Figure 2(b)). Moreover, the cellular expression of
miR-328, miR-19b, and miR34 significantly correlated with
the improved epididymal sperm parameters (sperm count,
motility, viability, and abnormal morphology in infertile rats
treated with different doses of KP extract for sex weeks as
shown in Table 4, signifying that the expression of miR-328,
miR-19b, and miR34 in serum was correlated with male
infertility.

To define the possible use of miR-328, miR-34, and miR-
19b expression levels as diagnostic biomarkers of male in-
fertility, ROC analysis was performed (Table 5). The data
showed that the AUC was 0.91 (0.88-0.96) for miRNA-328,
with a sensitivity of 85.6% and specificity of 89.5%, for
miRNA-34 AUC was 0.86 (0.78-0.91), with a sensitivity of
89.3% and specificity of 91.3%, and for miR-19b AUC was
0.89 (0.81-0.98), with a sensitivity of 79.5% and specificity of
82.5% at the best cutoff values as shown in Table 5, which

indicates that the miR-328, miR-34, and miR-19b levels were
strong cellular molecular predictors for diagnosis and
treatment of male infertility.

In addition, baseline expression of miR-328, miR-34,
and miR-19b was analyzed for the treatment response to KP
extract at 6 weeks using the ROC curve. It was noticed that
the AUC was 0.76 (0.65-0.86) for baseline miRNA-328 for
clinical response at 6 weeks, with a sensitivity of 76.8% and a
specificity of 79.7%, the AUC was 0.81 (0.78-0.96) for
baseline expression of miRNA-34, with a sensitivity of 69.8%
and a specificity of 71.8%, and AUC was 0.79 (0.65-0.88) for
miR-19b, with a sensitivity of 81.2% and specificity of 79.3%,
respectively, at the best cutoff values (Table 5). These data
recognized that miR-328, miR-34, and miR-19b expression
in serum might have values in predicting the clinical re-
sponse of Kaempferia parviflora treatment. In this study, the
proposed role of the Kaempferia parviflora Rhizome on male
subinfertility proceeded via improving the expression of
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TaBLE 4: Correlations between miRNAs expression, serum testosterone levels, and epididymal sperm parameters in KP-treated infertile rats.

) miRNAs expression
Studied parameters

miR-328 miR-34 miR-19b
Serum testosterone (ng/ml) 0.68° 0.54° 0.14°
Sperm count 0.21° 0.75" 0.25°
Sperm motility 0.19° 0.36" 0.16
Sperm viability 0.23 0.43° 0.18"
Sperm abnormality -0.24° -0.31° -0.22°

Data are presented as Pearson’s (R) coeflicients adjusting for variables identified as cofounders in univariate analyses. Significance at p <0.05. *p <0.01 and
b
p<0.001.

TaBLE 5: ROC cutoff values of miR-328, miR-34, and miR-19b for diagnosis and treatment of rat infertility with KP extract (140-420 mg/kg/
day) for six weeks (n=50).

RNA AUC for diagnosis of male infertility (a) AUC for clinical response to KP therapy at six weeks®
mi s

Area (95% CI) Sensitivity Specificity Area (95% CI) Sensitivity Specificity
miR-328 0.91 (0.88-0.96) 85.6 89.5 0.76 (0.65-0.86) 76.8 79.9
miR-34 0.86 (0.78-0.91) 89.3 91.3 0.81 (0.78-0.96) 69.8 71.8
miR-19b 0.89 (0.81-0.98) 79.5 82.5 0.79 (0.65-0.88) 81.2 79.3

AUC =area under the curve. CI = confidence interval. *p < 0.05, ®p < 0.01, and “p < 0.001.

miRNAs, miR-328, miR-34, and miR-19b, which in turn
improves the spermatogenesis through antioxidant and
antiapoptosis (Figure 3).

4, Discussion

In this study, the results suggested that daily administration
of Kaempferia parviflora (KP) at doses of 140 up to 420 mg/
kg has a beneficial effect on male reproductive functions in
infertile male rats. Our data showed that testosterone, sperm
count, motility, and sperm viability significantly increased,
and the percentage of abnormal spermatozoon significantly
reduced in treated infertile rats. In addition, the absolute
testicular and epididymis weights were significantly in-
creased in treated rats, which might be related to increased
testosterone.

In this study, the applied doses of KP extracts against
male infertility showed no acute or chronic toxicity. The
results displayed no cellular toxicity and lethality (LD50
value =0) observed up to 420 mg/kg of KP extract in the
animals. Like other studies, there are no abnormal changes
in body weight and histology in various visceral organs
following oral administration of KP extracts [83, 84]. At the
tested doses, no negative effects on renal and hepatic
functions were reported. Previously, toxicological studies
showed no changes in hemoglobin, white blood cells, or
differential cell count following the administration of
ethanolic KP extracts at the doses of 60, 120, and 240 mg/kg
for 60 days, respectively [85, 86].

Previously, it was reported that secondary metabolites
present in plants like phenolics, flavonoids, and carotenoids
are rich in antioxidant activity, which might be due to their
redox properties and chemical structures [87-90]. Thus,
enhancement in the reproductive function of male rats
following administration of KP extracts might be due to the
antioxidant, reducing, and free radical scavenging activities
of their total phenolic and flavonoids constituents [91].

In this study, considerable amounts of total phenolic
(76.8 +3.8) and flavonoids (42.8 + 2.7) were identified in the
methanolic KP extract. Phenolic and flavonoid compounds
present in all plants have redox properties, which allow them
to behave as active as antioxidants [86]. The presence of
active hydroxyl groups in phenolic and flavonoids com-
pounds is related to their free radical scavenging abilities in
vitro and in in vivo processes [92-95].

In addition, the in vitro antioxidant activity of KP extract
was identified in this study. The methanolic rhizome extract
of Kaempferia parviflora (KP) had strong antioxidant ac-
tivity against all investigated free radicals. The data showed
that scavenging activity DPPH and superoxides were 67.13%
and 69.0%, respectively. In addition, the reducing power of
the crude KP extract measured by FRAP was observed at
0.34-1.2, respectively, with increasing concentrations of
extract (100-500ug/mL) at 700 nm. It was reported that
cellular superoxide-free radicals initiated within the cells by
external initiators significantly lead to cellular destruction
and DNA damage [84-88]. Like other plants, KP extract is
enriched with higher amounts of both phenolic and flavo-
noids, which are responsible for their bioactivity against
cellular oxidative-free radicals implicated in several diseases
[89]. In addition, flavonoids like phenols were shown to
suppress reactive oxygen formation, chelated trace elements
involved in free radical production. It acts to scavenge re-
active species and upregulate and protect antioxidant de-
fenses [84-90].

Thus, the potential effect of antioxidant and free radical
scavenging activity of KP extract on male rat infertility was
identified. Serum levels of testosterone, sperm count, sperm
motility, and sperm viability significantly increased and the
ratios of abnormal forms of sperms significantly reduced in
infertile rats treated with different doses of KP extract
(140-420 mg/kg) compared to nontreated infertile rats, re-
spectively. The improvement in fertility parameters in-
creased in a dose-dependent manner, whereas higher KP
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FIGURE 3: Proposed role of the effect of the Kaempferia parviflora Rhizome on male subinfertility.

doses (420 mg/kg) showed the greatest improvement in
serum testosterone along with improved sperm quality.

Like our results, KP treatment was reported previously to
elevate serum testosterone which in turn increases the
weight of the reproductive organ [26, 90]. In infertile rats
treated with KP, the increase in the level of serum testos-
terone is significantly associated with the development of
male reproductive organs and an increase in sexual activity
[91]. Also, KP treatment in infertile male rats enhances
sexual motivation [90], sexual behavior [24], and sexual
performance via elevating blood flow to the testis, enhancing
NO production in the medial preoptic area (MPOA) [90].

In infertile rats treated with KP extracts, an improve-
ment in the aphrodisiac properties was reported. The
aphrodisiac properties include enhanced serum testosterone
levels, increased testicular weight, increased sperm density,
and improved sexual performance.

Previous studies confirmed that KP phytoconstituents
like 5,7-dimethoxyflavone and 5,7,40-trimethoxyflavone
were reported to have inhibitory activity against phospho-
diesterase 5 (PDE5), suppression of NO production, in-
creasing male libido, and improving erectile dysfunction in
treated males [17, 18, 23-25, 90]. Also, these polyphenols
possess aphrodisiac properties which are being used to
improve sexual activities and performance [24-28].

To explore the role of some molecular circulating
microRNAs in diagnosis and clinical response to therapeutic
strategies for treating male infertility, quantitative RT-PCR
analyses were performed to evaluate the expression of miR-
328, miR-34, and miR-19b as diagnostic biomarkers of male
infertility.

In infertile male rats treated with KP extract at doses of
140 up to 420 mg/kg/day, there were a significant increase in
the expression level of miR-34 and a reduction in the ex-
pression levels of both miR-328 and miR-19b, respectively,
compared to nontreated rats. The change in the expression

of the studied miRNAs significantly improved at applied
doses of KP extracts which confirms the effect of KP on
cellular infertility via dose-dependent manner, particularly
spermatogenesis. The proposed role of miR-328, miR-34,
and miR-19b was previously proposed as promotors or
modulators of spermatogenesis [41-67]. Previously,
miRNAs were classified as imperative cellular regulators of
various biological processes, including spermatogenesis [91].
The aberrant expression of miRNAs was shown to affect
spermatogenesis at multiple stages and in different cell types,
and most of them often resulted in infertility [91-95]. In
addition, it was reported that miRNAs like miR-1, miR-200a,
miR-203, and miR-206 might play a role in the development
of erectile dysfunction (ED) in rats. They can regulate the
endothelial nitric oxide (NO) synthase, NO, protein kinase
G, the prostaglandin E1, protein kinase A pathways, and the
development of ED [96].

In rats with infertility, upregulation of miR-328a was
shown to be associated with the onset of male erectile
dysfunction (ED), whereas miR-328a might be required for
the downregulation of the molecule, that is, HO-1, the most
vital molecule in mediating erectile function [42]. In ad-
dition, in rats, cellular HO-1 molecules generate carbon
monoxide, which positively affects the levels of guanylate
cyclase and cGMP present in the vascular endothelial cells
and cavernous tissue, respectively [42].

Moreover, HO-1 molecules play a role in the im-
provement of cellular antioxidants via scavenging reactive
oxygen species and prevent NO from reacting with reactive
oxygen species and forming peroxynitrite [45]. Thus, in this
study, downregulation of miR-328a following the treatment
with KP extracts reduces HO-1 gene expression and reduces
cellular oxidative stress and release of more NO, which fi-
nally might enhance erectile function and produce more
male fertility [45]. In addition, increased levels of miR-328
imply that it might govern male infertility and ED by
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affecting calcium homeostasis, as previously reported
[29, 38, 97]. Moreover, miRNAs were studied in the tes-
ticular tissue, seminal plasma, or spermatozoa that also
might be associated with male subfertility [66, 98-100].

Several studies have revealed that biological fluids such as
semen, blood, saliva, vaginal secretions, and menstrual blood
have specific miRNAs [54, 101]. Recent studies showed that
overexpression levels of miR-19b aberrantly may be an in-
dicator of spermatogenic failure, particularly in idiopathic
infertile males. miR-19b was shown to be responsible for
cellular apoptosis and expressed at higher levels throughout
the development of primordial germ cells (PGCs) and
spermatogonia. Thus, it was proposed that miR-19b is very
important for the survival and proliferation of spermatogonia
[102]. These studies suggest that miR-19b could play a role in
regulating spermatogenesis in human males.

In patients with oligozoospermia and nonobstructive
azoospermia (NOA), altered miRNA expression in the testis
was shown to be associated with infertile testis [103].
miRNAs could be involved in the translational repression of
meiotic synapsis during spermatogenesis. Also, the roles
miRNAs played in germ cell proliferation and differentiation
were identified, which in turn suggest their association with
male infertility [104-107].

Expression of miR-34 with other sets of miRNAs was
reported in patients with different forms of spermatogenic
impairments and compared with their values in normal
cases. The data obtained suggested the potential use of miR-
34 along with others as novel noninvasive biomarkers to
diagnose patients with fertility, subfertility, infertility [108].

In this study, the expression of the targeted miRNAs,
miR-328, miR-19b, and miR34, correlated positively with
the identified epididymal sperm parameters like sperm
count, motility, viability, abnormal morphology, and in-
creased levels of testosterone of treated male rats with KP
extract for six weeks, suggesting activation of male aphro-
disiac properties via antioxidant, anti-inflammatory, and
regulation of cellular NO production. This, in turn, improves
male libido and erectile dysfunction and subsequent male
tertility and performance [24-28].

Interestingly, different patterns of human testicular
histopathology like Sertoli cell only, mixed atrophy, and
germ cell arrest were significantly associated with the change
in the expression profile of cellular miRNA [109-113]. In
addition, both types of spermatogenic impairments and
azoospermia of patients were also associated with cellular
miRNA, as mentioned previously [109-113].

The use of the expression of miRNAs, miR-328, miR19b,
and miR-34, as specified markers for male fertility and
clinical therapeutic response to KP treatments was predicted
using the analysis of the respective area under the receiver
operating characteristic curve (AUC-ROC).

In this study, AUC cutoff values of 0.91 for miR-328, 0.89
for miR-19b, and 0.86 for miR34 were the best assessed for
clinical diagnosis of males with infertility, and the AUC
cutoff values of 0.76 for miR-328, 0.79 for miR-19b, and 0.81
for miR-34 were the best cutoff values, respectively, reported
for the prediction of the clinical response of male infertility
following KP therapy for six weeks.
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In patients with infertility, abnormal sperm count,
motility, and morphology were significantly associated with
the expression of miRNAs and increased levels of sperm
DNA fragmentation [54, 114, 115]. The rate of fertility
significantly reduced with increased DNA fragmentation in
spermatozoa [115-118]. The correlation between miRNAs
and DNA fragmentation is weak but significant, particularly
with higher apoptosis during the spermatogenesis process,
especially in spermatogonial and primary spermatocytes
compared with that in mature spermatozoa [117-124].

4.1. Limitations. In this study, the expression of miR-328,
miR-34, and miR-19b in the serum of males with infertility
and their correlation with epididymal sperm parameters and
hormonal testosterone may have values in predicting the
clinical response of Kaempferia parviflora treatment.
However, target genes that might be responsible for the
regulatory mechanisms of miRNAs in male fertility fol-
lowing the application of KP extracts should be fully
characterized. Although previous studies reported that KP
administration improves sperm parameters, hormonal tes-
tosterone, and spermatogenesis via scavenging of cellular
oxidative-free radicals and increasing of antioxidants en-
zymes, additionally targeted genes of oxidative and anti-
oxidant enzymes and their association with miRNAs should
be identified. Thus, future deep studies based on genetic
analysis of the target genes of miR-328, miR-34, and miR-
19b and their relation to the cellular antioxidant activity of
KP should be addressed. This might suggest the proposed
use of miRNAs in regulating and improving clinical diag-
nosis of male infertility when used as diagnostic markers in
coincidence with the traditional techniques.

5. Conclusion

In this study, the expression of miRNAs, miR-328, miR-34,
and miR-19b, in KP-treated and nontreated infertile rats was
significantly correlated with increased serum testosterone
levels and epididymal sperm parameters as well. Micro-
RNAs, miR-328, miR-34, and miR-19b, could be used as
diagnostic, therapeutic, and predictive biomarkers for
assessing the clinical response of Kaempferia parviflora
treatment for six weeks. This may have potential applications
in the therapeutic strategies based upon herbal plants for
male infertility. However, in subsequent studies, the genetic
regulatory mechanisms of the expressed miRNAs should be
fully characterized.
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