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Abstract

Introduction: Impairment of the erectile component of the copulatory cycle represents a significant clinical
and social problem, substantially reducing the quality of life in men. The highest incidence of this pathology
is observed in male patients over 50 years of age, which is associated with an age-related decrease in
gonadal hormonal function. In the present paper, the results of experimental studies evaluating the efficacy
of co-administration of Siberian fir polyprenols and Panax ginseng in a model of copulatory function
impairment caused by androgen deficiency are demonstrated.

Materials and Methods: The focus of the study was a herbal preparation being a pharmaceutical
composition of Siberian fir polyprenols and Panax ginseng. The experiment was conducted in 26 sexually
mature category-I male SD rats (Sprague Dawley with body weight of 250-300 g and aged 12 weeks).
Siberian fir polyprenols were administered at a dose of 23 mg/kg combined with Panax ginseng at a dose
of 1.5 ml/kg. The treatment course duration was 7 days. Tribestan (Sofarma, Bulgaria) at a dose of 70
mg/kg was used as a reference drug. Reduction in copulatory activity caused by androgen deficiency was
modeled by administering synestrol to male rats. The level of copulatory activity was assessed by the paired
sexual behavior test.

Results and Discussion: The results of experimental studies showed that the administration of synestrol to
male rats led to the suppression of their copulatory activity. The groups of animals receiving Siberian fir
polyprenols and Panax ginseng against the background of synestrol administration exhibited a statistically
significant increase in the number of animals with rising copulatory activity (the number of mating attempts
increased, and cases of ejaculation were reported). The pharmacological activity of the reference drug
Tribestan was manifested at the level of tendencies.

Conclusion: The present paper demonstrates that Siberian fir polyprenols (dosed at 23 mg/kg) in
combination with Panax ginseng tincture (dosed at 1.5 ml/kg) prove effective in stimulating the copulatory
activity of male rats under conditions of androgen deficiency.
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Introduction

Copulatory dysfunction is a symptom complex encompassing a number of copulatory behavior
disorders related to male sexual dysfunction (Sharypova and Sveshnikov 2013). It most commonly
manifests itself as an impairment in the ability to achieve and maintain an erection. The latter
represents a neurovascular tissue-related process under hormonal control involving dilation of
cavernous arteries, relaxation of trabecular smooth muscle, and activation of the vein occlusion
mechanism in the corpora cavernosa (Chaly et al. 2017). Impairment of the erectile component of the
copulatory cycle is a serious clinical and social problem significantly reducing the quality of life in
men. According to the World Health Organization (WHO), one in ten men over 21 years of age has
erectile dysfunction (ED). The prevalence of ED has increased by 10% over the decades (Leslie and
Sooriyamoorthy 2024). A high incidence (up to 60%) of this pathology is noted in men over 50 years
of age, which is associated with an age-related decrease in gonadal hormonal function, namely,
androgen deficiency (Wang and Jiang 2024).

Testosterone regulates almost all components of erectile function (Kataoka and Kimura
2017). It performs its central regulation by modulating the dopaminergic system, and peripheral
regulation by increasing nitric oxide (NO) synthesis in the corpora cavernosa inhibiting the
RhoA/Rho-kinase pathway and increasing the expression of PDES (Tikhonov et al. 2024). The
role of NO in the physiology of erection is well researched (Traish and Kim 2005; Kataoka and
Kimura 2017). It has been shown that NO activates the relaxation of cavernous body smooth
muscle leading to increased blood supply and erection. Nowadays, a rather large number of ways
and methods for treating erectile dysfunction are available (Argiolas et al. 2023). However,
testosterone therapy remains the only pathogenetically justified ED treatment among other
options in context of hypogonadism (Schardein and Hotaling 2022). Phosphodiesterase type 5
(PDEYS) inhibitors can only enhance the effectiveness of testosterone. At the same time, the use
of androgens is accompanied by low compliance. Furthermore, testosterone has
contraindications and side effects (Grech et al. 2014). Thus, to date, the risk of blood clot
formation, as well as the long-term risks of cardiovascular disease and prostate cancer remain
controversial issues that still need to be clarified using evidence-based medicine methods
(Schardein and Hotaling 2022).

Currently, an active search for new ED therapies in hypogonadism is underway (Kataoka and
Kimura 2017). These may include the agents correcting testosterone deficiency or reproducing
its effects necessary for achieving erection. In this context, a considerable effect is demonstrated
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by preparations of natural origin (Lin et al. 2021; Xu et al. 2023). Their pharmacological activity
can be sufficiently high, and unwanted effects — minimal (Pushkar et al. 2021).

Among herbal remedies capable of reproducing a number of testosterone effects or enhancing
its production are polyprenolic compounds isolated from Siberian fir (C30-C110 (n=6-22), Abies
sibirica, Pine family, fam. Pinaceae), as can be assumed based on the analysis of data available
in the literature. Thus, it has been established that Siberian fir polyprenols have the ability to
slow down the breakdown of acetylcholine, thereby activating cholinergic signaling pathway.
They act as direct donors of acetylcholine neurotransmitter in presynaptic membranes of
cholinergic neurons (Suslov et al. 2024). The latter is known to actively participate in achieving
erection (Andersson 2011). It has also been shown that an increase in acetylcholine levels leads
to increased production of luteinizing hormone (Vastagh et al. 2024), which in turn is known to
activate testosterone synthesis by Leydig cells.

On the other hand, Panax ginseng is among herbal remedies capable of fulfilling most
testosterone effects under conditions of hypogonadism (Lin et al. 2021). A study of its influence
on nuclear androgen receptors established that ginsenoside, one of its main components, can
increase their expression (Park et al. 2017), thereby enhancing its production.

It should be noted that both Panax ginseng and cholinesterase inhibitors can enhance nitric
oxide production (Bykov et al. 2022; Xu et al. 2023).

The goal of the paper is to carry out the preclinical efficacy evaluation of co-administration
of Siberian fir polyprenols and Panax ginseng in an experimental model of copulatory
dysfunction in rats caused by androgen deficiency.

Materials and Methods

Research object

Panax ginseng tincture (Ivanovo Pharmaceutical Factory, Russia); Oil solution of Siberian fir
(Abies sibirica) polyprenols with active substance content of 74% (polyprenols C30-C110 (n=6-
22)) (Prenoly LLC, Russia).

Experimental animals

Experiments were conducted in laboratory animals — category-I male SD rats (Sprague Dawley,
n=26, age 5 months, body weight — 250-300 g). To study the sexual activity of male rats in the
paired sexual behavior test, intact female rats (SD Sprague Dawley, n=78) were used. The
animals were obtained from the breeding facility of the Department of Experimental Biomedical
Modeling at the Goldberg Research Institute of Pharmacology and Regenerative Medicine,
Tomsk National Research Medical Center (Russia) (Ethical Committee Minutes no. 230052024
dated May 20, 2024).

Animal housing conditions

Animal housing conditions were approved by the Ethical Committee of the Goldberg Research
Institute of Pharmacology and Regenerative Medicine, Tomsk National Research Medical
Center (Russia) (Minutes no. 213092023 dated September 08, 2023).

Test substances and doses

Polyprenols dosed at 23 mg/kg; Panax ginseng tincture dosed at 1.5 ml/kg; Reference drug
Tribestan (Sofarma Bulgaria) dosed at 70 mg/kg; Polyprenols (0.07 ml) were diluted with
Polysorbate (TWEEN)-80 solvent to 1 mL. Tribestan was ground, 2% starch paste adhesive was
added and the resulting suspension was administered to animals. Test substances were
administered once daily for 7 days as agents capable of normalizing reduced copulatory activity
in male rats caused by androgen deficiency.

Experimental model and study design

Reduction in copulatory activity caused by androgen deficiency was modeled by administering
synestrol to male rats. Synestrol is equivalent to folliculin in its estrogenic activity (action similar
to that of female sex hormones, i.e. estrogens): 1 mg of synestrol corresponds to 10,000 IU of
folliculin.

The studied male rats were divided into 4 groups, with intact animals in the first one (baseline,
n=8), rats receiving synestrol in the second one (control, n=6), animals receiving synestrol, as
well as Siberian fir polyprenols and Panax ginseng, in the third one (n=6), and animals receiving
synestrol and the reference drug Tribestan (n=6) in the fourth one. The level of copulatory
activity was determined in the paired sexual behavior test (Agmo and Chu 2008), where each
tested male was placed with a female rat in a separate cage.
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Male rats were paired with female rats 3 times. The first pairing was done 2 weeks before the
start of the experiment to allow the animals to acquire sexual behavior skills. For this, all studied
males were paired with intact females for the duration of 2 estrous cycles (10 days). The second
pairing for all animals involved in the experiment was carried out before the start of
administration of the test substances to determine the initial (individual) copulatory activity of
each animal. Then the first testing was conducted. Next, taking into account the data obtained
during the first testing, rats receiving synestrol were divided into groups, so that the compared
groups of male rats did not differ significantly from each other in sexual activity level. The third
pairing of animals was carried out after the administration of the studied herbal preparations,
with the second testing of sexual activity level in animals being conducted. For the purpose of
the study, each animal was assigned an individual number.

Synestrol (Dalkhimpharm JSC, Russia) was administered to male rats from the control and
experimental groups for 25 days, once daily, intramuscularly, in a single dose of 40 mg/kg/day.
On the 25" day of the experiment, before the administration of herbal preparations, the paired
sexual behavior test was performed (Agmo and Chu 2008). Then, from the 26 to the 32" day
of the experiment (seven days), the animals from the experimental groups, except the control,
were intragastrically administered Panax ginseng tincture at a dose of 1.5 mL/kg, Siberian fir
polyprenols at a dose of 23 mg/kg , (dose in mice 50 mg/kg) and the reference drug Tribestan
(Sofarma Bulgaria) at a dose of 70 mg/kg (in group 4, Tribestan was ground, 2% starch paste
adhesive was added and the resulting suspension was administered to animals). After the herbal
preparation was administered, the second testing was conducted.

Experimental methodology

The copulatory activity in animals was studied in a 15-minute paired sexual behavior test (Agmo
and Chu 2008). To study paired sexual behavior (before and after administration of herbal
preparations), males were paired with sexually receptive females, the ones in the induced estrus
phase. To initiate the estrus phase of the cycle, females received synestrol (0.05 mL/animal) for
4 days before testing. Then, the animals were placed in pairs, individually (each pair in a separate
cage). After that, the parameters recorded within the 15 minute interval were as follows: the
latency of the first mating attempt (LFMA), representing the period of time from the moment the
female is introduced to the male until the first mating attempt. In addition, the number of mating
attempts (MA) and the number of ejaculations (NE) were determined. Furthermore, the number
(percentage) of male rats exhibiting normalized activity was calculated (within the respective
group). Here, the MA value was taken as the main reference and was considered either
“significantly” or “insignificantly” affected. A significant increase in copulatory activity was
defined as an increase in the MA value by a factor of two or more and the appearance of
ejaculation. Testing was performed in the evening in a darkened room, starting at 8:00 pm. The
study was conducted in the autumn period (October 1 to November 2, 2024).

Statistical Analysis

Statistical analysis was performed using the Mann-Whitney U test and Fisher’s angular
transformation. Differences from baseline (*) and control (#) values were considered significant
at P<0.05. Statistical data were processed using the licensed Statistica 13 software. To assess the
sexual activity of animals, the results obtained from the same animal during the first and second
testing were compared. In addition, comparisons between groups of animals were performed.

Results

The results of assessing the effect of polyprenols co-administered with Panax ginseng tincture
on the number of mating attempts and ejaculations are presented in Table 1.

Table 1. Number of mating attempts and ejaculations in male rats receiving a combination of polyprenols and Panax
ginseng tincture (X+m)

Mating attempts total, (abs.) Ejaculations total, (abs.)
Group
Test 1 Test 2 Test 1 Test 2
Baseline 2.50+0.87 4.00+0.71 0.00+0.00 0.00+0.00
Synestrol (control) 1.67+0.67 1.50+0.50# 0.00+0.00 0.00+0.00
Polyprenols+panax ginseng 2.67+0.88 12.25+4.17*# 0.00+0.00 0.75+0.75
Tribestan 1.67+0.67 7.33+£6.33 0.00+0.00 0.00+0.00

Note: * — shows the value comparison in the same animals in tests 1 and 2; # shows the comparison between groups,
Differences are significant at P<0.05, Mann-Whitney U test.
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It was established that the average number of mating attempts based on the results of the 2"
testing in animals from the intact group (baseline) was 4.0 +£0.71. In rats receiving synestrol, this
indicator was statistically significantly reduced compared to that in intact animals and amounted
to 1.50+ 0.50 (P<0.05).

The number of mating attempts in animals receiving polyprenols and Panax ginseng under
conditions of androgen deficiency statistically significantly increased and amounted to
12.25+4.17 (control — 1.50+0.50; P<0.05). The respective value in rats receiving synestrol and
tribestan also increased (to 7.33+6.33), but the differences compared to the control turned out to
be statistically insignificant (control — 1.50 + 0.50; P>0.05).

No instances of ejaculation were detected during the first testing in any studied animals.
During repeated testing, ejaculations were only observed in rats receiving polyprenols and Panax
ginseng, while none were reported in the groups of intact, control animals and rats receiving
Tribestan.

A comparison of the number of mating attempts in the same animals, obtained based on the
results of the first and second testings (Table 1) showed no statistically significant differences in
male rats from the intact group. Similar data were obtained in the synestrol only group.
Statistically significant differences in the number of mating attempts (within the group based on
the results of the first and second testings) were identified in male rats receiving polyprenols and
Panax ginseng. The MA value increased from 2.67+0.88 to 12.25+4.17 (P< 0.05). The number
of ejaculations was 0.75+0.75, while not reported during the first testing. When the reference
drug Tribestan was administered, an increase in the number of mating attempts was recorded,
but the differences were statistically insignificant; ejaculations were reported in neither the first
nor the second testing.

The results of assessing the number (percentage) of male rats exhibiting normalized
copulatory activity in each of the studied groups are presented in Table 2.

Table 2. Integral assessment of the dynamics of sexual activity indicators in animals of the intact and experimental
groups (X+m)

Number of animals Number of animals exhibiting increased activity, %

confirming the

Group initial activity Significant Insignificant Increased
level, % increase increase activity total
Baseline (intact) 50 25 25 50.0
Control (synestrol) 83.3 0 16.6 16.7*
Synestrol-%—pglyprenols+Pana 333 50 16.7 66.74
X ginseng
Synestrol+Tribestan 83.31 16.7 0 16.7

Note: * — at P<0.05 compared to intact rats (baseline), Fisher’s angular transformation test; # — at P<0.05 compared to
animals from the control group (synestrol), Fisher’s angular transformation test.

Judging by the results of the 1%t and 2™ testings of animals in the intact group, 50.0% of them
confirmed their initial activity level during repeated testing. The remaining rats (25%) improved
the studied indicators to an insignificant degree, and 25% rats significantly increased their
activity. In other words, 50% male rats in this group exhibited increased activity (overall). The
increase in activity in part of the intact rats during the second testing is obviously associated with
the animals acquiring additional sexual behavior experience.

The number of animals in the control group (synestrol, Table 2) that retained the initial level
of copulatory activity during repeated testing was 83.3%; 16.7% exhibited an insignificant
increase. During repeated testing, none of the animals in this group showed significant increase
in their activity. Thus, the total number of rats demonstrating increased activity (overall) was
16.7%. The value was compared with that in the group of intact animals (baseline), and the
differences turned out to be statistically significant compared to the control (Table 2). Thus, rats
receiving synestrol were characterized by reduced sexual activity.

The number of male rats retaining initial activity in the group of rats receiving polyprenols
and Panax ginseng against the background of synestrol administration was 33.3%, while 16.0%
of animals in this group showed an insignificant increase, and in 50% of male rats a significant
increase in activity was observed (Table 2). The number of rats showing increased activity
(overall) was 66.7%. Compared to the control (synestrol, 16.6%), the differences were
statistically significant (Table 2). In the group of rats receiving the reference drug Tribestan, the
majority of animals (83.4%) showed a similar level of sexual activity during the initial and the
repeated testing.
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The results of assessing the effect of polyprenols and Panax ginseng on LFMA are presented
in Table 3.

Table 3. Effect of polyprenols and panax ginseng on LFMA

LFMA
Group
Test 1 Test 2
Baseline 706.40 £+ 56.04 535.00+83.80
Synestrol (control) 672.00+ 139.08 570.75+123.45
Polyprenols+ panax ginseng 650.00+ 190.73 363.25+124.97
Tribestan 456.00+£214.44 575.33+125.35

Note: Statistical processing of the results was done using the Wilcoxon-Mann-Whitney test at p<0.05. The indicators
compared were as follows: baseline and control; control and experiment 1; control and experiment 2. No statistically
significant differences have been observed.

Judging by LFMA, statistically significant differences were neither observed between the
animals from different groups nor within groups (tests 1 and 2). However, the average values
were reduced in the group of males receiving polyprenols with Panax ginseng during repeated
testing.

Discussion

The results of the study indicate that rats receiving synestrol were characterized by reduced
sexual activity. Literature data indicate that an increase in estrogen concentration in the male
body is accompanied by an increase in concentration of sex hormone-binding globulins, which
leads to a decrease in concentration of free testosterone, the presence of which determines
erection, sexual motivation, and other manifestations of sexual activity (Gladkov 1998). Reduced
copulatory activity against the background of synestrol administration is an evidence of androgen
deficiency status of animals.

Analysis of the obtained data in terms of the number of mating attempts and the percentage
of animals that improved copulatory activity, makes it possible to conclude that the use of
polyprenols in combination with panax ginseng in male rats with androgen deficiency activates
their copulatory activity. The effectiveness of the reference drug was not statistically
significantly confirmed in the experiment discussed.

As noted above, the mechanism of the stimulating effect of Siberian fir polyprenols co-
administered with panax ginseng on the copulatory activity in rats with androgen deficiency may
be due to their ability to stimulate LH production (polyprenols) and increase the expression of
androgen receptors (panax ginseng). It should be noted that the main cause of erectile
dysfunction in patients with testosterone deficiency is a decrease in the bioavailability of NO
(Maiorino et al. 2015; Kataoka and Kimura 2017), and the combined use of polyprenols and
panax ginseng may influence this process. The latter assumption may be reinforced by the facts
indicating the ability of cholinesterase inhibitors, which include fir polyprenols, and the main
active compounds of panax ginseng, to enhance nitric oxide synthesis in copulatory disorders
(Bykov et al. 2022; Xu et al. 2023). Polyprenols can drive an increase in NO levels by increasing
the amount of acetylcholine, which exerts its effect indirectly through increased release of nitric
oxide in the penile cavernous bodies via M2-cholinergic receptors on smooth muscle fibers and
M3-cholinergic receptors on endothelial cells, as well as nicotinic receptors located on NO-ergic
nerve fibers. Furthermore, acetylcholine prevents the vasoconstrictive action of norepinephrine,
which contributes to the weakening of erection via muscarinic receptors on adrenergic nerve
endings (Bykov et al. 2022). It is known that panax ginseng does not show inhibitory activity
against PDES, but it can act directly on the mechanism of erection, i.e. promote relaxation of
cavernous bodies by increasing nitric oxide level through the L-arginine/NO pathway. The latter
is the known capability of saponins constituting the main component of panax ginseng (Xu et al.
2023).

The latency of the first mating attempt is the motivational component of copulatory behavior
(Agmo and Chu 2008; Sharypova and Sveshnikov 2013). In rats receiving polyprenols and Panax
ginseng, the average LFMA values were 36% lower than those in the control (synestrol) and
44% lower than those in the same males during the first testing. However, the differences turned
out to be statistically insignificant. It cannot be ruled out that a longer regimen of the studied
agent is required to stimulate the motivational component of copulatory behavior.
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Figure 1. Mechanism of the stimulating effect of Siberian fir polyprenols and panax ginseng on the copulatory activity
in rats with androgen deficiency.

Conclusion

The increase in the number of mating attempts, as well as the percentage of animals that
improved copulatory activity, indicates that the use of Siberian fir polyprenols (dosed at 23
mg/kg) in combination with Panax ginseng (dosed at 1.5 ml/kg) in male rats with androgen
deficiency activates their copulatory activity.

The presented paper demonstrates that Siberian fir polyprenols in combination with Panax
ginseng can be used in the therapy of erectile dysfunction associated with hypogonadism.

References

= Agmo A, Chu X (2008) Sexual incentive motivation in old male rats: the effects of sildenafil and a compound
(Impaza) stimulating endothelial NO synthase. Pharmacology, Biochemistry, and Behavior 89(2): 209-217.
https://doi.org/:10.1016/j.pbb.2007.12.012 [PubMed]

= Andersson KE (2011) Mechanisms of penile erection and basis for pharmacological treatment of erectile
dysfunction. Pharmacological Reviews 63(4): 811-859. https://doi.org/10.1124/pr.111.004515 [PubMed]

= Argiolas A, Argiolas FM, Argiolas G, Melis MR (2023) Erectile dysfunction: Treatments, advances and new
therapeutic strategies. Brain Sciences 13(5): 802. https://doi.org/10.3390/brainsci13050802 [PubMed] [PMC]

= Bykov V, Gushchina E, Morozov S, Zhuravskaya N, Kryshen K, Makarov V, Matichin A, Zueva A (2022) Ipidacrine
(Axamon), a reversible cholinesterase inhibitor, improves erectile function in male rats with diabetes mellitus-
induced erectile dysfunction. Sexual Medicine 10(1): 100477. https://doi.org/10.1016/j.esxm.2021.100477

= Chaly ME, Akhvlediani ND, Kharchilava RR (2017) Erectile dysfunction. Urology [Urology] 2: 20-29.
https://dx.doi.org/10.18565/urol.2017.2-supplement.20-29 [in Russian]

= Gladkov AI (1998) Hormonal regulation of male sexual behavior. Problems of Reproduction [Problemy
Reproduktsii] 6: 21-28. [in Russian]

=  Grech A, Breck J, Heidelbaugh J (2014) Adverse effects of testosterone replacement therapy: An update on the
evidence  and  controversy. Therapeutic ~ Advances in  Drug Safety 5(5): 190-200.
https://doi.org/10.1177/2042098614548680 [PubMed] [PMC]

= Kataoka T, Kimura K (2017) Testosterone and erectile function: A review of evidence from basic research. In:
Drevensek C (Ed.) Sex Hormones in Neurodegenerative Processes and Diseases. IntechOpen, 258-272.
https://doi.org/10.5772/intechopen.72935

= Leslie SW, Sooriyamoorthy T (2024) Erectile Dysfunction. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing

= LinH, ZhaoJ, Liu Z, Liu Z, Lin Z (2021) Efficacy of Panax panax ginseng supplementation on androgen deficiency
rats via metabolomics and gut microbiota. Journal of Functional Foods 87(8): 1048.
https://doi.org/1010.1016/j.jf£.2021.104810

= Maiorino MI, Bellastella G, Esposito K (2015) Lifestyle modifications and erectile dysfunction: what can be
expected? Asian Journal of Androlody 17(1): 5-10. https://doi.org/10.4103/1008-682X.137687 [PubMed] [PMC]

= Park J, Song H, Kim SK, Lee MS, Rhee DK, Lee Y (2017) Effects of panax ginseng on two main sex steroid
hormone receptors: Estrogen and androgen receptors. Journal of Ginseng Research 41(2): 215-221.
https://doi.org/10.1016/j.jgr.2016.08.005 [PubMed] [PMC]

Research Results in Pharmacology 12(3): 46-53. https://doi.org/10.18413/rrpharmacology.12.1113


https://doi.org/10.18413/rrpharmacology.12.1113
https://doi.org/:10.1016/j.pbb.2007.12.012
https://pubmed.ncbi.nlm.nih.gov/18201757/
https://doi.org/10.1124/pr.111.004515
https://pubmed.ncbi.nlm.nih.gov/21880989/
https://doi.org/10.3390/brainsci13050802
https://pubmed.ncbi.nlm.nih.gov/37239274/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10216368/
https://doi.org/10.1016/j.esxm.2021.100477
https://dx.doi.org/10.18565/urol.2017.2-supplement.20-29
https://doi.org/10.1177/2042098614548680
https://pubmed.ncbi.nlm.nih.gov/25360240/
https://pmc.ncbi.nlm.nih.gov/articles/pmid/25360240/
https://doi.org/10.5772/intechopen.72935
https://doi.org/1010.1016/j.jff.2021.104810
https://doi.org/10.4103/1008-682X.137687
https://pubmed.ncbi.nlm.nih.gov/25248655/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4291878/
https://doi.org/10.1016/j.jgr.2016.08.005
https://pubmed.ncbi.nlm.nih.gov/28413327/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5386121/

53

Borovskaya TG et al.: Study of co-administration of Siberian fir polyprenols and Panax ginseng ...

Pushkar DYu, Kasyan GR, Akhvlediani ND, Saenko VS, Khodyreva LA (2021) Complementary drugs and
biologically active agents in urological practice. Methodical Recommendations [Metodicheskiye Rekomendatsii] 3:
7-10 [in Russian]

Schardein JN, Hotaling JM (2022) The impact of testosterone on erectile function. Androgens: Clinical Research
and Therapeutics 3(1): 113-124. https://doi.org/10.1089/andro.2021.0033

Sharypova NV, Sveshnikov AA (2013) Sexual function in men and the state of the menstrual cycle in women under
chronic exposure to stress factors of extreme intensity. Publishing House of the Academy of Natural Sciences,
Moscow, 231 pp. [in Russian]

Suslov NI, Fedorova YS, Korobov ML (2024) Research on the influence of Siberian fir polyprenols on learning and
memory of mice with an experimental model of Alzheimer’s disease. Research Results in Pharmacology 10(3): 11—
15. https://doi.org/10.18413/rrpharmacology.10.489

Tikhonov DA, Fisenko VP, Gorbunov AA, Kudryashov NV, Mironov SE (2024) Possibilities of pharmacological
influence for erectile dysfunction: mechanisms of action, effectiveness and safety. Experimental and Clinical
Pharmacology [Eksperimental’naya i Klinicheskaya Farmakologiya] 87(9): 25-34. https://doi.org/10.30906/0869-
2092-2024-87-9-25-34 [in Russian]

Traish A, Kim N (2005) The physiological role of androgens in penile erection: regulation of corpus cavernosum
structure and function. The Journal of Sexual Medicine 2(6): 759-770. https://doi.org/10.1111/j.1743-
6109.2005.00094.x [PubMed]

Vastagh C, Farkas I, Csillag V, Watanabe M, Kallo I, Liposits Z (2024) Cholinergic control of GnRH neuron
physiology and luteinizing hormone secretion in male mice: Involvement of ACh/GABA cotransmission. Journal
of Neuroscience 44(12): e1780232024. https://doi.org/10.1523/INEUROSCI.1780-23.2024 [PubMed] [PMC]
Wang Y, Jiang R (2024) Androgens and erectile dysfunction: from androgen deficiency to treatment. Sexual
Medicine Reviews 12(3): 458—468. https://doi.org/10.1093/sxmrev/qeac030 [PubMed]

Xu D, Zhang Y, Bai J, Huixing Yuan, Wang T, Liu J, Song W, Ma D (2023) Botanical drugs for treating erectile
dysfunction: Clinical evidence. Frontiers in Pharmacology 14: 1232774.
https://doi.org/10.3389/fphar.2023.1232774 [PubMed] [PMC]

Author Contributions

Tatyana G. Borovskaya, Doctor of Biological Sciences, Professor, Head of the Laboratory
of Reproductive System Pharmacology, E.D. Goldberg Research Institute of Pharmacology
and Regenerative Medicine, Tomsk National Research Medical Center, Tomsk, Russia; e-
mail: repropharm@yandex.ru; ORCID ID: https://orcid.org/0000-0002-0651-4841. The
author was the principal investigator and played a key role in the design of the study, analysis,
and interpretation of the results.

Nikolay I. Suslov, Doctor Habil. of Medical Sciences, Professor, Head of the Laboratory of
Phytopharmacology and Special Nutrition, E.D. Goldberg Research Institute of
Pharmacology and Regenerative Medicine, Tomsk National Research Medical Center,
Tomsk, Russia; e-mail: nis-51@mail.ru; ORCID ID: https://orcid.org/0000-0001-9300-
5334. The author contributed to the development of the research concept.

Yulia A. Shemerova, Candidate of Biological Sciences, Researcher at the Laboratory of
Reproductive System Pharmacology, E.D. Goldberg Research Institute of Pharmacology and
Regenerative Medicine, Tomsk National Research Medical Center, Tomsk, Russia; e-mail:
julifarm@mail.ru; ORCID ID: https://orcid.org/0000-0002-0895-9000. The author
participated in data collection and statistical processing.

Maxim L. Korobov, Advisor, Prenoly LLC, Tomsk, Russia; ORCID ID:
https://orcid.org/0009-0008-6927-7506. The author contributed to the development of the
research concept.

Research Results in Pharmacology 12(3): 46-53. https://doi.org/10.18413/rrpharmacology.12.1113


https://doi.org/10.18413/rrpharmacology.12.1113
https://doi.org/10.1089/andro.2021.0033
https://doi.org/10.18413/rrpharmacology.10.489
https://doi.org/10.30906/0869-2092-2024-87-9-25-34
https://doi.org/10.30906/0869-2092-2024-87-9-25-34
https://doi.org/10.1111/j.1743-6109.2005.00094.x
https://doi.org/10.1111/j.1743-6109.2005.00094.x
https://pubmed.ncbi.nlm.nih.gov/16422801/
https://doi.org/10.1523/JNEUROSCI.1780-23.2024
https://pubmed.ncbi.nlm.nih.gov/38320853/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10957212/
https://doi.org/10.1093/sxmrev/qeae030
https://pubmed.ncbi.nlm.nih.gov/38719619/
https://doi.org/10.3389/fphar.2023.1232774
https://pubmed.ncbi.nlm.nih.gov/37654605/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10467024/
mailto:repropharm@yandex.ru
https://orcid.org/0000-0002-0651-4841
mailto:nis-51@mail.ru
https://orcid.org/0000-0001-9300-5334
https://orcid.org/0000-0001-9300-5334
mailto:julifarm@mail.ru
https://orcid.org/0000-0002-0895-9000
https://orcid.org/0009-0008-6927-7506

