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Abstract
Purpose: To systematically review and meta-analyse preclinical animal studies evaluating the effects of Shilajit on male
reproductive health, with particular emphasis on testosterone levels, sperm count, sperm motility, and the underlying
reproductive mechanisms.
Methods: Eligible animal studies investigating the effects of Shilajit on male reproductive outcomes were systematically
reviewed and quantitatively synthesised through meta-analysis. The primary outcomes were serum testosterone, sperm count,
and sperm motility, while mechanistic findings were narratively synthesised. A random-effects model was used, and pooled
effects were expressed as mean difference (MD) or standardized mean difference (SMD) with 95% confidence intervals (Cls).
Results: Four studies involving 35 animals per group were included in the meta-analysis of serum testosterone, while four studies
involving 31 animals per group were included for both sperm count and sperm motility. Shilajit significantly increased serum
testosterone levels (MD = 2.69, 95% Cl: 1.85-3.53; p < 0.00001; I?> = 94%) and sperm count (SMD = 8.14, 95% Cl: 2.92-13.37; p
=0.002; I = 91%). Sperm motility showed a positive but statistically non-significant effect (MD = 25.52, 95% Cl: -2.96-53.99; p
=0.08; 1 =99%). The included studies also demonstrated protection against chemically induced reproductive damage through
improvements in spermatogenesis, steroidogenesis, and sperm quality. Mechanistic findings associated these effects with
activation of antioxidant pathways, including Nrf2/Keap1 and Nrf2/HO-1, increased activities of steroidogenic enzymes such as
StAR, 3B-HSD, and 17B-HSD, preservation of Sertoli cell function and blood-testis barrier integrity, improved mitochondrial
function, and reduced oxidative stress and apoptosis. Additional narrative evidence supported the potential fertility-enhancing
effects of Shilajit.
Conclusions: Preclinical evidence indicates that Shilajit has reproductive-protective effects, significantly improving serum
testosterone and sperm count, while its effect on sperm motility remains statistically uncertain. The substantial heterogeneity
observed across outcomes highlights the need for standardized experimental methodologies, consistent outcome assessment,
dose-response studies, and well-designed clinical trials to establish its efficacy, optimal dosage, and safety in male reproductive
disorders.
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Introduction

Male infertility is an important public health problem accounting for about one-half of all occurrences of
infertility worldwide (1). Infertility affects approximately 15% of couples in their reproductive years with male
factors alone accounting for approximately 20-30% of instances and contributing to an additional 20-30% when
combined with female factors (2). Infertility is on the rise worldwide owing to changing lifestyles, environmental
pollution, delayed parenting, obesity, metabolic diseases and exposure to reproductive toxicants (3) (4). In
addition, the documented deterioration in semen quality over the past few decades has further brought to the
forefront the increasing burden of male reproductive problems (5) (6). Oxidative stress is a major factor in the
pathophysiology of male infertility (7). It disturbs the balance between reactive oxygen species and endogenous
antioxidants (8). Excessive oxidative stress affects sperm membranes, DNA, proteins and mitochondria, which
ultimately decrease spermatogenesis and sperm function (9) (10). Despite the availability of hormonal therapy,
antioxidant supplementation, surgery and assisted reproductive technologies for the management of male
infertility, their success is still uneven especially in idiopathic infertility (11). In addition, high treatment costs,
side effects and poor long-term success have led to interest in alternate therapy options (12). Traditional
medicinal systems have used natural materials with antioxidant, anti-inflammatory and adaptogenic
characteristics for ages to control reproductive issues (13). The use of herbal medications as complementary
therapies is attracting increasing attention since they often act on several biological pathways implicated in male
fertility (14) (15). Experimental animal models play a crucial role in understanding the pathophysiology of male
reproductive disorders and in evaluating the efficacy of potential therapeutic agents before clinical application
(16) (17) (18). Various chemically induced, metabolically induced and environmentally induced models have been
widely employed to mimic human male infertility by reproducing oxidative stress, hormonal imbalance, impaired
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spermatogenesis and testicular damage (19) (20) (21). These preclinical models provide valuable insights into
the mechanisms of reproductive dysfunction and facilitate the assessment of noveliinterventions targeting male
fertility (22) (23). Furthermore, systematic synthesis of evidence from animal studies offers a comprehensive
understanding of therapeutic efficacy, identifies knowledge gaps and supports the translation of promising
preclinical findings into future clinical research (24) (25).

Natural products have gained considerable attention in recent years as potential therapeutic agents for male
reproductive disorders because they possess multiple pharmacological properties that target the underlying
mechanisms of infertility (26) (27). Numerous medicinal plants and herbo-mineral formulations have
demonstrated the ability to improve reproductive function by reducing oxidative stress, suppressing
inflammation, regulating endocrine function, protecting germ cells from apoptosis, and enhancing mitochondrial
activity (28) (29) (30). Several phytochemicals, including polyphenols, flavonoids, terpenoids, alkaloids, and
humic substances, have been reported to improve spermatogenesis, steroidogenesis, sperm maturation, and
semen quality through modulation of multiple cellular signaling pathways (31) (32) (33). Unlike conventional
therapies that often target a single mechanism, natural products exhibit pleiotropic actions, making them
attractive candidates for the management of multifactorial disorders such as male infertility (34) (35) (36).
Consequently, increasing scientific interest has focused on validating traditionally used medicinal substances
through well-designed experimental studies to establish their pharmacological efficacy (37) (38). Further, to
elucidate their mechanisms of action, and generate evidence for their potential clinical application in
reproductive medicine (39) (40). Traditional medicines include Shilajit, an Ayurvedic herbo-mineral compound
that has been traditionally utilized to improve vitality, longevity and reproductive health and is widely recognized
as a Rasayana (41) (42) (43) (44). Its pharmacological potential has gained more and more scientific research in
recent years (45) (46). Shilajit contains a number of biologically active molecules such as fulvic acid, humic
substances, dibenzo-a-pyrones, amino acids and vital trace elements (47) (48). These compounds are thought to
be responsible for its antioxidant, anti-inflammatory, immunomodulatory and energy boosting activities (49)
(50).

Recent experimental research in many animal models of reproductive dysfunction have shown that Shilajit
enhances testicular function, spermatogenesis, testosterone production, sperm quality and antioxidant defence
(51) (52) (53). However, heterogeneity in findings have been seen due to variances in animal species, disease
models, treatment regimens and outcome measures (54). Over the past two decades, research on the
reproductive effects of Shilajit has been accumulating, but no previous comprehensive analysis has quantitatively
integrated the relevant preclinical evidence (55). Hence, a thorough review is required to ascertain the overall
effectiveness of Shilajit and to pinpoint areas for further research. Accordingly, the current systematic review and
meta-analysis was conducted to evaluate the effects of Shilajit supplementation on male reproductive
parameters in experimental animal models in a comprehensive manner, with quantitative synthesis of
testosterone, sperm count and sperm motility outcomes and qualitative assessment of additional reproductive
parameters.

Materials & Methods

The protocol for this systematic review and meta-analysis was prospectively registered in the International
Prospective Register of Systematic Reviews (PROSPERO) on Jul 03 2026 under registration number
CRD4202614404009 (56).

Defining the Research Question

The systematic review addressed the research question: "What are the effects of Shilajit supplementation on
male reproductive parameters in experimental animal models?" The included studies were evaluated to
determine the effects of Shilajit on reproductive outcomes, with quantitative meta-analyses performed for
primary outcomes, including serum testosterone levels, sperm count, and sperm motility, where sufficient data
were available. (57) (58).

Eligibility criteria and Study Design

The present systematic review and meta-analysis was designed and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines. Following systematic
screening and eligibility assessment, six experimental animal studies investigating the effects of Shilajit
supplementation on male reproductive parameters were included in the systematic review. Of these, five studies
met the criteria for quantitative synthesis (meta-analysis), while one study conducted in healthy animals was
included only in the qualitative synthesis. (Table 1) (59) (60).
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Search strategy and Study selection ~

The search strategy for this systematic review was developed using the Population, intervention, Comparison,
and Outcomes (PICO) framework. The components of the PICO framework used in the present study are
summarized in Table 2 (61) (62). A comprehensive literature search was conducted in Google scholar, PubMed,
MEDLINE, Scopus, Web of Science, and Embase from database inception to 31 March 2026 (63) (64).

The search strategy was constructed using Medical Subject Headings (MeSH) terms and free-text keywords such

” u ” u ” . ” o u T ” u

as “Shilajit”, “Asphaltum”, “male fertility”, “male infertility”, “testosterone”, “sperm”, “sperm count”, “sperm
motility”, “spermatogenesis”, “reproductive function”, “animal”, “rat”, “mouse”, and other related terms. The
search phrases were combined suitably using Boolean operators (“AND” and “OR”) (65). The selected papers
were checked for eligibility in a systematic way by examining the titles, abstracts and full texts according to the
stated eligibility criteria. Furthermore, the reference lists of the included studies were manually searched for any
relevant articles that were not identified by the electronic database search (66) (67) (68).

All entries identified by the electronic database search were retrieved and duplicate articles were eliminated.
The remaining articles were evaluated by title and abstract to discover relevant investigations. The full texts of
the included papers were obtained and reviewed for eligibility based on the pre-established inclusion and
exclusion criteria (69). Studies that fulfilled eligibility criteria were included in the systematic review and meta-
analysis. The entire research selection procedure was documented via PRISMA 2020 flow diagram (Figure 1) (70).

Data extraction

Data were extracted from all eligible studies using a standardized data extraction form to ensure systematic and
consistent collection of study characteristics and outcome data. The extracted information included the first
author and year of publication, animal species and strain, sample size, experimental or disease-inducing model,
Shilajit formulation, dose, route of administration, treatment duration, comparator group, and reported
reproductive outcomes. Quantitative data, including sample size, mean values, and standard deviations (SDs) for
the relevant outcomes, were extracted wherever available for subsequent meta-analysis.

The included studies comprised different experimental animal models and reproductive injury conditions. The
extracted intervention data included Shilajit doses ranging from 25—-200 mg/kg, with treatment durations ranging
from 2 to 8 weeks. The experimental models included cadmium-, cyclophosphamide-, diabetes-, monosodium
glutamate (MSG)-induced reproductive toxicity models, as well as non-induced/healthy animal models. The
principal reproductive outcomes extracted were serum testosterone, sperm count, and sperm motility, while
luteinizing hormone (LH) and follicle-stimulating hormone (FSH) data were extracted when reported. Additional
mechanistic findings related to spermatogenesis, steroidogenesis, oxidative stress, antioxidant activity, and
reproductive tissue protection were also recorded for narrative synthesis.

Two of the authors (SS, SPS) independently performed the data extraction in order to reduce extraction errors.
These data were systematically compiled and summarized in Table 3 (71) (72).

Risk of bias assessment

The methodological quality of the included studies was assessed using the Systematic Review Centre for
Laboratory Animal Experimentation (SYRCLE) Risk of Bias tool. The assessment evaluated the risk of bias across
the following domains: selection bias, performance bias, detection bias, attrition bias, reporting bias, and other
sources of bias (73). Each domain was judged as having a low, high, or unclear risk of bias. The results of the risk
of bias assessment are presented in Table 4 (74).

Statistical analysis

Statistical analysis was performed using RevMan 5.4 software. It was conducted for the primary outcomes,
including testosterone, sperm count, and sperm motility. Mean Difference (MD) with 95% confidence intervals
(95% Cl) was used for testosterone and sperm motility, as these outcomes were measured using comparable
units across the included studies. Standardized Mean Difference (SMD; Hedges' g) with 95% confidence intervals
was used for sperm count due to differences in measurement scales among the included studies (75). A random-
effects model was applied to account for between-study heterogeneity. Statistical heterogeneity was assessed
using Cochran's Q test and the |2 statistic, with 12 values of 25%, 50%, and 75% indicating low, moderate, and high
heterogeneity, respectively. Statistical significance was considered at a p-value < 0.05. Forest plots were
generated to present the pooled effect estimates for each outcome (76).

Results
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Eligibility criteria

Application of the predefined inclusion and exclusion criteria resulted in the selection of 6 eligible studies for
qualitative synthesis. Studies excluded during screening included review articles, human-studies, conference
abstracts, in vitro studies, duplicate publications, studies without a control group, and studies with insufficient
quantitative data (Table 1).

Table 1 Inclusion and exclusion criteria used for study selection in the systematic review and meta-analysis

Inclusion Criteria Exclusion Criteria

Original experimental animal studies Human studies

Studies evaluating the effects of Shilajit on male Review articles, systematic reviews,
reproductive parameters meta-analyses

Conference abstracts, editorials,

Presence of a control or comparison group letters, book chapters
7

Quantitative data available or extractable (mean,

. In vitro or cell culture studies
SD/SE, and sample size)

Studies reporting at least one reproductive outcome
(e.g., testosterone, sperm count, sperm motility, LH,
FSH, testis weight, oxidative stress biomarkers,
histopathology)

Studies without a control group

Studies with insufficient or non-

Articles published in English -
extractable quantitative data

Duplicate publications or

Full-text articles available
repeated datasets

PICO Framework
Allincluded studies met the predefined PICO criteria. Serum testosterone level, sperm count, and sperm motility
were analyzed quantitatively, while LH and FSH were summarized qualitatively (Table 2).

Table 2 PICO framework describing the inclusion criteria for the systematic review and meta-analysis

Component

Description
Population Male experimental animals evaluating male reproductive function or
(P) dysfunction
Intervention - . . .
(0 Shilajit administered at any dose, formulation, route, and duration
Comparison .
(©) P Placebo, vehicle-treated, untreated, or standard control groups
Outcomes Primary: Testosterone, sperm count, sperm motility. Secondary: LH, FSH, testis
0) weight, epididymal weight, sperm morphology, oxidative stress biomarkers,

and histopathological changes.

Study selection

The literature screening process is summarized in the PRISMA flow diagram (Figure 1). After duplicate removal
and screening of titles and abstracts, full-text articles were assessed for eligibility. 6 studies fulfilled all eligibility
criteria and were included in the systematic review. Among these, 1 study involving healthy animals was excluded
from the quantitative synthesis, resulting in 5 studies being included in the meta-analysis.
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Fig. 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart

Data extraction

Relevant data were successfully extracted from all six included studies. The extracted information included
publication year, animal model, Shilajit dose, duration of treatment, and reported reproductive outcomes. The
studies were published between 2006 and 2025, used rats or mice as experimental animals, employed different
disease models, administered Shilajit at doses ranging from 25-200 mg/kg, and reported treatment durations
ranging from 2 weeks to 60 days. Testosterone, sperm count, and sperm motility were the most frequently
evaluated outcomes. The detailed characteristics of the included studies are presented in Table 3.

Table 3 Basic characteristics of the included studies
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Author,
Year

Inducing

Animal/Species Model

Shilajit =

Duration

Dose R

Outcome

Raghav
Kumar
Mishra et
al.,, (2018)

Cadmium chloride
(2 mg/kg/day
orally for 35 days)

Adult Swiss albino male
mice (12-14 weeks)

Jeong-

Sook Park Sprague-Dawley male
etal., and female rats
(2006)

Normal fertility
model (no
induction)

Arti
Rajpoot et
al., (2024)

Cyclophosphamide
(single IP injection
200 mg/kg)

Adult Parkes male mice
(14-15 weeks)

Arti
Rajpoot et
al., (2025)

Neonatal STZ-induced Streptozotocin (90
diabetic Parkes male mg/kg IP at 2 days
mice postpartum)

R
\\

35 days
(following
cadmium

exposure; one
spermatogenic
cycle)

50, 100, 200
mg/kg/day
(oral)

25, 50, 100
mg/kg/day
(oral)

6 weeks (42
days)

100, 200
mg/kg/day
(oral)

35 days (one
spermatogenic
cycle)

35 days (one

100, 200 spermatogenic

mg/kg/day

started after
(oral)

diabetes
confirmation)

cycle; treatment

* Restored
spermatogenesis
¢ Increased daily
sperm production

e Improved
sperm count and

motility

* Increased
testosterone and

steroidogenic
enzyme activity

e Improved
fertility and litter

size

¢ Increased
sperm count in

testes and

epididymis

¢ Increased

seminiferous
tubule cell layers
¢ Enhanced
ovulation in
female rats
¢ No significant
toxicity to major
organs
* Restored
testicular
histology
¢ Improved germ
cell dynamics
¢ Improved
sperm count,
motility, and
viability
® Enhanced
testosterone
production and

Sertoli cell

function

* Reduced
oxidative stress

and apoptosis

¢ Improved
glycemic control
and insulin
sensitivity
* Restored
spermatogenesis
¢ Improved
sperm count,
motility, and
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. . Induci Shilajit . B ~
Animal/Species naucing "t puration ~ Outcome

Author,

Year Model Dose b

~

\\ viability
* Restored blood-
testis barrier
integrity
* Reduced
oxidative stress
and apoptosis

* Reduced
monosodium
glutamate-
induced testicular
damage
e Improved

Hadeel icul
Kaadn?iel Adult male albino mice Monosodium 100 mg/kg and 2 weeks (14 Lelzrocll;;;

Khaleel et (18-22 g; 60-70 days  glutamate (2 or 4 200 mg/kg/day days) « Restored

al., (2025) old) g/ke/day orally) (oral) testosterone and

progesterone
levels
* Reduced
inflammation
e Improved
antioxidant status

e Improved
sperm count,
motility, and

viability
* Reduced sperm
Zahraa abnormalities

Kareem B. . Cadmium chloride ¢ Improved
Mat le Wist 100 kg/d
Almershdy ature male Wistar meg/kg/day 60 days reproductive

rats (60 days old) (5 me/kg/day (oral)
etal., orally) performance

(2025) * Reduced
cadmium-induced
toxicity
* Enhanced
antioxidant
protection

Risk of bias assessment
The methodological quality of the included studies was evaluated using the SYRCLE Risk of Bias tool. Most
studies demonstrated a low risk of bias, whereas several domains related to blinding and allocation

concealment were rated as unclear. The detailed risk of bias assessment is presented in Figure 2 and Table
4.

Table 4 Quality assessment of studies according to SYRCLE
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—

N ) N Attritio-rr_“RFpUrt'mg——"T"
Selection bias Performance bias Detection bias ias bias Other bias
First Blindi N
- inding
author R BI f R
andom Baseline Allocation |nd|.ng0 andom of Incomplete Selective Other
(Year) sequence Random caregivers outcome
. character concealm . . . outcome outcome outcome sources of
generatio . . housing /investigat assessme . .
istics ent assessm data reporting bias
n ors nt
ent
Arti et
al. Low Low Unclear  Unclear Unclear Unclear  Unclear Low Low Low
(2024)
Arti et
al. Low Low Unclear  Unclear Unclear Unclear  Unclear Low Low Low
(2025)
Mishra
et al. Low Low Unclear Low Unclear Unclear  Unclear Low Low Low
(2018)
Khaleel
et al. Low Low Unclear Low Unclear Unclear  Unclear Low Low Low
(2025)
Kareem
et al. Low Low Unclear Low Unclear Unclear  Unclear Low Low Low
(2025)
Park et
al. Unclear Low Unclear  Unclear Unclear Unclear  Unclear Low Low Low
(2006)
Sequence generation [N
Baseline characteristics (I
Allocation concealment L |
Random housing [ ]
Blinding of caregiversinvestigators [ ]
Random outcome assessment [ ]
Blinding of outcome assessment [ ]
Iszample oueome da e e e e e e e e
Selective outcome reporting N
Other sources of bias [
0% 25% 50% 75% 100%
.Norfw.'.mm .CW.HQDM!.LH-
Fig. 2 Article quality assessed with SYRCLE’s ROB tool
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Statistical analysis

Quantitative synthesis was performed for the primary outcomes of testosterone, ‘§'pe__rm count, and sperm
motility. Forest plots were generated for each outcome using a random-effects model. Mean Difference (MD)
was used for testosterone and sperm motility, whereas Standardized Mean Difference (SMD) was used for sperm
count. The pooled effect estimates, 95% confidence intervals, p-values, and heterogeneity (12) for each outcome
are presented in Figures 3-5

Shilajit Controllvehicle Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Hadeel khaleel etal. 2025 465 16 10 348 116 10 19.9% 1.17 [-0.05, 2.39] |
Mishra et al. 2018 3.3 0.297 5 1.259 0.143 5 335% 2.04[1.75,2.33] &
Rajpoot et al. 2024 3282 0169 10 0414 0.063 10 34.6% 2.872.76, 2.98] n
Rajpoot et al. 2025 79 3.094 10 1.377 0632 10 12.0% 6.52[4.57, 8.48] -
Total (95% Cl) 35 35 100.0% 2.69 [1.85, 3.53] <&
Heterogeneity: Tau? = 0.52; Chi? = 48.05, df = 3 (P < 0.00001); I2 = 94% F ” 5 s 5 ] o’

Test for overall effect: Z = 6.31 (P < 0.00001) Favours [Control] Favours [Shilaj]

Fig. 3 Results of the meta-analysis of studies evaluating the effect of Shilajit supplementation on serum
testosterone levels in experimental animal models

Shilajit Control/vehicle Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Mishra et al. 2018 1”1 13 5 256 1.04 5 28.1% 6.48[2.63, 10.33] -
Rajpoot et al. 2024 129.56 27.31 6 7435 9.82 6 321% 2.4810.83, 4.14] i
Rajpoot et al. 2025 1144 1193 10 4821 1057 10 31.5% 5.62[3.49,7.76] =
Zahraakareemetal. 2025  59.52 0521 10 4125 0.152 10 82%  45.60(29.80, 61.39) -
Total (95% Cl) K| 31 100.0% 8.14[2.92,13.37] 2 2

o 2 = . 2= = |12 = 0, } } } }
Heterogeneity: Tau? = 21.38; Chi? = 33.56, df = 3 (P < 0.00001); I*=91% -F;O _2'5 (I) 2'5 5'0

Test for overall effect: Z = 3.06 (P = 0.002) Favours [Control] Favours [Shilaji]

Fig. 4 Results of the meta-analysis of studies evaluating the effect of Shilajit supplementation on sperm count
in experimental animal models

Shilajit Controlivehicle Mean Difference Mean Difference

Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Mishra et al. 2018 80.5 31 5 215 728 5 252% 59.00[52.06, 65.94] —
Rajpoot et al. 2024 791 12.84 6 60.5 10.96 6 242% 18.60[5.09, 32.11] -
Rajpoot et al. 2025 75.2 13.31 10 565 803 10 249%  18.70[9.07, 28.33] —
Zahraa kareem etal. 2025 70.21 0.325 10 64.52 0526 10 25.6% 5.69[5.31, 6.07] u
Total (95% Cl) 31 31 100.0% 25.52[-2.96, 53.99] e

it 2= - Chi2 = = - 12 = 999 t t t t
Heterogeneity: Tau? = 823.62; Chi* = 236.50, df = 3 (P < 0.00001); I = 99% _5'0 _2'5 0 2'5 5'0

Test for overall effect: Z=1.76 (P = 0.08) Favours [control] Favours [Shilaijit]

Fig. 5 Results of the meta-analysis of studies evaluating the effect of Shilajit supplementation on sperm motility
in experimental animal models

Discussion

The reproductive advantages of Shilajit are likely mediated by one or more different but complimentary pathways
(40). Shilajit has a variety of compounds including fulvic acid, humic substances, dibenzo-a-pyrones, amino acids
and vital trace minerals which are all believed to contribute to its antioxidant and adaptogenic qualities (77) (78)
(79). The studies included in the review consistently showed activation of endogenous antioxidant pathways such
as Nrf-2/Keap-1 and Nrf-2/HO-1 signaling, which resulted in improved antioxidant enzyme activity, reduced lipid
peroxidation and protection from oxidative stress-mediated germ cell death (80) (81). In addition, Shilajit
promoted steroidogenesis by increasing the levels of StAR, 33-HSD and 17B-HSD enzymes, maintained Sertoli
cell function and blood—testis barrier integrity, improved mitochondrial energy metabolism and provided
necessary minerals needed for proper spermatogenesis (82) (83) (84).

The present systematic review and meta-analysis demonstrated that Shilajit has a beneficial effect on male
reproductive function in experimental animal models by significantly improving serum testosterone levels and
sperm count, and also showing a positive but statistically non-significant trend in sperm motility. The
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experimental studies included in this review consistently confirmed these results andindicated that Shilajit
protected the testes from chemically induced reproductive harm by improving spermatogenesis,
steroidogenesis, and sperm quality (85) (86). Rajpoot et al. reported the restoration of testicular germ cell
dynamics and improvement of Sertoli cell function due to Shilajit administration in cyclophosphamide exposed
mice. Shilajit also improved testosterone biosynthesis by activating the 3f-HSD and 17B-HSD enzymes, reduced
oxidative stress by activating the Nrf-2/Keap-1 pathway and significantly improved the sperm quality (87) (88).
Similarly, Rajpoot et al. showed that Shilajit improved insulin sensitivity, steroidogenesis, blood—testis barrier
integrity, oxidative stress, and apoptosis through the Nrf-2/HO-1 signaling pathway in streptozotocin-induced
diabetic mice, and significantly improved sperm count, motility, viability, and testicular histology (89) (90). Mishra
et al. also reported that Shilajit effectively reversed cadmium-induced infertility by increasing serum
testosterone, stimulating testicular steroidogenic enzymes, restoring spermatogenesis, improving daily sperm
production, sperm concentration and motility and enhancing fertility outcomes, thus supporting its potent
androgenic and reproductive protective effects (91). Khaleel et al. also reported that Shilajit reduced
monosodium glutamate-induced testicular injury by restoring the testosterone levels, decreasing the
inflammatory alterations, improving the testicular histology and retaining the seminiferous tubule architecture,
especially at the higher dose of 200 mg/kg (92) (93). In addition, Kareem et al. reported that Shilajit
significantly improved sperm count, motility, viability, and reproductive function and decreased sperm
abnormalities in cadmium-exposed rats, thus emphasizing its antioxidant and adaptogenic capabilities (94).
The results of the present evaluation are also confirmed by the narrative study of Park et al. one of the first
studies to evaluate the reproductive effects of Shilajit. This study was not included in the quantitative meta-
analysis, because it did not meet the predefined eligibility criteria for pooling. However, this study showed that
six weeks of oral administration of Shilajit led to a significant increase in sperm counts in the testes and
epididymides and increased the number of seminiferous epithelial cell layers without causing adverse changes
in organ weights. The authors also noted that Shilajit improved ovulation in female rats, indicating that it has
fertility-enhancing effects in both sexes (95) (96). These findings are congruent with the present results,
particularly the considerable improvement in sperm count and provide additional biological justification for the
traditional usage of Shilajit as a reproductive tonic (97) (98). Overall, these pathways may convince the observed
improvements in production of serum testosterone levels and sperm count in the various experimental models
(99) (100). Future research should use standardized formulations of Shilajit, comparable dose regimens, and
identical ways of measuring outcomes to allow for better comparability among studies. Moreover, well-designed
clinical trials are needed to validate the efficacy and safety of Shilajit in the management of male infertility.

Conclusion

The current systematic review and meta-analysis shows that Shilajit improves male reproductive function in
experimental animal models with significant increases in serum testosterone levels and sperm count and a
positive but not significant effect on sperm motility. The substantially wider confidence interval observed for
sperm motility (MD = 25.52; 95% Cl: -2.96 to 53.99), compared with the narrower confidence intervals for serum
testosterone (MD =2.69; 95% Cl: 1.85-3.53) and sperm count (SMD = 8.14; 95% Cl: 2.92—-13.37), indicates greater
uncertainty and variability in the estimated effect of Shilajit on sperm motility. The reproductive effects of Shilajit
are likely mediated through its antioxidant, endocrine-modulating and spermatogenesis-promoting
characteristics. However, the substantial heterogeneity of the included studies underlines the necessity for
standardized preclinical research and well-designed clinical trials to determine its efficacy and safety before
widespread therapeutic usage in the management of male infertility.
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