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Introduction

Abstract: This study aimed to investigate the effect of aging on immune reproductive function,
oxidative stress parameters, and the beneficial effects of Echinacea purpurea (EP) root extract in male
Sprague-Dawley rats. Rats were randomly divided into three groups: control-young, control-old
(administered only saline), and old-treated groups (orally administered EP once daily for one week,
followed by two weeks without treatment) for 12 successive months. The results showed that the
survival rate, sperm count, and motility were enhanced by EP treatment, while the percentage of
sperm abnormalities declined. Treatment with EP improved serum levels of gonadotropin-releasing
hormone, luteinizing hormone, follicle-stimulating hormone, and testosterone. Serum levels of
antioxidant enzymes, interleukin-2, interleukin-10, and tumor necrosis factor-alpha were increased
by EP treatment, whereas malondialdehyde, interleukin-1{, and interleukin-6 levels were decreased.
The mRNA expression levels of caspase-3 in the testes and spleen were increased in the control-old
group, and EP treatment decreased them. Peroxisome proliferator-activated receptor gamma
coactivator 1-alpha (PGC-1a) and Sirtuin-1(SIRT-1) mRNA expression levels were declined in the
control-old and old-treated groups. The morphology of the reproductive and immune tissues was
improved by EP treatment. In conclusion, the administration of EP root extract ameliorates the
unfavorable effects of aging by its anti-inflammatory and antioxidative properties.
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Aging is accompanied by several morphological and physiological changes that occur in the majority of organs

in all individuals. Most organs and systems have a number of gradual, predictable, and progressive changes as

we age. Over time, every person experiences physiological changes at the molecular, structural, and functional
levels [1]. With aging, there is an apparent loss of physiological reserves. When the reserves are exhausted, the
elderly person becomes weak and unable to handle new difficulties without going over a precipice [2].
Numerous age-related illnesses, including cancer, immune system problems, musculoskeletal disorders,
cardiovascular diseases, and neurological diseases, have been reported [3].

There are numerous theories regarding the aging process of organisms [4]. Most of those theories can be
divided into two groups. The first group is "the genetic program theories", which propose that aging is the
result of a purposeful program driven by genes. Second, the "epigenetic theories" propose that aging is not
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genetically predetermined, but rather the product of stochastic or random events rather than actions directed
by a program [5]. Therefore, hypotheses such as telomere shortening must be considered plausible
explanations for processes of cell differentiation or replicative cellular senescence, but not as the fundamental
cause of organism aging. The free-radical theory has attracted the most attention out of all the aging theories.
Age-related illnesses, physiological aging, and shortened lifespans all seem to be mostly caused by oxidative
stress [6]. It happens when the antioxidant system's defensive response to the generation of free radicals
becomes insufficient [7]. Since reactive oxygen species (ROS) can either directly or indirectly activate
transcription factors like nuclear factor-kappaB (NF-kB) and activator protein-1, which can induce
inflammation that is intimately related to oxidative stress [8]. Elevations of proinflammatory indicators and
circulating cytokines are linked to aging. Elevations in interleukin-6 (IL-6), interleukin-1 (IL-1), tumor necrosis
factor-alpha(TNF-a), and C-reactive protein have been linked to a higher risk of morbidity and mortality in
older individuals [9].

In rats, testicular morphology and function change with aging [10]. Pathological testicular premature aging
is also attributed to a variety of external and endogenous causes, including gene alterations and unfavorable
environmental stresses [11]. Examining the connection between reduced male fertility and environmental
variables has received more attention in recent years. Male fertility may be impaired by a variety of
environmental and professional factors, as well as lifestyle choices. There is evidence that male reproductive
function decreases with aging. Sperm genetic and epigenetic changes are accelerated by aging and may result
in lower fertility and lower-quality semen [12]. However, the exact mechanism underlying age-related
reproductive failure remains unclear.

Anti-aging medications that target the causes of aging have recently come under attention. Purple
coneflower, or Echinacea purpurea (EP) (L.), Moench, a member of the Asteraceae family, is a perennial
medicinal herb with significant immunostimulatory and anti-inflammatory abilities [13,14]. One of the highly
significant physiological reductions that have been extensively studied in response to stress or disturbance,
which influences negatively the health span of individuals, is immune system hypofunction [15]. Therefore, this
study aims to investigate the effect of aging on different biochemical, oxidative stress parameters, and
immunoreproductive functions in male rats and examine the effect of anti-aging phytomedicine (EP root
extract, EP) on improving health in old age.

Materials and methods
Ethical Approval
This study was approved by the Institutional Animal Care and Use Committee Guidelines of the Faculty of
Veterinary Medicine, Zagazig University (Approval No, ZU-IACUC/2/F/66/2020).
Animals
75 male Sprague-Dawley (SD) rats with an initial mean body weight (130 + 10 g) were obtained from the
laboratory animal unit (Zagazig University) and permitted to acclimatize for two weeks before the experiment.
Rats were housed on a 12-h light/dark cycle at a constant temperature (22 = 2 ° C) and relative humidity (50-
60%) with free access to water ad libitum.
Experimental design
Rats were randomly divided into three groups (n= 25/group): control-young (2 months), control-old, and old-
treated groups (14 months). The latter was treated by EP (100 mg/kg BW, EMA Pharmaceuticals Company,
Cairo, Egypt) [16]. EP was administered orally by gastric gavage to young rats once daily for one week, followed
by two consecutive weeks without treatment for 12 successive months. We suggested this protocol for EP
administration as prolonged use may weaken the immune system, probably because of overstimulation. The
control-old group was administered only saline. Changes in the body weights and survival % of the animals
were monitored weekly.
Blood and tissue collection

All rats were quickly decapitated after an overnight fast with free access to water [17]. The control-
young group (6 weeks) was sacrificed after the completion of the acclimatization period (2 weeks). However,
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rats in the control-old and old-treated groups were sacrificed after finishing the housing period (12 m).
Animal’s trunk blood was collected in a serum-separating tube gel, allowed to clot, and centrifuged at 3000 g
for 20 min for separation of serum that was stored at 20 C until further analysis. Testes, epididymis, seminal
vesicle (SV), prostate, spleen, thymus, and adrenal glands were excised and weighted.
Testes, epididymis, spleen, thymus, and femur were fixed in a 10% neutral buffered formalin solution for
histological evaluation. Part of one testis and part of the spleen were collected, snap-frozen in liquid nitrogen,
and preserved at -80° C for further total ribonucleic acid (RNA) extraction.
Epididymal sperm analysis

One cauda epididymis was removed immediately in a sterilized Petri dish containing 2«ml of normal saline
at 37 » C, cut, and the suspension was handled as semen. A single drop of the semen sample was put on a glass
slide that had been prewarmed to 37 °C, covered with a cover slide, and examined under a light microscope
(40x) to determine the motility of the sperm [18]. The percentage of abnormal sperm was determined by
staining a glass slide with a smear of the semen sample using an eosin-nigrosine stain. The concentration of
sperm cells was measured using an improved Neubauer hemocytometer counting chamber after the semen
sample was diluted five times (v/v) using normal saline containing a few drops of 40% formalin to immobilize
the spermatozoa [19].
Measurement of serum biomarkers

Rat enzyme-linked immunosorbent assay (ELISA) kits were utilized according to the manufacturer’s

instructions to assess the concentrations of different hormones. The catalog numbers for the utilized ELISA kits
were as follows: gonadotropin-releasing hormone (GnRH; ER1003; Wuhan Fine Biotech Co., Ltd.), luteinizing
hormone (LH; CSB-E12654r; Cusabio Biotech Co., Ltd.), follicle-stimulating hormone (FSH; CSB-E06869r;
Cusabio Biotech Co., Ltd.), testosterone (EK7014; Boster Biological Technology, Pleasanton, CA). The
concentrations of immunoglobulin G (IgG; CSB-E07981r; Cusabio Biotech Co., Ltd.), immunoglobulin M (IgM;
CSB-E07978r; Cusabio Biotech Co., Ltd.), immunoglobulin E (IgE; CSB-E07984r; Cusabio Biotech Co., Ltd.), and
immunoglobulin D (IgD; CSB-EQ027960RA; Cusabio Biotech Co., Ltd.) were estimated using rat ELISA Kkits
according to the manufacturer’s protocol. Interleukin-10 ( IL-10; ER0033; Wuhan Fine Biotech Co., Ltd.),
interleukin-2 (IL-2; R2000, Quantikine R&D Systems, Minneapolis, USA), interleukin-18 (IL-1f; RLBOO,
Quantikine R&D Systems, Minneapolis, USA), interleukin-6 (IL-6; EK0412; Boster Biological Technology,
Pleasanton, USA), TNF-a (TNF-a; RAB0480; Sigma Aldrich, Louis, USA), NF-kB (NF-kB; CSB-E13148r; Cusabio
Biotech Co., Ltd.) were measured using commercially available rat ELISA kits. The activities of the antioxidant
enzymes superoxide dismutase (SOD; MBS036924; MyBioSource, San Diego, USA) and catalase (CAT;
MBS726781; MyBioSource, San Diego, USA), and the concentration of the lipid peroxidation marker
malondialdehyde (MDA; MBS268427; MyBioSource, San Diego, USA) were measured using commercially
available rat ELISA kits according to the manufacturer’s protocol. RNA extraction and Real-Time Polymerase
Chain Reaction
Total RNA was extracted from testes and spleen tissue samples using Trizol (Invitrogen; Thermo Fisher
Scientific, Waltham, MA, USA). The quality of RNA was evaluated by measuring the A260/A280 ratio using the
NanoDrop VR ND-1000 Spectrophotometer (NanoDrop Technologies; Wilmington, DE, USA). For
complementary deoxyribonucleic acid (cDNA) synthesis, a High-Capacity cDNA Reverse Transcription Kit
cDNA Kit (Applied Biosystems™, USA) was utilized. Real-time polymerase chain reaction (RT-PCR) was
performed using a CFX96 real-time PCR detection system (CFX96; Bio-Rad, Hercules, CA, USA) with the
TOPreal™ qPCR 2X PreMIX (SYBR Green with low Rox; Enzynomics Inc., Daejeon, Korea) according to the
manufacturer’s instructions. The conditions of PCR cycling included a preliminary denaturation at 95 °C for 15
min, followed by 40 cycles of denaturation at 95 °C for 30 s, annealing at 60 °C for 60 s, and a final elongation
at 72 °C for 60 s. The primers (Table 1, Sangon Biotech, Beijing, China) were prepared according to their
manufacturer’s instructions. The relative fold changes in gene expression were calculated using the 2-
2ACT method [20].
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Table 1: Primers sequences of targeted genes.

Gene Forward Primer Sequence (5' to 3') Reverse Primer Sequence (5' to | Product | Accession
39 size number
Gapdh GCATCTTCTTGTGCAGTGCC GGTAACCAGGCGTCCGATAC 91 NM_017008.4
SIRT1 AGCTGGGGTTTCTGTTTCCT TGCTGAGTTGCTGGATTTTG 224 NM_001372090.
1
Caspase-3 | GAGACAGACAGTGGAACTGACGATG GGCGCAAAGTGACTGGATGA 147 NM_012922.2
PGCla TTCAGGAGCTGGATGGCTTG GGGCAGCACACTCTATGTCA 70 NM_031347.1

Histological examination

Testes, epididymis, spleen, thymus, and bone marrow tissue samples were kept for 48 hours in a 10%
neutral buffered formalin solution, then dehydrated in ethanol concentrations ranging from 70% to 100%,
cleaned in xylene, and embedded in paraffin wax. An automated microtome was used to create paraffin sections
with a thickness of 5um. Hematoxylin and eosin stain were then applied [21]. Femur bones were decalcified
with 10% formic acid.
Statistical analysis
The present data are expressed as the mean * standard error of the mean (SEM). The results were statistically
analyzed using a one-way analysis of variance (ANOVA). The mean values of the control and various
experimental groups were compared using the post-hoc Tukey’s test. The differences in survival % were
analyzed using the Gehan-Breslow-Wilcoxon test. SPSS Statistics computer software (version 11.0) was used
to perform the statistical analyses. A value of p< 0.05 was considered statistically significant.

Results

Effect of aging on body weight, survival %, and organs weight.

Across 12 m of the intervention period, significant declines in body weights of the control-old group were
observed when compared with the old-treated group (Figure 1A, p < 0.05 and p < 0.01 by Student’s t-test,
respectively). Administration of EP improved the survival % in old-treated rats compared with the non-treated
group (Figure 1B). Reproductive organs weights, namely, testes, epididymis, SV, and prostate were
considerably lighter in the control-young rats compared to control-old and old-treated rats. Moreover, an
increase in the weight of the testes and SV was noticed in the old-treated rats compared to control-old rats
(Table 2). The weight of the spleen and adrenal gland shows significant increases in the old-treated groups
when compared to the control-young group, but the thymus weight was significantly reduced in the control-
old group when compared to the control-young group (Table 2).
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Figure 1: Changes in body weight and survival %. (A) Body weights (g) in the control-old (closed squares)
and old-treated (open squares) rats. Data are means * SEM (n = 25 in each group). *p < 0.05 and **p < 0.01 by
Student’s ¢t-test. (B) Survival % in the control-old (black line) and old-treated (gray line) rats. Survival was
monitored weekly for up to 12 m. Data are means = SEM (n = 25 in each group). ***p < 0.001 by Gehan-Breslow-
Wilcoxon test.

Table 2: Absolute organs weight: testes, epididymis, seminal vesicle, prostate, spleen, thymus and
adrenal gland in young, control-old and old-treated rats. Values are means + SEM (n = 25 in each group).

Organ Control-young Control-old Old-treated
Testes (g) 1.409 + 0.1152 2.635 + (0.234b 3.511 + 0.152¢
Epididymis (g) 0.392 £0.011a 1.33 +0.041b 1.329+0.018°b
Seminal vesicle(g) 0.186 +0.0232 1.214 + 0.091b 1.749 + 0.125¢
Prostate (g) 0.192 £ 0.01a 0.642 +0.032b 0.693 + 0.056b¢
Spleen (g) 1.034 + 0.091a 1.35+0.1162b 1.44 £0.107"
Thymus (g) 0.29 £ 0.0272 0.177 £ 0.007" 0.196 + 0.0472b
Adrenal gland (g) 0.065 +0.001a 0.079 + 0.0072b 0.118 + 0.021"

abcMeans within a row carrying different superscript letters denote significant differences (P < 0.05).
Effect of aging on semen parameters and levels of reproductive hormones.
Sperm cell concentrations were significantly increased in the control-old and old-treated

groups compared to the control-young group. Moreover, treatment with EP significantly elevated sperm cell
concentration in old-treated rats when compared to control-old rats (Figure 2A, P < 0.001 by ANOVA). The
percentage of sperm motility declined with aging and was improved by EP treatment (Figure 2B, P < 0.01 by
ANOVA). The percentage of morphologically abnormal sperm was significantly increased in the control-old
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group and decreased by EP treatment (Figure 2C, p < 0.001 by ANOVA). Serum levels of reproductive hormones
are shown in (Figure 2D-G). The levels of GnRH, LH, FSH, and testosterone were elevated in the control-old
group as compared with the control-young group. Levels of the reproductive hormones were further improved
in the old rats by EP treatment (Figure 2D-G respectively, P < 0.001 by ANOVA).
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Figure2: Changes in sperm parameters and serum levels of reproductive hormones in male rats.

(A) Sperm cell concentration; (B) Percentage of sperm motility; (C) Sperm abnormalities (%) in the control-
young, control-old, and old-treated groups. Serum levels of: (D) GnRH (pg/ml); (E) LH (ulU/ml); (F) FSH
(ulU/ml); and (G) testosterone (ng/ml) in the control-young, control-old, and old-treated groups. Data
are means = SEM (n = 25 in each group). **p < 0.01 and ***p < 0.001 by ANOVA.

Effect of aging on the levels of immunoglobulins and cytokines

The levels of IgG were significantly elevated in the old-treated group when compared to the control-
young and control-old groups respectively (Figure 3A, P < 0.001 by ANOVA). The levels of IgM were
significantly increased in both control-old and old-treated groups as compared with the control-young group
(Figure 3B, P < 0.001 by ANOVA). The levels of IgE showed no significant difference between the three groups
(Figure 3C). The levels of IgD were significantly increased in the old-treated group when compared to the
control-young and control-old groups (Figure 3D, P < 0.001 by ANOVA).
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Figure 3: Changes in the levels of immunoglobulins. Level of: (A) IgG (ng/ml); (B) IgM (ng/ml); (C) IgE
(ng/ml); and (D) IgD (pg/ml)in the control-young, control-old, and old-treated groups. Results are means +
SEM (n = 25 in each group). ***p < 0.001 by ANOVA.

Young Treated

The levels of IL-10 and IL-2 were significantly increased in the control-old group compared with the control-
young group. Treatment of old rats with EP further elevated the concentrations of IL-10 and IL-2 (Figure 4A
and B, P £ 0.001 by ANOVA). However, the levels of IL-13 and IL-6 were significantly decreased in the control-
old and old-treated groups when compared to the control-young group (Figure 4C and D, P < 0.001 by ANOVA).
Treatment with EP induced a further decline in IL-1f levels in old rats (Figure 5C, P < 0.001 by ANOVA), but,
does not affect the levels of IL-6 (Figure 4D). Levels of TNF-a and NF-kB revealed significant increases in the
control-old and old-treated groups compared to the control-young group. EP treatment increases the levels of
TNF-a and NF-kB in old rats (Figure 4E and F, P < 0.001 by ANOVA).
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Figure 4: Serum levels of cytokines. (A) IL-10 (pg/ml); (B) IL-2 (pg/ml); (C) IL-1B (pg/ml); (D) IL-6 (pg/ml);
(E) TNF-a (pg/ml); and (F) NF-kB (pg/ml) in the control-young, control-old, and old-treated groups. Results
are means = SEM (n = 25 in each group). ***p < 0.001 by ANOVA.

Effect of aging on the levels of antioxidant enzymes and lipid peroxidation marker.

Serum levels of the antioxidant enzymes SOD and CAT were significantly increased in the control-old
group and showed more increases with EP treatment (Figure 5A and B, P < 0.001 by ANOVA). While the
concentrations of lipid peroxidation marker MDA declined in the control-old group and revealed more
reduction by EP treatment (Figure5C,P < 0.001 by ANOVA).
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Figure 5: Serum levels of antioxidants and lipid peroxidation markers. (A) SOD levels (U/ml); (B) CAT
concentration (ng/ml); and (C) MDA levels (nmol/ml) in the serum of control-young, control-old, and old-
treated groups. Results are expressed as means * SEM (n = 25 in each group). ***p < 0.001 by ANOVA.
Effect of aging on gene expression in the testes and spleen

The messenger mRNA expression levels of caspase-3, the key molecule of apoptosis, were
upregulated in the control-old rats compared to the control-young rats in both testes and spleen (Figure 6A
and B, P < 0.05 and P < 0.01 by ANOVA, respectively), and treatment of old rats with EP down regulated the
levels of caspase-3 mRNA expression in testes and spleen to the same level as in the control-young rats (Figure
6A and B, P < 0.05 and P < 0.01 by ANOVA, respectively). Peroxisome proliferator-activated receptor gamma
coactivator 1-alpha (PGC-1a) mRNA expression levels were significantly decreased in the control-old and old-
treated groups when compared with the control-young group in the testes (Figure 6C, P < 0.001 by ANOVA)
and spleen (Figure 6D, P < 0.05 and P < 0.001 by ANOVA, respectively). Although treatment of old rats with EP
tended to suppress the mRNA expression levels of PGC-1a in both the testes and spleen, the results remain
insignificant. In the testes, the mRNA expression levels of sirtuin-1 (SIRT-1) markedly declined in the control-
old group, though the results were insignificant. However, treatment with EP significantly downregulated the
expression levels of SIRT-1 (Figure 6E, P < 0.05 by ANOVA). In the spleen, the expression levels of SIRT-1
significantly declined in the control-old and old-treated groups when compared to the control-young group
(Figure 6F, P < 0.001 by ANOVA).
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Figure 6: Gene expression levels by RT-PCR. (A, B) mRNA expression levels of caspase-3 in the testes and
spleen, respectively. (C, D) Levels of PGC-1a mRNA expression in the testes and spleen, respectively. (E, F) Sirt-
1 mRNA expression levels in the testes and spleen, respectively. Results are presented as means + SEM (n = 25
in each group). *p < 0.05, **p < 0.01, and ***p < 0.001.
Effect of aging on the morphology of the reproductive tissues

Testes of the control-young group showed atrophy of seminiferous tubules, and the atrophied
tubules were characterized by nearly empty lumina with the presence of epithelial necrotic debris (Figure 7A
and B, upper panel). Testes of the control-old group revealed apoptosis in some germinal epithelial lining the
tubules and thickening within the interstitial tissue (Figure 7C and D, upper panel). In the old-treated group,
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testes exhibited non-histopathological alterations in seminiferous tubule components and interstitial tissue.
Each tubule is composed of basal spermatogonia, layers of spermatocytes, spermatids, and mature sperms
(Figure 7E and F, upper panel). The epididymis of the control-young group revealed normal architectures of
epididymal tubules, which are lined by columnar epithelium and filled with populations of sperm in their
lumina (Figure 7, lower panels A and B). The control-old group epididymis showed normal ciliated epithelial
lining tubules with a smaller number of stored spermatozoa (Figure 7, lower panels C and D). Old-treated group
epididymal tubules were mostly convoluted, impacted with mature sperms, lined by columnar ciliated
epithelium, and surrounded by mild interstitial edema with inflammatory cells (Figure 7, lower panels E and
F).

Old treated Control Old

Control Young

Control Old

Old treated

Figure 7: Photomicrograph of H&E stained sections from testes (upper panels). (A, B) Testes of the
control-young group showed atrophied seminiferous tubules (arrow), and epithelial necrotic debris within
their lumina (arrowhead). (C, D) Testes of the control-old group revealed apoptosis in some germinal
epithelial lining tubules (arrowhead) and thickening within interstitial tissue (arrow). (E, F) Testes of the old-
treated group showed non-histopathological alterations in the seminiferous tubules (arrow), interstitial tissue
(thick arrow), basal spermatogonia (arrowhead), layers of spermatocytes (curved arrow), and sperms
(star). Scale bar 20 and 100 pm respectively.
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Photomicrograph of H&E stained sections from epididymis (lower panels). (A, B) Epididymal sections of
the control-young group showed normal architectures of the epididymal tubules (arrow) lined by columnar
epithelium (arrowhead) and filled with populations of sperms in their lumina (star). (C, D) Sections of the
epididymis of the control-old group revealed normal ciliated epithelial lining tubules (arrowhead) with less
number of stored spermatozoa (star). (E, F)Epididymis of the old-treated group showed convoluted
epididymal tubules (arrow), impacted with mature sperms (star), lined by columnar ciliated epithelium
(arrowhead), and surrounded by mild interstitial edema with inflammatory cells (curved arrow). Scale bar
20 and 100 pm respectively.

The spleen of the control-young group showed a normal germinal center, mantle zone, marginal
zone, and central arteriole of white pulp. The structures of red pulp, which include sinusoids, a network of
reticular fibers with lymphocytes, macrophages, and a few megakaryocytes, were maintained as well (Figure 8
A and B, upper panel). In the control-old group, the spleen showed dilated splenic sinusoids impacted with
different types of inflammatory cells, mainly lymphoid elements. Furthermore, many apoptotic bodies were
seen within the germinal centers of white pulp (Figure 8 C and D, upper panel). The spleen of the old-treated
group exhibited normal cytostructures of white pulp lymphoid nodules (central arteriole, germinal center,
mantle zone, and marginal zone) and preserved red pulp, which had sinusoids, macrophages, lymphocytes, and
many megakaryocytes (Figure 8 E and F, upper panel).

In the control-young group, thymic lobules were divided by septa and formed from a peripherally
more densely packed cortex and pale stained medulla with reticular cells and a low number of lymphocytes
(Figure 8 A and B, upper panel). The thymus of the control-old group showed cortical and medullary lymphoid
lobules. However, there were fewer cortical reticular epithelium and lymphoid elements than in the old-treated
group (Figure 8 C and D, upper panel). The thymus of the old-treated group revealed preserved
histomorphology of dark-stained cortex and a less densely packed medulla with epithelial cells (Figure 8 E and
F, upper panel).

The bone marrow of the control-young group showed normal myelocytic, lymphocytic,
erythrocytic, and megakaryocytic hematopoietic series between bony spicules of spongy bone (Figure 8 A and
B, lower panel). The bone marrow of the control-old group revealed normal cytoarchitecture of whole blood
cell precursors and megakaryocytes. The latter had an irregular nucleus and abundant cytoplasm. In addition,
abundant fat vacuoles were also observed (Figure 8 C and D, lower panel). The bone marrow of the old-treated
group exhibited active bone marrow with an increased number of all blood-forming cells. A large number of
mature lymphocytes and megakaryocytes and a lesser number of adipocytes were observed as well (Figure 8
E and F, lower panel).
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Figure 8
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Figure8: Photomicrograph of H&E stained sections from spleen (upper panels). (A, B) Sections of the
spleen of the control-young group showed normal germinal center (double-headed arrow), mantle zone
(curved arrow), marginal zone (star), and central arteriole (arrowhead) of white pulp and maintained
structures of the red pulp (arrow). (C, D) The spleen section of the control-old group showed dilated splenic
sinusoids within the red pulp (arrow) and many apoptotic bodies within the germinal centers of the white
pulp (arrowheads). (E, F) Sections of the spleen of the old-treated group revealednormal cytostructure of
white pulp lymphoid nodule (double-headed arrow) and preserved red pulp (arrow) with many
megakaryocytes (arrowhead).Scale bar 20, 100 pm respectively.

Photomicrograph of H&E stained sections from Thymus (upper panels). (A, B) Sections from the thymus
of the control-young group showed thymic lobules divided by septa and formed from peripherally more
densely packed cortex (star) and pale stained medulla (circle) with reticular cells (arrowhead) and low
number of lymphocytes (arrow). (C, D) Thymus sections of the control-old group showed cortical (star) and
medullary (circle) lymphoid lobules with less cortical reticular epithelium (arrowhead) and lymphoid
elements. (E, F) Section from the thymus of the old-treated group showed preserved histomorphology of dark
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stained cortex (star), and less densely packed medulla (circle) with epithelial reticular cells (arrowheads).
Scale bar 20 and 100 um respectively.

Photomicrograph of H&E stained sections from bone marrow (lower panels). (A, B) The bone marrow
section of the control-young group showed normal hematopoietic cells (star) and megakaryocytes
(arrowhead) between bony spicules of spongy bone (arrow). (C, D) Sections of bone marrow from the
control-old group revealed normal cytoarchitecture of whole blood cell precursors (star) and megakaryocytes
(arrowhead) and abundant fat vacuoles (curved arrow). (E, F) Sections of bone marrow from the old-treated
group showed active bone marrow with an increased number of all blood-forming cells especially mature
lymphocytes (star) and megakaryocytes (arrowheads). Scale bar 20 and 100 um respectively.

Discussion

Aging is a physiological process mediated by several biological and genetic pathways that mediate all age-
related diseases and are directly related to lifespan [22]. EP extract is employed in this investigation as a
possible phytomedicine with anti-aging properties. Previously, it has been reported that EP increases the
survival rate in mice [23], which is in agreement with our study.

As people age, several sexual functions deteriorate. Age-related declines in male reproductive function
have been reported, including impaired spermatogenesis, a decline in Sertoli cell biological function, and
disruption of the blood testes barrier-induced immunological barrier [24]. In the present study, control-old
rats demonstrated suppression of sperm motility with an increase in the number of morphologically abnormal
sperm though the sperm cell concentration was increased. One potentially significant aging-related mechanism
that has been suggested is the inflammatory responses, which have been linked to decreased sperm quality,
including motility, morphology, and count. Furthermore, in Leydig cells, the inflammatory cytokines TNF-a, IL-
1B, and IL-6 caused dose-dependent decreases in steroidogenesis [25]. The percentage of motile spermatozoa
decreases, and the percentage of spermatozoa with cytoplasmic droplets increases in the cauda epididymis
[26]. It has been stated that 99% of the young males' sperm have normal morphology [27]. This proportion
persisted in the seminal fluid of both middle-aged (12 m) and elderly (24 m) males as well. Furthermore, the
old SD rat's sperm production was close to that of younger animals [28]. The anti-inflammatory, antioxidant,
and radical-scavenging properties of EP have been reported [29,30] Strong antioxidants are required to stop
oxidative damage in the testicle. The protective effects of EP on sperm characteristics in rats have been
reported [31]. Cyproterone acetate in EP is thought to reduce oxidative stress in the testes [32]. It has been
shown that EP treatment increased sperm motility and decreased sperm abnormalities [33], which supportour
findings. Additionally, the higher testosterone level, testes, and prostate weight in the EP treated group than
the control-old group may explain the higher sperm concentration and motility, respectively, in the EP treated
rats when compared to the control-old rats.

Male reproductive function is impacted by aging on a number of levels, including sperm production and
quality as well as the structure and histology of the male reproductive system. As the organism ages, the
spermatogenesis microenvironment made up of the Sertoli and Leydig cells shows notable anomalies such as
decreasing numbers, morphological changes, organelle aging, aberrant hormone secretion, and deficits in the
blood-testicular barrier [24]. GnRH is released by the hypothalamus, and it causes the pituitary gland to release
FSH and LH, which are both essential for the functioning of the male reproductive system [34]. GnRH decreases
with age, leading to decreased LH production [35]. Furthermore, the gonadotropin response to exogenous
GnRH is compromised by age [36]. Inadequate LH secretion was the primary cause of low testosterone levels
[37].-Reduced testosterone production in response to LH is a characteristic of elderly Leydig cells [38,39].
Oxidative stress can interrupt the Leydig cells’ steroidogenic capability in rats [40]. Testosterone levels were
found to drop after 24 m and at 30 m in Brown Norway rats [26] and even at 15 m old male Wistar rats [41].The
signs of aging start to appear in rats after 6-7 m [42]. Although SD rats at the age of 12 m have been considered
to be old [43]. However, in the present study, the concentrations of GnRH, LH, FSH, and testosterone were
elevated in the control-old rats, which are equivalent to middle-aged humans [44].
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Immunoglobulins (Igs) are glycoproteins that are produced by B cells. They mediate humoral
immunity by neutralizing viruses and destroying foreign objects [45]. Under normal circumstances, T helper-
2 (Th-2) cells use anti-inflammatory cytokines (IL-10, IL-6, and IL-4) to promote humoral immunity and
increase the generation of antibodies. These cytokines drive B cells to develop into IgG, IgM, and IgE
antibodies[46]. As a result, decreased Th-2 cell function can lower IgG and IgM [47]. Administering EP to albino
rats prevented lead-induced decreases in IgG and IgM levels [48]. In the present study, EP treatment improved
the plasma concentration of IgG, IgM, and IgD. The hematopoietic system is stimulated by the contents of EP,
such as cichoric acid and echinacin, which may be responsible for this improvement [49].

Systemic chronic inflammation is the hallmark of aging, and it results in immunosenescence, cellular
senescence, organ failure, and diseases associated with aging [50]. Immune, hormonal, and adipose changes
associated with aging generate a chronic inflammatory state [51]. It is thought that cytokine dysregulation is a
major factor in the immune system's remodeling at aging. Aging raises basal expression of inflammatory
cytokines [52]. Aging is negatively impacted by levels of proinflammatory cytokines, primarily TNF-a and IL-6
[51]. EP root contained a fairly great amount of cichoric acid [53]. Cichoric acid exhibits antioxidant, antiviral,
and anti-inflammatory properties. Furthermore, cichoric acid may reduce matrix metalloproteinase-3 activity
and inflammation brought on by lipopolysaccharides in both mice and cell cultures. This suggests that cichoric
acid may have beneficial impacts on aging [54]. In lead-injected rats, the administration of EP extract enhances
the decreased levels of IL-10 [27,55] which is in agreement with our results (Figure 4A). IL2 plays a pivotal role
in immune responses; it is an important immunoregulator. It is necessary for the proliferation of activated T
cells, the differentiation of Th cells, into Th1 and Th2 cells and the improvement of NK cell activity [56].
Therefore, it is not surprising that the decline in IL-2 production assists in age-related immune hypofunction.
A decrease in the ability of lymphocyte populations from elderly animals to produce IL-2 is the cause of the
decline in IL-2 production with advancing age [57], which is contrary to our results as the blood levels of IL-2
were elevated in the control-old and old-treated groups than young ones (Figure 4B). It has been reported that
EP treatment decreases the levels of IL-2 and TNF-a in rats and mice’s blood [58]. The pro-inflammatory
cytokine IL-1f expression increased in the brain and the spleen of aged Fischer rats [59], which is contrary to
our findings where the level of IL-13 declined with the progress of age (Figure 4C), which may be attributed to
rat species. IL-6 is a potent proinflammatory cytokine that enhances T and B lymphocyte proliferation,
neutrophil invasion, and prostaglandin formation [60]. Interleukin-6, sometimes known as the "gerontologist's
cytokine," has long been recognized to play a significant role in aging and diseases associated with age [61]. IL-
6 signaling may represent a key pathway involved in aging and diseases [62]. It has both pro- and anti-
inflammatory activities [52]. While elevated systemic levels of IL-6 can cause pro-inflammatory, pro-oxidant,
and pro-fibrotic reactions, low and/or controlled IL-6 release is linked to anti-inflammatory, antioxidant, and
pro-myogenic effects [62]. In the present study, the levels of IL-6 were inhibited by aging and further
suppressed by EP treatment. It has been observed that administration of EP lowers the amounts of IL-6 in the
rats [48]. TNF-a It is a pro-inflammatory mediator that, when released systemically, can be extremely
detrimental yet beneficial when acting locally in the tissues [52]. An age-dependent rise in TNF-a expression
in the spleen and brain of aged rats has been reported [59], which supports our study that shows elevated blood
levels of TNF-a in the control-old group and the levels were improved by EP treatment (Figure 4E), which is
contrary to [33,63] who reported that TNF-a levels were decreased in the EP treated rats. Both quantitative
and qualitative changes in the immune system occur as cytokine dysregulation with aging [51]. The main
regulator of the innate and adaptive immune systems is NF-kB [64], which is always activated, leading to the
chronic activation of immune cells associated with aging [65]. NF-kB activation is linked to both apoptosis and
the prevention of cell death. It has been reported that EP extracts raise NF-kB's nuclear content [66]. In the
present study, the blood concentration of NF-kB was increased in aged rats, and the levels were enhanced by
EP treatment (Figure 4F). While Mao et al, reported that the level of NF-kB decreased in EP-treated rats [33].

Oxidative stress is one of the many processes that have been proposed to contribute significantly to the
aging process. The hallmarks of aging are facilitated by oxidative damage, which is also a necessary component
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of pathogenic pathways that are thought to be responsible for several age-related disorders [67]. When
antioxidant defense mechanisms and ROS generation are out of balance, aging eventually leads to low-quality
proteins, lipids, and DNA [68]. It has been found that aged Brown Norway rat spermatozoa produce more ROS
and have lower levels of the enzymes glutathione peroxidase and SOD [69]. Additionally, ROS causes
abnormalities in sperm by interfering with the germinal epithelium during the development of normal
spermatozoa [70]. Oxidative stress and inflammation are intrinsically linked because ROS can activate
transcription factors that might cause inflammation, like NF-kB and AP-1 [71]. One potentially significant aging-
related mechanism that has been suggested is the inflammatory response. Inflammatory response and
decreased sperm quality including, sperm count, motility, and morphology, have been related [25]. Concerning
testes, lipid peroxidation is the term describing the reaction that occurs between ROS and lipids, and MDA is
regarded as the biomarker for lipid peroxidation. Following treatment with EP extract, the MDA level was
reduced in testicular tissue and sperm [48,63]. Mao et al, reported that MDA production was dramatically
decrease by increasing EP dose in obese rats[33], which supports our results (Figure5C). According to a prior
study in mice, EP boosted peripheral blood antioxidant activity [72]. Significantly longer life spans were
observed in transgenic mice with elevated levels of CAT [73]. Treatment with medium and high doses of EP
extract increased the SOD activity and decreased the levels of oxidative stress indicators [33]. In the present
study, the activity of the antioxidant enzymes was increased by aging and amplified by EP treatment.

Caspases are essential apoptosis mediators. Among them, caspase-3 is a death protease that is regularly
activated and that specifically cleaves a lot of important cellular proteins. The pro-apoptotic caspase-3 protein's
gene expression is upregulated by NFkB [74]. There have been reports of elevated caspase-3, caspase-6, and
caspase-7 enzymatic activity in the lung and spleen of aged rats [75]. There is a strong correlation between
altered caspase-3 activity and aging [76]. These data support our findings that the testes and spleen of the
control-old group expressed the highest level of caspase-3; however, administration of EP downregulated
caspase-3 mRNA expression levels. In vitro and in vivo, a polysaccharide from EP reduces oxidative stress
while upregulating caspase-3 in the kidney [77].

PGC-1a is more than just a simple transcriptional coactivator; it regulates the biochemical environment
of mitochondrial dynamics, which in turn regulates physiological processes such as inflammation, autophagy,
primary metabolism, tissue remodeling, and redox balance [78]. PGC-1a is required for the induction of ROS-
detoxifying enzymes under oxidative stress conditions. This highlights how PGC-1a controls the state of
oxidative stress [79]. In the aging liver, PGC-1a is necessary to sustain the capacity for autophagy and
mitophagy [80]. Age-associated decreases in PGC-1 a itself are a vital contributing factor in the reduced
mitochondrial function related to aging [81]. In our study, age induced a reduction in PGC-1 « mRNA expression
levels, and EP treatment induced a further reduction in the mRNA expression levels of PGC-1a.

Sirtuins are Nicotinamide Adenine Dinucleotide-dependent Class IIl histone deacetylase enzymes present
in lower to higher organisms and play an important role in the regulation of various vital cellular functions
during metabolism and aging. It also plays a neuroprotective role by modulating several biological pathways
such as apoptosis, DNA repair, protein aggregation, and inflammatory processes associated with aging and
neurodegenerative diseases [82]. SIRT1 transforms inactive PGC-1a into active form, and active PGC-1la
increases Nrfl and Nrf2 expression, which operate on the nuclear genes encoding the oxidative
phosphorylation system's components [83]. In rats, PGC-1a and SIRT1 expression in testicular tissue decrease
with aging [10]. In mice, SIRT1 expression decreases with age. On the other hand, mice, yeast, and
Caenorhabditis elegans can all live longer when SIRT1 expression is elevated [84]. The antioxidant and anti-
inflammatory properties of SIRT1 are widely recognized [85]. Through the Foxo pathway, several longevity
factors, such as SIRT1, can promote the expression of antioxidants and combat oxidative stress [86].
Additionally, it controls inflammation by modifying several pro-inflammatory mediators; specifically, it
suppresses NF-kB signaling, a significant trigger of inflammatory reactions [87]. SIRT1 inhibition amplifies NF-
kB signaling, which in turn causes inflammatory responses and further modifies many of its downstream
mediators [88]. On the other hand, stress and age-related illnesses both increase SIRT1. In the present study,
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an age-induced reduction in SIRT-1 mRNA expression levels has been shown. A significant decline in SIRT1 was
observed in older endothelial cells [89]. The decreased activity of SIRT1 in the aging rat brain has been reported
[90]. Moreover, decreased SIRT1 activity but no expression in the skeletal muscle of aged rats has been
demonstrated [91]. In addition, Gong et al. [92] reported that SIRT1 expression is decreased with age at the
transcriptional and translational levels in the brain, liver, skeletal muscle, and white adipose tissue in
senescence-accelerated mouse prone and a control counterpart strain, senescence-accelerated mouse resistant
. Echinacosides extracted from EP roots, have been shown to upregulate the SIRT1 level [93], contrary to our
study in which the SIRT1 level was decreased by EP treatment. The reason for such discrepancy remains to be
elucidated.
Conclusion

In conclusion, EP may be a potential anti-aging strategy through its positive influence on the survival rate
and the physiology of the immune and reproductive systems in male rats.
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