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ABSTRACT

Boswellia serrata (B.serrata) is commonly defined as a resin, widely used because of the
healing properties of inflammations and other diseases due to its powerful antioxidant action.
This study investigates the effect of B.serrata on reproductive system and metabolic hormones
in adult male rats. Four groups of adult male rats (10 rats each) were subjected to the trail.
Group 1 (control ) rats were fed on normal diet (ND), group (2) rats were fed on high fat diet
(HFD), group (3) rats were fed ND and aqueous B.serrata extract (1000 mg/kg body
weight/day), and group (4) rats fed on HFD and aqueous B.serrata extract at the same dose
respectively for the duration of 60 days. The results indicated that feeding on HFD resulted in
hyperlipidemia, significant (p<0.05) reduced level of testosterone, insulin, TSH and the
antioxidant enzymes (GSH, SOD,CAT), significant (p<0.05) elevated levels of lipid profile,
oxidative markers (MDA) and cytokines (TNF-a, IL-6 and IL-1p) concentration. Negative
effects on spermatogenesis was also observed, confirmed by significant (p<0.05) decrease in
sperm concentration and sperm motility in addition to significant (p<0.05) increase in the
percentage of dead and abnormal sperm. Daily aqueous B.serrata extract administration for
60 days managed to adjust all the metabolic disorders and enhanced rats fertility. The study
concluded that the administration of B.serrata extract improves the adverse effects of high fat
diet by acting as antidyslipidemic, anti-inflammatory and antioxidant agent. B. serrata extract
is also able to correct the disrupted metabolic pathways, with positive effect on male fertility.
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INTRODUCTION

Male infertility has recently been identified as a one of the serious challenges for mankind, and about 50%
of infertilities have a male component (WHO,2021).The current lifestyle is considered as a critical reason for the
decreased fertility in men, which manifested by a sharp decrease in sperm count, poor sexual performances and loss
of libido (Emokpae and Brown,2021) .One of the features of the current lifestyle is the high consumption of foods
rich in energy, high in fat and sugar, which predominantly leads to the development of obesity (Shen et al.,2016
).Numerous studies link hormonal disruption, in addition to increased tissue oxidative and inflammatory damage, to
the impact of a high-fat diet on male reproduction (Barbagallo et al.,2021; Leisegang et al.,2021).Furthermore,
spermatogenesis can be reduced by consuming high fat diet through affecting sperm maturation in the epididymis and
hormonal disruption(Ruiz-Valderrama et al., 2025). In recent years, Plants and/or their extracts have long been
recognized to have a powerful influence on a variety of illnesses (Akram and Mahmood, 2024). The wide use of plant
products is probably attributed to their minor toxic effect compared to the chemical medicines, in addition to the
reduced tissue damage, resulting from plants, thus treatment can be performed with less side effects (Al-Yasiry and
Kiczorowska, 2016).

One of the species have been identified and utilized in conventional medicine is Boswellia genus, also known
as frankincense (Schmiech et al.,2019). B. serrata is a large tree of mountainous areas; the resin of this plant was
recognized to have a variety of therapeutic actions on the body, such as anti-inflammatory, antioxidant and
antibacterial potential (Purabiya et al.,2023). Numerous desired curative properties of B. serrata have also been
illustrated, including; hypoglycemic effect (Karimi et al., 2024), promoting healing of peptic ulcer (Sherif et al., 2019),
anticancer (Trivedi et al.,2023) and treating of osteoarthritis and improving learning problems (Beheshti et al., 2018)
,furthermore to rheumatoid arthritis(Kumar et al.,2019) .
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Due to the composition of the resin collected from frankincense, recently, it has been noted that B. serrata
has effects on fertility. Different extracts have been studied for their effects on infertility in both human and animal
models. Due to the extract's strong antioxidant properties and steroid-like properties, it has been reported that aqueous
and/or alcoholic extracts of B. serrata may cure or improve male infertility in animals, which predominantly increase
the number of active sperms (Alyahya and Asad, 2020; Emtenan et al.,2023). Another study explained the prophylactic
effect of B. sacra extract in the testis is mediated by its antioxidant action, in addition to increasing the number of
spermatocytes in the seminiferous tubules, along with raising blood testosterone levels, it also improved sperm
motility and count (Alharbi et al.,2022)

In this study, we used B. serrata extract to investigate their effects on male fertility and metabolic aspects
in rats exposed to a high fat diet, which is supposed to be a deleterious factor, to disturb cell oxidative status.

MATERIALS AND METHODS
Ethical approval.

Approval for the study protocol was issued by Al_Iragia University- College of Dentistry (No. ESA&HER-
06 Date:22/06/2024). All lab animal experiments were undertaken according to the guide issued by the National
Institutes of Health.
Animals

Albino adult male rats (90+ 10 days), with body weight range (210+20 g) were subjected to the experiment.
Animals were obtained from the animal house at AL-Nahrain University/ Biotechnology Research Center. Rats were
kept in a healthy and normal environment, including 22°C £ 2°C, 55-60% humidity and a 12 h light/dark cycle. Rats
were exposed to a —one week- duration of adaptation before being divided into experimental groups.
Diet

The diet used in this research was procured from local markets in accordance with the nutritional needs of
the rats. High-fat diet (Panchal& Brown, 2010), was formulated by adding saturated fats to the ingredients to meet the
percentage of 60% of total energy in the diet, gained from fats.
Preparation of B. serrata aqueous extract

B. serrata resins used in this investigation were procured from local marketplaces in Baghdad, Irag. 10 g of
B. serrata resin was infused in 10 ml of distilled water overnight at 4 C°, then filtered using a clean cloth. The
percentage of the dry material was determined using the lyophilizing technique, and the stock concentration obtained
during this protocol was diluted to the concentration of 300 mg/ml, provided daily to the rats orally at a dosage of
1000 mg/kg of body weight.
Experimental design

Forty adult male rats were split into four groups at random, with ten rats in each group
Group 1: Negative control: Normal rats administered 1 ml distilled water orally /day by gavage needle and fed normal
diet adlibitum for 60 days.
Group 2: High-fat diet (HFD) group rats fed on high fat diet (60% of the total energy) ad libitum for 60 days.
Group 3: rats fed normal diet with B. serrata aqueous extract (1000 mg/kg/day) orally by gavage needle for 60 days
Group 4: rats fed on high-fat diet (HFD) with B.serrata aqueous extract (1000mg/kg/day) orally by gavage needle for
60 days
Specimen’s collection

At the end of the 60 days of treatments, fasting was applied to the rats for 12 hours. Blood was collected from
the retro-orbital puncture, under deep anesthesia with diethyl eather, using capillary tubes (without heparin). After
allowing the blood to coagulate, it was centrifuged for 15 minutes at 3000 rpm. Before doing the biochemical analysis,
the serum was moved into Eppendorf tubes and kept at -20°C.
Epididymis Preparation for Sperm parameters

After blood collection, rats were sacrificed, postmortem (PM) was undertaken to obtain the genetalia for the
spermatogenesis protocol. The prostate gland, seminal vesicles, and epididymis were removed, cleaned, and weighed
together with the testis. The head of epididymis was removed, sectioned, and its contents were promptly gently pressed
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in a sterile watch glass that held 9.8 milliliters of buffer formalin and 0.1 milliliters of 5% eosin stain. Using the
hemocytometric approach, this was utilized to count the sperm (Yokoi& Mayi,2004). Eosin-nigrosin stain mixed with
3% sodium citrate was used to measure the proportion of living and morphologically aberrant sperm in a smear made
from epididymal tail content (Sakamoto& Hashimoto,1986).

Biochemical analyses

The serum lipid profile levels, including total cholesterol (TC), triglycerides (TG), High density

lipoproteins (HDL) and low density lipoproteins (LDL) were carried out photometrically using spectrophotometer,
very low density lipoproteins (VLDL) was mathematically derived by dividing the TG value by 5.

Serum hormone levels of insulin , Triiodothyronine (T3), Thyroxine (T4),Thyroid-stimulating hormone (TSH) and

Testosterone (T), as well as cytokines concentration including Tumor

Necrosis Factor- o (TNF-a), Interleukin-6 (IL-6) Interleukin-1p (IL-1p) and oxidative stress markers in serum such as
malondialdehyde (MDA), gluthatione (GSH), superoxide dismutase (SOD) and catalase (CAT) were carried out using
ELISA technique.

All photometric methods applied on spectrophotometer used reagents supplied from (Biolabo, France), measured
using a spectrophotometer (Shimadzue,Japan), whereas ELISA techniques were undertaken using kit reagents
supplied by (SunLong Biotech Co. LTD, China) and read by (HumaReader HS, Germany) reader ELISA.

Statistical Analysis

To identify significant values, all data were submitted to a one-way analysis of variance test (ANOVA),
Using the Duncan multiple range test, groups were compared. Differences across groups were considered significant
when (P<0.05). The IBM SPSS Statistics, version 23, was used to conduct the investigation.

RESULTS AND DISCUSSION

The focus of the current study was on the influence of B. serrata aqueous extract on different metabolic
aspects in adult male rats, exposed to high fat diet (HFD). In addition, the antioxidant capacity was also assessed. Our
experiments were undertaken in normal rats and rats fed on HFD as a challenge to investigate the efficacy of the
extract in abnormal metabolic status. All results of the study are described below in detail. Table 1 indicates that the
HFD therapy was a noteworthy (p<0.05) influence in the rise in body weight (B.W.) above the control group mean at
the conclusion of the trial. With or without HFD, treatment with B. serrata aqueous extract effectively reversed this
action.

Table( 2) describes the weight of genetalia of the experimental animals. No significant effect was detected
in the weight of such testis, epididymis, seminal vesicle and prostate gland as a result of the treatment with HFD and/or
B. serrata aqueous extract. All the values were around the statistical level of the normal control group.

Tablel: Impact of B. serrata aqueous extract on B.W. of adult male rats exposed to HFD

T Parameters
reatments Initial body weight(g) Final body weight(g)
Control(ND) 208.3+10.36 a 240.4+11.58 b
HFD 229.2+15.95 a 275.448.82 a
B. serrata 218.249.7 a 245.246.72 b
HFD + B. serrata 225.8+119 a 258.849.73 ab

The values are shown as mean +SEM; Statistical differences are shown by different letters in the same column (p<0.05)
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Table 2; Impact of B. serrata aqueous extract on weight of genital organs in male rats exposed to HFD.

Parameters
Treatments Testis weight ~ Epididymis weight ~ Seminal vesicle Prostate gland
(mg/100g B.W.) (mg/100gB.W) (mg /100g B.W.)  (mg/100g B.W.)
Control (ND) 540421 a 160+23 a 110.11+18 a 445.16+13 a
HFD 553+53 a 164+12 a 92.90+22 a 460.67+22 a
B. serrata 534434 a 155430 a 106.45+30 a 439.23+19 a
HFD+B.serrata 541+47 a 148+21 a 89.72+11 a 450.88+31 a

The values are shown as mean +SEM; Statistical differences are shown by different letters in the same column (p<0.05)

The current study is a complementary step to previous studies by other researchers, to investigate the different
actions of B. serrata on a variety of metabolic parameters to speculate the prospective mechanism of action as well
as to confirm the findings by others and highlight the advantages behind using B. serrata in alternative medicine. In
this context, we analyzed a broad range of parameters, representing different metabolic processes for the effect of the
extract against the high fat diet (HFD), administered to male rats as an abnormal metabolic condition. As described in
the results section, the overall body weight of rats was increased by feeding on HFD, which is an inevitable result due
to the increase in the energy intake and body fat mass, which is a result similar to the search result arch (Mahdi &
Khalil, 2022 ; Ayed et al.,2024) . This is consistent with (Alharbi et al.,2022) ,who also found no alteration in the
weight of testis and accessory glands, which has been confirmed by our study. This effect is potentially attributed to
the insufficient duration of treatment to affect the physiological function of the reproductive system (tables 1 and 2).

Data presented in Table (3) refer to the numbers of sperms as well as the sperms motility observed from the
experimental animals. Following HFD therapy, both number and sperm activity were considerably (p<0.05)
decreased; however, following B. serrata extract treatment, the effect was noteworthy (p<0.05) restored to its normal
value. The sperms characters described in Table (4) showed that the treatment with HFD significantly (p<0.05)
reduced the percentage of the live sperms to the least level amongst the four groups. However, the intubation of B.
serrata extract to the HFD- treated rats managed to modify the above effect, hence elevation of the level over the HFD
group was obtained. The same adverse effect was observed regarding the percentage of the dead sperms, which was
also elevated in the HFD group and amended in the HFD plus B. serrata extract group. In contrast to the live and dead
sperms, the only elevation (p<0.05) in the percentage of abnormal sperms was detected in the HFD group.

Table3:Impact of B.serrata aqueous extract on sperm count and motility in rats exposed to HFD

Treatments Parameters
(No. spermsx10°%) of head epididymis Sperms motility%
Control(ND) 1.62+0.05 a 87.80+0.12 a
HFD 0.905£0.1 b 60.65+2.4 b
B. serrata 1.79+0.07 a 94.98+1.8 a
HFD + B. serrata 1.54+0.23 a 84.6£09 a

The values are shown as mean +SEM; Statistical differences are shown by different letters in the same column (p<0.05)

Table 4: Impact of B. serrata aqueous extract on sperm characters of rats exposed to HFD

Treatments _ Parameters
Live sperms % Dead sperms % Abnormal sperms%
Control(ND) 81.4+0.8 a 18.40+0.8 ¢ 839+241 b
HFD 64.55+15 ¢ 35.45+15 a 20.10£1.90 a
B. serrata 83.81+24 a 16.19+24 ¢ 724+101 b
HFD + B. serrata 76.28£3.1 b 23.72+£3.01b 1253+36 b

The values are shown as mean +SEM; Statistical differences are shown by different letters in the same column (p<0.05)
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A significant improvement in terms of sperms concentration, motility and live and dead sperms, have also
been observed by the treatment with B. serrata after being negatively affected by the feeding on HFD (tables 3 and
4). These results confirm the findings of (Emtenan et al., 2023), and it is likely to be a result of the antioxidant
properties of B. serrata ingredients. Our results are also in agreements with Bataineh and Nusier (2005), who attributed
the effect of the HFD on reproductive characters to reduced sperms intensity and changes in the epithelium of the
epididymis, the effect which has been adjusted by the extract. It has also been found that the concentrations of TG and
VLDL negatively affect sperm count, live sperm through affecting Leydig cell’s function, whereas increased HDL
concentration can reverse those effects and improve the testicular function (Louei Monfared, 2013) . This action
requires more studies to identify the underlying mechanisms of the effect.It has been reported that the HFD is a
potential factor inducing oxidative stress status, the condition entails a decrease in the body's natural antioxidant
capacity (Al-Samarai& Taha, 2024) as well as the uncontrolled generation of reactive oxygen species (ROS). This
condition is an additional factor to affect the sperm function and enhance apoptosis, since sperms have a high content
of polyunsaturated fatty acids, which are a substrate favors lipid peroxidation (Wagner et al.,2019). Furthermore, the
adjustment of the testosterone concentration after the treatment with B. serrata is an additional factor to be considered
for the improvement of the spermatogenesis process (table 6). The testosterone adjustment is probably due to the
inhibition of aromatase activity, already activated as a result of the HFD (Phillips & Tanphaichitr, 2010). One more
assumption for the testosterone elevation by B. serrata extract is linked to the reduced total cholesterol (TC) (table 5),
suggesting the utilization of cholesterol as the precursor for the testosterone biosynthesis. This action is a rational
reason for decreased total cholesterol and LDL concentrations yielded from the treatment by the B. serrata extract.

The results of lipid profile presented in Table (5) revealed that the treatment with HFD resulted in a significant
(p=0.05) elevation in triglycerides concentration, and the consequent VLDL. Whereas the group received both B.
serrata extract with the HFD demonstrated a noteworthy (p<0.05) reduction in contrast with the HFD group, however,
it is higher than the control and B. serrata groups. Both TC and LDL followed a parallel line when the only elevation
observed was in the HFD group, with no changes in the other treatments. However, as compared to the other three
groups, the HDL concentration only dropped in the HFD group.

Table5: Impact of B. serrata aqueous extract on lipid profiles of male rats exposed to HFD

Treatments Parameters
TG (mg/dl) VLDL(mg/dl) LDL(mg/dl) HDL (mg/dl) TC(mg/dl)
Control (ND) 60.48+2.6 ¢ 12.09+0.52 c 38.06+1.34 b 47.48+1.47a 97.28¥19 b
HFD 140.83+10.87a  28.16%2.17 a 93.54+14.5 a 31.41+55D 153.12+18.39 a
B. serrata 60.63+1.3 ¢ 12.12+0.16 c 33.14+1.32 b 51.21+2.23a  96.48+2.81 b

HFD+B.serrata 103.20£3.96 b 20.63+0.79 b 37.9242.99 b 49.98+2.49a 108.54+5.21 b

The values are shown as mean +SEM; Statistical differences are shown by different letters in the same column (p<0.05)

It is not surprising that feeding rats on HFD elevates the concentration of TG and the mathematically- derived
VLDL. The HFD is rich in TG and free fatty acids, which are absorbed from the intestinal mucosa by chylomicrons
to turn to intermediate density lipoprotein (IDL) and consequently VLDL and LDL in the blood. However, HDL
concentration possesses an inverse relationship with LDL, since HDL function is to transport cholesterol from the
adipose tissue to organs to be utilized as metabolites.The above data agree with Ahmed et al. (2015), who undertook
an in vitro study and found an antidyslipidemic effect of similar extracts. Furthermore, similar findings have also been
described by Gomaa et al.( 2019). To support our data in regards of lipid profile, we estimated the insulin
concentration (table 6), which indicated an improvement due to the administration of B. serrata. This improvement
might be because of the direct action of B. serrata extract on pancreatic B cells. Insulin is an anabolic hormone which
can restore HFD- induced hypercholesterolemia, thereby, a proper utilization of energy is expected (Shirwaikar et
al.,2004)

The analysis of hormones revealed different effects depending on the hormonal function and the target of our
treatment. The treatment with B. serrata extract induced an elevation (p<0.05) in testosterone hormone over the value
of the control. The later action was followed by the administration of the extract with HFD, which is similar to the
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control. The treatment with HFD caused a sharp decline (p<0.05) in the testosterone level beyond all treatments. The
treatment with B. serrata extract and /or HFD did not affect the concentration of both T3 and T4 hormones, while
feeding rats on HFD increased the TSH concentration over the other three groups of the experiment. Finally, the HFD

group showed a decrease in the insulin level, which was then adjusted after the treatment with B. serrata extract (table
6).

Table 6: Impact of B. serrata aqueous extract on metabolic hormones of male rats exposed to HFD

p Treatments

arameters Control (ND) HFD B. serrata HFD+B. serrata
T (ng/ml)) 7.78+.031 b 51804 ¢ 9.24+0.28 a 6.88+0.43 b
T4(pg/ml) 5.9+0.5 a 6.3£0.1 a 5.4+0.9 a 6.02+0.23 a
T3(pg/ml) 0.95+0.01 a 0.82+0.08 a 1.02£#0.1 a 0.86+0.05 a
TSH(pU/mI) 0.9+0.5 b 1.74£0.21 a 0.7£0.12 b 1.02+0.23 b
Insulin (ng/ml) 1.70+0.27 a 1.01£0.15 b 1.58+0.17 a 132404 ab

The values are shown as mean +SEM; Statistical differences are shown by different letters in the same column (p<0.05)

Further to the data presented above, we also analyzed relevant cytokines to confirm the efficacy of the B.
serrata extract in correcting prospective disorders, undertaken by the administration of HFD. We found that such
TNF-a, IL-1B and IL-6 concentrations were significant (p<0.05) elevated over the control after feeding rats on HFD,
which was significant (p<0.05) reduced by the effect of B. serrata extract in group 4. In the same time, the oral
intubation of normal rats with B. serrata yielded no discernible difference as compared to the control group (table 7).

Data presented in Table 8 confirm the oxidative stress markers of the B.serrata extract, which adjusted the
HFD-induced elevated MDA, in comparison to the control group as a measure of oxidative damage. On the other
hand, the antioxidant markers (GSH, SOD and CAT) estimated in the serum of experimental rats, showed a correction

for the significant (p<0.05) reduced value of the HFD group taking it to the same significant (p<0.05) as a consequence
of the extract treatment at the control level.

Table7: Impact of B. serrata aqueous extract on cytokines concentration of male rats exposed to HFD

Parameters Treatments
Control (ND) HFD B. serrata HFD+B. serrata
TNF-a(pg/ml) 10.46x0.45 ¢ 18.30+1.2 a 9.98+05 ¢ 14.18+1,02 b
IL-1B (pg/ml) 4252443 ¢ 69.72+1.2 a 41.35+1.18 ¢ 56.12#3.2 Db
IL-6(pg/ml) 59.38+1.94 ¢ 84.96+2.73 a 58.86+£3.6 C 72.00£2.02 b

The values are shown as mean +SEM; Statistical differences are shown by different letters in the same column (p<0.05)

Table 8: Impact of B.serrata aqueous extract on Oxidative Stress markers in serum rats exposed to HFD

Treatments Parameters
MDA(nmol/l) GSH(umol/l) SOD (U/ml) CAT(U/mI)
Control (ND) 7.50+£0.33 ¢ 19.23+0.54 a 90.24+2.21 a 29.02+0.74 a
HFD 18.68+0.71 a 12.79+091 b 75.20£3.61 b 17124112 b
B. serrata 7.51+0.53 ¢ 20.44+0.34 a 94.56+1.88 a 31.44+1.44 a
HFD + B. serrata 13.98+0.49 b 17.65+£0.40 a 92.94+3.83 a 27.86+1.38 a

The values are shown as mean +SEM; Statistical differences are shown by different letters in the same column (p<0.05)
The improvement of the oxidative stress status observed via the treatment with B. serrata extract integrates

with our findings discussed above. It has been reported that feeding lab animals on HFD is a reason for induction of
oxidative stress (Lasker et al.,2019; Mani et al., 2022) However, the ingredients contained in the extract, mainly

199



Abdul Rasool and Balola , TJAS Vol. 25, No.1: pp. 193-202

Boswellic acid efficiently improved the oxidative status by reducing MDA and elevation such GSH, SOD and CAT,
which is in accordance with (Khan et al.,2022).1t has been demonstrated that the administration of B. serrata extract
inhibits the expression of genes responsible for the antioxidant enzymes synthesis, consequently, decreases the ROS
pool in the cell (Alyahya & Asad, 2020). Moreover, scavenging of the endogenous ROS is also expected by the extract
due to the potent antioxidant activity. The current study suggests the antioxidant activity carried out by ingredients
contained in B. serrata, namely Boswellic acid, to be the key factor, exhibiting an improvement in the different
metabolic functional status analyzed in our results.

CONCLUSION

The data analysis from this investigation lends credence to the potential therapeutic use of B. serrata aqueous
extract, induced by the administration of HFD on levels of reproductive function, lipid profile and oxidative damage.
However, more investigations in this context are recommended for a deeper insight into the individual ingredients and
their mechanisms of actions.Worthy mentioned that the extracts affected neither the cytokines and the thyroid
hormones in this study. In addition, we found that the B. serrata aqueous extract shows the maximum effect during
stress conditions, with almost no effect on normal rats.
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