ALEXANDRIA
NN : ;‘\

fipol’ SERSST LY ) GE—T L. Y

Alexandria University
Faculty of Science
Biochemistry Department

Potential therapeutic effect of berberine and its
metabolite nanoparticles on heavy metals induced
testicular and prostatic lesions in rats.

Thesis
Submitted to the Biochemistry Department
Faculty of Science
Alexandria University
In Partial Fulfillment of the Requirements
For the Degree of Philosophy of Science
In

Biochemistry

(Clinical biochemistry and Molecular biology)
By
Aya Mohammad Ahmad Helal
B.Sc. of Science (2012)
M.Sc. of Biochemistry (2017)
Faculty of Science

Alexandria University
2023



* Summary & Conclusion

—

6. Summary and Conclusion

Male Sex‘.]al STonmOticy ‘(androgens) and gametes are both
aré the major reproductive organs of the | L1 produced primarily by the testes, witich
male steroid hormones. One of the majp ma.e‘ reproductive system; in addition, they synthesize
. auxiliary glands i :
te gland, a walnut-sized g s in the male reproductive system is the
roz::te fnd seminal vesicles cr(e);% o locatf:d close to the underside of tphe urinary gladdel’ The
rotributor to severe morbidity a : (:he majority of the ejaculate. Metal exposure at work is a key
00: stry and in a variety of wa)'sn It eath among workers and can happen in a variety of sectors of
indu - It was mentioned i : : .
el metals in the environment is previously in various studies that exposure to

frequently 1 :
- . y linked t i ; :
A —— 0 impaired reproductive function. In terms of

oll ; ;
eat. It is known that contacti pollutant cadmium (Cd) is regarded as a particularly hazardous
element. cting lead (Pb) or Cd at work or in the environment may have a

negative .effec;.;:n t:]edhyf_mhalamic‘pit“itaf}"tCStiCUlar (HPT) axis, impairing spermatogenesis and
suPPfesls':g l pro tucplon 'Of testosterone, which is most vulnerable and irreversible during
pubertal deve opment. Frevious research has linked the oxidative harm and testicular toxicity

brought on by Al to a decrease in the activity of the enzyme acetylcholinesterase (AChE) in the
testis, which subsequently affects spermatogenesis.

male

Berberine (BBR) is isoquinoline alkaloid which treat different diseases It has been demonstrated
that BBR comprises four principal metabolites, including berberrubine (BRB), which is thought to
be the predominant one, following first-pass metabolism in the liver. However, the main barriers
to their use related to the limited oral bioavailability, and the potentially deadly consequences of
large alkaloids doses. To overcome these obstacles, nano carriers including bilosomes which are
modified liposomes that comprise bile salts in their composition. They are able to more effectively
cross biological membranes due to their high flexibility and stability than conventional liposomes.
Additionally, bilosomes outperformed liposomes in terms of gastrointestinal tract (GIT) stability.

»  The aim of this study is to

Formulate stable and flexible nano-structured biloalbuminosomes loaded with BBR, or its
demethylated metabolite, BRB. To our knowledge, this is the first study to explore the efficacy of
biloalbuminosomes as a nanocarrier for BRB delivery. Furthermore, the effectiveness of nano-
structured BBR or BRB-loaded biloalbuminosomes in improving the therapeutic effect of free
drugs was assessed by exploring the effect of free BBR, BRB, and their loaded biloalbuminosomes
on alleviating the triggered oxidative stress, inflammation, apoptosis, and excessive autophagy in
heavy metal- induced testicular and prostatic toxicity, along with observing any side effects related
to these drugs by monitoring their effect on healthy rats.
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chemical demethylation, followey by 4,
the

methods

=  Matcrials and ; om B :

First. BRB was chemically Symhcsmcd " tructured b“03|bummosomes by SC€ 'and 8G a bi
. BRB_Ioaded llﬂ"o's p 30 mg) Using Solvent evaporatlon teChni .
through determining the yg PDS’
|

preparation of BBR and 20 mg, an '
salts with different amounts (10 mg. hosized nano_veswles :
th and the formulated biloalbumip Ot

€s

followed by the characterization of the Syl‘f e BRB, .
ffects of free P and prostatic deformities.

ZP. and EE%. Afterwards, .
were studied on the heavy meta induc

Jation, the total nut
follows:

nber of experimental animals was 96 maje N

After one week of acclin
randomly divided into 12 groups a$
rol group (n=6):
tap water. ‘ ) ) N
) = vehicle biloalbuminosomes  were inje.
: Qroup : . Vehtld:osec ol;);6p5 m(g bi6l)(;albuminosomes/ kg body weight daily for 45J dat;:
. g:r::;nr?;e:allly;;ibtﬁne (BBR) control grouP (n=6); 4‘;”3* BBRh was  injecteq
intraperitoneally, at a dose of 25 mg/kg body \yelght d;:)’ fo: 35 :;’S, where LDsg= 5s
mg/kg according to Singh & Sharma, 2018 (Singh & arr—n6 . e " - -
Group IV: Berberrubine (BRB) control group .(ﬂ— ); fre was  injecteq
£ 25 mg/kg body weight daily for 45 days (Yu et al., 2018),
BBR-loaded biloalbuminosomes were

intraperitoneally, ata dose 0
Group V: BBR-Bilosomes Control group (n=6), . -
dose of 365 mg biloalbuminosomes/kg containing 25 mg

injected intraperitoncally, at
5 days.
n=6), BRB-loaded biloalbuminosomes were

BBR/kg body weight daily for 4
« Group VI: BRB-Bilosomes Control group (
e of 365 mg biloalbuminosomes’kg containing 25 mg

injected intraperitoneally, at dos
BRB/kg body weight daily for 45 days.

« Group VII: Heavy Metals Induced group (n=60), mixture of heavy metals containing

cadmium chloride (CdCl), 5 mg/kg, lead acetate (Pb (CH3COOQ)y), 20 mg/kg, and

were dissolved in distilled water and orally

aluminum chloride (AICL), 10 mg/kg,
red to rats for 90 consecutive days (Anyanwu ef al.,, 2020; Cheraghi et al., 2017,

healthy rats; they were kept on free access ¢, .

e Group I: Sham cont
normal. regular diet and

administe

Hussien et al., 2018).
Group VIII: BBR-treated group (n = 10); free BBR was intraperitoneally injected to

heavy metal-induced rats following the end of the induction period, at a dosage of 25 mg/kg
body weight daily for 45 days.
. Group IX: BRB-treated group (n= 10); free BRB was intraperitoneally injected to heavy
metal-induced rats following the end of the induction period, at a dosage of 25 mg /kg body
weight daily for 45 days.
GFOUP X BBR-l'Bi!osomes-Treated group (n=10), BBR-loaded biloalbuminosomes Were
mtr.apentoneally injected to‘heavy metal-induced rats following the end of the induction
period, at dose of 365 mg biloalbuminosomes/kg containing 25 mg BBR/kg body weight

daily for 45 days.
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ﬂup XI: BRB-BiIosomes-Treated gr Summary & Conclusion
oup (n=

were l.ntraper.itoneally inject 10), BRB-loaded biloalbummosomes
induction period, at dose of 3 nduced rats following the end of the

weight daily for 4'5 days, mes/kg containing 25 mg BRB/kg body
. Group XII: Vehncle~treated (n=

injected to heavy metal-induceq
365 mg biloalbuminosomes/kg b

ed into heavy metal-j
65 mg biloalbuminoso

10), vehicle biloalby

ats following the end
ody wej

Minosomes were intraperitoneally

: . » apoptotic markers, aut =
inflammatory cytokines. Epididymis was iso i i T

to in.vestl,t'gate t.he semt?n quality. Parts of the testicular and prostatic tissues are stored in modified
Davidson's fluid for histopathological analysis.

= The results of the present study revealed that:

The best prepared loaded nano-structured biloalbuminosomes were the 30 mg SC formulations
for both BBR and BRB; BLP-3 and MLP-3 formulations, respectively, which possess the best
EE%, VS, PDI, and ZP. The biochemical parameters were estimated, and the results showed that
heavy metals negatively affect the liver and kidney functions and the treatments successfully
improved these functions, since the heavy metals-induced group's serum total protein and albumin
revealed a substantial decline in their levels, accompanied by an elevation in liver injury markers
such as ALT AST and ALP activities, along with T.B and D.B levels. In contrast, in the BBR, BRB,
or their loaded biloalbuminosome-treated groups, the levels of these parameters decreased
considerably in comparison to heavy metals -induced group.

The levels of serum urea, creatinine, and uric acid were noticeably higher in the heavy metals -
induced rats compared to their corresponding sham control values, whereas the levels of these
parameters were significantly lower in the free BBR, BRB, or their loaded biloalbuminosomes-
treated groups in comparison to heavy metals -induced rats. Additionally, treatment of rats with
BRB-loaded biloalbuminosomes normalized urea levels. While BBR or BRB-loaded
biloalbuminosomes injection into normal rats resulted in a considerable reduction in urea level
when compared to sham control. The testicular and prostatic thio.barbit.uric acid reactive sub.stances
(TBARS), and nitric oxide (NO) contents were significantly higher in .the heavy metals-induced
group than the sham control group, while antioxidants such as glutathione-S-transferase (GST),
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glutathione peroxi gnificant decrease. Intereg,, le

decreased. All treatments SUC
substantially elevated, and :
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ly imp! . i
cessfully anfs displayed 2 SI2 oo, e :
-eated groups showed improvementin OXidative Staty
omes.{red peciﬁcally NO content, which was normaliye,

h free drugs, S

in a better manner than treatment Wit
in both tested tissues. .
. all treatments reciproc
ent investigation showed tl}at . .P ated the
Furthermore, the results of the pres high oxacerbates inflammation, as evidenceq b
(TNF-a, IL-1p, and IL-6) in the

toxic effect of exposure to heavy '“eta!s’ﬂ:m natory cytokines
ial i i evels of pro-in i wi
:s UE::StaT“al Igcreasle :l'n :lilses:es of th I -induced ErUP Tur eatmglttatilcthlf ?g lor R
cslicular an rostatic - well as = e
loaded biloalbzminosomes restored testicular [L-6 and lL' 1B, as d roStZtic TNF-a le lvels, ©
: : wtrol owever, testicular and p _ Vels, along
their respective normal sham cot and BRB-loaded biloalbumin 0Some.

with prostatic 1L-6 were significant
treated groups when compared to the
o an increase in 2

e heavy meta

levels. H
ly decreased in BBR
s-induced group.

poptosis in testicular and prostatic tissues, g
indicated by the up-regulation of the BAX gene, while BCL-2 Wes o 'r”etf"tl.ateld' On the
contrary, all treatments reversed the apoptotic effect of heavy'meta s, where .s icular BCL-)
expression was normalized in all treatment groups, while prostatic BCLA2 expression was Sharply

d biloalbuminosome-treated groups. Free BBR, BRB,

augmented in BBR, BRB, and their loade . .
ts showed downregulation of testicular BAYX

and their loaded biloalbuminosome treatmen :
expression and successfully approached the expression of the sham control group. However,
prostatic BAX expression showed remarkable downregulation in the free BBR and free BRB-

and BRB-loaded biloalbuminosome-treated

treated groups, while it was normalized in BBR-

heavy metal

Heavy metal exposure led t

groups.
Autophagy was highly activated in the heavy metals-induced group; however, the treatment,

especially with BBR- or BRB-loaded nano-structured biloalbuminosomes, markedly inhibited
autophagy by elevating the protein levels of P62, mTOR, and PI3K and diminishing AMPK.
Intraperitoneal injection of biloalbuminosomes loaded with either BBR or BRB into heavy metals-
induced rats showed the maximal results among all the treatment groups in both tissues, where
testicular and prostatic mTOR, P62, and pI3K protein levels approached their respective control
levels. Likewise, the protein level of the autophagosome formation marker (LC3-II) was also
determined, and the results revealed that it was significantly decreased in all treatment groups than
in the heavy metals-induced group and approached the normal levels in the BBR or BRB-loaded

biloalbuminosomes groups.

Results of male infertility parameters matched with autophagy and oxidative stress markers,
where testosterone level was significantly reduced in the heavy metals-induced group, while it
returned to increase after treatment with BBR, BRB, and their loaded biloalbuminosomes. Prostatic
injury markers, including TAP and PAP activities, were significantly elevated in the heavy metals-
induced group; however, their activities showed a remarkable decrease in the treated groups when
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ared to the heaV met: l I
e ' als-induced group as well. The results of histopathology and semen

alyses supported these findi
aIe:rail'neters, including sperm c::ng S Where semen analysis showed improvement in all tested
P centration, morphology, motility, and vitality, in all treatment

when compared to the h

groups € heavy metals-induc i ine i

} ) vy ed group, which showed a huge decline in the
aforementloned parameters in comparison to the sham confrol results :

istopathology r i :

I;[I:?;?firous tﬁi Ule::lzlsnglzpllayed loss in testicular architecture accompanied by degeneration of
sert . . nly a few spermatogonia with many intercellular vacuolations were
obVI_OUSIY seen in the testicular section of the heavy metals-induced group; however. treatments
signlﬁcam.l)’ restored the ‘ testicular tissue damage. Prostatic tissue e;(hibited ;m atypical
hyperplastic structure associated with an increase in epithelial cell thickness and luminal diameters
in the lateral and dorsal Prostate lobes of heavy metals-induced group sections. Interestingly, all
the treatm.entS showed improvement in the prostatic hyperplasia, especially the BRB-loaded
piloalbuminosomes group, which displayed the best improvement.

= Conclusion:

The accumulation of Cd, Pb, and Al in the hypothalamus, as well as their accumulation in the
testicular and prostatic tissues, affected male reproductive functions and eventually caused
oxidative stress and inflammation, which in turn led to excessive autophagy and eventually
increased apoptosis in the testicular and prostatic tissues. According to the measured parameters,
the findings of the current study demonstrated that BBR and its active metabolite (BRB) possessed
anti-apoptotic, anti-autophagic, anti-oxidant, and anti-inflammatory activities. Interestingly, the
treatment of rats with BBR or BRB-loaded biloalbuminosomes successfully displayed higher
potencies than the free drugs as a result of the higher ability of biloalbuminosomes to entrap these
drugs and their higher accumulation in tissues, which in turn increased their treatment efficacy

(Figure 62).
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