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Summary and Conclusion

VI. SUMMARY AND CONCLysox

ected sexual intercourse. It affects 8.190 after at leagt 1 year of re
,(I)ItlEgYPt’ the total fgrtility rate decline frorrf’ 3(.)5f 10: gglf: i;gllt?)b;liy' in the r . gular,
he ourrent ferFl!lty rate dx's 3.211 births per Woman, a 1.2% decline %rolzlzzoc)l; e
of male mfe}'tllltif are diverse, bu.t can be related to congenital, acquireq ° T.he. causes
factors that.unpalr sgennatogenes1s. Llpopolysaccharide (LPS) ’m:%r Ted, or idiopathic
Gram-negative bacterial cell v_vall, psed to stimulate inﬂmamr}’, resJ X component of all
cellular oxidative stress especially in mitochondrial rich organs as in tzs:il:e associated with
Oxidative stress plays a centrals role in the al ’ o
o o I o S o 0o sty T,
without a discemible cause, having abnormal semen o y infertile men
sress. Traditionally, male oxidative stress infertility (MOSI) was treated by ugir
wmpounds sucl.x e fat-soluble wtar.nin - B-carotene, coenzyme Q, or wateisolul%] m'm
and GSH/selenium, or by terrestrial natural products which ha\’/e antioxidant ;t‘iqvi lik
Maca, Ginseng and Fygeum. Other promising natural product belongs to Ericaceae f: ty'1 i
the Calluna vulgaris (Cv), that contains diverse clas amily is

s ] ses of polyph : .
agents responsible for its biological function and curative eﬁ'ezts_yp enols which are the chief

In our previous study, the biological screening of two selected crude-ethanolic
extracts of Berberis and Calluna vulgaris were

analysis in vitro and in vivo studies.
Interestingly, the collected data revealed that Callung vulgaris showed higher prophylactic

effect than Berberis vulgaris aganist LPS-induced hepatocellular toxicity. Therefore, in the

current study, the crude -ethanolic extract of Calluna vulgaris (Cv) was selected for further
investigations.

The aim of the present study is to improve the antioxidant/anti-inflammatory
properties of Calluna vulgaris crude-extract via increasing the purification folds of
polyphenol compounds, thus it can to be applied with lower dose and higher efficiency
against acute or chronic testicular inflammation mediated male infertility. Also, to
investigate the possible prophylactic/ therapeutic effects of phenolic compounds extracted
from C. vulgaris crude. Therefore, comparative in vivo study was done between the Cv
crude-ethanolic extract and its most active fraction obtained from the crude. Furthermore,
aiming to understand the molecular pathways mediated male infertility, so multiple

networks of testicular autophagy, apoptosis and oxidative stress or inflammation were
studied.

Liquid-liquid extraction method was used to fractionate the Cv crude-ethanolic
extract by successive solvent extractions, using petroleum ether, dichloromethane, ethyl
acetate and with n- butanol fraction and finally the residual aqueous layer was collected.

Comparative in vitro studies were done between Cv crude- ethanolic extract and its five
fractions by measuring the total phenolic content by Folin-Ciocalteu metl_lod, also polyphenol
compounds of both Cv crude -ethanolic extract and Cv-ethyl acetate fraction were detected by
high performance liquid chromatographic (HPLC) analysis by using_ seventeen different
polyphenols as standards. Furthermore, the in vitro antioxidant capacity (DPPH and NO
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and the Human red blood corpuscles (HRBCs) membrane stabi; onog

o or its five fractions and E. coli-LPS were measured.

Cv crude-ethanolic extract

. testicular inflammation (acute/chronic ]‘e'SPOI]Se), lipopolysaccpy
(LPS) hv]va(;’dgu::t;nddgm E. coli by methanc?l-chlquonn ex@c;;n method. ?Wo le}znug:
inflammatory scheme models were applied as simulation aqd appli ; tO.human infertility o
first one was performed by administrating single dose of lipopolysaccharide (LPS) to st
acute inflammatory response and the second LPS scheme was d(?ne py using ‘mllltlple LpPS o
to enhance chronic inflammatory response. Those. were applied in vivo by using sexually i
seventy-two male rats which were equally categorized into 12 groups.

e sham group; comprised healthy individuals with normal 3ma1 parameters
vehici?group; thit regeived polyethylene glycol 400x (PEG400x) orally via gavage tube
20%v/v, 0.5 ml/daily for 4 weeks period , Cv crude-ethanolic extract control group; thas
taken tube Cv- EtOH extract at dose 200mg/kg/day orally by gavage for 4 weeks, Cy _
ethyl acetate fraction control group; received o.rally by gavage tube Cv- 'et.hyl acetate
fraction at dose 57.14 mg/kg /day, Single LPS induced group; that administrate [pg
injection 4mgI.P/Kg for 12 hours, the pretreatments group; Cv crude-ethanolic extract
pretreated group; received Cv-EtOH orally by gavage tube at dose 200mg/kg/daily for 4
weeks, then single LPS injection at dose 4mg LP/Kg for 12 hours and C.v-ethyl acetate
fraction pretreated group; given Cv-Et(.)A.xc Fr. orally by gavage tube at doge
57.14mg/kg/day for 4 weeks, then single LPS injection (4mgI.P/Kg) for 12 hours.

For the multiple LPS admiration (chronic model) the groups were designated as
follow; 2 weeks LPS-induced group; those were injected with LPS at dose 250 g Ip
/Kg/day after day for 2 weeks, 4 weeks LPS-induced group; received LPS at dose 250 ng
IP /Kg /day after day for 1 month and finally the three treatments groups; Treatment with
vehicle group; rats were intra-peritoneal (IP) injected with LPS at dose 250 pg /Kg body
weight day after day for 2 weeks then given orally by gavage tube PEG400 (20%v/v, 0.5
ml/day) + LPS at dose 250 pg /IP /Kg /day after day for 2weeks and the last 2 weeks rats
were orally given PEG400 (20%v/v, 0.5 ml/day), Cv crude-ethanolic extract - treated
group; administrated LPS at dose 250 pg/ IP /Kg /day after day for 2 weeks then given
orally by gavage tube Cv- EtOH extract (200 mg/kg/day) + LPS at dose 250 pg /IP /Kg
/day after day for 2 weeks and the last 2 weeks rats were orally given Cv crude-ethanolic
extract at dose of 200 mg/kg/ day and finally Cv—ethyl acetate fraction treated group;
given LPS at 250 ug IP/Kg/day after day for 2 weeks then the next 2 weeks rats were given
orally via gavage Cv-EtOAc Fr. at dose 57.14mg/kg/day + LPS at 250 pg /IP /Kg / day
after day and the last 2 weeks rats were orally given via gavage Cv-EtOAc Fr. at dose
57.14 mg/kg/day.

The serum, epididymis and testes were collected from the entire study groups. Liver
and kidney functions were determined in serum spectrophotometrically. Serum
testosterone and prostatic specific antigen levels were determined by ELISA technique.
Epididymal seminal parameters were assessed by CASA technique. In testicular
homogenate, the oxidative stress indicators as pro-oxidant concentration including, NO,
TBARS levels and XO specific activity were measured. Also, the enzymatic and non-
enzymatic antioxidant profiles as GSH level, SOD and GST specific activity were detected
spectrophotometrically. Additionally, autophagy flux levels as beclin-1 or mTOR were
measured, also the apoptotic parameter as in p-p53 (ser15)/ p53 total ratio levels, and the
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. iro results revealed that, among th ; '
he ;,; Wt:t, Cv- ethyl acetate fractiongha(ei fzﬁ’: flrizlcuons extracted fr,
" anol'ce arification fold was lr'lcreased three times a5 co

Therefore’ the examined in vivo doses were 200 m
cx“aCLfor Cv -ethyl acetate. A_Jthough the two examined 4

out W could minimize the applied dose of eth
oont"“t’ 10 CV -ethanolic crude extract. Moreover, th
wﬂ.;[;) o mixtures of phenolic cs)mé)lounds, confirm h
(ariabl® henolic compounds that were present i et
dismbuug; (’:'rfagﬁonaﬁon when using ethyl acztate, wlrxlercevtlcx:eu (rlne;::hgn . e
aﬁ“teqc ~cids in Cv-ethyl acetate fraction was p-coumaric acid th(::tmnant hydroxy-
aﬂﬂm::u on fold. Among Hydroxy-benzoyic acids, that vanillic adglc;;ased o
purt ation fold while among flavonoids, Apigenin-7-glucoside was increascd(;)weg 19
pngaﬁer puri fication. These pf)SitiVC increments might return to the ethyl acetate};olsﬁgt
folds. hat extracted the semi polar compounds like polyphenols based on the ruleegf

?I‘i)l]c‘:natt)lld dislike property.

and 57.16
;)ses had the same total phenolic
yl t:1vc‘,etate fraction three times as
€ tWo examined extra i

Cts contai
ed by HPLC analysis .

The in vitro antioxidant .capacity (DPPH and NO scavenging activities) of Cv crude-
olic extract and its fra.ctlons _sh.owed that Cv-ethyl acetate fraction significantly had
he most effective scavenging activity. Also., Cv- ethyl acetate fraction had the highest
antioxidants properties, alongside with t'he highest hefnolytlc inhibitory effect on human
red blood cells due to the close-relation between inflammatory and oxidative stress

pathways

Depending on the in vitro studies that were performed in Cv crude —ethanolic extract
and the five fraction extracted forms, results showed that both Cv- ethyl acetate and the
crude one had the best antioxidants/anti-inflammatory and the highest phenolic content as

well. Therefore, both of them were selected for the in vivo study.

The in vivo collected data showed that, both LPS schemes; the acute and cl?rc'mic one
had the same molecular adverse effect pathways. However, the chronic LPS administration
showed more severe testicular inflammatory changes than tl.xe acute one. For the treatment
strategies both the preventive/therapeutic properties found in Cv-ethyl acetate had higher
efficacy than the Cv crude-ethanolic extract.

By single or multiple LPS administration, c9uld indpced systematic seg;xzi;LogﬁTg
by multiple organs damage as in kidney and liver, evidenced by elevat et
activities that leaked from tissues into blood. Also, urea anq uric ?cxd were tgeevmalé
Another organ that was seriously affected by LPS adrnnustra(t;oqn wiﬂ b ey
reproductive system. LPS induced testicular dysfunction through in uczh g ey
cascade reactions. In fact, begins with high flow of tflood sugplyftg/E éF Tectel arter
increase in capillary permeability as confirmed by high !eve s 0 et i
homogenate to enable larger serum molecules to enter the tissues ar(l) final oynocytes pin
migration of circulating monocytes from blood to testicular tlssue§t.ed nc e ticular
the tissues, they are differentiated into macrophages, these recrul
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lls as Sertoli cells and Leydig cells release numerous mediators g
geﬂ’n cells

: . Ppro.
: -17. TNF-a, IL-1p and iNOS in testis. The TN\

inflammatory g‘qhnizi;:c:lhzsnﬁmrlﬁpgéess of male fertility through the inhibitionf%
IL-1B are inte er;ngiosynﬂlCSis in LPS-induced groups. The recruited leukocytes to g,
sergm-testost:‘foﬂ ctive oxygen species (ROS) as well as reactive ‘mtroge.nc.n.ls Species
(RNS mcre?isme:ie;y high TBARS, NO levels and increased XO specific activitieg, Those
me;zl had negative impact on sperm parameters 1t decre;lseg Pottllllespelim count ang
motility that was assessed by CASA, via breaking t(;le d:al;l:iiem(;nm bgne ﬂﬂ(i)diytl;ns:;t:ra:?d
ids i | membrane which in turns decr 1 lity, essentiq]
gtrt)];rao(;;gf ;10;1;;1;11 (g)e(]idative stress was not only confirmed by hllghffgg I;adsc:ls but algq
by significant decreased in detoxification processes as the low level o , and decreaseq

in SOD and GST specific activities.

. factor that exaggerated the tgsticulqr oxidative dgmage was
throug‘tl\;n &?;p?fe%n:nmgphagy, confirmed by decreased in be.clm-' } lev;l and increased iy,
mTOR (autophagy inhibitor). Defective aut_ophagy led to mabl.lty or 'ROS/da.maged
mitochondria clearance. Therefore, accumulation of damaged proteins that in fact promote
aberrant activation of multiple signaling pathways culm}natu'lg in apoptot}c cell death,
Also, p-p53 (serl5)/ p53 ratio was elevated by L}’S administrations which mlght. be due. to
the high level of mTOR kinase, which directly b1n§s to p53 and phosphorylates it at serine
15 which in turn increased apoptosis/autophagy ratio levels.

Those molecular investigated deteriorated mechanisms were confirmed by
histological investigations. LPS-induced groups (si'ngle/multlple dpses) depressed
spermatogenesis, distorted the seminiferous tubules as it showed necrotic Spermatogonia
along with degenerative germ cells and appearance of vacuoles observeq In testicular
section. Also, leukocytes infiltration, hemorrhage and edema were observed in epididymal
section.

The two treatment strategies of Cv-ethyl acetate fraction; the preventive against
single LPS/ acute inflammatory scheme and the curative against multiple LPS
administration/chronic one had inhibitory effect towards ADAM-17, TNF-a, IL-1PB and
iNOS gene expressions in testicular homogenate, that might be due to Apigenin-7-
glucoside which was high rich in Cv-ethyl acetae fraction and was reported to decrease
those inflammatory cytokines. Also, Cv-ethyl acetate fraction decreased the protein levels
of IL-1P and VEGF in testicular tissues.

Cv-ethyl acetate fraction ameliorated the LPS adverse effects via their antioxidant
and free-radical scavenging properties, that confirmed by the elevation in enzymatic
antioxidants activities as SOD and GST and non-enzymatic level of GSH as compared to

induced groups. That subsequently normalized the pro-oxidant parameters as NO, TBARS
levels as well as XO specific activities.

The administration of Cv-ethyl acetate fraction was able to activate autophagy flux
confirmed by beclin 1 elevation and decreased both mTOR alongside suppression of
apoptosis through p-p53 (serl5)/ p53 ratio level. Activated autophagy could clear all
damaged organelles in testis and also participate in testosterone biosynthesis,
spermatogenesis, suggesting that polyphenols not only act as antioxidants and
inflammatory cytokines augmenters but also as autophagy activators.
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histological examinat.io'ns of Cv-ethyl acetate fractio
T:: the testicular and epididymal tissues. It showed mmglmc:u:g er::stor.e and
pro iniferous tubulcs., ne'ar-nor_n_lal 'spermatog'enegis with sperm formation ingthee:gt\i,:ulof
t;ol‘lS and little mild interstitial inflammation in the epididymal sections were observ:;
:c,ech_ thyl acetate groups. Altogether, data showed that ethyl acetate fraction seems .
pave MOTe potent effect than that of Cv crude-ethanolic extract, 0
a
Conclusion

. The administration. of LPS iqduced male infertility through activation of pro-
inflammatory cytokines from migrated leucocytes or immature spermatozoa which in
turn lead to oxidative stress propagation.

o Increased apoptosis/ autoph_agy ratio in LPS induced group due to oxidative stress/
inflammatory axis that activated apoptotic parameter and also stimulates mTOR
signaling pathway which subsequently impaired autophagy.

e Testicular senescence phenomena caused spermatogenesis arrest and impairment, low
sperm quality and testosterone synthesis reduction which finally resulted in male in
fertility.

o The extract fractionation successfully increased the preventive/therapeutic potency of

plant extract as the applied dose was decreased three times in case of Cv fraction
when compared to its crude extract.

Cv-ethyl acetate ameliorated tissue damage induced by LPS through increasing
antioxidant levels, autophagy process and declining the pro-inflammatory and pro-

oxidant levels which finally enhancing sperm quality and testosterone synthesis thus
it can reverse male infertility.

This plant is one of the plausible natural antioxidants that could be used as a lead
candidate for synthesizing antioxidant drugs which can be used for the treatment of
many oxidative stress related diseases.
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Recommendations

* Further, validation and standardization of extraction method from collected plant
from different region and time must be carried out.

* Complete UPLC/MS/MS and GC/MS must be done to have phyto-finger prin for
this fraction.

* Complete preclinical study that contained toxicity and phat.'macokineti-cs must be
carried out to measure toxic dose and understand the behavior of fraction in body
organs on different animal models.

* Oxidative stress alongside with autophagy flux parameters should be considered a5
diagnostic parameters as well as during treatment in male oxidative stress infertility,
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