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ABSTRACT KEYWORDS
The aims of this study were to determine the capability of Eucheuma Eucheuma cottonii;
cottonii to improve sperm quality and to reduce lead accumulationin organs Lead,
of ratsexposed to lead. Sprague Dawley rats(n=24) wererandomly assigned Chelating;
to four groups. Group A served asacontrol and received maintenance diet, Spermquality.

Group B received maintenance diet and supplemented with 500 mg.kg* of
E. cottonii, Group C received maintenance diet and 20 mg.kg lead nitrate
and Group D received maintenance diet, 500 mg.kg* E. cottonii and 20
mg.kgtlead nitrate. Rats were fed with the designated diet for five weeks
and bodyweight was monitored on weekly basis. Sperm quality was
evaluated manually and lead accumul ation ininternal organswas measured
by atomic absorption spectrophotometer. Lead intoxication significantly
reduced bodyweight and sperm quality. E. cottonii supplementation in
healthy rats significantly increased sperm quality and reduced bodyweight.
Meanwhile, E. cottonii supplementation to lead-exposed rats was able to
improvetheir bodyweight and decrease lead accumulation in rat’s internal
organs. In addition, sperm quality in lead-exposed ratsimproves sgnificantly
following E. cottonii supplementation. We conclude that E. cottonii
efficiently increased sperm quality in healthy and lead-exposed rats. E.
cottonii also possess a capability as a chelating agent.
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INTRODUCTION likeleaded gasoline, industrial processes, |ead-based

paints, lead containing pipes, battery recycling and oth-

Thetoxiceffectsof lead havelongbeenrecognized  erd?. Lead intoxication resultsin variousbehaviora and
and to date remain amajor public health problem(®.  physiological disorders. Chronic and acutelead intoxi-
Human exposureto lead occursthrough varioussources  cation causes cardiac and vascul ar damage, leading to
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hypertension and cardiovascular diseases?. It also
negatively affect thelifespan of red blood cellsandre-
straining the synthesisof hemoglobin, therefore, leads
to anemid®. Neil and co-workers® reported that |ead
toxicity may induceretinal cell apoptosisand loss of
lenstransparency.

Lead also act as gonad toxicantsand correspond
to different compoundsreated to socid habits, lifecon-
ditions, work hazards or the use of drugs and medi-
cinest. It becomeamalereproductivetoxicant by dis-
rupting the hypothal amic control of pituitary hormone
secretion, reduced libido, increase the number of ab-
normal sperm and gamete chromosomal damage™. A
case study in Finland showed a connection between
paterna exposuretolead and birth defectsin their chil-
dren®. Meanwhile, infemaereproductive system, lead
intoxication causesinfertility, miscarriage, premature
membranerupture, pre-eclampsia, pregnancy hyper-
tension and premature ddlivery™.

Thefactis, oncelead entersthebody, it isalmost
impossbletoremoveit completdy or toreverseitsdam-
ages effects; therefore, preventive measures are pre-
ferred over thetreatment. Liver tissueisthelargest re-
pository of lead among soft tissuesfollowed by kid-
neys®l. Currently, lead poisoning aretreated with drugs
designated as chelating agents by chelation therapy.
Chelation therapyisaninjection of chelating agent such
asdimercaptosuccinic acid (DM SA) or ethylene-di-
amine-tetraaceticacid (EDTA) to remove heavy met-
asfrom thebody by urination. Themgjor drawback in
the usefulness of certain chelating agentsistheir side
effectssuch asirregular heartbesat, kidney damageand
anemiaif usedingppropriatel yi*’.

Recently, thereisagreater global interestin non-
gynthetic, natura drugsderived from herba sourcesdue
tother better tolerance and minimum adversedrug re-
actiond™. Toxicity of lead ismainly attributed to the
induction of oxidative stress by elevation of reactive
oxygen species (ROS), therefore increased interest
among phytothergphy investigatorsto use plants mate-
ria with anti-oxidant activity for protection against lead
intoxication(*?, Jackie and co-workerd*® reported that
supplementation of Etlingera elatior increased total
antioxidants and antioxidant enzymelevelsinratsex-
posed to lead acetate. As documented, thelatex of Fi-
cus carica possessed a significant hepatoprotective

activity against |ead-induced hepatotoxicity inratg*?.
Soirulinafusiformisprevented lipid peroxidation and
restored levelsof endogenousantioxidantstonormal in
liver, lung, heart and kidney of lead-exposed anima g

Eucheuma cottonii isaspeciesof red seaweed or
Rhodophyta. Itisabundantly cultivated in South East
Asia, with potentid inAfricaand the Pacific Idandg*¥.
Eucheuma cottonii isan edible speciesand rich with
fibers, vitamins, proteins, minerds, faity acids, polyphe-
nolsaswell asantioxidantd*>'9. Inview of thisconsid-
eration, the functional health effect of Eucheuma
cottonii in protecting against lead toxicity would be of
current interest. Thereforethe current study wasdesig-
nated (i) to evaluate the effect of Eucheuma cottonii
on sperm quality of ratsexposedtolead, and (ii) totest
the potential of Eucheuma cottonii to reduce organ
lead residuesin experimented |ead-exposed rats.

MATERIALSAND METHODS

Plantsmaterial

Eucheuma cottonii was bought from local market
around Selangor, Malaysiaand was authenticated by
an expert at the Herbarium, Universiti Kebangsaan
Malaysia. The voucher specimen (Al-1001) was de-
positedintheresearch laboratory a Univergti Teknologi
MARA. Thedried E. cottonii waswashed under run-
ning tap water followed by distilled water. Thenit was
cut into small pieces, before 5000 g of E. cottonii was
soaked in 1000 ml distilled water for 2 days. The mix-
tureof E. cottonii and distilled water wasthen blended
using commercia blender and kept in 20°C until use.

Animals

Mad e Sprague Dawley ratsweighing approximately
250-300 g were purchased from Universiti Malaya
Anima House. All anima sweretreated in accordance
withtheprinciplesof |aboratory animd care. They were
housed in polypropylene cagesinan air conditioned
room with temperature maintained at 25+3 °C, relative
humidity of 50+5 % and 12 hours alternating light/dark
cycle. Therats had accessto an animal diet and tap
water ad libitum.

Group of treatments
After acclimatization to laboratory conditions,
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Sprague Dawley ratswere divided into 4 groups of 6
ratseach. Animalsweregiven rat chow and tap water
ad libitumasamaintenancediet. In addition, they were
treated by ora gavage asfollows;

GroupA: Control (1 ml of distilled water)

Group B: Rats supplemented with Eucheuma
cottonii (500 mg.kg* of bodywei ght)

Group C: Ratsexposed to lead acetate (20 mg.kg
1 of bodyweight)

Group D: Rats exposed to lead acetate (20 mg.kg
L of bodyweight) and supplemented with Eucheuma
cottonii (500 mg.kg* of bodywei ght)

All treatmentsweregiven daily for 5weeks. Dis-
tilled water, E. cottonii and lead acetate were given
every morningin between 9to 10 am.

Body weight measurement

Changesin bodywe ght wererecorded on aweekly
basisusngaprecisonscae(Kern & Sohn, Germany).

Sperm quality evaluation

The caudaepididymiswas dissected, minced and
incubated in a pre-warmed petri dish containing
Toyoda Yokoyama-Hos (TY H) medium*”. Thesperm
was alowed to disperseinto the buffer at 37 °C and
5% CQ,in CO, incubator. After 10 minutes, the debris
tissue of caudaepididymiswasremoved and thesperm
suspension wasincubated againin CO, incubator for
another 10 minutes.

The sperm count, morphol ogy and mortality of the
sperm weredetermined manually™*®. The sperm sus-
pension was anaysed for sperm count by Makler
Counting Chamber (Sefi-Medical Instruments, USA).
Approximately 5 ul of the sperm suspension was trans-
ferredinto aMakler Chamber. Then the settled sperm
were observed and counted under light microscope
(OlympusModel CH30, Japan).

Asfor sperm morphology evaluation, adrop of
sperm suspensionwas smeared onaclean glassdide.
The smear wasthen air dried and fixed in amethanol
for five seconds. Then thedidewith sperm smear was
stained with Giemsa stain solution for 30 minutes.
Stained didewasthen observed under light microscope
(OlympusModel CH30, Japan) to assessfor morpho-
logical anormalities sperm head, midpieceand tail.

Spermmortality waseva uated by one-step eosin-
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nigrosin staining technique?®. Equa volumesof sperm
suspension (50 ul) and eosin-nigrosin stain (50 pl) were
mixed. The mixture was incubated for 30 second at
room temperature. Then, adroplet (12 ul) of mixture
was transferred with the pipette to alabeled micro-
scope dide whereit was smeared by sliding acover
dipinfront of it. Thesmear wasair dried and examined
under light microscope (Olympus Model CH30, Ja-
pan). Sperm that werewhite or unstained wereclassi-
fied aslive sperm and those that showed any pink or
red col ouration were classified asdead sperm.

Estimation of lead accumulation by atomic absor p-
tion spectrophotometer

Samplesof blood, liver, kidney and testiswere col -
lected separately for measurement of |ead concentra
tion. Tissues were digested and lead contents were
measured using an atomi ¢ absorption spectrophotom-
eter (Shimadzu Model AA-670, Japan) asprevioudy
described?. Thetissue was homogenized with pestle
and mortar. Then, 5 g of thetissuewasdigested with
10 ml of 65% nitric acid. After that, the mixturewas
heated until the mixture became colourless, beforeal-
lowed to cool at room temperature. The mixturethen
was made up to 25 ml by adding deionised water and
dirred. Later, themixturewasfiltered by usngWhatman
Filter Paper No. 41. A lead content was measured us-
Ing an atomic absorption spectrophotometer at awave-
length of 217 nm.

Satistical analysis

ANOVA (SPSS 18" Edition) was used to detect
and locate the effects of Eucheuma cottoni on sperm
quality and lead accumulation in healthy and | ead-ex-
posedrats. All resultswere considered statistically Sg-

nificant when p<0.05 and vauesarereported asamean
+s.e.m.

RESULTSAND DISCUSSION

Livebodyweight

At the start of the experiments, rats from each
group had asimilar bodyweight (Figure 1). Over 5
weeks of treatments, all rats increased their live
bodyweight, indicating that the dietary treatmentsal-
lowed the growth of the animals. However, thelive
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bodyweight of Group C (ratsexposedto lead) signifi-
cantly (p<0.05) lower, compared to ratsin Group A
(control; maintenancediet). Meanwhiletheratssupple-
mented with E. cottonii (Group B) aso showinglive
bodyweight lower than ratsin GroupA (control group)
but higher than ratsin Group C (ratsexposed to lead).
However, thedifferenceswerenot statistically signifi-
cant (p>0.05). When | ead-exposed rats supplemented
with E. cottonii (Group D), their live bodyweight im-
proveover Group C (rats exposed to lead without E.
cottonii supplementation).

Thesgnificant reductionin growthrateof leadin-
toxicated animalsin the current study perhaps associ-
ated with the capability of lead to disturb metabolic
activity asprevioudy reported®. Meanwhileseverd au-
thorg suggested that the lower growth ratein lead
intoxicated anima swas dueto reduced food consump-
tionvialead effects on the satiety set-point. However
inthecurrent study, we do not measurefood consump-
tion and water intakein each group.

The slow rate of body growth in Group B (rats
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Figurel: Livebodyweight of maleratsfed with maintenance
diet (open circles), supplemented with E. cottonii (closed
triangles), exposed to lead nitrate(closed cir cles) and combi-
nation of E. cottonii and lead nitrate (open squar es) over 5
weeksof experiment.

supplemented with E. cottonii) compared to GroupA
(control; maintenance diet) suggeststhat E. cottonii
possess anti-obesity materias. A similar result reported
by the previous authorg?? that E. cottonii inhibit
bodyweight gainin high-cholesterol/high-fat diet rats.
According to Jeon and co-workers?®!, nutrients-rich
seaweed suppresses bodywei ght gain and hasapoten-
tial asan anti-obesity agent.

Interestingly, E. cottonii supplementationimproves
live bodyweight inrats exposed to lead. We postul ated
that E. cottonii reducethe lead effects on the satiety
set-point. The addition of E. cottonii aso increases
metabolic activity in lead-exposed rats, because E.
cottonii rich with antioxidant propertiesand other phar-
miacol ogicaly important bi oactive congtituents 61”24 that
isessentia to enhance animalsand human hedlth.

Blood and tissueslead level

Eucheuma cottonii supplementation significantly
(p<0.05) reduced tissuelead accumulaionin Group D
(ratsexposed to lead + E. cottonii supplementation)
compared to Group C (ratsexposedtolead) (TABLE
1). Themechanism by which E. cottonii could reduce
lead accumul ation are unknown. Theefficiency of E.
cottonii was perhaps dueto the presence of biologi-
cdly activecompoundsthat prevent absorption of lead
from gastro-intestina tract or enhanced lead excretion
from the body. Previous authorgd?2¢! documented that
the presenceof sulphur containing amino acidsin plant
meaterids, or biologica compoundshavingfreecarboxyl
(C=0) andamino (NH.,) groupsmight have heavy metd
chdating activities. Further researchisnow on-goingto
confirm the presence of thistype of compounds, fol-
lowed by isolation of chelating agent bio-compoundsin
E. cottonii. Inaddition, it was observed that in the cur-
rent study, alargeamount of lead deposition wasfound
intheliver and kidney, and thisfindingisin agreement

TABLE 1: Lead concentration in blood and or gansof ratsfed with maintenance diet; control (Group A), supplemented with
E. cottonii (Group B), exposed tolead nitrate(Group C) and concurrent exposur eto lead nitrateand E. cottonii supplemen-

tation (Group D). Valuesare means.e.m.

A B C D
Liver (ug/g 0.0036+0.000E 0.0042+0.000E 0.3021:0.0007 0.2341+0.0009"
Kidney(ng/g) 0.0032+0.000E 0.0038+0.000E 0.3042+0.0005" 0.2563+0.0007 "
Blood(pg/ml) 0.0038+0.000E 0.0036+0.000E 0.3165+0.0008" 0.2075+0.0004"
Testis (ug/g) 0.0024+0.000E 0.0028+0.000E 0.2781+0.0003" 0.1981+0.0006™

"p<0.05 compared to Group A (normal; maintenance diet); “*p<0.05 compared to Group C (rats exposed to lead).

s LBioTechnology

An Tudian Yourual



142

The effects of Eucheuma cottonii on sperm quality and tissue lead level

BTAIJ, 11(4) 2015

FULL PAPER o

withthepreviousauthord?. Thisisnot asurprised since
liver andkidneyisavitd organfor detoxifyingand €imi-
nating heavy meta such aslead.

Sperm quality

In parallel with thereduction of lead level inthe
testis, thesperm quality improvedin Group D (ratsex-
posedtolead + E. cottonii supplementation) compared
to Group C (ratsexposed tolead) (TABLE 2). Sperm
quality alsoincreased in Group B (rats supplemented
with E. cottonii) compared to Group A (control; fed
with maintenancediet). Meanwhile, ratsin Group C
(rats exposed to lead) decreased their sperm quality
over other groups.

With regards to sperm count, Group C (rats ex-
posed to lead) significantly (p<0.05) decreased their
sperm concentration by 53% compared to Group A
(control; maintenancediet). On the other hand, Group
B (rats supplemented with E. cottonii) significantly
(p<0.05) increased their sperm count by 64% over
GroupA (control; maintenance diet). It was noticed
that, E. cottonii supplementation significantly (p<0.05)
improved sperm count in Group D (rats exposed to
lead + E. cottonii supplementation) by 48% over
Group C (ratsexposed to lead).

Sperm mortality wasincreased by 30.1%in Group
C (rats exposed to lead) compared to Group A (con-
trol; maintenancediet). Interestingly, therewasimprove-
mentin spermsurvivahility following E. cottonii supple-
mentation. Healthy rats supplemented with E. cottonii
(Group B) decreased their sperm mortality by 7.4%
compared to control received maintenancediet (Group
A). Meanwhilein Group D (ratsexposedtolead + E.
cottonii supplementation), sperm mortality was de-
creased by 24.2% compared to Group C (ratsexposed
to lead).

TABLE 2: Sperm quality of ratsfed with maintenancediet;
control (Group A), supplemented with E. cottonii (Group B),
exposed tolead nitrate (Group C) and concurrent exposureto
lead nitrateand E. cottonii supplementation (Group D). Val-
uesar emean:s.e.m

A B c D

Spermcount (10%ml) 532+1.7 869+1.5 236+1.8 443+1.6"
Mortality (%) 17.7+13 103+1.7 478+27 236+2.1"
Abnormality (%) 59+03 54x0.7 376+29 171+13"

"p<0.05 compared to Group A (normal; maintenance diet);
"p<0.05 compared to Group C (rats exposed to lead)
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Therewereno significant (p>0.05) differencein
sperm morphol ogy between Group A (control; mainte-
nance diet) and Group B (rats supplemented with E.
cottonii). However the number of abnorma spermwas
increased significantly (p<0.05) in Group C (ratsex-
posed to lead) compared to Group A and Group B.
When |ead-exposed rats been supplemented with E.
cottonii (Group D), the number of abnormal sperm
decreased significantly (p<0.05) by 20% compared to
Group C (ratsexposed to lead).

Thegeneration of ROS (reactive oxygen species)
dueto lead exposure was associ ated with |oss of mo-
tility, sperm abnormality, disruption of membranein-
tegrity and impaired mitochondria functionin sper-
matozod?”. Normally, malereproductive system pro-
duced certain amount of superoxidedismutase, cata
lase and some reductases as a defence mechanism
against ROS?1, The addition of the E. cottonii tothe
rat’s diet in the current experiment probably improves
the defence mechanism against oxidativestressinrat’s
reproductive system. E. cottonii has been demon-
strated to have strong antioxidant property??. There-
fore, E. cottonii supplementation probably increases
the production of superoxidedismutase and other en-
zymesinmale’s reproductive system against ROS. In
addition, antioxidant propertiesin E. cottonii pos-
sessthe peroxyl radicas scavenging capability!?, thus
capabletoincrease sperm quality in healthy and lead-
exposed rats.

CONCLUSION

In accordance with the obtained results, we con-
cluded that Eucheuma cottonii possessapotentia as
an dternativecheating agent by reducinglead accumu-
lationininternal organs. E. cottonii also hasapotential
asafertility promoter in both, the healthy ratsand the
oneexposedto lead.
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