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ABSTRACT

We determined the effect of Jatropha tanjorensis leaves supplements on
the activities of superoxide dismutase (SOD), catalase (CAT), vitamin E,
vitamin C and malondialdehyde (MDA) in rats. Male albino rats of the
Wistar strain were divided into six groups and maintained on normal diet
(ND); normal diet supplemented with the leaves (ND+J) and fesolate®
(iron) tablet (ND+F); low protein diet (L PD); low protein diet supplemented
with the leaves (LPD+J) and fesolate tablet (LPD+F) for six weeks. The
result showed significant reduction (P<0.05) in malondialdehyde level in
the rats fed the leaves supplemented diet but with significant increase
(P<0.05) in the concentrations of vitamin C and vitamin E relative to con-
trols. The catalase and superoxide dismutase activities were significantly
reduced (p<0.05) in the rats fed the low protein diet while these were in-
creased (p<0.05) in the rats fed the leaves supplements as compared with
control values. The study therefore suggests that Jatropha tanjorensis
leaf may have antioxidative potential against reactive oxygen species (ROS)
that are produced in protein energy malnutrition.
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INTRODUCTION

Over theyearsthe epidemiol ogy of various degen-
erativediseaseshasbeenlinked to cdllular injury aris-
ing from reactive oxygen species (ROS) production.
ROS can oxidize alarge number of cellular compo-
nentsespecialy proteins, lipids, and nucleic acidsre-
sulting indegenerativedisordersin human such asdia-
betes, cysticfibross, hepatitis, central nervoussystem
injury, atherosclerosis, arthritisand acquired immuno-
deficiency syndrome (AIDs)132829,

Oxidative stressmay occur whenever thereisan
imbal ance between oxidantsand antioxidantsin favour

of the oxidants, potentially leading to oxidative over-
load and production of ROS that are detrimental to
cells, tissuesand organs. For instance, in nutritional
oxidative stress, there is an imbalance between the
prooxidant load and the anti oxidant defenseasaresult
of inadequate supply of nutrientg?. Likewise, many of
theclinica and pathol ogica manifestationsof PEM have
been linked to an imbalance between freeradical de-
fensesand freeradical production!*¢27, In PEM, the
freeradica defense hasbeen reported to be depressed,
therearedterationsintheactivitiesof freeradical de-
fenseenzymesand freeradical productionisoftenin-
creased16:27,
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Neverthdess, thereisamultilayered strategy of de-
fenseagang oxidativedamageincluding enzymaticand
non-enzymeatic antioxidants as well as adaptive re-
sponses. Epidemiologica studieshave shownthat high
dietary intake of fruitsand vegetables can predispose
towardsdiminishedrisk of devel oping degenerativedis-
eases. It iswidely claimed that most fruits and veg-
etables contain dietary antioxidantswhich arethought
to beresponsiblefor their beneficid effectd®228, The
dietary anti oxidants are plants bioactive compounds
which contributesto the anti oxidant capacity of these
fruitsand vegetables and they comprisetocopherals,
ascorbate, carotenoids, thiols, tannins, flavonoids, al-
ka oids, nitrogen contai ning compounds and micronu-
trientg**17, Thushigh dietary level sof antioxidantsmay
scavengebiologica toxic ROS°%,

Inthisstudy, aonce popularly consumed vegetable
leaves Jatropha tanjorensis, commonly called catho-
lic vegetable, ‘hospital too far’ (a member of the
Euphor biaceaefamily) waseva uated for antioxidant
activity inratsexposed to nutritional oxidative stress
using alow protein diet. The leaves of the plant are
mostly used in making soup in the south- western re-
gionof Nigeria. In our previous study the plant leaves
werereported to possess anti-anemic propertiesin ane-
mic ratg%24,

EXPERIMENTAL

Plant material and prepar ation of feed

Jatrophatanjorensisleaveswereobtained froma
privatefarm in Benin City. The selection of the plant
was based on information obtained from traditional
medicinepractitionersin Benin City, Nigeria Theplant
was authenticated at the Department of Botany, Uni-
versity of Benin, Benin City, Nigeria. Thefreshleaves
werethoroughly washedindistilled water and air dried
at room temperature. The dried leaves were then
blended into powder form and used for supplementa-
tion of theexperimental feed. Thelow proteindiet and
the normal diet were prepared as previously de-
scribed®4,

Animal feeding experiment

36inbred madedbinoratsof theWiger sranweigh-
ing between (100-110) g weredistributed into Sx groups
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(six ratsper cage) with the average weight difference
between groupslessthan 0.2g. Thelow protein diet
wasinitially fed to three of the groupsfor six weeks
whilethe remaining groupsreceived thenormal diet.
Theregfter, ther dietswere supplemented with thevari-
ous |leaves for another four weeks with the group 1
animasfed withthenormd diet and served asthecon-
trol (ND), group 2 animalswere fed the normal diet
supplemented with 8% of Jatropha tanjorensis
(ND+J) leaves, group 3 animalsreceived low protein
diet only (LPD), thegroup 4 anima swerefed thelow
protein diet a ong with 8% of the leaves supplement
(LPD+J), groups5and 6 ratsweregivenfesolate(iron)
tablet supplemented inthelow protein diet (LPD+F)
and normd diet (ND+F) respectively.

Theanima swerekept in highly sanitized metabolic
cages and wereinitially allowed a 5-day adaptation
period with their respectivediets beforethe commence-
ment of the study which lasted for six weeks. Theani-
mals were allowed free access to food and water
throughout the duration of the experiment. Their body
weight, faecal output and quantity of food consumed
were monitored weekly. At the end of thefeeding pe-
riod, theanimalswerefasted overnight and sacrificed
through cervica didocation. Blood was collected im-
mediady fromthe heart into heparinized tubesand the
organs removed (at once) blotted dry, weighed and
stored for subsequent andysis.

Prepar ation of liver and kidney homogenates

1.0g of theliver and kidney tissues were homog-
enizedin 10ml of ice-cold 0.9% normd sdinetoobtain
10% (W/V) homogenates. The homogenateswere cen-
trifuged at 50009 for 10 minutes and the supernatant
obtained were used for determination of superoxide
dismutase (SOD), catalase (CAT), vitamin C, vitamin
E and lipid peroxidation. The heparinized blood was
also centrifuged; the plasma collected was used for
determination of sSimilar parameters asthekidney and
liver homogenates.

Biochemical analysis

The superoxide dismutase (SOD) activity wasas-
sayed in thetissues according to the method of Misra
and Fridovich, based on therapid auto-oxidation of
adrenaline dueto the presence of superoxide anions
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TABLE 1: Weight gain, faecal output and food intake

Par ameters ND ND+J ND+F LPD LPD+J LPD+F
Food intake 18.4+0.112 20.3+0.52° 17.1+0.32° 9.2+0.04° 14.3+0.07¢ 13.8+0.10°
Weight gain 4.5+0.02% 5.7+0.02° 4.8+0.07% -1.2+0.05" 3.5+0.03¢ 1.3+0.04°
Faecal output 12.3+0.2% 15.4+0.2° 13.0+0.19? 8.0+0.1° 10.7+0.5° 11.6+0.3¢

Values are expressed as mean =SEM. N=6 determinations. Weight, food intake and faecal output are in grammes. Means of the
same row with different superscript letter differs significantly (P<0.05). ND=normal diet; L PD=low protein diet; ND+J=normal diet
with the leaves supplement; LPD+J=low protein diet with the leaf supplement; ND+F=normal diet with iron supplement; L PD+F=low

protein diet with iron supplement
TABLE 2: Effect of Jatrophatanjorensisleaves supplement
onvitamin Clevel inrats

Tissues  ND ND+J ND+F LPD LPD+J LPD+F
Liver  12.5+0.25°11.3+0.31711.9£0.62%33.4+0.25°20.5+0.12°30.6+0.47"
Kidney 14.7+0.02%15.4+0.04%14.3+0.03°25.3+0.03°18.2+0.02°22.3+0.04°
Plasma_3.29+0.09°3.17+0.04°3.59:0.01%9.1440.02°6.45:0.03°9.33+0.06"
Values are expressed as mean +SEM. n=6 deter minations. Vita-
min C levels were expressed in mg/dl. Means of the same row
with different superscript letter differs significantly (P<0.05).
ND=normal diet; LPD=low protein diet; ND+J=normal diet with
the leaves supplement; LPD+J=low protein diet with the leaf
supplement; ND+F=normal diet with iron supplement;
LPD+F=low protein diet with iron supplement.

TABLE 3: Effect of Jatropha tanjorensisleaves supplement
onvitamin Eleve inrats
Tissues ND ND+J  ND+F LPD LPD+J LPD+F

Liver 56.7+3.8% 61.7+5.3° 58.9+4.7% 33.8+2.1° 46.8+3.29 32.7+3.9°
Plasma 63.3+5.2% 74.7+3.7° 60.0+3.2% 21.6+2.4° 43.6+4.3% 34+3.7°

Values are expressed as mean+SEM. n=6 determinations. Vita-
min E levels were expressed in mg/dl. Means of the same row
with different superscript letter differs significantly (P<0.05).
ND=normal diet; LPD=low protein diet; ND+J=normal diet with
the leaves supplement; LPD+J=low protein diet with the leaf
supplement; ND+F=normal diet with iron supplement;
LPD+F=low protein diet with iron supplement

TABLE 4: Effect of Jatropha tanjorensisleaves supplement
on super oxidedismutase (SOD) activity intherats

Tissues  ND ND+J ND+F LPD LPD+J LPD+F
Liver  20.1:+0.14%24.0+0.18%18.7+0.3279.8+0.26° 13.6+0.21910.2+0.34'
Kidney 18.3+0.13%17.0+0.11718.6+0.12%11.4+0.13°14.2+0.16°9.8+0.20°

Values are expressed as mean+SEM. n=6 determinations. Su-
peroxide dismutase (SOD) activity is expressed as Units gttis-
sue. Means of the same row with different superscript letter
differs significantly (P<0.05). ND=normal diet; LPD=low pro-
tein diet; ND+J=normal diet with the leaves supplement;
LPD+J=low protein diet with the leaf supplement; ND+F=normal
diet with iron supplement; LPD+F=low protein diet with iron

supplement

whose concentration (expressed in Units/g/ tissue
weight) isdetermined spectrophotometricaly at 420nm.
Catdaseactivity inthetissueswasestimated asresidud
H,O, after incubation with the enzyme™s. Estimation
of lipid peroxidationin thetissuesinvol ved thedetermi-
nation of thiobarbituric acid reactive substances
(TBARS), which are indicators of membrane lipid
peroxidation. Values for TBARS are reported as
malondialdehyde (MDA and quantified usngaMolar
extinction coefficient of 1.5x10° M cmrl and expressed
asumoleMDA g* tissueweight!*¥), Thevitamin C con-

tent of the tissues was determined according to the
method of Roeand Kuether, (1943). Estimation of vi-
tamin E was based on the method of Desail*4.

Satistical analysis

Theresultswereexpressed asmeanstSEM. Andy-
sisof variancewas used to test for differencesinthe
groups. Duncan’s multiple range test was employed to
test for significance differences between the means®v.

RESULTS

Themeansof welght gain, food intakeand dry facedl
output arerepresented in TABLE 1. Theratsfed the
low proteindiet (LPD) consumed significantly (p<0.05)
lessfood with acorresponding reduced weight gain and
faecal output than the controls(ND). Ontheother hand,
theratsfed theleaf supplemented diets (LPD+Jand
ND+J) consumed more food than the LPD group.
Hencetheir ganinweight and faecd output werehigher
than their LPD counterpart. Supplementation of the
protein deficient diet with fesol atetablets(LPD+F) re-
sulted in significantly reduced (p<0.05) food intake,
faecal output and amajor weight deficit but to alesser
extent when compared with the LPD group. Whilethe
normal rats placed on fesolate tablets supplements
(ND+F) had significantly high (p<0.05) food intake,
gained moreweight with acorresponding high faecal
output when compared with the control.

TABLES 2 and 3 summarize the effect of J.
tanjorensisleavesonvitamin C and vitamin E levels.
Theratsexposed to the LPD+Jdiet had significantly
increased (p<0.05) vitamin C and E levelsinboth the
liver and plasmarti ssueswhen compared to the LPD
diet-fedrats. Whiletheratsplaced ontheleaves(ND+J)
andthefesol atetablet (ND+F) diet supplementsshowed
norma levelsof vitamin C and vitamin E comparable
with the control values. Theratsfed the LPD+F diet
showed no statistical difference (p>0.05) in both vita-
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TABLE 5: Effect of Jatrophatanjorensisleaves supplement
on catalase (CAT) activity inrats
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TABLE 6: Effect of Jatrophatanjorensisleaves supplement
on lipid per oxidation (malondialdehyde) level inrats

Tissues  ND ND+J ND+F LPD LPD+J LPD+F

Groups ND ND+J ND+F LPD LPD+JLPD+F

Liver  20.3:0.41321.6+0.32220.8+0.50716.4+0.21°18.7+0.33°16.1+0.43"
Kidney 8.44+0.8479.79+0.30°8.24+0.23%4.39+0.41°6.75+0.4195.09+0.01°

Values are expressed as mean+SEM. n=6 determinations. Cata-
lase activity is expressed as moles/mg tissue. Means of the same
row with different superscript letter differs significantly (P<0.05).
ND=normal diet; LPD=low protein diet; ND+J=normal diet with
the leaves supplement; LPD+J=low protein diet with the leaf
supplement; ND+F=normal diet with iron supplement;
L PD+F=low protein diet with iron supplement

minlevelsrelativetotheLPD fedrats.

TABLES 4 and 5 depict superoxide dismutase
(SOD) and catalase (CAT) activitiesintheliver and
kidney tissues. Statistical analysisrevealed significant
induction (p<0.05) of SOD and CAT activitiesinthe
liver and kidney tissues of the LPD+Jfed ratswhen
compared with the mal nourished counterpart (LPD).
The SOD and CAT activitieswere normal inthenor-
mal ratsthat werefed on theleaves supplemented diet
compared with controls. Supplementation of thelow
protein diet with fesolatetabl et resulted in no significant
change (p>0.05) in the SOD and CAT levels when
compared with the LPD fed ratswhi ch showed marked
reduction (p<0.05) inthese enzymeslevelsin contrast
to control.

TABLE 6 showstheeffect of Jatrophatanjorensis
leaf onlipid peroxidation (malondiddehyde) leve. The
ratsfedthe LPD and LPD+F dietsshowed significantly
increased (p<0.05) level of malondialdehyde (MDA)
relaiveto controls. TheMDA leved inthe LPD+Jfed-
ratswas cons derably reduced (p<0.05) compared with
the LPD fed rats but wastill morethan control values.
TheND+Jand ND+F diet-fed rats however, showed
normal levelsof MDA when compared with controls.

DISCUSSION

Nutritiona oxidative stressin PEM describesan
imbal ance between the pro-oxidant |oad and the anti-
oxidant defense as aconsequence of inadequate sup-
ply of theanima swith the necessary nutrientsfor growth
and maintenance of |ifd? The present study eval uated
theeffect of Jatrophatanjorensisleaveson somestress
enzymes and antioxidant vitaminsin rats exposed to
nutritional oxidativestressusingalow proteindiet.

Resultsfrom this study showed evidenceof early

Liver  5443.4% 57+4.4% 52424% 32422 41+413° 34+1.5°
Plasma 92.6+2.4% 96.3+4.4% 89.6+3.2% 39.2+1.2° 54.4+3.1° 42.1+1 .6

Values are expressed as mean+SEM. n=6 determinations. Lipid
peroxidation level is expressed as umole MDA g*! tissue. Means
of the same row with different superscript letter differs signifi-
cantly (P<0.05). ND=normal diet; LPD=low protein diet;
ND+J=normal diet with the leaves supplement; LPD+J=low pro-
tein diet with the leaf supplement; ND+F=normal diet with iron
supplement; LPD+F=low protein diet with iron supplement

physicd sgnsof manutrition particularly, intheratsfed
withthe PDD diet, from thethird week of feedingwhen
compared with thecontrol rats. These symptomswere
morepronouncedintheratsfedthe LPD diet than those
fed the leaves supplemented diet. Nevertheless, the
mal nourished state of these animalsfurther confirms
previous studies on induction of PEM in laboratory
rat§1’8’24].

Likewise, thereduction in the body weightsof the
rats fed the LPD diet also agrees with our previous
studies®24 and may beattributed to the anorexic state
of theseanimals. Inthisstate, the body lacksthe ability
to absorb and use nutrientsaswell as compensatefor
nutrient loss. Thedight reductioninweight asobserved
intheLPD+Jgroup even with theleaves supplementa-
tionisconsgtent with earlier reportsinwhichthetrest-
ment of PEM with plant protein showed increased
growth but with the expected weight for height not at-
tained®. The high body weight gaininthenormal rats
fed theleaves supplement suggeststhat theleaves may
adequately support growth. Theanimalsinthisgroup
also consumed more food and excreted more faeces
thantheir LPD counterpart.

Generaly, cells possessanumber of mechanisms
to protect themsel ves against attack by reactive oxy-
gen species(ROS). For ingtance, superoxidedismutase
(SOD) removes superoxide (O?) radical by convert-
ingittoH,O, whichisreadily converted to water by
catalase and glutathione reductase (GPX)!®23, Nutri-
tional oxidativestressmay result intoxicity whenthe
rate at which the freeradicalsgenerated exceedsthe
cell’s capacity for their removal.

Likewise, inthemal nourished state the concentra:
tion of antioxidant enzymes, vitamins, essentia polyun-
saturated faity acids (PUFAS) and minerd e ementshave
been reported to be compromised. Thus the body’s
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own antioxidant defense system may not be strong
enough to protect the cells against damage by ROS.
Thismay account for thereduced level of the antioxi-
dant vitamins (Vitamin C and E) and enzymes (super-
oxidedismutase and catalase) intheratsfed with the
LPD diet relativeto control.

Reactive oxygen speciescanreact withalargeva
riety of easily oxidizablecelular componentsincluding
NADH, NADPH, ascorbic acid, proteinsand nucleic
acids. Themost important effect isthat on the mem-
brane PUFA swith theresultant chainreaction of lipid
peroxidation with theresultant tissue damage associ-
ated with most degenerative diseases!®?l.
Malondiadehyde (MDA) has been suggested asone
of theend products of lipid peroxidative process*2,
Inthis study, nutritional oxidative stressasaresult of
low protein diet was confirmed by theincreaseinlipid
peroxidation product (MDA) inthe LPD group ascom-
pared with the control. Moreover, severa papershave
reported that dietsthat arelow in protein but highin
carbohydrates may induce protein malnutrition and
cause oxidative stress thereby enhancing lipid
peroxidation=,

Ontheother hand, therelatively highlevelsof the
antioxidant vitamins, enzymesand thelow leve of MDA
intheratsfed the leaves supplemented diets (LPD+J
and ND+J) suggeststhat the plant leaves might have
provided some protective effect against damage by
ROS. These may be attributed to the presence of
bi oactive compoundsinthe plant leaves. Accordingly,
many plants bi oactive compounds have been associ-
ated with antioxidant activitiesin biologica systemsby
acting asscavengersof singlet oxygen and freeradicals
produced by ROS, thus, reducing oxidativestress. Simi-
larly, our previous study on Jatrophatanjorenssleaves
showed that it contained some phytochemical com-
pounds such asflavonoids, tannins, saponinsthat may
be responsiblefor itsantioxidative property!®4.

For instance, polyphenolsare highly reactive com-
poundsdueto thefact that they are polydentateligands
withamultiplicity of potential binding sites, hencetheir
capacity to act asantioxidant depend largely upon their
molecular structure®-*3, Neverthel ess, some natural
products(e.g. carotenoids, vitamin C) that arebiologic
antioxidants havetheir antioxidative properties depen-
dant on oxygen tens on and concentration. Moreso, the

antioxidant paradox have proposed that inbiological
conditions, thereisawaysthetendency for an antioxi-
dant to become a pro-oxidant if a suitable receptor
moleculeis present to accept the d ectron and promote
autooxidation’>4,

The supplementation of the LPD diet with iron
(fesolate) tablets<till showed dl thesymptomsof mal-
nutrition and acompromised antioxidant system. This
may beexplained by thefact that iron supplementsaone
could not dleviatemanutritionintheseanimas.

Instead, the presence of iron may promote bacte-
rial growth aswell asthe production of ROS*#, In
thisregard, several casesof increased mortality and
morbidity havebeenlinked with ord iron supplementa
tion especially during the early phases of treatment of
PEME10,

Thus, enhancing theantioxidant defense system as
well asnutritional support for growth and devel opment
during the early stages of rehabilitation may becrucia
tothesurviva of wasted PEM patients*®. Therefore,
Jatrophatanjorensisleavesmay provideantioxidative
protection againgt nutritiona oxidative stressproduced
in PEM. But thereisneed for thorough understanding
of the efficacy and the long—term safety of the plant
leaves supplement for human consumption.
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