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Enzymatic and non-enzymatic antioxidants in selected Piper species
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Piper species, commonly used in diet and (raditional medicine were assessed [or their antioxidant potential. Catalase
activity was predominated in Piper longum, Tollowed by Piper cubeba, green pepper, Piper brachystachyunm and Piper m-
grum. P, nigrum was richest in glutathione peroxidase and glucose-6-phosphite dehydrogenase, green pepper was richestin
peroxidase and vitamin C while vitamin E was more in P, longun and P, nigrum. P. brachystachvum and P, longum were
rich sources of vitanin A. All the Piper species had GSH content of around 1 1o 2 nM/g tissue, The antioxidant components
ol Piper species constitute a very efficient system in scavenging a wide variety ol reactive oxygen species. Antioxidant po-
tential of Piper species was further conlirmed by their ability to curtail in virro lipid peroxidation by around 30-50% with

concomitant increase in GSH content.

Reactive Oxygen Species (ROS) are generated from
leakage of clectrons onto oxygen from mitochondrial
electron transport chain, microsomal cytochrome Pysg
and their electron donating enzymes and other sys-
tems'~. For useful purposes, ROS (e.g., 0, , HOCI,
and H,0,) are produced from activated phagocytes’.
Inactivation and removal of ROS depend on reactions
involving the antioxidative defense system. The en-
dogenous antioxidant defense includes enzymatic
(e.g. superoxide dismutase, catalase, peroxidase elc.)
and non-enzymatic (e.g., ascorbic acid, o-tocopherol,
glutathione etc.) systems".

Oxidative stress is a state of imbalance between
generation of reactive oxygen species (ROS) like hy-
droxyl and superoxide radicals, and the level of anti-
oxidant defense system. Oxidative stress results in the
damage of biopolymers including nucleic acids, pro-
teins, polyunsaturated fatty acids and carbohydrates,
Lipid peroxidation (LP) is oxidative deterioration of
polyunsaturated lipids and it involves ROS and transi-
tion metal ions’. It is a molecular mechanism of cell
injury leading to generation of peroxides and lipid
hydroperoxides which can decompose to yield a wide
range of cytotoxic products, most of which are alde-
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hydes, like malondialdehyde (MDA), 4-hydroxynonenal
(HNE) elc.

ROS and free radical mediated processes have also
been implicated in the pathogenesis of a variety of
discases like Alzheimer's disease, Parkinson's dis-
ease, atherosclerosis, cancer, liver damage, rheuma-
toid arthritis, immunological incompetence, neurode-
generative disorders®” etc. Nutritional antioxidant de-
ficiency also leads to oxidative stress”, which signifies
the identification of natural antioxidative agents pre-
sent in diets consumed by the human population. Pep-
per is widely incorporated in the diet of Asian and
Western countries and it is also an important constitu-
ent of more than 150 Ayurvedic formulations. Piper-
ine, a well identified alkaloid of Piper species, is re-
ported to have a antimicrobial and hypoglycemic ef-
fects”. While Piper species are reported to have wide
spectrum of biological activity, its antioxidant poten-
tial has not been established so far, making it impor-
tant and interesting to study the antioxidant potential
of Piper species.

The main objectives of the present study is to: (1)
establish the antioxidant potential of the Piper species
by evaluating both enzymatic and non-enzymatic an-
tioxidants in selected Piper species; and (2) study the
efficacy of Piper species in preventing in vitro lipid
peroxidation using liver mitochondria as a model
system,
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Materials and Methods

Preparation of the pepper extract——"The Piper spe-
vies— Piper nigrum, Piper cubeba, Piper longum and
Piper brachystachvum were obtained in the dried
form from the ayurvedic drug shops. Green pepper, u
(leshy form of P. nigrim was obtained freshly from
the local vegetable market, and stored under refriger-
ated condition, The pepper species were weighed
separately and homogenised with 50% ethanol at a
concentration of 1g in 2ml The extracts were centri-
fuged at 10,000 rpm for 10 min and the supernatants
were kept under refrigerated condition and used for
hiochemical estimations within 4 hr.

Biochemical estimations — The aclivities of the an-
fioxidant enzymes namely superoxide dismutase',
catalase'!, peroxidase'®, glutathione pcmxidasc”, glu-
cose-6-phosphate  dehydrogenase', ascorbate  oxi-
dase”, and the non enzymatic antioxidants viz., glu-
tathione'’, ascorbic acid'’, vitamin A" and E' were
determined in the pepper extracts by suitable colori-
metric procedures. The values are expressed as
meati £ 80D, The data were statistically analysed by the
method of Snedecor and Cochran'™.

Isolarion of goat liver mitochondria-—"The goal
liver mitochondria was prepared according to the
method of Li et al'. Lipid peroxidation level in the
mitochondria was measured as thiobarbituric acid re-
active substances (TBARS) and diene conjugates,
using the method of Buege and Aust™. In vitro lipid
peroxidation was induced by the addition of 1.5mM
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Results and Discussion

The energetic benefit of aerobic metabolism is as-
sociated with the generation of reactive oxygen spe-
cies which are implicated in variety of diseased condi-
tions”'. Diet contains several substances that are capa-
ble of scavenging ROS dircctly or indirectly by pro-
moting mechanism which enhance detoxification™.
Strong evidence suggests that consumption ol fruits
and vegetables results in decreased incidence of all
types of cancer™. They are known to contain variety
of non-enzymatic antioxidants, namely carotenoids,
tocopherols, ascorbic acid and plant polyphenols,
which exert their antimutagenic activity, even alter
subjected to the cooking process. Pepper which is
widely included in the diet is evaluated for its antioxi-
dant property in the present study.

Enzymatic antioxidants in Piper species — The
level of antioxidant enzymes assessed in differemnt
Piper species are collectively represented in Table 1.
The highest SOD activity was found in P.longum
(23.79 units/mg protein) compared to the other spe-
cies included in the present study implicating that this
source could be exploited [or commercial purification
of SOD. SOD’s are reported widely in plant sources
and superoxide scavenging effect of fresh juice and
methanolic extract of Emilia sonchifolia leaves was
reported™. Alcoholic extract of Hypericum perfora-
tem also showed reasonable superoxide anion scav-
enging activity”. Currently, purified SOD is therapeu-
tically used in the treatment ol antioxidative and anti-
inflammatory diseases.

FeSO,.

Table 1 — Enzymatic antioxidants in Piper species

| Values are means oi 3 replicates in 2 repetilive experiments|

Sample SOD Catalase Peroxidase Glutathione Glucose-6-P Ascorbate oxidise
peroxidase dehydrogenasc

Units/img  Units/g  Units/mg  Units/g Units/mg Units/g - Units/mg Units/g - Units/mg - Units/g - Umits/mg - Units/p
prolein - lissue  prolein  lissue  protein  lissue prolein tissue  protein  lissue  prolein Ossue
Pl 9.14¢ 9.96 3.7 4.05 3157 340 1772.2°  1931.6  54.45° 59.300  0.014° 0015
P2 3497 19,90 22300 12800 0.99° 5.66 289" 16125  17.61° 10070 0.056°  0.320
P3 23.79% 2973 %3.19°  103.90 180" 2.25 w41t 11764 6077 7.58 0.123" 0154
1" 4670 1990  4839° 8270  749° 1280 8287 14170 1221" 2080 0.032"  0.054
P 5.65" 10.00 39.72° 70.30 75.61° 13380 12857 22757 24.40° 4310 0,057  0.100

SED=10.05 SED=0.19 SED =194 SED =0.0019 SED=10.24 SED =10.28

LSD(5%)=0.10  LSD{5%)=0.39 LSD(5%) =4 LSD(53%)=0.004  LSD(5%)=0.50  1LSD(5%)=0.57

LSD(19%) = 0.13 [.SD(1%)=0.53 LSD(1%%) = 5.41 LSD(1%)=0.006  LSD(1%) = 0.68

I Unit=inhibition | Unit = lwmole of 1 Unit= lpmole of 1 Unit = 1pg of GSH | Unit = increase in
ol 50% nitite 11O, consumed/min pyrogallol oxi- utilized/min 0.D. ol 0.01/min
formation dized/min

1w columan, means followed hy a commaon letter are not significantly different at 5% level by DMRT.
1" Piper nigriom; P2 2 Piper brachystachywn:; P3: Piper lengumn, PA: Piper cubeha: PS: Green pepper

LSD(1%)=0.77

1 Unit=0.01 0.0,
change/mim
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The highest activity of catalase observed in
P. longum (83units/mg protein) coincides very well
with the highest activity of SOD noted in the same
species, indicating that the H,0, formed by SOD is
effectively removed by the catalase. Plant catalases
are reported to be very scasitive to 1f.:rwil'nllrncnlad
conditions and has a rapid turnover rate™.

Among the five species studied P. nigrim showed
highest GSH-Px activity (1772 units/mg protein) and
it is interesting to note that the highest GSH-Px activ-
ity observed in P. nigrum was associated with very
low catalase activity observed emphasizing that GSH-
Px activity plays the major role in peroxide removal
in this pepper species, whereas, the highest catalase
activity in P. longum was associated with low activity
of GSH-Px indicating the role for catalase in peroxide
removal in P. longum. In green pepper and P. cubeba.
both catalase and GSH-Px nctivity were reasonable,
indicating a role for both the enzymes in peroxide
removal. The presence of GSH-Px was also reported
in cultured plant cells™. GSH-Px isolated from Nice-
tiuna Sylvestris™ has shown homology to animal
GSH-Px.

The ascorbate oxidase(AQ) activity in P. longum
was 0.123 units/g tissue which could be related with
the highest SOD activity noted in this species. Differ-
ent forms of AO has been reported in chloroplast, mi-
tochandrial, cytosal, peroxisomes and glyoxysomes™ .
In the present study, the highest AO activity in P
longuwm emphasizes the role of ascorbate system in
controlling 11,05 concentration in this species. Green
pepper was found to contain highest peroxidase activ-
ity (75 units/mg protein). This observation points out
the importance of peroxidase system in fresh tssue
rather than in dried fruits.

The observed high activity of glucose-6-pliosphite
dehydrogenase in P nigrum and green pepper coin-
cides very well with high GSH-Px acuvities. Whilc
GSH-Px is involved in the reduction of H,Q, and or-
zanic peroxide, a continuous flow of reducing equiva-
lents through glutathione system necessarily has 1o be
balanced by continuous formaticn of NADPH main-
tnining the steady state. It is established by increased
glucose 6-phosphate-dehydrogenase activity noted in
the above species.

Now-enzymatic anti-oxidants in Piper species—
Apart from enzymalic antioxidants, spectrum of non-
enzymatic antioxidants namely vitamin A, C, E and
glutathione are important in celiular system in curtail-
ing ROS. The levels of these antioxidants were as-
sessed and the results are represented in Table 2.

The vitamin C level was lowest in . brachystachvum
(0.88 pg/g tissue) while highest level of 2.7 pg/g ts-
sue was observed in P. longum. Ascorbic acid is re-
ported to be associated with better scavenging activi-
ties in vive than the antioxidant enzymes, becdus
they arc present both intracellularly as well as i the
extracellular Nuid™. As an antioxidant, it is reporicd
that ascorbate reacts with superoxide, hydrogen pui
oxide or the tocopheroxyl radical to form monodehy -
droascorbic acid and/or didehydroascorbic acid. The
oxidised forms are recycled back to ascorbic acid.

The estimated vitamin E level in different Piper
species ranges widely from IR to 66 pg/g tissuce
(Table 2). The antioxidant properties of tocopherol
are result of its ability to quench both singlet oxvgen
and peroxides™. Within the membrane, tocopherol is
the only protective agent that can act against the toxic
effects of oxygen radicals™,

The vitamin A content in different Piper species
ranges form 16 to 70 pg/g ussue. Piper brachystachyin
had the highest level. whereas lowest level was ab
served m P, loengum. Cuargtenoids exhibit a central
role against cancers, cardiovascular disease, HIV in-
fecuon and other age-related disorders™. Recent re-
ports suggests that all the carotenoids except 3
carotene are very efficient antioxidants,

The glutathione values in Piper species varied from
0.92 to 1.8 nM/g tissue. Giutathione reduced the for-
muation of toxic lipid peroxide and hydrogen peroxide
in biological system by acting as substrate for glu-
tathione pcrnxiclasc“". GSH can function as an anti-
oxidant in the following ways:

o [t can react chemically with singlei oxygen, super-
oxide and hydroxyl radicals and therefore function
directly as a frec radical scavenger,

o GSH may stabilize membrane structute by remoy-
ing acyl peroxides formed by lipid peroxidation re-
actions™.

2 (GSH is the reducing agent that recycles ascorbic
acid from its oxidized to its reduced form by the
enzyme dehydroascorbate reductase™.

Upon comparison of antioxidant status of green
pepper (fleshy form) and P.nigrum (dried form) the
following results were observed:

# No significant change in totai activity was ob-
served for SOD and glucose-6-phosphate dehydro-
genase, whereas specific activity increased by 1.6
fold in dried form.

» Both specific activity and total activity ol catalase,
peroxidase and ascorbate oxidase decreased in dried
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form. Only 10-25% of activity was observed in
dried form when compared to fleshy form.

e The flesh form of pepper is more predominant in
vitamin C and GSH while dried form is enriched
with vitamin C and E.

The above observed variation in antioxidant status

could be attributed to different maturation stages of

pepper fruit and also could be due to sun-drying proc-
ess.

Evaluation of efficacy of antioxidant potential of

Piper species— Peroxidation of membrane system
are the foremost consequences of free radical damage
and the efficiency of plant extracts in inhibiting lipid
peroxidation in vitro is a very good measure of as-
sessment of antioxidant potential. The presence of
iron in the reduced form was found to be necessary

for lipid peroxidation and this was generally achieved

by the addition of ferrous salts or by adding Fe' and

reducing agents like ascorbate®*.

To evaluate the antioxidant potenual of different
Piper extracts, liver mitochondria was selected as
model system based on the following considerations:
I. It has been well established that isolated mitochon-

dria produces H,O, and O,"  in presence of com-
pounds like NADH, antimycin A, ete’

. Various Fe-S proteins and NADH dehydrogenase
have also been implicated as possible sites of su-
peroxide and H,0, formation.

3. Mitochondrial membrane was found 1o contain
large amounts of PUFA in their phospholipid
which include fatty acids with 2.4,5, and 6 double
bonds. The rate of peroxidation both in vive and in

3

Table 2— Non-enzymatic antioxidants in Piper specics

| Values are means of 3 replicates in 2 repetitive expeniments|

Sample Vitamin C Vitanin £ Vitamin A GSH
(/e tissue) (pg/g tissue) (pgle tissuce) (nM/glissuc)
Il 1.68" 66,98 43.24° 0.92°
P2 .88’ 46.30° 69.46° 1.03"
P3 1.72° 63.62" 63.64° I.18°
P4 1.37" [8.12* 30.93" 1274
s 270" 38.95" 16.81° 1.84°
SED =0.05 SED =039 SED =027 SED =0.0

LSD(53%)=0.11
LSD{1%) = .14

LSD(5%)=0.8]
LSD(1%) = 1.09

LSD(5%) = 0.01
LSD(1%) = 0.02

L.SD(5%) = 0.56
LSD(1%) = 0.76

In a column, means followed by o common letter are not signilficantly different at 5% level hy

DMRT.

Pl: Piper nigrum;, P2 @ Piper brachystachyum; P3: Piper longum; P4: Piper cubeba; PS: Green

pepper

Tuble 3— EfTect of pepper extracts on Lipid peroxidation and reduced GSH content in the goat liver mitochondria

[ Values are means of 3 replicates in 2 repetitive experiments. Figures in parentheses are % inhibition of lipid peroxidation and thiol oxi-
dation by the different pepper extracts|

Experimental group

Group 1

Liver mitochondria

Group 11
Liver mitochondria + 1.5 mM FeSO,

Group 11

Liver mitochondria + 1.5 mM FeSQ, + pepper extract
Piper nigrum

Piper brachystachyum

Piper longuni

Piper cubeba

Gireen pepper

TBARS*
(UM/mg protein)

.25+ 0.001

2,00+ 0.013

1.480£0.002 (29%)
1.235+ 0.002 (41%)
1.700 £ 0.060 (50%)
0.860+0.002 (59%)
1010+ 0.040 (50% )

GSH**
(uM/mg protein)

Conjugated dienes*
(mole/mg protein)

57.725+ 0.476 642+ (.32

318.16 £0.354 3174010

5.27=0.26 (66%)
5.24£00.29 (65%)

124,18+ 0.274 (619%)
125.23 £0.216 (60%)

149.42 +0.346 (50%) 487 0.27 (54%:)
188.17£0.460 (40%) S5.01£0.19 (589
157.36+ 0.302 (50%) 4.93+£0.15 (55%)

“The levels of TBARS and conjugated dienes were compared between Group 11 and Group 111

+ GSH level was compared between Group | and Group 1
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vitro increase with increasing number of double
bonds in fatty acids V.

4. Damage to mitochondria due to lipid peroxidation
can have profound effect on the cell. Lipid peroxi-
dation correlated weil with swelling and finally
with lysis and disintegration of mitochondria’’.
Lipid peroxidation was induced in the model sys-

tem by incubating the liver mitochondria in the pres-

ence of 1.5mM FeSO, for 30 min with and without
different Piper extracts. In earlier studies for an-

tilipidperoxidative property. the EDsy value of 58 g

was reported for vitamin E”. Hence in the present

study, the ethanolic extracts of Piper species were

concentrated so as to give around 60pg of vitamin E

in 0.5ml of the concentrated extract.

Effect of Piper extracts on lipid peroxidation of

liver mitochondria— The effect of ethanolic extracts
of different Piper species on in vitro lipid peroxida-
tion of liver mitochondria was assessed by estimating
both TBARS and diene conjugates. The results were
represented in Table 3.

Piper cubeba was found to be more effective in
curtailing lipid peroxidation by 59%, while the extent
of inhibition was around 50% for P. longum and
green pepper and around 41% for P. brachystachyum.
P. nigrum was found to be less effective with only
29% inhibition. The observed high levels of TBARS
in the model system in the presence of P. nigrum ex-
tract would be contributed by the inherent piperine
content of the pepper extract. Khajuria er al.™ also
reported increased TBARS of rat intestinal mucosa
and epithelial cells upon piperine treatment aithough
conjugated diene levels were not altered.

The conjugated diene (initial peroxidative product
and accurate indicator of lipid peroxidation) levels
were also assessed in the present study. The extent of
inhibition of lipid peroxidation exerted by different
pepper extracts were ranged from 40-60%, the lowesl
being contributed by P. cubeba and highest by P. ni-
grum and P. brachystachyum. The lowest anioxidant
efficacy of P. cubeba is correlated with the lowest
level of vitamin E (18.12pg/g tissue) in this species,
compared to that of vitamin E in P nigrum (66.98

alg lissue).

The inhibition of in vitre lipid peroxidation by the
pepper extracts observed in the present study can be
attributed to the presence of known antioxidants like
vitamin C, E, A and glutathione, and also the various
enzymic antioxidants in the extracts. The observed
effects could also be due to the presence of other

secondary metabolites in Piper species. The piperine
content has been reported to vary from 1.9 o 3.1%
(moisture free base), depending on fruit maturation
stages, It is interesting to note that piperine, a princi-
ple alkaloid of Piper species increased the serum re-
sponse i.e., the serum [-carotene level when it is sup-
plemented with oral B-carotene™.

Effect of Pepper extracts on GSH content during
lipid peroxidation—In the liver mitochondria, upon
the induction of lipid peroxidation with Fe™', GSH
level decreased significantly by 50%, whereas when
mitochondria was preincubated with pepper extracts,
only around 18-25% depletion was seen. [t is interest-
ing to note that, even in the presence ol promoters of
lipid peroxidation, different pepper extracts protected
the GSH depletion by 20%, when compared to that in
their absence.

It has been reported that reduced GSIH is a better
index of assessing the lipid peroxidation than the
quantificaiton of TBARS™. An inverse relationship
was established between TBARS and reduced GSH
content. The protective effect of pepper extracts on
lipid peroxidation with concomitant increase in GSH
noted in the present study could be attributed to the
inbuilt antioxidant system present in them. The results
clearly pinpoints the antioxidant potential of different
pepper species. In vive studies should be carried out
in the experimental animals in order to ascertain their
antioxidant potential in biological system.
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