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Cassia fistula L., a semi-wild Indian Labernum, is widely cultivated in Mauritius as an ornamental
tree for its beautiful bunches of yellow flowers and also used in traditional medicine for several
indications. The total phenolic, proanthocyanidin, and flavonoid contents, and the antioxidant activities,
of fresh vegetative and reproductive organs of Cassia fistula harvested at different stages of growth
were determined using the Trolox equivalent antioxidant capacity (TEAC) and ferric-reducing
antioxidant power (FRAP) assays. The antioxidant activities were strongly correlated with total phenols
(TEAC r = 0.989; FRAP r = 0.951) in all organs studied, and with proanthocyanidins (TEAC r =
0.980; FRAP r=0.899) in reproductive organs including fruits. The antioxidant activities of reproductive
parts were higher than those of the vegetative organs, with the pods having highest total phenolic,
proanthocyanidin, and flavonoid contents and antioxidant potentials (TEAC = 992 + 0.4 umol/g dry
weight; FRAP = 811 + 23 umol/g dry weight).
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INTRODUCTION Cassia fistulal., a semi-wild Indian Labernum also known

as the Golden Shower, is widely cultivated in Mauritius as an
ornamental tree for its beautiful bunches of yellow flowers. It
is highly reputed for its strong laxative and purgative properties
(20). In Ayurvedic medicine, it is used against various disorders

neurodegenerative disorder3),(carcinogenesis4j, diabetes such as haematemesis, pruritus, leucoderma, and diaétes (

(5—7), and rheumatic disorders (8), and that they play a major 22). T'he antipyretic, analgesic effect®3] and antitussive
role in the aging process,(20). Plant-derived antioxidants such potentials (24) of the plant have also been reported, together

as vitamin E, vitamin C, polyphenols including phenolic acids, with the_ir antifungal and antibacterial activitie2y). The plant
phenolic diterpenes, flavonoids, catechins, procyanidins, and €xtractis also recommended as a pest-control agétThese
anthocyanins are becoming increasingly suggested as importangffécts have been mainly attributed to the presence of alkaloids
dietary factors {1—13). Supplementation with berry juic&4), (27), triterpene denvgtlveQ(S), a.thraqumone. derivativedq,
flavones from skullcap, catechins from green tea, anthocyanins30), and polyphenolics comprising flavonoids (&), cat-
from chokeberry, and condensed tannins from faba bet)s ( €chins, and proanthocyanidins (31—34).
are indeed protective of oxidative stress indices in rats. Itis becoming clear that for in vitro and in vivo characteriza-
Furthermore, the growing interest in the substitution of synthetic tion of antioxidant propensities, no one method can give a
food antioxidants by natural ones has fostered research on plantomprehensive prediction of antioxidant efficacy. So use of more
sources and the screening of raw materials for identifying new than one method is recommended, and there should be greater
antioxidants. In this regard polyphenols are being increasingly caution in extrapolating the in vitro dat8§—37). The spec-
reported to exhibit quality-preserving and antioxidant effects trophotometric technique, total antioxidant activity (TAA), or
on foods (16—18) and edible 0il49). the Trolox equivalent antioxidant activity (TEAC) involves the
generation of the long-lived specific radical cation chromophore
* Corresponding authors. T. Bahorun: phch230 454 1041; fax-230 of 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
465 9628/+ 230 454 9642; e-mail thahorun@uom.ac.mu. O. |. Aruoma: by controlled chemical oxidation. The ABT'Sradical cation
phone+44 20 8846 7023; fax-44 20 8846 7025; e-mail o.aruoma@ic.ac.uk. has absorption maxima in the near-infrared region at 645, 734,

T University of Mauritius. <
* Imperial College of Science, Technology and Medicine. and 815 nm. The TEAC reflects the ability of hydrogen- or

There is a great deal of evidence indicating that excessive
free radical production and lipid peroxidation are actively
involved in the pathogenesis of a wide number of diseases,
including atherosclerosi4), cardiac and cerebral ischemi,(
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Table 1. Dates of Harvest and Corresponding in Vivo Vegetative and
Reproductive Plant Organs Collected

developmental stage date of collection (1998)

vegetative
young leaves June 1
old leaves June 1
twigs June 1
bark June 1
reproductive
flower buds Nov 17
flowers Dec 2
pods (fruits) Dec 27

electron-donating antioxidants to scavenge the ABT&dical
cation compared with that of Trolox. The antioxidant suppresses
the A7z4 to an extent, and on a time scale, dependent on the
antioxidant activity 88, 39). The ferric reducing/antioxidant
power (FRAP assay) is widely used in the evaluation of the
antioxidant components of dietary polyphenols. The FRAP assay
depends on the reduction of a ferric tripyridyltriazine [Fe(lll)-
TPTZ),] complex to the ferrous tripyridyltriazine [Fe(ll)-
TPTZ)] by an antioxidant, usually a nonphysiological condition
with low pH of about 3.6.

Our research on natural polyphenol-rich plant extracts
(40—42), is focused on the study of the relationship between
the antioxidant capacity and the total phenolic, proanthocyanidin,
and flavonoid contents of vegetative and reproductive organs
of Cassia fistula, harvested at different stages. In this paper,
we report the application of the FRAP and TEAC assays to
assess the free radical scavenging capacities and the reducin
potentials of the antioxidant constituents Gfssia fistula
extracts.

MATERIALS AND METHODS

Plant Material. Vegetative and reproductive organsCdssia fistula
at different stages of growth were collected on the same plant on the
University of Mauritius Campus at Réduit, during 1998. They were
immediately weighed and kept a0 °C for extractionTable 1 shows
the different plant organs used and their dates of collection.

Extraction. Plant material (50 g) was extracted first with acetone/
water (70:30 v/v) (2x 100 mL) and finally with methanol 100% (2
100 mL). Filtrates were concentrated in vacuo at@7and the resulting
aqueous extract was washed with dichloromethane (P00 mL) to
remove lipids and chlorophylls before being freeze-dried. This freeze-
dried extract was divided into two parts. Part 1 and part 2 were dissolved
in distilled water and absolute methanol, respectively, at a final 1:5
fresh weight/volume ratio. Part 1, corresponding to 25 g fresh weight,
was used for the antioxidant assays, while Part 2, corresponding to 25
g fresh weight, was utilized for phenolic analyses.

Thin-Layer Chromatography. Total vegetative and reproductive
plant extracts were examined by one-dimensional thin-layer chroma-
tography on silica gel plates (Merck). Proanthocyanidins were analyzed
after migration in tolueneacetone-formic acid (3:3:1, v/v/v) 43) and
visualized by vanillin—HCI spray reagent. Flavonoids were separated
in ethyl acetate formic acid—water (8:1:1, v/v/v) and revealed by 1%
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nm. Results were expressed in mg of gallic acid equivalent/g dry mass
plant material.

Determination of Total Proanthocyanidin Content. A modified
acid/butanol assay46) was adopted for quantification of the total
proanthocyanidin content of the methanolic plant extracts. A 0.25-mL
aliquot of extract was added to 3 mL of a 95% solutiomefutanol/

HCI (95:5 v/v) in stoppered test tubes, followed by addition of 0.1 mL
of a solution of NHFe (SQ)»*12H,0O in 2 M HCI. The tubes were
incubated for 40 min at 95C. A red coloration was developed, and
absorbance was read at 550 nm. The proanthocyanidin content was
expressed in mg of cyanidin chloride equivalent/g dry weight of plant
material.

Determination of Total Flavonoid Content. The AICl; method 44)
was used for determination of the total flavonoid content of the
methanolic extracts. Aliquots of 1.5 mL of extracts were added to equal
volumes of a solution of 2% AlGI6H,O (2 g in 100 mL methanol).
The mixture was vigorously shaken, and absorbance was read at 367.5
nm after 10 min of incubation. Flavonoid contents were expressed in
mg quercetin equivalent/g dry weight.

TEAC Assay. The Trolox equivalent antioxidant capacity (TEAC)
method is based on the ability of an antioxidant to scavenge the
preformed radical cation ABTSrelative to that of the standard
antioxidant Trolox C. The ABTS/Mn@method (38) was used for
evaluation of the TEAC of vegetative and reproductive plant organs.
The ABTS' radical was generated by a reaction between ABTS (0.5
mM) and activated Mn@(1 mM) in phosphate buffer (0.1 M, pH 7).

To 3 mL of the ABTS solution 0.5 mL of plant extracts was added
and the decay in absorbance at 734 nm was followed for 15 min. In
controls distilled water was used. TEAC values were expresseahdh
Trolox/g dry weight for plant extracts in mmol/L for reference standards.
All analyses were made in triplicates.

FRAP Assay.The ferric reducing antioxidant power (FRAP) assay

guaasures the antioxidant potential of “antioxidants” to reduce the Fe
ipyridyl-s-triazine complex present in stoichiometric excess to the blue
ferrous form. The FRAP assay}q{) was performed as previously
described. FRAP reagent was freshly prepared by mixing together 10
mM 2,4,6-tripyridyl-s-triazine (TPTZ) and 20 mM ferric chloride in
0.25 M acetate buffer, pH 3.6. Plant sample (220 was added to
300uL of water followed by 3 mL of FRAP reagent at 1 min intervals.
The absorbance was read at 593 nm after 4 min incubation at ambient
temperature against distilled water. A calibration curve of ferrous sulfate
(100—1000umol/L) was used, and results were expressegdniol Fe
(I/g dry weight extract for plant total extracts and in mmo1/L for
reference standards from three determinations.

Statistical Analysis.Results are expressed as mean vahstandard
deviation 6 = 3). Simple regression analysis was performed to calculate
the dose-response relationship of standard solutions used for calibration
as well as of the test samples. Linear regression analysis was performed,
quoting the correlation coefficiemty.

RESULTS

The TEAC values of vegetative organs ranged from493
5.6 to 157 £ 0.7 umol/g dry weight, whereas those of
reproductive organs were generally much higher and varied
between 453t 1.0 and 992+ 0.4 umol/g dry weight Table
2). The greatest activity in the vegetative organs was measured
in the bark, whereas flower buds and pods were characterized
by relatively elevated TEAC values (8931.9 and 992+ 0.4

2-aminoethyldiphenyl borate solution in methanol followed by 5% poly- umol, respectively) compared to that of flowers (4%31.0

(ethylene glycol) 4000 in absolute ethanol at 365 i) (

Determination of Total Phenolic Content. The Folin—Ciocalteu
method (45) was used for the estimation of the total phenolic content
of the different plant organs. A volume of diluted samples (0.25 mL)
was added to 3.5 mL of distilled water in screw-capped test tubes
followed by addition of 0.5 mL of FolirCiocalteu solution. After 3
min, 1 mL of sodium carbonate (20%) was added, and the test tubes
were properly shaken before they were incubated in a boiling water
bath for 1 min. The tubes were then allowed to cool in darkness. A

umol/g dry weight). Data obtained using the FRAP assay

confirmed the patterns obtained using TEAC. Both assays
showed that in the vegetative organs, the bark had the highest
antioxidant potential, followed by the old leaves, the young
leaves, and the twigs. In the reproductive organs TEAC and
FRAP results showed that the pods were the most antioxidant
organs followed by flower buds and flower$able 2). The
values have been compared with the antioxidant index of known

blue coloration was developed, and the absorbance was read at 68&ntioxidants run under the same conditions (Table 3).
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Table 2. Polyphenolic Contents (mg/g Dry Weight) and Antioxidant Table 3. Relative Antioxidant Activities of Selected Reference
Activities (FRAP and TEAC Values) in Vegetative and Reproductive Standards Assayed Using TEAC and FRAP Methods
Organs of the Total Extracts of Cassia fistula
standard TEAC (mmol/L) FRAP (mmol/L)
totall totall total - Trolox C 1 16+007

plantorgan  phenolics® flavonoid® proanthocyanidins® TEAC! ~ FRAP® kaempferol 0.96 + 0.02 0.66 + 0.02
young leaves 11+02  9+0.1 2+02 98+43 51+32 (+) catechin 3.26+0.09 23+0.03
oldleaves  12+03 601 3203 102+24 6403 (-) epicatechin 312+0.15 2.76£0.03
twigs 9403 3%07 2402 93+56 64+0.9 BHT 0.07+0.02
bark 13+01  4+02 2+0.1 157+07 95+23.3 BHA 0.88+0.01 58+0.24
fowerbuds 44+12 8+03 20+28 893+ 1.9 380+38 ergothioneine 0.71£0.02 0.46+0.06
flowers 32+24 8+03 14+21 453+1.0 317+0.8

+ + + + +
pods axdz 14ls 1o 9204 Bl1=23 total phenols and antioxidant capacity were for TEAC=
aExpressed as mg gallic acid equivalent/y dry weight. ® Expressed as mg O',989; and FRAPr = 0,'951' In vegetative organs, the, twigs

quercetin equivalent/g dry weight. ¢ Units of mg cyanidin chloride equivalent/g dry with the lowest phenolic content (& 0.3 mg/g dry weight)

weight. ¢ In units of mollg dry weight. € In units of zmol Fe(ll)/g dry weight. had the lowest antioxidant activity (TEA€ 93 + 5.6 umol/g
dry weight) whereas the bark with the highest phenolic level
Total phenols, proanthocyanidins and flavonoids were de- (13 + 0.1 mg/g dry weight) exhibited the highest antioxidant
termined for all vegetative and reproductive orgdfigures 1 capacity (TEAC= 157 £+ 0.7 umol/g dry weight) (Table 2).
and2 depict the influence of proanthocyanidins and flavonoids In reproductive organs, flowers with the lowest phenolic content
on antioxidant capacity. The correlation coefficients between (32 &+ 2.4 mg/g dry weight) had the lowest activity (TEAE
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Figure 1. Effects of proanthocyanidins on (A) FRAP and (B) TEAC antioxidant capacities of Cassia fistula. Correlation coefficient between proanthocyanidins
and antioxidant activities was assessed. For comparison with TEAC, r = 0.980; and for FRAP, r = 0.899.
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Figure 2. Effects of flavonoids on (A) FRAP and (B) TEAC antioxidant capacities of Cassia fistula. Correlation coefficient between flavonoids and
antioxidant activities was assessed. For comparison with TEAC, r = 0.737; and for FRAP, r = 0.835.

453 + 1.0 umol/g dry weight), and the pods with the highest leaves. Reproductive organs produce relatively higher quantities
amount of polyphenols (54 4.2 mg/g dry weight) showed  with amounts ranging betweerd80.3 and 14+ 1.3 mg/g dry

the greatest antioxidant capacity (TEA€992 + 0.4 umol/g weight, with optimum level produced by pods.

dry weight) (Table 2). The bark and twig extracts in vegetative

organs and pod and flower extracts in reproductive organs alsop,gcyssion

show good correlation (= 0.951).

Total proanthocyanidins value @fassia fistulashowed good Natural and synthetic antioxidant compounds can exert a
correlation with TEAC { = 0.980) and FRAPr(= 0.899) number of effects in vivo; e.g., promoting increased synthesis
(Figure 1). Proanthocyanidins seem to greatly influence the of endogenous antioxidant defenses or themselves acting directly
antioxidant capacity of reproductive organs, which in general as antioxidants. The feasibility of an extract or compound
produce high levels of these flavanol derivatives. Pods, contain- exerting antioxidant effects can be evaluated by in vitro tests
ing the highest proanthocyanidin amounts with221..0 mg/g that investigate how the putative antioxidant can or cannot react
dry weight exhibited the greatest antioxidant property (TEAC with relevant free radicals3g, 37). Although the TEAC and
992 + 0.4 umol/g dry weight, FRAP 811 23 umol/g dry FRAP assays are increasingly utilized to investigate antioxidant
weight). Proanthocyanidin contents in vegetative parts range capacities of whole plant extracts (48), more particularly fruits
between 2t 0.1 and 3+ 0.3 mg/g dry weight. The flavonoid (14, 49), vegetables50), and teasi1), concerns continue to
contents of the extracts also showed good correlation with the be expressed about the need to consider factors such as colloidal
antioxidant capacity of alCassia fistuleorgans studied (TEAC  properties of substrates, conditions of experimental methods,
r =0.737, FRAR = 0.835) Figure 2). The flavonoid contents  partitioning of antioxidants in substrates, and physiological
ranged between 3 0.7 and 9+ 0.1 mg/g dry weight in relevance of the assay85—37, 52, 53). In this study the
vegetative organs with the maximum amount produced by young antioxidant capacities of extracts from vegetative and reproduc-
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(2) Keller, J. N.; Kindly, M. S.; Holtberg, F. W.; St. Clair, D. K;;
Yen, H. C.; Germeyer, A.; Steiner, S. M.; Bruce-Keller, A. J.;
Hutchins, J. B.; Mattson, M. P. Mitochondrial manganese
superoxide dismutase prevents neural apoptosis and reduces
ischemic brain injury: suppression of peroxynitrite products, lipid
peroxidation, and mitochondrial dysfunctiah.Neurosci1998,

18, 687—697.

(3) Perry, G.; Raine, K. A.; Nunomura, A.; Watayc, T.; Sayre, L.
M.; Smith, M. A. How important is oxidative damage? Lessons
from Alzheimer’s diseasd-ree Radical Biol. Med2000, 28,
831—-834.

(4) Kamat, J. P.; Devasagayam, T. P. A. Oxidative damage to
mitochondria in normal and cancer tissues, and its modulation.
Toxicology2000,155, 73-82.

(5) Spitaler, M. M.; Graier, W. F. Vascular targets of redox signaling
in diabetes mellitusDiabetologia2002,45, 475—494.

(6) Gorogawa, S.-l.; Kajimoto, Y.; Umayahara, Y.; Kaneto, H.;
Watada, H.; Kuroda, A.; Kawamori, D.; Yasuda, T.; Matsuhisa,
M.; Yamasaki, Y.; Hori, M. Probucol preserves pancreatic-cell

tive organs ofCassia fistulawere investigated. The extent of
their antioxidant capacities were correlated with the contents
of total phenolics, proanthocyanidins, and flavonoids. The best
antioxidant activity and the highest levels of total phenolics,
proanthocyanidins, and flavonoids were recorded in the pods,
which coincidently is the harvest stage and organ recommended
by the Pharmacopoeias. This is confirmed by linear regression
analysis of the antioxidant activity with phenolic composition,
which gave statistically significant correlations in all the organs
studied Figures 1and2). The pronounced antioxidant property
observed in the reproductive organs can mainly be attributed
to the high levels of proanthocyanidins (flavanol derivatives)
comprising mainly catechins, and oligomeric and polymeric
proanthocyanidins (31—34). Catechins and oligomeric proan-
thocyanidins have free radical scavenging and antilipoperoxidant
activities (42,54—56) in various antioxidant assay systems.
Catechins and kaempferol found@assia fistula33, 34) have
good antioxidant index when compared with the antioxidant
index of reference Compounds (Tab]e 3) On the basis of the function through reduction of oxidative stress in type 2 diabetes.
TEAC and FRAP assays the flavan-3-ol derivatives seem to Diabetes Res. Clin. Prac2002,57, 1-10. o
exhibit higher antioxidant capacities when compared with those  (7) Viana, M.; Aruoma, O. I.; Herrera, E.; Bonet, B. Oxidative
of BHT, BHA, and ergothioneine. An association between the damage in pregnant diabetic rats and their emdfyee Radical
antioxidant potential o€assia fistuleextracts and the proportion ®) E';rl]'n'?/rl]ii' Zgop'igérlt;ii_léglhauma A-L: Nenenen. M.
of phenolics present as flavonoids was less evident despite the o L L o

fact that th d v k to b tent Torrénen, R.; Hakkinen, S.; Adlercreutz, H.; Laakso, J. Anti-
aan(iioxigantsese compounds are generally known 1o be poten oxidants in vegan diet and rheumatic disord@osicology200Q

155, 45-53.
It thus appears that the important criteria for high-antioxidant (9) Hu, H.-L.; Forsey, R. J. Blades, T. J. Barott, M. E. J.

Cassia fistulaextracts are high total phenolics with high Antioxidant may contribute in the fight against aging: iamitro

proanthocyanidin content probably necessitating the oxidative model.Mech. Ageing De:2000,121, 217—230.

potency of flavonoids to add up to the synergistic overall (10) Khodr, B.; Khalil, Z. Modulation of inflammation by reactive

antioxidant effect of the extracts. oxygen species: implications for aging and tissue refaize
Literature data abounds in reports where the same type of Radical Biol. Med2001,30, 1-8.

linear correlation between antioxidant activities and phenolic (11) Ferguson, L. R. Role of plant polyphenols in genomic stability.

contents has been found in whole plant extracts, fruits, Mutat. Res2001,475, 89-111.

vegetables, and beverages. The antioxidant activities of extracts (12) Aruoma, O. I. Nutrition and health aspects of free radicals and

from vegetative and reproductive organsoétaegus monogyna antioxidantsFood Chem. Toxicoll994,32, 671—683.

compared to total phenolics, proanthocyanidin, catechin, fla- (13) Cantuti-Castelvetri, I.; Shukitt-Hale, B.; Joseph, J. A. Neurobe-

vonoid, and phenolic acid contents is of great interd8}. (The 23‘(’)’(‘)’”{;" gzgecézg antioxidants in agig. J. Dev. Neurosci.

best correlations were established with total phenols, while Y L . o o

activities in leaves seemed to be influenced by flavonoids, and % F’:‘eltzel.’ M., Strass, G.; Kaul, C.; Bitsch, |; Dietrich, H.; Bitsch,

. . . - . In vivo antioxidative capacity of composite berry juit@od

in reproductive organs were influenced by proanthocyanidins

: . . Res. Int.2002,35, 213—216.
and catechins4(). Deighton et al.49) reported apparent linear (15) Zdunczyk, Z.; Frejnajel, S.; Wréblewska, M.; Juskiewicz, J.:

relationships between antioxidant capacity (assessed as both

TEAC and FRAP) and total phenols in a number of domesti-
cated and wildRubts species. Similar findings have been made

Oszmianski J.; Estrella, |. Biological activity of polyphenol
extracts from different plant sourceSood Res. Int2002, 35,
183—-186.

while assessing the antioxidant activities of crude fruit extracts (16) Tang, S.; Kerry, J. P.; Sheehan, D.; Buckley, D. J.; Morrissey,

of Ribes,Rubus,and Vaccinium(49), medicinal plants57),

vegetables (58), teas (539), fruit juices (60), red wines (61),
and fresh and processed edible seaweg®)s This investigation
shows the potential value @fassia fistulaextracts, notably the

reproductive organs and fruit to be used as prophylactic

antioxidant agents or to be utilized within existing programs
for the eventual improvement of nutritional value of foods and

their preservation. Further studies into the absorption and effects

of Cassia fistulaphenolics on antioxidant status in animal
models are needed to evaluate their potential benefit.
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