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The hepatoprotective and antioxidant activities of the hydroalcoholic extract (PE) of
pea (Pisum sativum L.) by-product were evaluated, using CCl4-induced oxidative
stress and hepatic damage in rats. These activities were assessed via measuring alanine
aminotransferase (ALT), aspartate aminotransferase (AST), total protein and albumin,
malondialdehyde (MDA), reduced glutathione (GSH), protein thiols (PSH), nitrite/
nitrate levels, glutathione-peroxidase (GSH-Px), glutathione-S-transferase (GST)
activities, as well as, histopathological evaluation. PE revealed significant
hepatoprotective and antioxidant activities mostly found in n-butanol fraction.
Chromatographic fractionation of this active fraction led to the isolation of five
flavonoid glycosides namely, quercetin-3-O-sophorotrioside (1), quercetin-3-Orutinoside (2), quercetin-3-O-(60000 -O-E sinapoyl)-sophorotrioside (3), quercetin-3-O(60000 -O-E feruloyl)-sophorotrioside (4) and quercetin-3-O-b-D -glucopyranoside (5).
The isolated compounds were quantified in PE, using a validated HPLC method and the
nutritional composition of pea by-product was also investigated. Our results suggest
that pea by-product contained biologically active constituents which can be utilised to
obtain high value added products for nutraceutical use.
Keywords: antioxidant; flavonoids; hepatoprotective; validated HPLC; pea by-product

1. Introduction
Food-processing industries, dealing with vegetables, produce large volume of wastes, which
pose increasing disposal and potential severe pollution problems and represent a loss of valuable
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biomass and nutrients (Torres et al. 2003). In Egypt, every year, about 25,000 – 30,000 tons of
peas are processed into frozen peas, yielding large amounts of wastes which represent about 60%
of the processed material, mainly composed of pea shells (husks, peels, pericarps or empty
pods). Several studies investigated the suitability of pea-processing wastes as animal feed
(Abdelhamid & El-Ayoty 1988; Nagib et al. 2001), for biogas production (Madhukara et al.
1997; Ulusoy et al. 2009) or microbial production for the growth of microorganisms, producing
either important enzymes or secondary metabolites (Gulati 1987; Verma et al. 2011) and also as
a source of dietary fibre (Mateos-Aparicio et al. 2010).
Recent studies reported antihypercholesterolaemic and hypoglycaemic activities, as well as,
bifidogenic properties for pea by-product (Khattab & Abdel Wahab 2005; Iwata et al. 2009;
Gupta & Premavalli 2011). One report was traced concerning the antioxidant activity of pea
peels, using in vitro experiments (Dixit & Kar 2009) and two reports dealt with the phenolic
constituents of pea by-product (Schmidtlein & Hermann 1975; Winter & Hermann 1986).
To our knowledge, the hepatoprotective activity of this by-product, as well as its active
principles, have yet to be studied. Therefore, the aim of this work is to investigate the
hepatoprotective and antioxidant activities of pea-processing by-product and to characterise and
quantify the active principles responsible for these activities.
2. Results and discussion
2.1. Hepatoprotective and antioxidant activities
The enhanced activities of serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST; Figure S1(a)), as well as, the significant reduction of serum total protein and albumin
(Figure S1(b)), on CCl4 administration, were significantly inhibited on pretreatment with the pea
by-product extract (PE), being comparable to the reference drug [Finzelberg standardised cynara
extract (NE)]. However, serum ALP activities remained unchanged on CCl4 administration (data
not shown). Increased oxidative stress observed in CCl4-treated rats was evidenced by
remarkable increase in hepatic malondialdehyde (MDA) and NO levels (Figure S1(c)),
significant depletion of reduced glutathione (GSH; Figure S1(d)) and protein thiols (PSH) levels
(Figure S1(e)), as well as decrease in the activities of glutathione-peroxidase (GSH-Px) and
glutathione-S-transferase (GST; FigureS1(f)). Pretreatment with the tested extract (PE;
Figure S1(c –f)) significantly decreased hepatic MDA and NO, recovered hepatic GSH and PSH
levels and restored the activity of GSH-Px and GST towards normal levels being comparable to
the normal control group and not significantly different from the reference drug (NE; P , 0.05).
To further elucidate whether specific metabolites in pea can account for its hepatoprotective
effect, alcohol extract was further subjected to successive fractionation using n-hexane, methylene
chloride, ethyl acetate and n-butanol. In the second experiment (Tables S1– S2), the n-butanol
fraction revealed significant hepatoprotective and antioxidant activities, being equipotent to the
reference drug (NE). In addition, the n-hexane, methylene chloride, ethyl acetate and aqueous
remaining fractions showed no significant effects on the measured biochemical parameters.
2.1.1. Histopathological examination
Figure S2(a –i) showed signs due to hepatocellular damage in response to CCl4 including
degeneration, broad infiltration of lymphocytes, vacuolated cytoplasm, dilated sinusoids and
pyknotic nuclei in CCl4 group (Figure S2(b)). Pretreatment with the hydroalcoholic pea extract
(PE; Figure S2(c)), as well as the n-butanol fraction (Figure S2(g)), resulted in nearly normal
hepatic architecture with mild degenerative changes, which was comparable to the reference
drug-treated group (Figure S2(i)), meanwhile the other tested fractions did not improve the
CCl4-induced liver damage (Figure S2(d – f&h)). These results confirmed the biochemical data.
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Our results are in accordance with previous in vitro studies which revealed potent
antioxidative potential of the hydroalcoholic extract (50%) of Pisum sativum var. macrocarpon
peels (Dixit & Kar 2009).
Accordingly the significant hepatoprotective and antioxidant effects of the PE were mostly
localised in the n-butanol fraction. Therefore, this fraction was subjected to further fractionation
for isolation of its active constituents.
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2.2. Phytochemical investigation
Five flavonoidal glycosides (1 –5) were isolated from the active n-butanol fraction of pea byproduct. Compounds 1, 3 and 4 (Figure 1) were identified as quercetin-3-O-sophorotrioside,
quercetin-3-O-(60000 -O-E -sinapoyl)-sophorotrioside and quercetin-3-O-(60000 -O-E -feruloyl)sophorotrioside, respectively. These compounds were identified based on their UV and NMR
(1D [1H and 13C] and 2D [1H – 1H COSY, 1H – 13C HSQC and 1H – 13C HMBC]) spectra
(Agrawal 1989; Ferreres et al. 1995; Murakami et al. 2001). The (1 ! 2) interglycosidic linkage
in the former compounds (1, 3 and 4) was confirmed by HMBC (where long-range correlations
were observed between the 1000 -proton and the 200 -carbon and between the 10000 -proton and the 2000 carbon (Murakami et al. 2001). In addition, the downfield shift of C-60000 (dC 63.2, 63.3), together
with the upfield shift of C-50000 (dC 74.3, 74.3) in compounds 3 and 4, respectively, compared with
the non-acylated compound 1 [c.f. C-50000 (dC 77.8), C-60000 (dC 61.0) in compound 1], indicated
the site of acylation at C-6 of the terminal glucose moiety (Agrawal 1989, Murakami et al.
2001). Moreover, the downfield shifts of H-60000 a (dH 4.43, 4.44) and H-60000 b (dH 4.23, 4.19) in
compounds 3 and 4, respectively, confirmed the acylation at the 60000 position of the terminal
sugar [c.f. H-60000 a (dH 3.75) in compound 1, H-60000 b was obscured by the H2O signal] (Ferreres
et al. 1995; Gluchoff-Faisson et al. 1997). Compounds 2 and 5 were identified as rutin and
isoquercitrin, respectively, based on their UV data, (Mabry et al. 1970) and cochromatography
(TLC and HPLC) with authentic standards. Compounds 1 and 3 –5 were reported to be isolated
from the shoots (Ferreres et al. 1995) and compound 1 from the young seed pods (Murakami
et al. 2001) of the plants growing in Spain and Japan, respectively.
Consequently, the antioxidant activities of pea by-product may be attributed to isoquercitrin
and rutin (Yang et al. 2008; Silva et al. 2009). Meanwhile, the hepatoprotective activity may be
ascribed to querctin-3-O-sophortrioside as reported by Murakami et al. (2001). Moreover, the
antioxidant effects, as well as the hepatoprotective activities may be due to the presence of
acylated flavonols and quercetin-3-O-acetylated glycosides (Braca et al. 2003; Lee et al. 2008).
Therefore, the hepatoprotective effects of pea extract can be assumed to be related to its
antioxidant activity of the isolated flavonoids (Ahmed et al. 2000).
2.3. Standardisation of the hydroalcoholic extract (PE) using a validated HPLC –UV method
Five flavonoid glycosides (1 – 5) were identified and quantified (mg% ext. dry weight basis) in
the extract of pea by-product for its standardisation. Quercetin glycosides (1, 2 and 5) were
quantified as rutin (2), whereas acylated quercetin glycosides (3 and 4) were quantified as
quercetin-3-O-(60000 -O-E -feruloyl)-sophorotrioside (4). As shown in Figure S3, compound 4 was
the principal compound (131.1 mg%), followed by 1 (75.32 mg%), 5 (34.41 mg%) and 3
(27.29 mg%).
2.4. Nutritive value
Proximate analysis revealed that the pea by-product contained (DW basis) carbohydrates
(61.27%), crude fibre (8%), low fat content (0.79%) and crude protein (14.6%). It contains non-
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Figure 1. Structures of isolated compounds (1 – 5).

essential amino acids (7.5%) and essential amino acids (3.95%). In addition, pea by-product was
rich in vitamin B1 (1.61 mg/100 g) and contained vitamins C and B2 (34.65 & 0.4 mg/100 g,
respectively), potassium (25.78%), calcium (8.29%) and magnesium (6.82%).
3. Conclusion
The standardised PE contained health-promoting compounds, namely flavonoids, with
significant hepatoprotective and antioxidant activities (Seida et al. 2011), and can be utilised
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as functional ingredient to fortify food products, dietary supplement and nutraceutical. However,
commercialisation of these by-products for use will need further analysis of pesticide residues
and microbial count, to guarantee the product safety, as well as investigations of the stability and
interactions of phytochemicals with other food ingredients.
Supplementary material
Experimental details relating to this article are available online, alongside Tables S1– S3 and
Figures S1 –S3.
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