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for all the treatments of P. glandulosa after 96 h 
of exposure (Fig. 5). In the present study rutin 
and kaempferol-3-O-glucoside were present most 
abundantly in extracts of leaves from Cu and Cd-
treatments with respect to control plants (Fig. 5). 
However, only Cd-treatment increased narigenin 
(2.65 ± 0.18) and kaempferol-3-O-rutinoside (3.14 
± 0.14) in P. glandulosa leaves when compared to 
the control treatment. In contrast, the highest amount 
of naringenin-chalcone was found in Cu-treatment 

of leaf whereas minimum in Cd-treatment (Fig. 6). 
Finally, quercetin was significantly reduced in the 
leaves of all treatments with heavy metals but not 
in control plants (Fig. 6).

PHENYLALANINE AMMONIA-LYASE (PAL) 
ACTIVITY ASSAY 

Our results showed changes in PAL activity of P. 
glandulosa treated with copper and cadmium after 
96 h of exposure are shown in Figure 6. Highest 

Figure 3 - Differences in phenolic compounds of hydrolysed extracts of Prosopis 
glandulosa: (a) control, (b) Cadmium (0.001 M) and (c) Copper (0.52 M) Peaks: GA, 
gallic acid; BA, hydroxybenzoic acid; ChA, chlorogenic acid; CA, caffeic acid; VA,  
vanillic acid; pCA, p-coumaric acid; FA, ferulic acid acid.

Figure 4 - Concentration of phenolic compounds of hydrolysed 
extracts of Prosopis  glandulosa treated with Cadmium (0.001 
M) and Copper (0.52 M). Means ± Standard error. n=4.
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increments in PAL activity was observed in extracts 
of leaves treated with Cu and Cd (about 205 and 
284%), respectively, with respect to control plants 
(Table I).

DISCUSSION

Recent studies have suggested that the epidermal 
polyphenols (EPhen) content in plants, mainly 
flavonoids, may act as chelate agents of metal 

ions reducing the presence  of free radicals, and 
protect against oxidative stress (Mierziak et al. 
2014). In the present study our results showed that 
the synthesis of EPhen was negatively affected 
when P. glandulosa was treated with copper. The 
low values of EPhen observed could be explained 
by impairment of antioxidative system due to the 
exposure to copper reducing the synthesis of new 
polyphenols.

Figure 5 - Differences in flavonoid compounds of hydrolysed extracts of Prosopis 
glandulosa: (a) control, (b) Cadmium (0.001 M) and (c) Copper (0.52 M). Peaks: N, 
narigenin; R, rutin, Q, quercetin; K, kaempferol; KR, kaempferol-3-O-rutinoside; KG, 
kaempferol-3-O-glucoside; and NCh, naringenin-chalcone.

Figure 6 - Concentration of flavonoids of hydrolysed extracts 
of Prosopis glandulosa  treated with Cadmium (0.001 M) and 
Copper (0.52 M). Means ± Standard error. n=4.
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Thus as  a  results of cooperation of EPhen 
with different antioxidant metabolites to scavenge 
the hydrogen peroxide which leaks out from 
mesophyll cells where it is produced in response 
to heavy metals such as copper (Sakihama et al. 
2002, Mierziak et al. 2014). Surprisingly, no effects 
were observed when P. glandulosa was exposed to 
cadmium. This response to this metal may be the 
result of the presence of biochemistry strategies 
such as synthesis of metallothioneins which help 
in the reduction of stress caused by cadmium in 
different plants (Gonzalez-Mendoza et al. 2007, 
Gonzalez-Mendoza and Zapata-Perez 2008). On 
the other hand, the lack of increase in phenolic 
and flavonoid compounds in P. glandulosa 
exposed to 0.001 M Cd+2 could be attributed to 
the impairment of antioxidative system responses 
due to the exposure to a high concentration of 
this metal, in such a way that this organism is not 
able to synthesize new phenolic and flavonoid 
compounds. Similar results has been reported in 
Euglena gracilis, which is not able to counteract 
the effects of exposure to high concentration 
of Cd+2 (Cervantes-Garcia et al. 2016). Recent 
studies has reported that flavonoid and phenolic 
compounds could act as alternative antioxidants 
when antioxidative enzymes are affect by heavy 
metals (Márquez-García et al. 2009). In this sense 
our results showed that copper and cadmium 
stimulates the activity of PAL in P. glandulosa 

leaves. This suggest that PAL activation and  
increased  of  phenolics and flavonoids compounds 
can act as source of nonenzymatic antioxidants 
and protect P. glandulosa from oxidative stress 
when exposed to heavy metals (Cd and Cu). These 
results are in agreement with previous studies 
reported by Pawlak-Sprada et al.  (2011), that 
suggest antioxidant and metal chelating properties 
of phenolic and flavonoid compounds in plants 
exposed to heavy metals. 

Additionality, our results showed that the 
reduction in Fv/Fm values observed in P. glandulosa 
could be explained by negative effects of copper on 
the structure and composition of reaction center 
complex (RC) of photosystem II reaction centers 
(Gonzalez-Mendoza et al. 2013).  Nevertheless, the 
differences in the Fv/Fm values among Cd+2 and 
Cu+2 may be related to their capacity of acquisition 
and transport by P. glandulosa leaves. For example, 
previous studies showed the presence low values 
of cadmium-transportation index in Prosopis 
juliflora suggesting the participation of exclusion 
processes that regulate the metals uptake in leaves 
(Michel-López et al. 2016). Finally, according 
to our research, high production of phenolic and 
flavonoid compounds   in plants of  P. glandulosa 
under the cadmium and copper influence during 
the experiment are consistent with a significant 
increase in the PAL activity. This suggests that  
activation of phenylpropanoid pathway represent  
asource of nonenzymatic antioxidants that protect 
at P. glandulosa against oxidative stress when 
exposed to heavy metals. The decreased quercetin 
and hydroxybenzoic acid, p-coumaric acid and 
ferulic acid accumulation in P. glandulosa leaves in 
response to heavy metals, despite an increased PAL 
activity, suggests that the activated phenylpropanoid 
pathway was involved in the synthesis of secondary 
metabolites other than phenolics  compounds. 
Hence future studies are necessary to elucidate the  
participation of phenylpropanoid pathway in the 
reduction of metal toxicity in Prosopis species. 

TABLE I 
Assessment of the activity of phenylalanine ammonia 

lyase (PAL) in Prosopis glandulosa after 96 h exposure to 
heavy metals.

Treatments PAL (units/mg soluble 
protein)

P. glandulosa control 73.11 ± 2.79a

P. glandulosa-Cadmium 207.73 ± 0.64b

P. glandulosa-Copper 150.28 ± 8.71c

Data are means ± S.D. (n=4). Those with different superscrip 
letter (a, b, and c) in the same column are significantly different 
(P < 0.05, tukey multiple comparison). 
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