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Abstract

Incr:ease in human population coupled with continuous rise in oxidative stress-
related d:sea:ses requires availability of healthier foods like vegetables, which are
polyphenol-rich sources. Polyphenols are able to inhibit angiotensin-l converting
enzyme (ACE) and renin, thereby regulating blood pressure but this ability can be
influenced by nutrient management during plant growth. Fertilizer micro-dosing is a
valuable nutrient management option, which increases crop productivity with
minimal expenditure of resources. This study assessed the effects of fertilizer micro-
dosing and harvest times on inhibition of ACE and renin activities by aqueous
polyphenol extracts from Amaranthus cruentus, Ocimum gratissimum and Solanum
macrocarpon leaves. Different levels of urea (0, 20, 40 and 60 kg ha1) with cow
manure (5 t hal) or without manure (80 kg ha') were used to grow the leafy
vegetables before they were harvested three times at two (4. cruentus) and four weeks
intervals (0. gratissimum and S. macrocarpon). Polyphenols were extracted from leaf
powders using water (1:20 ratio) and total phenolic content (TPC), total flavonoids
content (TFC), ACE and renin inhibition were assayed according to standard protocols.
Two-way analysis of variance and Duncan’s test (p<0.05) revealed that TPC
{605.70£39.51 to 1024.831102.89 mg g'; gallic acid equivalent) and TFC
{(149.024+29.12 to 276.19+63.30 mg g1; rutin equivalent] were not affected by
fertilizer doses and harvest times except TPC from 0. gratissimum. Inhibitions of ACE
{0.2520.01 to 8.46+0.42 mg mL1) and renin (-95.41+2.25 to 36.42+0.22%) activities
by each specie were significantly affected by fertilizer dose and harvest time.
Production with cow manure combined with low or medium doses of urea (20 or 40
kg ha1) followed by collection at the first two harvests are recommended for
polyphenol extracts with potential inhibition of renin-angiotensin system enzymes.
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INTRODUCTION

Blood pressure in t
system which depend on
{Ajibola et al,, 2011; Aluko,
can convert angiotensinogen
active angiotensin-11 (Ajibola et al,,
vasoconstrictor while ACE promotes

he human body is mainly regulated by the renin-angiotensin
activities of angiotensin-1 converting enzyme (ACE) and renin
2015). Blood pressure regulation is based on the fact that renin
into inactive angiotensin-1, which can be converted by ACE into

2011; Aluko, 2015). Angiotensin-ll is a potent
the deactivation of bradykinin, a potent vasodilator

(Aluko, 2015). Therefore, inhibition of ACE or renin or both could be an effective strategy for
blood {;,msi,r;} regulation (Ajibola et al,, 2011; Aluko, 20:15). Thei.'e is a growing interest to
identify natural compounds that can be used as alternative solutions to synthetic drugs in
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nt adverse side effects (Ajibola et al,, 20171

blood pressure regulation since the latter prese
Aluko, 2015).
Traditional leafy vegetables are widely u

throughout sub-Saharan Africa (Achigan-Dako et al, 2010;
-e valued as traditional leafy vegetables among

sed for nutritional and medicinal purposeg
Oboh et al, 2016}). In the

Republic of Benin, several plant species al at
which Amaranthus cruentus (Amaranthaceae), Octmum gratissimum (Lamiaceae) and

Solanum macrocarpon (Solanaceae) have been recognized as having a great importance i
the food and medicinal systems (Achigan-Dako et al., 2010). These leafy vegetables are
cheap sources of bioactive compounds including minerals, vitamins, carotenoids and
polyphenols (Achigan-Dako et al, 2010; Oboh et al,, 2016; Jiménez-Aguilar and Grusak,
2017). These bioactive compounds have been related to nutraceutical benefits and have
certainly been responsible for promising results associated with the use of these leafy
vegetables in folk medicine. Amaranthus species are recognized to be efficient ipn
management of fever, haemorrhage, kidney complaints and anaemia (Nana et al, 2012),
Ocimum gratissimum leaves were reported to treat upper respiratory tract infection,
diarrhoea, skin diseases, pneumonia, cough and conjunctivitis (Mahapatra et al, 2010).
Solanum macrocarpon exhibited antioxidant potential, thereby offering good protection
against oxidative stress-related diseases (Adewale et al., 2014). Polyphenol extracts from
traditional leafy vegetables were also able to inhibit the renin-angiotensin system enzymes;
suggesting that they could be good candidates for blood pressure regulation (Ajibola et al,
2011; Oboh et al, 2016).

The profile of bioactive compounds has been reported to be influenced by agronomic

and environmental factors, especially nutrient supply and harvest times (Sossa-Vihotoghé et
al., 2013; Brasileiro et al, 2015; Jiménez-Aguilar and Grusak, 2017). Mineral fertilizers are
essential components of agriculture and a micro-dosing technology has been developed to
increase crops productivity with substantial decrease in fertilizer usage (Okebalama et al,
2017). However, to the best of our knowledge, effects of fertilizer micro-dosing on
nutritional and potential health benefits of crops have not been investigated. Therefore, this
study aims at assessing the effects of fertilizer micro-dosing and harvest times on inhibition
of the renin-angiotensin system enzymes by polyphenol extracts obtained from A. cruentus,

0. gratissimum and S. macrocarpon leaves.
MATERIALS AND METHODS

Plant material
Leafy vegetables were produced by applying mineral fertilizer to respective plants

using the micro-dosing technology under a randomized complete block design. Urea (0, 20,
40 and 60 kg ha') combined to cow manure (5 t ha') and 80 kg ha'! of urea without cow
manure were applied to experimental units (6x1 m) in quadruples. Seeds were grown in
nursery for four (A. cruentus) to six weeks (0. gratissimum and S. macrocarpon) before the
young plants were transplanted. Cow manure was applied one week before transplanting
while urea was applied immediately after transplanting. Three harvests were made at 4, 6
and 8 weeks after transplanting for A. cruentus; 6, 10 and 14 weeks after transplanting for 5.
macrocarpon and 8, 12 and 16 weeks after transplanting for 0. gratissimum. The number of
harvest and the intervals between harvesting times adopted for each leafy vegetable specie
were recommended cultural practices according to National Institute of Agricultural
Research of Republic of Benin that provided standard requirements for these crops.

Leaves were collected by cutting stems at 10 cm from collar (except plants located at
border lines) and the four replications of one treatment were mixed together to get a
homogeneous sample. Samples were washed and oven-dried at 60°C for 24 h or until a
constant weight was achieved. Polyphenols were extracted at 60°C using water as solvent
(leaf powder to solvent ratio of 1:20) for four hours (twice two hours) for the same sample.

Analysis methods
Total phenolic content (TPC, with gallic acid as standard) and total flavonoids content
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(TFC, with rutin as standard) of crude polyphenol extracts were determined according to the
method of Fasakin et al. (2011) and Ebrahimzadeh and Bahramian (2009), respectively.
Ability of polyphenol extracts (0.30 to 1.25 mg mL1) and captopril (a synthetic ACE inhibitor,
0.00625 to 0.05 ug mL1) to inhibit ACE was measured using FAPGG (N-(3-[2-furyl]acryloyl)-
Lphenylalanylglycyigiyﬂ}le) as substrate according to the method described by Ajibola et al.
(2()11} with slight modifications concerning duration (30 minutes rather than 2 minutes)
and temperature (37°C instead of room temperature) of reading. Data were used to calculate
the half maximal inhibitory concentration (ICso) using GraphPad Prism 6 software.
Inhibitory activity against renin was determined at 0.50 mg ml! using renin inhibitor
screening assay kit following the method described by Ajibola et al. (2011) with slight
modification regarding reading duration (10 minutes instead of instantaneous reading).
Assays were performed in triplicates and data were statistically analysed using R software
version 3.02. Factorial analysis of variance on repeated measures were used to determine
effects of fertilizer doses and harvest times on investigated variables followed by Duncan’s
test to reveal significant differences between treatments at 0.05 levels. Pearson's correlation
coefficients were calculated for polyphenols composition and inhibitory activities.

RESULTS

Total phenolic and flavonoids contents

The TPC (gallic acid equivalent) of A. cruentus (947.61£29.83 to 1024.83+102.89 mg
g1) were significantly (p<0.05) higher than those of O. gratissimum (605.70£39.51 to
823.93+114.68 mg g1) and S. macrocarpon (608.89+£9.80 to 706.42+ 77.39 mg g'1). However,
the TFC (rutin equivalent) of A. cruentus (154.17+29.46 to 181.25+455.98 mg g') and O.
gratissimum (149.02+29.12 to 265.69+88.73 mg g-1) were each significantly (p<0.05) lower
than that of S. macrocarpon (191.43£24.24 t0 276.19£63.30 mg g'*). The analysis of variance
did not reveal any significant (p>0.05) effect of fertilizer doses and harvest times within the
range of values studied on the TPC of A. cruentus and S. macrocarpon or on the TFC of each of
the three leafy vegetables species (Table 1). The TPC of O. gratissimum however, was
significantly (p<0.05) affected by fertilizer dose, harvest time and their interactions (Table
1}. The mean scores of fertilizer doses, based on TPC of 0. gratissimum were significantly
higher when low or medium doses of urea (20 or 40 kg ha'') were combined with cow
manure (Table 2). Significantly (p<0.05) higher mean scores of TPC, based on harvest time,
were recorded at first and second harvest of O. gratissimum (Table 3).

Table 1. Effect of fertilizer dose (FD) and harvest time (HT) on total phenolic content (TPC),
total flavonoids content (TFC) and inhibition of ACE and renin activities.

Amaranthus cruentus Ocimum gratissimum Solanum macrocarpon

FD HT FDxHT FD HT FDxHT FD HT FDxHT
TPCt  7.29ans 1.03m 31108 2019 34.42% 21.92* 523 3.67= 11.90
TFC! 20.57 2.810s 2.97m 4 840 12.91m 10.29=  6.07m 7470 §.580s
ACEZ  3280™ 43492 37091 376.33" 4447 11 7.99* 7.76~ 1246.02* 15877
Renin? 147.78* 107.13** 225.06™
Units: t: mg g*, 2 ICse, mg mb and % %.
# Fvalye
Significance; *p<0.05, **p<0.01, ***p<0.001, ns = not significant and p20.05.
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Table 2. Effect of fertilizer dose on total phenolic content (TPC), total flavonoids content
(TFC) and inhibition of ACE and renin activities.

Fertilizer dose (kg ha'}

—

0

20

40

80

Amaranthus cruentus

oo,

TPC{mgg) 964.090423.07¢ 960.76220.37¢ 977.06£25.89* 992.98+32.882 989.09+74 55
TFC (mg ) 164.58+31.25% 168.06+£30.56° 169.79+£32.60° 166.67+30.565 170.49+31.60¢
ACE (ICso, mgmL")  0.42+0.01°  0.364£0.000  0.32+0.00®  0.34+0.00°  0.38+0.00¢
Ocimum gratissimum o
TPC(mgg") 694.21+£39.37° 707.12+40.05° 714.91+43.69° 671.04£36.19 688.51+34 202
TFC (mg g7) 194.44+34.64° 205.88+41.50° 233.33+£52.612 183.01£30.39: 192.16+33.66¢
ACE (ICso, mgmL)  1.70+0.04¢ 1.7640.08¢ 3.68+0.04° 4.3240.14> 6.48+0.122
Renin (%) 23.46+0.31c  23.08+0.28c  30.28+0.27¢  2528+0.19° 23504057t
Solanum macrocarpon
TPC(mgg") 650.86+19.14= 649.22420.38° 656.42+23.242 661.98+22.45 647.37+17.47:
TFC (mg g) 222.86+28.252 227.30+£30.162 226.35+29.21@ 239.37+33.972 2231742667

ACE (I1Csp, mg mL™Y)

0.73+0.032

0.68+0.012

0.68+0.012

0.57+0.002

0.79£0.03¢

Mean scores * standard error within each variable with different alphabets within each row are significantly different (p<0.05).

Table 3. Effect of harvest time on total phenolic content (TPC), total flavonoids content
(TFC) and inhibition of ACE and renin activities.

Harvest time
First Second Third

Amaranthus cruentus
TPC(mg g™ 981.50+30.79¢ 968.831+22.99 980.06+22.882
TFC (mg g 160.21+426.46 170.42+32.922 173.13+£33.96°
ACE (ICsp, mg mLY) 0.31+£0.00¢ 0.40%0.01e 0.38+0.00°

Ocimum gratissimum
TPC (mg g 72410144 .000 706.55+39.38° 654 81+32.87°
TFC(mgg') 186.08+34.518 214.51442 552 204.71+£38.632
ACE (ICso, mg mL) 4.1320.032 3.63+0.060 3.000.100
Renin (%) 26.91+0 452 26.21+0.350 22.23+0.07¢

Solanum macrocarpon
TPC{mgg?) 676.67+34.162 633.70+13.042 649.14+14.35°
TFC {mgg™) 251.43+£38.67¢ 211.43224 57+¢ 2205725712
ACE (ICsp, mg mLT) 1.04x0.02# 0.49+0.00¢ 0.5420.00°

Mean scores + standard error within each variable with different aiphabets within each row are significantly different (p<0.05).

Inhibition of angiotensin-I converting enzyme

Inhibition of ACE by polyphenol extracts and captopril (expressed as ICsy values)
indicated that captopril (0.01£0.00 pg mL-!) had the lowest value when compared to A
cruentus (0.25+0.01 to 0.69+0.04 mg mLY), O. gratissimum (1.06+0.01 to 8.46+0.42 mg mL1)
and S. macrocarpon (0.37+0.04 to 1.55%0.12 mg mL1). Analysis of variance revealed
significant (p<0.05) independent and interactive effects of fertilizer doses and harvest times
on the inhibition of ACE by A. cruentus and 0. gratissimum (Table 1). Fertilizer dose did not
have any significant effect on the inhibition of ACE activity by S. macrocarpon contrary to
harvest time and interaction of both factors (Table 1). However, the mean scores of fertilizer
dose showed a significantly (p<0.05) lower ICso for A. cruentus when medium or high doses
of urea (40 or 60 kg ha'!) were combined with cow manure during crop production (Table
2). On the other hand, O. gratissimum presented significantly (p<0.05) lower ICso (Table 2)
when cow manure was applied alone (0 kg ha') or combined with low dose of urea (20 kg
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ha't). Based on har\{est times (Table 3) mean scores of 1Cso were significantly (p<0.05) low at
different harvest times for A. cruentus (first), O. gratissimum (second and third) and S.
macrocarpon (second).

Inhibition of renin enzyme

Amaranthus cruentus samples (-95.41+£2.25 to -16.10+1.49%) and most of S.
macrocarpon samples (-33.03+0.28 to -1.09+1.92%]) were not able to inhibit renin activity
when compared to all O. gratissimum samples (12.26+0.68 to 36.42+0.22%) which exhibited
higher inhibition than the remaining samples of S macrocarpon (2.89+0.56 to
19.10+1.23%). Only five samples of S. macrocarpon were able to inhibit renin activity; the
results indicate that the inhibitory activity of this vegetable against renin enzyme was
dependent on fertilizer dose and harvest time, The active samples were those produced with
high doses of urea (60 or 80 kg ha'') with or without cow manure and collected at first
harvest as well as those produced with cow manure alone or combined with low doses of
urea (0 or 20 kg ha') and harvested the third time. Samples cultivated with cow manure
alone (0 kg ha!) and collected at second harvest also exhibited renin inhibitory activity.
Analysis of variance performed on O. gratissimum showed significant (p<0.05) independent
and interactive effects of fertilizer dose and harvest time (Table 1). Mean scores of fertilizer
dose were significantly (p<0.05) higher when medium dose of urea (40 kg ha') was
combined with cow manure (Table 2). Depending on harvest time, all mean scores were
significantly (p<0.05) different and decreased with increase in harvest time {Table 3).

Relationship between total polyphenol content and enzymes inhibition

Pearson correlation test indicated significantly (p<0.05) positive correlations (Table 4)
hetween TPC and TFC of A. cruentus (r=0.92, p=0.00), O. gratissimum (r=0.97, p=0.00) and
Solanum macrocarpon (r=0.94, p=0.00). Inhibition of ACE by O. gratissimum was significantly
and positively correlated with TPC (r=0.59, p=0.02) and TFC (r=0.66, p=0.01) while the
inhibitory activities against ACE (A. cruentus and S. macrocarpon) and renin (0. gratissimum)
were not correlated to TPC or TFC.

Table 4. Pearson correlation coefficient (r) between total phenolic content (TPC), total
flavonoids content (TFC), inhibition of ACE and renin activities.

Amaranthus cruentus Ocimum gratissimum Solanum macrocarpon
TPC TFC ACE TPC TFC ACE Renin  TPC TFC  ACE
TPC 1.00 1.00 1.00
TFC 0.92* 1.00 097" 1.00 0.95" 1.00
ACE -0.01  -0.06™ 1.00 059* 0.66* 1.00 0.47= 019> 1.00
Renin -0.09= 013 030 100

Significance: *p<0.05, **p<0.01, ns = not significant (2-tailed).

DISCUSSION
The TPC values (gallic acid equivalent) obtained in this study are higher than those

reported for A. cruentus {2.20-3.20 mg g1) by Jiménez-Aguilar and Grusak (2017} and for
Amaranthus hybridus (4.61 mg g1}, Talinum triangulare (3.31 mg g), Telferia occidentalis
(5.06 mg g} and Vernonia amygdalina (5.11 mg g1) by Oboh etal. (2016). Lower TPC values
have also been reported by Sossa-Vihotogbé et al. (2013) on Ceratotheca sesamoides (3.00-
13.3 mg g!), Justicia tenella (6.60-8.60 mg g1} and Sesamum radiatum (2.40-2.80 mg g').
Similarly, the TFC recorded in this study are higher than those reported by Jiménez-Aguilar
and Grusak (2017) for A. cruentus (1.00 mg g} in catechin equivalent and by Oboh et al.
(2016) for A. hybridus (0.70 mg g*), T triangulare (0.56 mg g1}, T occidentalis (0.89 mg g!)
and V. amygdalina (1.30 mg g') in quercetin equivalent. These reports suggest that fertilizer
micro-dosing could have increased levels of total phenolic and flavonoids but specificities of
analytical procedures should be considered since different standards were used for TFC
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determinati i :
pheno}i‘ga};ﬁg. é—(i);r%l;ﬁgxtczgalhpgeriohc content ha}ve begn reiatgd to conversion of hounq
2008). However. lower ydrolysable forms; increasing their reactivity (Sultana et g
compounds, vesetabl contents could be related to changes in structure of polyphenol
Steffensen ot algz(nles;pec:les, environmental or agronomic factors (Sultana et al,, 200g.
and growing ¢ ” ™ ). Polyphenols levels have been reported to vary according to genotyp p
This gug; Sli‘igowﬁzcgsttiefiegxse? et a]c,i, 2011)(.i X T
s ] 1at fertilizer dose and harvest time did not affect TPC and Tg¢

;?ggg;‘?gg le?ty vegetables egcept for O. gratissimum, which exhibited significantly (dpig(g}g
o w 1en low or medium doses of urea (20 or 40 kg ha'l) were combined with cow

1anure during crop production. In agreement with this observation, beneficial role of
concurrent use of mineral and organic fertilizer on synthesis of polyphenols has been
I‘?ported (Ibrahim et al., 2013; Sossa-Vihotogbé et al,, 2013). TPC of O. gratissimum was
higher at first and second harvest; indicating that synthesis of these secondary metabolites
could bﬂe related to maturity stage. Sossa-Vihotogbé et al. (2013) reported higher TPC of ¢
Sesam‘mdes, J. tenella and S. radiatum at second harvest when NPK and cow manure WEI‘f,;
comb}ned. Mature leaves of Amaranthus species have been reported to exhibit higher TFC
(Steﬁensen et al,, 2011) while TPC of T, triangulare have been reported to be higher during
growing period (Brasileiro et al., 2015). Synthesis of polyphenols has been related to defense
strategy of young leaves during normal ontogeny to explain higher TPC observed during
growing period of T. triangulare (Brasileiro et al,, 2015).

Inhibition of ACE activity by Amaranthus cruentus was similar to those reported by
Ajibola et al. (2011) for Gongronema latifolium (0.41 mg mL*) and V amygdalina {0.21 mg
mL-1) while they were lower than those recorded for Ocimum gratissimum and Solanum
macrocarpon. Oboh et al. (2016) recorded lower inhibition of ACE activity by A. hybridus
(53.44 pug mL1), T triangulare (63.13 pg mL1), T occidentalis (44.59 pg mL?') and V
amygdalina (28.46 ug mL1).

Inhibition of renin activity by G. latifolium (12.50-17.50%) and V. amygdalina (17.50-
30.00%) reported by Ajibola et al. (2011) are consistent with those found in this study for 0.
gratissimum. Conversely, reports of Ajibola et al. (2011) on inhibition of renin activity are
higher than those recorded for S. macrocarpon in our study. Inhibitions of ACE and renin
activities have been reported to involve competitive, uncompetitive or mixed-type
interactions between enzyme, inhibitor and substrate, thereby inducing loss of enzymatic
activity by changing conformation of active site on the enzyme (Aluko, 2015). Higher
inhibitory properties could indicate a mixed-type inhibition (enzyme-inhibitor and enzyme-
substrate-inhibitor complexes) as reported by Ajibola et al. (2011) for higher ACE and renin
inhibition by V. amygdalina. Inversely, lower ACE inhibition by 0. gratissimum could be
related to an uncompetitive inhibition binding enzyme in its substrate-bound site {enzyme-
substrate-inhibitor complexes).

Correlations observed between total phenolic and flavonoids content and inhibition of
ACE (0. gratissimum) linked this inhibitory activity to common sources as polyphenol
compounds. The strong correlations observed in this study suggest that this inhibitory
activity could be linked to growing conditions (fertilizer micro-dosing) and harvest ume
since synthesis of polyphenols has been reported to be influenced by agronomic and
environmental factors (Steffensen et al., 2011; lbrahim et al., 2013; Sossa-Vihotogbé et al,
2013; Brasileiro et al,, 2015). Highest inhibitory activities recorded after combined use of
low or medium doses of urea (20 or 40 kg ha'') with cow manure followed by leaf coil'ectlﬁlﬁ
during the first two harvests are consistent with higher polyphenol contents observed in this
work. Lack of correlation for inhibitory activities against ACE (A. cruentus an
macrocarpon) and renin (0. gratissimum) could be related to differences in structure 0{
polyphenol compounds or contributions from other phytochemicals (Chlo_mph}’nf ‘;g
carotenoids) to the observed inhibitory activities. For example, chlorophyll-rich extracs

have been reported to be more active ACE and renin inhibitors than crude extracts (A;ibaia
etal, 2011).
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CONCLUSION . . d
Amaranthus cruentus, Ocimum gratissimum and Solanum macrocarpon produce

under fertilizer micro-dosing and harvested at different times were rich sources of
polyphenols with ability to inhibit ACE and renin activities. Amaranthus cruentus and
Solanum macrocarpon were more potent ACE inhibitors while Ocimum gratissimum was an
effective renin inhibitor. Polyphenol content was not significantly affected by fet.*tiﬁhvzer dose
and harvest time except for O, gratissimum, Inhibitions of ACE and renin activities were
significantly affected by fertilizer dose and harvest time, except Saianum.ma'cmcarpon of
which ACE inhibition was not significantly affected by fertilizer dose. Application of low'or
medium doses of urea (20 or 40 kg ha'} combined with cow manure followed by earlier
harvests (first or second) could be recommended for production of these leafy yegeta?:)}es
under fertilizer micro-dosing in order to fully benefit from their health promoting ability,
especially ACE and renin inhibitions. However, effect of crop production seasons gnd
fertilizer application after each harvest should be assessed to provide additional mformathn
on the roles of fertilizer micro-dosing and harvest time on inhibition of renin-angiotensin
system enzymes by polyphenol extracts from these leafy vegetables.
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