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ABSTRACT

Introduction: Liver and kidney disorders are of substantial concern in global health, posing sig-
nificant challenges due to the unwanted side effects often associated with conventional treatment
drugs. The exploration of natural antioxidants for their management has garnered attention due
to the potential for fewer side effects. This study focuses on the protective effects of Amaranthus
cruentus hydroethanolic leaf extract (HE) against lead-induced hepatorenal toxicity in rats, aiming
to provide a safer alternative in managing these conditions. Methods: The study embarked on
a comprehensive assessment involving phytochemistry, heavy metal analysis, in vitro antioxidant,
and anti-inflammatory activities of the hydroethanolic leaf extract. Lead-induced hepatorenal tox-
icity was established in rats through intraperitoneal injection at 25 mg/kg body weight. Follow-
ing this, oral treatments were administered at varied dosages of 100 mg/kg, 250 mg/kg, and 500
mag/kg body weight respectively. Evaluations were made using hematological, biochemical, in-
flammatory indices, and histological assessments to determine the extract's protective efficacy.
Results: The phytochemical analysis revealed a rich presence of phenols, flavonoids, saponins,
tannins, coumarins, cardiac glycosides, and steroids. Also detected were heavy metals including
Fe, Cd, Pb, and Ni. In terms of antioxidant capacity, the DPPH percentage inhibition was noted
at 72.4 + 0.002. The total phenol and flavonoid contents were quantified at 1832.88 & 11.96 mg
GAE/100g and 196.47 &+ 1.23 mg QE/g, respectively. The HRBC membrane stabilization exhibited
a range between 64.4 — 74.7%, compared to the standard drug, diclofenac sodium, which ranged
between 63.9 — 84.02%. Significant restoration was observed in the levels of ALT, AST, ALP, biliru-
bin, albumin, globulin, urea, and creatinine. Furthermore, the NLR and PLR levels were significantly
reduced. Histopathological examinations also disclosed significant alleviation in liver and kidney
damage. Conclusion: The investigation highlights the considerable potential of using natural an-
tioxidants from food crops like Amaranthus cruentus in managing liver and kidney disorders. The
study demonstrated that the hydroethanolic leaf extract could significantly mitigate lead-induced
hepatorenal toxicity in rats, showcasing an effective restoration of biochemical, hematological, and
histopathological parameters. This suggests that the extract offers a promising alternative with
minimal to no side effects, meriting further exploration for clinical application in liver and kidney
disease management.
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INTRODUCTION

Liver and kidney diseases pose significant global
health challenges, exacerbating the burden of chronic
conditions and financial pressures on healthcare sys-
tems, particularly in resource-limited settings such as
Ghana. Traditional treatments for these disorders are
available; however, their utility is often compromised
by undesirable side effects and the prohibitively high
costs associated with liver therapy and haemodialy-
sis, which are unaffordable for the average Ghanaian 1
The pathogenesis of liver and kidney maladies is com-
plex, with oxidative stress—stemming from an imbal-
ance between antioxidant systems and reactive oxy-
gen species (ROS)—playing a crucial role. ROS can
damage cellular components, including DNA, pro-

teins, and lipids, thus compromising the integrity of
cell membranes 3. Medicinal plants, known for their
rich antioxidant content, have been shown to effec-
tively counteract oxidative damage with minimal ad-
verse effects.

Amaranthus cruentus, cultivated primarily for its nu-
tritious grains, was an essential dietary element in
pre-Columbian American societies. Contemporary
research has underscored its wide array of pharma-
cological benefits, encompassing antidiabetic, anti-
cancer, antihypertensive, anti-hypercholesterolemia,
and cardioprotective effects®. Despite these known
benefits, the hepatorenal protective capacities of
Amaranthus cruentus remain largely uninvestigated.
This study, therefore, seeks to address this gap by eval-
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uating the hepatorenal protective effects of Amaran-
thus cruentus leaf extract against lead-induced toxic-
ity in rat models.

METHODS

Reagents

The study utilized reagents of analytical grade, in-
cluding gallic acid, quercetin, Folin-Ciocalteu’s phe-
nol reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
ethanol, aluminum chloride, nitric acid, perchlo-
ric acid, formaldehyde, Silymarin (Legalon 70 mg,
Bukwang Pharm, Seoul, Korea), Diclofenac sodium
75 mg (Entrance Pharmaceutical Company, Ghana),
and sodium carbonate. All additional solvents and
reagents used in this study were of analytical grade.

Plant Collection, Identification, and Au-
thentication

Fresh leaves were collected between 7:00 and 9:00 am
from the Tamale Metropolis, Northern Ghana. The
Department of Pharmacognosy at Kwame Nkrumah
University of Science and Technology (KNUST) au-
thenticated the plant species. A voucher specimen
(KNUST/HMI/2022/1016) was deposited at the De-
partment’s herbarium for future reference.

Preparation of Plant Extract

Approximately 450 g of pulverized air-shade dried
plant materials were macerated in 50% ethanol and
allowed to stand overnight. The liquid fraction was
decanted, and the remaining sediments were com-
pressed and filtered through a clean cloth and sterile
cotton wool. The filtrate was then lyophilized using
a benchtop freeze dryer (LYO60B-1P) at the Central
Lab-KNUST. The yield percentage of the extract was
calculated and stored in a zip-locked bag at refrigera-
tion.

Phytochemical Screening

A qualitative analysis was conducted on the extract
to determine the presence of flavonoids, phenolics,
tannins, coumarins, terpenoids, cardiac glycosides,
saponins, alkaloids, and steroids, following methods
described in the literature >®.

In Vitro Antioxidant Assay and Polyphenolic
Content

The hydroethanolic extract’s antioxidant capacity was
evaluated using the DPPH scavenging activity assay,
along with total phenolic and total flavonoid content
determinations.

2,2-Diphenyl-1-picrylhydrazyl (DPPH) As-
say

A 20 mg sample of the extract was dissolved in 20 ml
of distilled water. Subsequently, 1 ml of this solution
was combined with 1 ml of DPPH working solution
in a test tube. The mixture was incubated in darkness
for 30 minutes, after which the absorbance was mea-
sured at 517 nm utilizing a UV-Vis Spectrophotome-
ter (Mettler Toledo UV 5). A reference control, con-
taining 2 ml of the DPPH radical solution, was utilized
for comparison purposes. The percentage of DPPH
radical scavenging activity (AA%) was calculated us-
ing the formula:

Percent antioxidant activity (% AA) =

Abs (control)—Abs(sample)
Abs(control) x 100

Estimation of Total Flavonoid Content

To assess the total flavonoid content, a measured 20
mg sample of the extract was dissolved in 50 ml of 80%
ethanol. Subsequently, 1 ml of this solution was com-
bined with 1 ml of 2% AICI3 ethanol solution and left
to stand for 1 hour. The development of a golden yel-
low coloration, indicative of flavonoid presence, was
quantified at 420 nm with a UV-Visible Spectropho-
tometer (Mettler Toledo UV 5). The flavonoid con-
centration was deduced using a Quercetin calibration
curve and expressed in terms of mg Quercetin Equiv-
alent (QE) per g of extract.

Determination of Total Phenolic Content

For the total phenolic content, a 20 mg sample of the
extract was prepared in 50 ml of distilled water, and 1
ml of this preparation was mixed with 1 ml of Folin-
Ciocalteu reagent. The mixture was vortexed and, af-
ter a 3-minute interval, 1 ml of a 20% sodium car-
bonate solution was incorporated and incubated for
1 hour. Absorbance of the resultant color was mea-
sured at 760 nm using a UV-Visible Spectrophotome-
ter (Mettler Toledo UV 5). The total phenolic content
was calculated from a Gallic Acid standard curve and
reported as mg Gallic Acid Equivalent (GAE) per 100
g of extract.

Heavy Metal Screening Protocol

For heavy metal analysis, 1.00 g of the extract was
combined with 2 ml of double-distilled water, fol-
lowed by the addition of 8 ml of a 1:1 nitric acid-
perchloric acid mixture and 5 ml of concentrated
H2S04. The mixture was heated to 200°C for 30 min-
utes until a clear solution emanating white fumes was
achieved. After cooling, the volume was adjusted to
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50 ml with double-distilled water and transferred into
a pre-washed PET bottle for subsequent metal analy-
sis.

In Vitro Anti-inflammatory Activity Assess-
ment

The in vitro anti-inflammatory efficacy of the hy-
droethanolic extract was evaluated using a human
red blood cells (HRBC) membrane stabilization as-
say. Initially, HRBCs from healthy donors were com-
bined with an equivalent volume of Alsever’s solution
and centrifuged at 3000 rpm for 10 minutes to remove
the supernatant. The packed cells were repetitively
washed with an isotonic saline solution and a 10% v/v
cell suspension was prepared in isotonic saline. The
assay involved preparing reaction mixtures contain-
ing 1 ml of phosphate buffer (0.15 M, pH 7.4), 2 ml
of a hyposaline solution (0.36%), 0.5 ml of the HRBC
suspension, and 1 ml of the extract at various concen-
trations (0.125, 0.250, and 0.500 mg/ml). Similarly,
mixtures containing the standard drug, diclofenac
sodium, and control samples using distilled water in-
stead of the extract were prepared. Post incubation at
37°C for 30 minutes and subsequent centrifugation at
3000 rpm for 10 minutes, the absorbance of liberated
hemoglobin was measured at 560 nm spectrophoto-
metrically. The percentage stabilization of HRBC by
the extract and the standard drug was determined by
the expression:

Percentage stabilization =
Abs (control) — Abs (sample)
Abs (control) x100

Hepatorenal Study Design
Experimental Approach

The induction of liver and kidney injury in this study
was performed on female Wistar rats, following the
methodology outlined by”. The study incorporated
a total of 36 rats, systematically divided into nine
groups, each comprising four subjects.

Haematological and Biochemical Parame-
ters Assessment

The experimental subjects were euthanized via cer-
vical dislocation after fasting overnight, specifically
on the 10" day following the initiation of the study.
Immediate post-mortem neck incisions facilitated the
collection of blood samples. These samples were then
segregated into two categories: those infused with
EDTA for haematological evaluations and those col-
lected into gel-activated tubes for subsequent bio-
chemical assays.

The haematological analysis encompassed a compre-
hensive panel of indicators, including white blood
cells (WBC), red blood cells (RBC), hemoglobin
(Hb), platelets (PLT), lymphocytes (LYM), neu-
trophils (NEUT), hematocrit, mean corpuscular vol-
ume (MCV), mean corpuscular hemoglobin (MCH),
red cell distribution width (RDW), platecrit, platelet
distribution width (PDW), and platelet-large cell ratio
(P-LCR). These assessments were precisely conducted
using the Sysmex haematological analyzer.
Biochemical analyses were directed at evaluating liver
and kidney function markers from the serum ex-
tracted from gel-activated tubes. These markers
included aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
total bilirubin (TBil), direct bilirubin (DBil), total
protein (TP), albumin (Alb), globulins (Glo), urea,
and creatinine levels.

Percentage protection from different extract concen-
trations was assessed based on liver and kidney pro-
tection indicators using the expression:

Percent protection =

Toxin value—Test value
Toxin value—Normal value ™ 100

Determination of inflammation using in-
flammatory indicators: NLR AND PLR

Complete blood count indices were used. Briefly, the
absolute number of neutrophils were divided by the
absolute number of lymphocytes to obtain the NLR.
Also, the absolute number of platelets was divided
by the absolute number of lymphocytes to obtain the
PLR. The following expressions were used:

Neutrophil — to — lymphocyte ratio (NLR) =
(Absolute number of neutrophils)
(Absolute number of lymphocytes)
Platelet —to — lymphocyte ratio (PLR) =
(Absolute number of platelets)
(Absolute number of lumphocytes)

Histopathological examination

The liver and kidney tissues of animals were surgi-
cally removed and immediately washed with normal
saline (0.9% NaCl) and blotted dry. The organs were
separately weighed to obtain the absolute liver weight
(ALW) and absolute kidney weight (AKW). The rela-
tive organ weight were obtained from the expression:

Relative organ weight (ROW) =
(absolute organ weight (AOW)) 10
(Body weight of animal at sacrifice)

Cut-out sections from the liver and kidney were
first preserved in 10% formalin, then embedded in
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Table 1: Animal Grouping and Treatment

Group Number of rats Group name

Treatment

1 N=4 Normal

1I N=4 Silymarin+Pb

I N=4 Pb only

v N=4

100HE only

250HE only

VI N=4

500HE only

VII N=4 100HE +Pb

VIII N

1}
=~

250HE +Pb

IX N=4 500HE +Pb

Animals were given free access to normal water and stan-
dard feed.

Animals received 1 mL of Silymarin orally once daily via
gavage @120mg/kg body weight dissolved in distilled wa-
ter for 10 days and 1 mL of lead acetate intraperitoneally
(IP) @25mg/kg body weight for 5 days starting from day 6
to day 10.

Animals received 1mL of lead acetate IP once daily
@25mg/kg body weight for 5 days starting from day 6 to
day 10.

Animals receive 1 mL of crude drug orally once daily via
gavage @ 100mg/kg body weight dissolved in distilled wa-
ter for 10 days.

Animals receive 1 mL of crude drug orally once daily via
gavage @ 250mg/kg body weight dissolved in distilled wa-
ter for 10 days.

Animals receive 1 mL of crude drug orally once daily via
gavage @ 500mg/kg body weight dissolved in distilled wa-
ter for 10 days.

Animals received 1 mL of crude drug once daily via gavage
@100mg/kg body weight dissolved in distilled water for 10
days and 1mL of lead acetate IP @25mg/kg body weight for
5 days starting from day 6 to day 10.

Animals received 1 mL of crude drug orally once daily via
gavage @250mg/kg body weight dissolved in distilled wa-
ter for 10 days and 1 mL of lead acetate IP @25mg/kg body
weight for 5 days starting from day 6 to day 10.

Animals received 1 mL of crude drug orally once daily via
gavage @500mg/kg body weight dissolved in distilled wa-
ter for 10 days and 1 mL of lead acetate IP @25mg/kg body
weight for 5 days starting from day 6 to day 10.

paraffin, and sliced into 5 um sections from each
block. These paraffin-embedded liver sections under-
went hematoxylin-eosin staining for histopathologi-
cal analysis using a light microscopy (Olympus Man-
ual System Microscope BX43).

Statistical analysis

Statistical analysis of data was done using Graph-
Pad Prism for Windows version 9.0 (GraphPad Soft-
ware, San Diego, CA, USA). A two-way Analysis of
Variance (ANOVA) test was done and the data were
presented as mean+SEM. Multiple comparisons be-
tween groups were performed using Tukey Multiple
comparison test and statistical significance between
groups were considered at p < 0.05.

RESULTS

The Percent Yield of Extract

The 450g of powdered material yielded 78g of crude
extract, resulting in a percent yield of 17.3%.

Phytochemical Screening

Qualitative analysis was conducted to ascertain the
phytoconstituents present in the hydroethanolic ex-
tract (HE) of A. cruentus, with the results presented
in Table 2. The extract was found to have a rich phy-
tochemical content, including flavonoids, phenols,
tannins, coumarins, terpenoids, cardiac glycosides,
saponins, and steroids. The pharmacological proper-
ties observed in the study may be attributed to these
bioactive compounds.
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Table 2: Qualitative analysis
of the hydroethanolic extract
of A. cruentus.

Phytochemical Results

Flavonoids +
Phenols +
Tannins +

Coumarins T

Terpenoids +

Cardiac glycosides +
Saponins +
Alkaloids =

Steroids +

The plus (+) sign indicates that the
phytochemical is present. The minus
(-) sign means absent.

Table 3: Heavy metal analysis of hydroethanolic extract of A. cruentus

Heavy metal Fe (mg/kg) Cd (mg/kg) Pb (mg/kg)

Ni (mg/kg)

ACR 0.131740.0028  0.006440.001  0.00554-0.0001

HE 27.89940.321 0.0954-0.003 0.00720.0030

0.0021=£0.00002

0.03140.0002

ACR: A. cruentus raw plant material, HE: hydroethanolic leaf extract. The results were expressed as mean

+SD

Table 4: Polyphenolic content and percentage antioxidant activity (%AA) of HE of A. cruentus

Extract Total phenol (mgGAE/100g) Total flavonoids (mgQE/g) DPPH (%AA)
HE 1832.887 £0.011.96 196.47+1.23 72.4£0.002
The values are expressed as mean + SD.
0.12 y =81.854x + 0.0228 ®

° 0.1 R?=09735 e

2008 e ®

© B

-g 0.06 . hd
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0
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Figure 1: Standard curve of absorbance versus concentration of Gallic acid.
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Table 5: Effects of extract on body variation

Treatment D2 D4 D8 D10
Normal 2.9940.81 5.3440.66 7.58+£1.85 5.47+0.58 10.01+1.87
Silymarin+Pb ~ 1.15+0.33 2.87+0.52 5.76+1.08 3.01+£1.22 2.00+1.24
Pb only 1.97+0.55 3.134+0.81 4.84+0.62 3.01+0.48 1.82+0.86
100HE only 1.76£0.25 3.25+0.62 5.02£0.81  6.94+2.03 9.24+1.58
250HE only 1.69+0.32 2.17+0.33 4.3240.27 4.20%1.01 6.38+0.70
500HE only 2.5240.48 2.61+0.79 4.00+0.58  3.82+0.84 8.37+0.86
100HE+Pb 1.66+0.43  1.54+4+0.37 3.71+0.57 1.66+0.53 1.16+0.49
250HE+Pb 1.70+£0.12 2.97+0.59 2.72+0.89 1.8+0.42 1.19+0.67
500HE+Pb 2.190.70 2.73+0.51 4.61+£1.25 3.80%1.51 1.92+0.39
Values are expressed as mean &= SEM, n = 4.
Table 6: Effect of treatment on haematological parameters
Treatr Normal  Siymarin 100mg 250mg 500mg Pb only 100HE 250HE + 500HE
+Pb HEonly HEOnly HEonly +Pb Pb +Pb
WBC 13.33 13.18 &+ 12.83 + 12.10 + 12.70 + 14.90 + 11.45 £+ 14.30 + 12.53
+ 1.18 1.12 1.29 0.49 1.53 1.74 0.64 =+ 1.00
10.33
RBC 743+ 6.54 £ 7.38 + 7.67 + 7.71 £ 7.01 £ 6.98 £ 7.48 + 7.65 +
0.27 0.26 0.36 0.11 0.13 0.06 0.34 0.26 0.15
HGB 13.53 11.53 &+ 13.28 &+ 13.68 + 13.38 &+ 12.58 + 12.33 &+ 13.13 &+ 13.20
+0.38 0.31 0.77 0.15 0.42 0.34 0.49 0.30 +0.47
HCT 54.28 46.73 + 52.05 £+ 54.40 + 54.30 £ 50.38 £ 49.85 + 55.33 £ 52.80
+ 1.62 1.29 2.26 1.16 1.55 1.15 2.34 2.28 + 1.58
PLT  1050.50 1381.75 1219.00 991.00 1187.00 1669.25 + 1178.25 1531.25 + 1350.00
+ + +214.78 + +54.14 39.26 + 81.67° +
52.95 184.88" 106.93 163.64 63.46"
LYM# 10.23 513 £ 8.98 + 5.08 + 6.90 £ 4.88 + 6.10 £ 6.63 + 6.40
+0.89 1.82 1.32 0.68 0.43 1.89 0.43 0.20 0.47
NEUT 2.30 + 6.60 £ 3.20 £ 545+ 4.65 £ 5.80 £ 425+ 6.30 £ 393 £
0.56 2.05 1.05 0.93 0.37 1.12 1.08 0.70 0.26
P- 20.03 20.38 + 14.75 + 16.83 + 16.23 + 17.20 + 18.95 + 17.13 + 19.00
LCR  +£0.66 0.62 1.11 0.71 1.45 1.53 0.95 1.71 + 0.80
PCT 097+ 1.28 + 1.01 + 0.86 + 1.02 + 147 + 1.05 + 1.33 + 1.40 +
0.05 0.17 0.15 0.08 0.05 0.02 0.14 0.04 0.20

The values are represented in mean £ SEM (n = 4), the superscript “*” shows a significant difference at p < 0.05 - 0.0001 when normal is

compared to other groups, superscript

«h»

shows a significant difference at p < 0.05 - 0.0001 between Pb only and other groups.
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Figure 2: Standard curve of absorbance versus concentration of Gallic acid (A), Quercetin (B).
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Figure 3: Percent stabilization of extract and standard drug (diclofenac sodium) on human red blood cell

(HRBC). Each bar represents the mean 4+ SEM, n = 2.

In-vitro Antioxidant Assay and Polypheno-
lic Content

To determine the HE’s ability to neutralize free radi-
cals, assays for total phenolic content, total flavonoid
content, and DPPH scavenging activity were con-
ducted. Gallic acid and quercetin standard curves
were used to extrapolate the total phenolic and
flavonoid content of the extract. The total phenolic
content was found to be 1832.887 4 0.011.96, the total
flavonoid content was 196.47 £ 1.23, and the DPPH
scavenging activity was 72.4 £ 0.002, as represented
in Table 3. These results suggest that the HE pos-

sesses antioxidant properties. Figure 1 and Figure 2
present the standard calibration curves used to derive
the total phenolic and total flavonoid contents of the
hydroethanolic extract.

Heavy Metal Analysis

To ascertain the safety of the HE and the raw plant
material, analyses for the presence of heavy metals, in-
cluding Pb, Cd, Fe, and Ni, were conducted. The raw
plant material showed concentrations of Fe, Cd, Pb,
and Ni at 0.1317 4 0.0028, 0.0064 =+ 0.001, 0.0055 +
0.0001, and 0.0021 =+ 0.00002, respectively. The HE
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Figure 4: Effect of treatment on relative liver and kidney weight. There was no statistical significance observed.
The results were expressed as mean + SEM (n = 4).

ALT AST ALP
150~ a 500- a 500- a
b b
b 400- b 00
100
300 300
| o _|
g p— —
2 o 2
50 200 200
100 100
0- 0- 0-
Y nY .
By QW0
é‘\\,\é‘:@%&g@ RPEON ‘58\&%0:;@%0@ S 6\\,@&@‘%@@%‘“ ROV
Treatment Treatment

Treatment

uqn

Figure 5: Effect of treatment on liver enzymes. Each bar represents the mean + SEM, n = 4, superscript
shows statistical significance at p < 0.05 - 0.0001 when normal is compared to other groups, superscript “” shows
statistical significance at p < 0.05 - 0.0001 between lead only and other groups.
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revealed the presence of Fe, Cd, Pb, and Ni at con-
centrations of 27.899 =+ 0.321, 0.095 =+ 0.003, 0.007 +
0.003, and 0.031 =+ 0.0002, respectively, as shown in
Table 3.

In-vitro Anti-Inflammatory Activity

Figure 3 illustrates the results for the in-vitro anti-
inflammatory activity of various concentrations of the
hydroethanolic extract and the standard drug (di-
clofenac sodium) at 0.125, 0.250, 0.500 mg/ml. The
standard drug showed the maximum percentage sta-

shows statistical significance at p < 0.05-0.0001 when normal is compared to other groups,
shows statistical significance at p < 0.05-0.0001 between lead only and other groups.

bilization (84.02 &= 0.0006) compared to 74.7 = 0.001
from the extract.

In Vivo Evaluation of Hepatorenal Protec-
tive Activity

Effect of Treatment on Body Variations

Table 5 demonstrates the variations in body weight
of experimental subjects from Day 2 (D2) to Day
10 (D10). The normal group, 100mg/kg HE only,
250mg/kg HE only, and 500mg/kg body weight HE
only groups increased in body weight from D2 un-

6465



Biomedical Research and Therapy 2024, 11(5):6457-6473

Creatinine UREA
80 15—
a
a
60 235 ab
© 40— ©
£ £
= £
5
20
0- 0-
PORRR T el SRS
CEETE S orb‘b@%“aé‘&&
DSOS 6; S S
d)\\‘\@@qﬁ’%“ S 6\\-\6,:66,1’0:“‘9“ G
Treatment Treatment

Figure 7: Effects of treatment on kidney biochemical parameters. Each bar represents mean + SEM (n = 4),

superscript ““" shows statistical significance at p < 0.05 - 0.0001 when normal is compared to other groups, super-
ubn

script “?” shows statistical significance at p < 0.05 - 0.0001 between lead only and other groups.
NLR PLR

1.5 ab 400+ ab
300

1.0 ab

ab

200

0.5
100 —

0.0- 0-

S SN SI SISO < P )2
S o0 q,q @0.»&@@% & S OL®, 69@‘%9
SRS B 4‘6‘6‘0"‘2 S
%\\‘\ oSN
Treatment Treatment

uqn

Figure 8: Effect of extract on inflammatory indices. Each bar represents mean + SEM (n = 4), superscript
shows statistical significance at p < 0.05 - 0.0001 when normal is compared to other groups, superscript “*” shows
statistical significance at p < 0.05 - 0.0001 between lead only and other groups.

6466



Biomedical Research and Therapy 2024, 11(5):6457-6473

100 mg HE + Pb

Y :
250 mg HE + Pb

250 mg HE

'Sep.

NN DY |
500 mg HE +

Pb

Figure 9: Effect on treatment on liver microarchitecture. Photomicrographs A-D show normal liver architecture
in rats with central vein, sinusoids, and hepatic cells radiating from the central vein, (E) shows severe degeneration
of the hepatocytes with portal fibrous strands (red arrows), (F) shows infiltration of inflammatory cells, (G) shows
mild degeneration with sinusoidal dilation (red arrows), (H) and (I) show no observable lesion of the hepatocytes.
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Figure 10: Effect of treatment on kidney microarchitecture. Photomicrographs (A)-(D) show normal renal cells
with no observable lesion. (E) shows severe degeneration of the Bowman'’s capsule and the Glomerular apparatus
(red arrow), (F) shows moderate degeneration of the Bowman'’s capsule and Glomerular apparatus while (G)-(I)
show no observable degeneration.
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til the end of the study (D10). The Pb-treated groups
(Pb only, Silymarin+Pb, 100mg/kg HE+Pb, 250mg/kg
HE+Pb, and 500mg/kg body weight HE+Pb) exhib-
ited a decrease in body weight after Day 6 (D6) when
the toxicant was introduced, an observation likely at-
tributable to the toxic effects of Pb affecting their eat-

ing patterns.

Effect of Treatment on Relative Organ Weight

Figure 4 shows the effect of the hydroethanolic ex-
tract on the relative liver and kidney weights. There
was an increase in relative liver and kidney weights in
the Pb-only group compared to the normal, though
the increase was not statistically significant. The ob-
tained values for relative liver weight (RLW) and rela-
tive kidney weight (RKW) under various treatments
are delineated, indicating that co-administration of
the extract, especially at 500mg/kg body weight, re-
duced the RLW and RKW.

Effect of Treatment on Hematological Pa-
rameters

The impacts of the treatment on hematological pa-
rameters are represented as mean+SEM. Key hemato-
logical parameters like WBC, RBC, HGB, HCT, LYM,
NEUT, PCT, and PL-LCR showed no significant dif-
ference, except for a significant difference observed
in the PLT count between the normal and Pb-only
groups, and between the Pb-only group and extract
plus lead groups, showcasing the extract’s potential
benefits.

Effect of Treatment on Key Liver Enzymes

Figure 5 details the effects of the extract on key liver
enzymes, indicating no significant increase in ALT,
AST, and ALP levels in the normal and extract only
groups. However, a significant increase was observed
for the Pb only group, which was mitigated by treat-
ment with the extract in a dose-dependent manner,
suggesting the extract’s protective efficacy.

Effect of Treatment on Some Liver Biochemi-
cal Parameters

Figure 6 elaborates on how treatment affected several
liver biochemical parameters, demonstrating a sig-
nificant amelioration in total proteins, albumin, and
globulin levels, as well as a reduction in bilirubin lev-
els, particularly notable in the 500mg/kg body weight
group when compared to the Pb-only group, high-
lighting the extract’s beneficial effects.

Effect of Treatment on Some Kidney Bio-
chemical Parameters

Figure 7 details the extracts impact on key kidney
biochemical parameters, showing a significant reduc-
tion in creatinine and urea levels, especially in the
500mg/kg HE+Pb group compared to the Pb-only
group, indicating the extract’s potential protective ef-
fect on kidney function.

Effect of Treatment on Some Inflammatory
Indices

Figure 8 illustrates the effect of the extract on some
inflammatory indices like NLR and PLR, with a sig-
nificant decrease observed in these values upon treat-
ment with the extract in a dose-dependent manner,
particularly in the 500mg/kg body weight group com-
pared to the Pb-only group, suggesting the extract’s
anti-inflammatory properties.

Histological Examination

The extract only groups showed normal liver and kid-
ney architecture. The Pb only group showed severe
damage to the liver and kidney tissues. Meanwhile,
the co-administration with the extract reduced the in-
sult of the Pb on the liver and kidney tissues which are
indicative of the protective properties of the extract
especially in the 500 mg HE+Pb group.

DISCUSSION

Lead (Pb) has a non-biodegradable nature, contribut-
ing to elevated levels in water, food, and biological
systems. Pb’s toxicity is well-documented, with oxida-
tive stress as a known mechanism through the deple-
tion of antioxidant systems. Pb triggers ROS produc-
tion that attacks crucial components of cells, includ-
ing DNA, proteins, and lipids, leading to DNA dam-
age, changes in protein structure and functions, and
lipid peroxidation®.

Food crops contain bioactive compounds with nu-
merous therapeutic properties, including antioxi-
dants, antidiabetic, anticancer, anti-inflammatory,
hepatoprotective, and nephroprotective activities.
These bioactive compounds elicit their functions by
acting as scavengers and chelators of ROS®. Addi-
tionally, polyphenols regulate inflammation by acting
on numerous cell signaling pathways implicated in in-
flammation, such as nuclear factor-kappa 3, mitogen-
activated protein kinases, Wnt/f3-catenin, as well as
phosphatidylinositol 3-kinase and protein kinase B
pathways 19,

The phytochemical analysis of the hydroethanolic ex-
tract indicated the presence of flavonoids, pheno-
lics, tannins, coumarins, cardiac glycosides, saponins,
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and steroids. The hepatoprotective and nephropro-
tective properties of the extract revealed in the study
may be attributed to the presence of these bioactive
compounds. The results corroborate with other re-
ports 12, Differences in phytoconstituents may be
due to solvent differences. Heavy metals, includ-
ing Pb, Cd, Cr, and Cu, have been reported to be
hepato- and nephrotoxic even at low concentrations.
Research shows that exposure to these metals in-
creases renal toxicity leading to tubular dysfunction
and chronic kidney disease (CKD) !3. In the current
studies, there were traces of heavy metals (Table 4) in
the extract. However, these were within the accept-
able limits proposed by WHO, and hence the extract
is safe 14,

Polyphenols react with Folin-Ciocalteu’s reagent by
transferring an electron to molybdenum, and this aids
in the measurement of reducing capacity, which is
then reported as the total phenolic compounds in
the sample. Phenols can remove free radicals from
biological systems, serve as metal chelators, activate
antioxidant enzymes, and inhibit oxidases!>. This
study recorded a total phenolic content of 1827.9 £
11.96 mg QE/100g. This result corroborates other re-
ports 1617, The extract’s total flavonoid content was
196.47 £+ 1.23 mg GAE. Results are consistent with
other reports!”.

The extracts free radical scavenging potential was
measured using the DPPH assay. This is because an-
tioxidants react with DPPH, leading to its conver-
sion to 1,1-diphenyl-1-2-picrylhydrazine. The per-
centage antioxidant activity (%AA) was 72.4 & 0.002.
This property may be due to the polyphenols’ ability
to transfer hydrogen atoms or donate an electron to
the DPPH radical, hence neutralizing the free radical.
The result of the DPPH assay suggests the extract is a
potential antioxidant. Other studies reported values
ranging from 78.33 + 0.18 to 85.67 & 0.59!%, which
are consistent with what was revealed in the current
study.

The human red blood cell (HRBC) acts just like the
lysosomal cell membrane and is therefore used to as-
sess the anti-inflammatory activity of extracts!®. The
in-vitro anti-inflammatory activity of the extract on
HRBC revealed a percentage stabilization of 64.4 -
74.7% compared to 63.9 - 84.02% in the standard
drug (diclofenac sodium).

The effect of the extract on the relative kidney and
liver weight was estimated using the absolute organ
weight. The study revealed an increase in the relative
organ weight of the rats treated with Pb only com-
pared to the control group. Nevertheless, treatment
with the extract seems to have reversed the effect of

the toxicant in the extract plus Pb-treated groups. The
increase in relative organ weight could be due to the
infiltration of inflammatory cells that add to the tissue
weight 20,

There was an increase in the weight of rats treated with
the extract on days 2, 4, and 6 before the toxicant in-
troduction. The extract-only Group, as well as the
normal group, continued to increase in weight until
the end of the experiment. Meanwhile, rats treated
with toxicants decreased in weight after day 6 to the
end of the experiment. The increase in the extract-
only groups may signify the non-toxicity of the ex-
tract. It also suggests that the extract did not affect
the eating patterns and appetite of the rats, thus pro-
moting their growth. The decrease in the weight of
the Pb-treated groups (toxicant group) suggests that
the toxicant affected the eating pattern and appetite
of the rats, which influenced their eating habit. Ad-
ditionally, since the rats may not be feeding properly,
their bodies may be forced to utilize fat and protein
stores to synthesize glucose, potentially reducing their
body mass. These findings corroborate the observa-
tions made by 2122,

Pb has been associated with changes in the cytoskele-
ton that further deteriorate cell membranes, leading
to the release of cellular contents into the blood. This
increases the concentration of certain biomarkers that
serve as clues to liver and kidney damage?3. There
was an increase in the ALT, AST, ALP, and bilirubin
levels in the lead-only group compared to the nor-
mal, which signifies some damage to the hepatocytes.
However, co-administration with the extract restored
their levels significantly. There was also a decline
in total protein, albumin, and globulin in the lead-
treated groups compared to the normal and extract-
only groups. The decrease in these parameters may
be attributed to the destructive effect of Pb on the
endoplasmic reticulum via the impairment of Ca?*
homeostasis, affecting protein biosynthesis?4. This
could account for the decrease in proteins, albumin,
and globulin across the Pb-treated groups. The slight
increase in levels of the biomarkers in the Pb plus
extract-treated groups is an indication of the hepa-
torenal protective properties of the extract, as this is
in line with other reports 2326,

Increased protein degradation leads to elevated lev-
els of ammonia in serum and a further increase in
urea levels?”. Furthermore, free radical-induced dis-
ruption of brush border epithelial cells makes them
impermeable to urea and creatinine by renal tubules.
This further increases these biomarkers, serving as in-
dicators of renal damage 2829, Tt was revealed that the
creatinine and urea levels in the lead-only group were
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elevated. However, co-administration with the ex-
tract brought about a reduction in the creatinine and
urea levels in the lead and extract groups, attributable
to the antioxidant capacity of the extract to lessen the
impact of the toxicant on the kidney cells, which is in
line with other reports 230,

Plants contain bioactive compounds that regulate the
composition of gut microbiota and reduce the pro-
duction of inflammatory mediators such as ROS and
pro-inflammatory cytokines. Additionally, plant ex-
tracts can inhibit the activity of enzymes including
COX and lipoxygenase, which have been implicated
in the production of inflammatory mediators. While
stabilizing cell membranes, plant extracts elicit anti-
inflammatory properties by inhibiting lysis and sub-
sequent release of cytoplasmic components3!. This
prevents further damage to cells and tissues and in-
flammatory responses.

Systemic inflammatory biomarkers, such as PLR
(platelet-to-lymphocyte ratio) and NLR (neutrophil-
to-lymphocyte ratio), are indicators associated with
the immune response. These biomarkers have been
studied extensively in various cancers to assess the
Additionally, nu-
merous studies have demonstrated their relevance in

prognosis of aggressive tumors.

evaluating the progression and prognosis of condi-
tions like cardiovascular diseases, sudden deafness,
vestibular neuritis, and diseases linked to thrombo-
sig32-34

The neutrophil-to-lymphocyte (NLR) ratio increased
significantly in the toxicant-only group, predicting
possible systemic inflammation. However, the val-
ues were reduced in the toxicant plus extract groups,
indicative of the amelioration of the insult caused by
the toxicant on the liver and kidney tissues. This was
further confirmed by the platelet-to-lymphocyte ratio
(PLR), which yielded a higher value in the toxicant-
only group compared to the toxicant-plus extract
groups. The findings are consistent with other re-
ports33, who reported a significant increase in the
NLR in autoimmune patients. However, Liu et al.
(2017) reported a decrease in WBC, neutrophils, and
lymphocytes but a significant increase in NLR val-
ues®®. The high values obtained for the PLR corrob-
orate the report of Rodriguez-Yoldi (2021) and Ase-
mota et al. (2019)3132, who found higher values
of PLR as indicative of an inflammatory response in
coronary atherosclerosis. Higher values of NLR and
PLR have been implicated in Psoriasis vulgaris pa-
tients as indicative of inflammation37-3%. Also, in-
creased PLR has been associated with inflammation,

atherosclerosis, and thrombosis 404!,

Pb toxicity manifests in the kidney as renal tubular
injury, vascular engorgement, and expansion of Bow-
man’s capsule#2. Other indicators of Pb-induced hep-
atorenal damage include the invasion of lymphocytes
and macrophages, localized cell death, and deteriora-
tion of hepatocytes and kidney cells*3. As evidenced
by the study, the histology of the Pb-only group
showed severe degeneration of hepatocytes and portal
fibrous strands. There was infiltration of inflamma-
tory cells and mild degeneration and sinusoidal di-
lation in the 100 mg/kg body weight and 250 mg/kg
body weight groups. However, co-administration of
the extract partly prevented the effect of the toxi-
cant on the hepatocytes, especially in the 500 mg/kg
body weight group. A study by Genfi et al. (2020)!
reported the ability of Ocimum extract to amelio-
rate para-induced hepatotoxicity, while Sarfo-Antwi
et al. (2019)** reported the ameliorative properties of
Ageratum conyzoides extract against CCly-induced
hepatotoxicity.

There was obvious central necrosis and destruction
of the Bowman’s capsule and glomerular apparatus in
the Pb-only group compared with the Pb and extract
groups. This could be due to the preservative influ-
ence of the extract on the liver and kidney cells. The
finding corroborates the reports of Kandemir et al.
(2019)26. Regeneration in the liver and kidneys, even
though it involves complex processes, is very crucial
and possible after sustained injury. The liver, for ex-
ample, has a high regenerative capacity if the cause of
damage can be removed. The kidney employs mech-
anisms such as polyploidization in its recovery pro-
cesses*S. In instances where there is liver failure, kid-
ney dysfunction cannot be overlooked, and it is well-
established that liver cirrhosis parallels kidney dam-
age?®. An in-depth knowledge of the recovery and
regeneration of liver and kidney structure and func-
tion is thus needed in developing therapeutic options
for treating liver and kidney disorders.

Regarding the percentage of protection, the main in-
dicators used for hepatoprotection were ALT, AST,
ALP, Bil, ALB, and TP levels, while Crea and Urea
The
study saw a dose-dependent effect, as supported by

were used for percentage nephroprotection.

the photomicrographs. The 100 mg/kg, 250 mg/kg,
and 500 mg/kg body weight protected the liver against
damage up to 35.2%, 53.8%, and 72.1%, respectively.
For nephroprotection, the 100 mg/kg, 250 mg/kg, and
500 mg/kg body weight doses showed protection up
to 36%, 42%, and 54.1%, respectively, while the stan-
dard drug, Silymarin, recorded 83.2% hepatoprotec-
tion and 70% nephroprotection. These findings sug-
gest that the protective effect of the extract was more
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pronounced in the 500 mg/kg body weight compared
to the lower dosages. These findings suggest that
Amaranthus cruentus HE offers a promising natural
alternative with fewer side effects for managing hepa-
torenal disorders.

Even though the extract exhibited significant hepa-
torenal protective properties, the exact compounds
present in the extract that exhibited those pharmaco-
logical properties were not determined, and it is there-
fore recommended to be investigated with a larger
sample size. Again, the study could not determine the
mechanism of action of the extract and is, therefore,
recommended to be further investigated.

CONCLUSIONS

The research examined the hepatorenal properties of
the hydroethanolic extract of Amaranthus cruentus in
rat models. Hematological, biochemical, and histo-
logical indices were used as indicators of liver and kid-
ney protection. The phytoconstituents identified were
flavonoids, phenolics, tannins, coumarins, steroids,
cardiac glycosides, and saponins. Traces of Fe, Cd, Pb,
and Ni were found in the extract and raw plant ma-
terial. Significant antioxidant activity against DPPH
radicals was recorded. The extract contained signifi-
cant amounts of flavonoids and phenolic compounds.
There was a notable percentage stabilization of the ex-
tract on HRBC. Significant increases in liver and kid-
ney biomarkers in the toxicant-treated groups were
reversed by co-administration with the extract. Mi-
croarchitectural changes in the liver and kidneys were
also reversed following co-administration with the ex-
tract. These findings regarding Amaranthus cruentus
have implications for managing liver and kidney con-
ditions using natural antioxidants from food crops,
which have little to no side effects on biological sys-
tems.

ABBREVIATIONS

AKW - Absolute Kidney Weight, ALP - Alkaline
Phosphatase, ALW - Absolute Liver Weight, Alb - Al-
bumin, ANOVA - Analysis of Variance, AST - Aspar-
tate Aminotransferase, ALT - Alanine Aminotrans-
ferase, Cd - Cadmium, CKD - Chronic Kidney Dis-
ease, DBIil - Direct Bilirubin, DPPH - 2,2-diphenyl-1-
picrylhydrazyl, EDTA - EthyleneDiamineTetraacetic
Acid, Fe - Iron, Glo - Globulin, Hb - Hemoglobin,
HE - Hydroethanolic Extract, HRBC - Human Red
Blood Cell, KNUST - Kwame Nkrumah University of
Science and Technology, LYM - Lymphocyte, MCH -
Mean Corpuscular Hemoglobin, MCV - Mean Cor-
puscular Volume, NEUT - Neutrophil, Ni - Nickel,
NLR - Neutrophil-to-Lymphocyte Ratio, Pb - Lead,

PET - Polyethylene Terephthalate, PLR - Platelet-to-
Lymphocyte Ratio, PLT - Platelet, RDW - Red Cell
Distribution Width, RBC - Red Blood Cell, ROS
- Reactive Oxygen Species, ROW - Relative Organ
Weight, SEM - Standard Error of Mean, TBil - To-
tal Bilirubin, TP - Total Protein, UV - Ultraviolet,
WBC - White Blood Cell, WHO - World Health Or-
ganization, mgGAE/100g - Milligrams of Gallic Acid
Equivalent per 100 grams, mgQE/g - Milligrams of
Quercetin Equivalent per gram
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