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ABSTRACT

Cadmium (Cd) increases oxidative stress, which increases the likelihood of health problems. To protect the body
from oxidative stress, natural antioxidants obtained from plants are required. The kabau plant (Archidendron
bubalinum) is thought to have antioxidant phytochemicals. The purpose of this study was to assess the antioxidant
activity and total phenolic component content of kabau pod peels, as well as their effect on the quantity of
erythrocytes and leukocytes in male mice exposed to cadmium. This study used a completely randomized design,
with 24 mice divided into six groups: three control groups and three treatment groups. The findings of assessing the
antioxidant activity of peel extract revealed that the ICso was 93.6 ppm, which is considered strong. The phenolic
content of peel extract was 72.26 mg GAE/g. Giving pod peel extract to mice increased the number of erythrocytes
and leukocytes, however the impact was not significant (p = 0.028 and P = 0.239). Mice with 380 mg/kg BW produced

better outcomes.
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INTRODUCTION

Anthropogenic activities can pollute the ecosystem,
causing health problems and other negative
consequences. Heavy metals are one of the most
harmful contaminants. Cadmium (Cd) is one of the
heavy metals responsible for damage. Cadmium will
build in the liver and kidneys. Cadmium exposure
increases ROS (reactive oxygen species), which leads
to oxidative stress (Deakandi et al. 2017). Low and
moderate CdCl2 exposure causes oxidative stress,
DNA damage, and elevated apoptotic markers in rat
liver (Bayram 2022). According to Andjelkovic et al.
(2019), exposure to CdClz 15 mg/kg BW can produce
a rise in renal malondialdehyde (MDA), reducing the
number of leukocytes and erythrocytes in mice.

Antioxidants are required to protect the organism
from excessive ROS. Kabau (Archidendrom bubalinum
(Jack.)) is an antioxidant-rich herb. According to Riasari
et al. (2019), kabau pod peels and and seeds contain
phytochemical substances such as alkaloids,
flavonoids, phenols, tannins, terpenoids, saponins,
qguinones, and mono/sesquiterpenes. A. jiringoides
exhibits high antioxidant activity, with an ICso of 32.01
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ppm (Riana et al. 2024). The chemicals found in the
pod peel extract have antidiabetic effect, reducing
blood sugar levels in aloxan-induced male mice
(Wahidah 2018). In addition, the kabau pod peel extract
can increase the concentration of lead-induced male
mouse spermatozoa (Riana 2024). Apa nama latin
yang benar? A. bubalinum atau A. jiringoides?

Phenolic compounds are natural antioxidants with
hydroxy groups, making them easily oxidized by giving
hydrogen atoms to free radicals (Dhurhania and
Novianto 2018). Erjon et al. (2022) found that ethanol
extracts of jengkol (A. jiringa (Jack) I.C Nielsen) leaves
increased phagocytosis capacity and leukocyte count.
Based on the foregoing, this study was undertaken to
investigate the antioxidant activity and total phenolic
components of kabau (A. bubalinum) pod peel extract
on the number of erythrocytes and leukocytes in male
mice exposed to the heavy metal cadmium (Cd).

METHODS

Preparing the Materials and Extracting Pod Peels
Kabau samples were collected from East Lampung
Regency. The pod peels were chopped into small
pieces, dried, and aired at room temperature (x
25-30°C). The dried material was pulverized in a
blender until it forms a powder. The powder was
macerated with 96% ethanol solvent in a 1:5 ratio (200
g material: 1 L of solvent) until it is immersed. It was
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then extracted using the maceration process for 3 days,
filtered with filter paper, and concentrated the filtrate
using a rotary evaporator at 50°C.

Antioxidant Activity Determination

The antioxidant activity of the extract was
determined using the DPPH (2,2 diphenyl-1-
picrylhydrazyl) method, and the percentage inhibition
was derived using the following formula:

Inhibition (%) = (Acontrol — Asample)/Acontrol X 100%

The ICso was calculated using a linear regression
formula based on the relationship between the
percentage of inhibition and sample concentration. The
ICs0 was determined using the following equation:

y=a(x)+b

where
y =% inhibition
X = Sample concentration

Total Phenolics Determination

A standard gallic acid solution was used for the total
phenolics determination, prepared from a 1000 ppm
parent solution. Concentrations of 5, 10, 15, 20, and 30
pg/mL were set. To create the gallic acid calibration
curve, 50 L of each concentration was pipetted into a
microplate, added 100 pyL of Folin- Ciocalteu 10%
reagent, and put it on a shaker for 3 min to ensure
homogeneity. After 5 min at room temperature, a 100
ML solution of 6% sodium carbonate was prepared and
left at room temperature for 90 min. A microplate reader
was also used to evaluate absorption at 725 nm in the
standard gallic acid solution.

The sample solution was prepared by dissolving 50
mg in 5 mL of methanol and mixing well. The 1000 ppm
concentration sample solution was pipetted to 500 yL
and 5 mL of methanol was added. To the 50 L of
extract, 100 pL of Folin-Ciocalteu 10% reagent was
added. The mixture was agitated for 3 min until
homogenous, then let to stand for 5 min at room
temperature. Next, 100 pL of 6% sodium carbonate
solution was added and let it sit at room temperature
for 90 min. The extract solution was then tested for

Table 1 Test animal treatment group
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absorbance at 725 nm. The absorbances were used to
compute the total phenol concentration in the extract
using a linear equation derived from the calibration
curve. The total phenolics were reported as gallic acid
equivalent (GAE) in mg/g.

Total phenolics (mg G;J Ekstrak)

Concentration of standard solution from calibration curve
Concentration of test sample used

Acclimatization and Treatment of Test Animals
Test animals were acclimatized over a seven-day

period. The test animals were 24 healthy male mice,

separated into six treatment groups (Table 1).

Erythrocytes and Leukocytes Determinations

To count erythrocytes, 0.5 pL of blood was taken
and diluted with 100.5 pL of Hayem solution. To
calculate leukocytes, 0.5 pL of blood was taken and
diluted with 10.5 pL of Turk solution. The
hemocytometer was used to measure up to +10 pL of
blood suspension, which was then covered with glass.
Cell counting began in the upper left corner and
progressed to the right before descending from right to
left. Cells that violate one of the plane lines are tallied,
followed by cells that violate both the upper and left
boundary lines (Syarifah et al. 2020). The number of
cells observed can be estimated using the formula:

N
Number of cell/mm? = v X P

where:
N = The number of blood cells in the counter box
V = Counter box volume

Leukocyte counter box volume: 0.1 x 4 mm?®=0.4 mm?
Erythrocyte counter box volume: 0,1 x (5 x 0.04 mm?)
= 0.02 mm? (Syarifah et al. 2020)
P = Dilution ratio

Data were analyzed using the One-Way ANOVA
statistical test. This test was performed to determine
the significance of test parameters and the effect of
administering kabau pod peel extract on the amount of
blood cells in mice. If the results differ, a follow-up test
using an LSD test was performed.

Group Information
Control Control treatment (KP) Distilled water for 14 days.
Positive control (K+) Given CdCl at a dose of 3.15 mg/kg BW for 7 days and vitamin
C of 0.036 mg/kg BW on days 8 to 14.
Negative control (K-) Given CdCl; at a dose of 3.15 mg/kg BW for 7 days.
Treatment Treatment 1 (P1) Given a CdCl2 of 3.15 mg/kg BW for 7 days and a dose of 95

mg/kg of extract on the 8th to 14th day.

Treatment 2 (P2)

Given a CdCl. of 3.15 mg/kg BB for 7 days and a dose of
extract at a dose of 190 mg/kg BW on the 8th to 14th day.

Treatment 3 (P3)

Given a CdCl2 of 3.15 mg/kg BW for 7 days and a dose of 380
mg/kg of extract on the 8th to 14th day.
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RESULTS AND DISCUSSION

Antioxidant Activity

The antioxidant activity test showed that the ICsp of the
kabau pod peel extract was 93.6 ppm (Table 2),
indicating substantial antioxidant activity, meaning that
the extract may absorb 50% of free radicals. The lower
the ICso value, the greater the capacity to protect
against free radicals. Secondary metabolites found in
plants, such as flavonoid molecules, tannins, saponins,
and terpenoids, are known to have antioxidant
properties. The ICso in this study employing 96%
ethanol solvent is in the strong category, ranging from
50 to 100 ppm. This study differs from Rahmawati et al.
(2020) findings, which state that kabau pod peel extract
exhibits very strong antioxidant activity with an ICso of
26.77 ppm. Riasari et al. (2019) discovered that extract
of the same species from South Sumatra has 44.7
ppm, indicating very strong antioxidant activity.
Antioxidants are substances that can be utilized to
prevent oxidative stress by transferring electrons to
free radicals, therefore preventing damage to the
body's cells and tissues (Dewi et al. 2018). The
discrepancy in ICsp values is most likely due to
geographical location and regional altitude.

Total Phenolics

The total phenolics were measured to estimate the
phenols compounds present in the extract. According
to the test results, the extract has a total phenol content
of 72.26 mg GAE/g. This study's total phenolic levels
differ from those found in previous research. Table 3
shows the difference in total phenolics between this
study and other investigations. Kabau pod peel extract
has been shown to include secondary metabolite
components such as flavonoids, tannins, saponins,
terpenoids, and phenols (Okta et al. 2019). The total
phenolics in this study was 72.26 mg GAE/g. Riasari et
al. (2019) discovered that the total phenolics of the
same species from Lampung was 11.75 g GAE/100 g
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and from South Sumatra was 5.89 g GAE/100 g,
whereas the total phenol content of kabau pod peel
extract from Lampung was 6.11 g GAE/100 g and from
South Sumatra was 5.42 g GAE/100 g. This variation
could be due to the method utilized in the extraction
procedure.

The extraction process chosen has a significant
impact on the metabolite chemicals extracted from the
extract (Verawati et al. 2020). According to Sirumapea
et al. (2021), the maceration process attracts more
phenolics than the Soxhlet method, which is associated
with a higher total phenol concentration. Riasari et al.
(2019) found that the maceration approach yielded
higher total phenolics than the Soxhlet method.

The geographical conditions in which the kabau
plant grow can also influence the phytochemicals in the
plant. According to Riasari et al. (2019), environmental
factors such as temperature, light, and humidity
pressure might influence the formation of the
secondary metabolites by plants. Environmental stress
can cause plants to create more phytochemicals. The
sample for this study was collected from Way Jepara,
a lowland area in East Lampung with an elevation of 25
m above sea level, according to the Lampung Province
Central Statistics Agency.

Effects of Kabau Pod Peel Extract on Erythrocytes
and Leukocytes

The One-Way ANOVA statistical test revealed that
the average number of erythrocytes in mice had a
significant level of p-value 0.078 (p>0.05). This
demonstrates that the average quantity of erythrocytes
in mice did not differ significantly across treatment
groups. Based on the average number of erythrocytes
in mice, the K-treatment with cadmium chloride (CdCl.)
resulted in erythrocytes that was lower than normal, at
4.3 million cells/mm?3. In contrast to the outcomes of the
KP and K+ treatments, as well as the treatment given
by kabau pod peel extracts, namely P1, P2, and P3, the
average number of erythrocytes remained within

Table 2 Antioxidant activity of kabau (Archidendron bubalinum) pod peel extract

Sample I1Cs0 (ppm) Antioxidant category
Kabau pod peel extract 93.60 +11.90 Strong
Ascorbic acid 6.31 +0.36 Very strong
Table 3 Total phenolics of kabau (Archidendron bubalinum) pod peel
Origin of A. bubalinum Extraction method Total phenolics Source Year
g GAE/g

East Lampung Maceration with 96% 72.26 This study 2024
ethanol

Lampung Maceration with 11.75 Riasari et al. 2019
ethanol

Lampung Soxhlet with ethanol 6.11 Riasari et al. 2019

South Sumatra Maceration with 5.89 Riasari et al. 2019
ethanol

South Sumatra Soxhlet with ethanol 5.42 Riasari et al. 2019

West Sumatra Maceration with 9.507 Okta et al. 2019

ethanol
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normal limits. The normal erythrocyte counts in mice,
according to Suckow et al. (2001), is between 5.0 and
9.5 milion cellss/mm3. This study found that
administering kabau pod peel extract might sustain the
quantity of erythrocytes in mice exposed to cadmium
chloride (Table 4).

The One-Way ANOVA statistical test with a
significance level of 5% on the average number of
leukocytes in male mice gave a value of 0.239
(p>0.05). This demonstrates that the average number
of leukocytes is not significantly different across the
treatment groups. According to the average data, the
number of leukocytes in mice in each treatment
remains within the normal range. However, the K-
treatment with CdClz had a lower number of leukocytes
than the other treatments, with 4.6 thousand cells per
mm?3. The results of the K- treatment revealed that the
CdCl2 dose was insufficient to reduce the number of
leukocytes above the normal range. According to
Suckow et al. (2001), the average number of normal
leukocytes in mice ranged from 3.0 to 14.3 thousand
cells per mm3. This study revealed that administering
kabau pod peel extract could keep the number of
leukocytes within normal ranges (Table 5).

According to this study on mouse blood cells,
exposure to CdClz reduces the quantity of erythrocytes.
CdClz induces oxidative stress in erythrocytes, which
might exacerbate lipid peroxidation produced by free
radicals. Cadmium in the blood is bound by
erythrocytes and blood plasma. Cadmium can increase
zinc protoporphyrin, resulting in a decrease in the
number of erythrocytes and iron deficiency anemia
(Lubis et al. 2013). Zinc protoporphyrin is a chemical
present in red blood cells that results from interference
with heme production. Cadmium can disrupt heme
production by inhibiting the activation of enzymes &-
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aminolevulic acid dehidratase (6-ALAD) and
ferrochetalase, which produce zinc protoporphyrin
(ZPP). An increase in ZPP concentration in the blood
indicates a reduction in iron levels and heme
production (Mwangi et al. 2014). Cadmium can also
inhibit the synthesis of erythropoietin, a red blood cell
formation hormone (Nazima et al. 2015). Erythropoietin
is a hormone that interacts to certain red blood cell
progenitor receptors, signaling proliferation and
differentiation (Suryanty et al. 2005). Erythropoietin
causes the bone marrow to create red blood cells
(Sanjaya et al. 2019). The peritubular interstitial
(endothelial) kidneys manufacture erythropoietin.
Cadmium accumulation in the kidneys causes kidney
damage, preventing the kidneys from producing
erythropoietin and leading the bone marrow to create
fewer red blood cells, resulting in anemia (Sanjaya et
al. 2019).

Cadmium element in erythrocytes inhibits the
glucose-6-phosphate dehydrogenase (G6PD) enzyme,
which creates glutathione and protects hemoglobin
from oxidative stress. G6PD is an enzyme that
catalyzes the pentose phosphate pathway and gives a
reducing impact to all cells in the form of NADPH.
NADPH molecules can help cells withstand oxidative
stress by generating glutathione while decreasing
oxidized glutathione. Glutathione will diminish
hydrogen peroxide, a potent oxidant that reduces
antigens. Exposure to CdClz lowered the quantity of
erythrocytes and leukocytes in mice.

The average number of leukocytes in mice obtained
with the K- treatment was lower than that of other
treatments, even though the number of leukocytes
remained within the normal range. Cadmium can
disrupt the hematopoiesis system by preventing the
development of blood cells, including leukocyte

Table 4 Average number of erythrocytes in each treatment group

Treatment N Average number of erythrocytes (million cells/mm3) + St. dev
KP 4 5.66 £ 1.17
K+ 4 6.01 £0.79
K- 4 4.35 +1.56
P1 4 6.33+0.91
P2 4 6.82 £ 1.69
P3 4 7.24 £ 1.45

Remarks: KP = Control treatment (distilled water); K+ = Positive control: vitamin C of 0,036 g/kg BW and CdCl> 3.15 mg/kg
BW; K- = Negative control: CdCl2 3.15 mg/kg BW; P1 = Pod peel extract 95 mg/kg BW; P2 = Pod peel extract
190 mg/kg BW; and P3 = Pod peel extract 380 mg/kg BW.

Table 5 Average number of leukocytes in each treatment group

Treatment N Average number of leukocytes (thousand cells/mm?) + St. dev
KP 4 6.96 + 2.1
K+ 4 7.80 3.5
K- 4 46412
P1 4 7.94+04
P2 4 79421
P3 4 8.90+25

Remarks: KP = Control treatment (distilled water); K+ = Positive control: vitamin C of 0,036 g/kg BW and CdCl. 3.15 mg/kg
BW; K- = Negative control: CdCl» 3.15 mg/kg BW; P1 = Pod peel extract 95 mg/kg BW; P2 = Pod peel extract
190 mg/kg BW; and P3 = Pod peel extract 380 mg/kg BW.
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differentiation in the bone marrow (Scharf et al. 2020).
This study also found that the peel extract of kabau pod
peel given to P1, P2, and P3 treated mice produced
normal erythrocytes and leukocytes. The results
revealed that administering the extract had a protective
effect on erythrocytes and leukocytes in mice because
it could preserve the quantity of erythrocytes and
leukocytes in mice exposed to CdClz due to phenolics
in it. Muliasari et al. (2023) also said that phenolic
compounds exhibit antioxidant properties due to the
presence of hydroxyl groups, which give hydrogen
atoms during interactions with free radicals via an
electron transfer mechanism, thereby limiting the
oxidation process. Antioxidant chemicals also serve to
maintain and reinforce the red blood cell wall against

free radicals, as well as aid in red blood cell
regeneration, oxidative stress protection, lipid
peroxidation prevention, and SOD (superoxide

dismutase) activity reduction.

CONCLUSION

The study results showed that kabau pod peel
extract had a moderately high antioxidant activity, with
an ICsp of 93.6 ppm. The total phenolic components
found in the extract were 72.26 g GAE/g. The phenolics
concentration was higher than in previous research due
to differences in extraction procedures and the
geographical location of the plant. The treatment of
kabau pod peel extract increased the number of
erythrocytes and leukocytes, although the increase
was not statistically significant (p values of 0.028 and
0.239, respectively).
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