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ABSTRACT: Ulva lactuca is a functional food ingredient with high antioxidant content. The presence of heavy metal
contaminants in natural Ulva lactuca needs to be eliminated. Ulva lactuca was investigated for its potential as a nephroprotector
in female Wistar rats. The study assessed Blood Urea Nitrogen (BUN) levels, creatinine levels, and kidney histopathology. The
experiment included a Group | (control), Group Il (administered 1000 mg/Kg BW/day of natural Ulva lactuca), and Group Il
(administered 1000 mg/Kg BW/day of heavy metal decontaminated Ulva lactuca using bilimbi juice). After 30 days of oral
treatment, no significant differences were observed in BUN levels before and after treatment. However, significant variations
were found in Group 111 compared to the Group | creatinine levels after treatment. Both natural and heavy metal decontaminated
Ulva lactuca showed no adverse effects on kidney function. Notably, heavy metal decontaminated Ulva lactuca exhibited
improved kidney histopathology, suggesting its potential as a nephroprotector. Further research is needed to explore its broader

applications in promoting kidney health.
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INTRODUCTION

Many types of macroalgae grow on the south coast of
Gunungkidul, DI Yogyakarta, and are known to be widely
used by the locals as a food ingredient. Macroalgae
contain compounds that tend to be high: up to 60%
carbohydrates, 10 — 47% protein, 1 — 3% low-fat content,
and 7 — 38% various kinds of minerals (Dominguez &
Loret, 2019). One that has been utilized is the macroalgae
Ulva lactuca L. Hudaifah et al. (2020) stated that Ulva
lactuca L. sampled from Banyuwangi coastal area in
Indonesian waters showed the presence of alkaloids,
flavonoids, saponins, triterpenoids, and tannins which
play an active role in counteracting free radicals. Ulva
lactuca is known to act as an antibacterial, antifungal,
anti-inflammatory, antiviral, and antioxidant because of
its bioactive compound content (Ktari, 2017). Jatmiko et
al. (2019) stated that the mineral composition in Ulva sp.
sampling results at the Sepanjang Beach of Gunungkidul
include Na, Mg, S, Cl, K, Ca, I, and Fe. Rasyid (2017) at
Santolo Pameungpeuk Beach, Garut, West Java, shows
that the nutrient content in Ulva lactuca is ash content,
protein, fat, carbohydrates, fiber, vitamins A, B1, B2, and
mineral Ca, Fe, K, F.

Measurements of heavy metals that had been carried out
previously in 2021 showed that sample Ulva lactuca from
Ngrumput Beach, Gunungkidul, contained Cd, Pb, and
Hg contamination which exceeded safe limits according
to Badan Pengawas Obat dan Makanan (BPOM) Number

9 of 2022 concerning Requirements for Heavy Metal
Contamination in Processed Foods (Table 2). Exposure to
heavy metals in the body accumulates and increases free
radicals, which can trigger the formation of reactive
oxygen species. Exposure to heavy metals in the body will
mainly accumulate in the liver and kidneys (Ezedom et al.,
2020). Heavy metal is widely used in industry and does
not have a physiological function in the body, so its
presence in the body can trigger damage at the cellular
level or more and disrupt metabolic activity (Chen et al.,
2018). Consuming Ulva lactuca with heavy metal
contamination could result in  nephrotoxicity.
Nephrotoxicity is a toxic effect on the kidneys due to toxic
agents and chemical compounds such as heavy metals and
drugs (Sukmawati et al., 2022). This encourages efforts
to decontaminate Ulva lactuca using sequestrants and is
expected to have the potential as a nephroprotector.

Previous studies on Ulva lactuca L. have been carried out
since 2019 by the teams. Ulva lactuca L. sampled from
Drini Beach, Gunungkidul in 2019 was tested and found
to be contaminated with the heavy metal cadmium. This
research studied the effect of cadmium-contaminated
Ulva lactuca L. on the physiological profile of albino rats
(Rattus norvegicus Berkenhout, 1769). The research
continued by seeking the decontamination of heavy
metals using several types of citric acid liquids, such as
bilimbi juice and lime juice. The results showed that
decontamination using bilimbi juice was most effective
for reducing contaminant levels in Ulva lactuca L. used
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as an indicator of kidney function in the excretory system
can be observed in the levels of creatinine and Blood Urea
Nitrogen (BUN) in the blood serum.

Bilimbi (Averrhoa bilimbi) is a fruit with many benefits,
but it is still not widely cultivated. Hudaya (2010) in his
research used bilimbi juice with a concentration of 15%
for 60 minutes on green mussels (Perna viridis) and
succeeded in reducing cadmium levels by 94.73%.
According to that result, our study used a sequestrant of
bilimbi (Averrhoa bilimbi) juice at a concentration of 15%
(v/v) for 60 minutes to reduce the levels of heavy metal
(Cd, Pb, Hg) contaminants in Ulva lactuca. Bilimbi juice
is known to contain citric acid, which will bind to metals,
causing metals to lose their ionic properties and reduce
the level of toxicity of these metals (Ondu & Jayadipraja,
2019). Citric acid has —COOH and —OH functional groups,
which will form complex compounds with heavy metals
in the form of citrate salts (Olsson, 2013). This will
increase the solubility and mobility of heavy metals,
decreasing their concentration and toxicity (Zou et al.,
2019).

Based on this background, it is necessary to carry out
research aimed at evaluating the results of heavy metal
decontamination, as well as the nephroprotector potential
of Ulva lactuca in female Wistar rats (Rattus norvegicus
Berkenhout, 1769). The investigation assessed creatinine
levels, Blood Urea Nitrogen levels (BUN), and rat kidney
histopathology. Decontaminated Ulva lactuca is expected
to have a good effect on kidney function and to be further
developed as a functional and healthy food ingredient.

MATERIALS AND METHOD

This research was conducted under the Ethical Clearance
certificate number 00020/04/LPPT/VI11/2022, issued by
The Integrated Research and Testing Laboratory (LPPT)
Universitas Gadjah Mada. This research was carried out
from May 2022 to April 2023 after ethical clearance was
issued.

Bilimbi Juice Preparation
Bilimbi juice (15% v/v concentration) was obtained by
squeezing Averrhoa bilimbi. Then, 15 mL was poured

into a 100 mL volumetric flask, distilled water was added
up to the mark, and it was homogenized.

Ulva lactuca Preparation

Ulva lactuca L. samples were taken in 2021 from the
intertidal zone of Ngrumput Beach, Gunungkidul, DI
Yogyakarta. Samples were divided into two groups. The
first group consisted of Ulva lactuca, which was cleansed
using distilled water. The second group consisted of Ulva
lactuca, cleansed using distilled water and soaked in
bilimbi (Averrhoa bilimbi) juice with a 15% (v/v)
concentration for 60 minutes. Samples were dried in an
incubator for 3 —7 days at 40 —45 °C. Dried samples were
then ground into flour and the heavy metal (Cd, Pb, Hg)
content was measured (Mulyati et al., 2021). The final
result was obtained from Ulva lactuca flour which was
then strained using 60 mesh strainer.

Animal Treatment

Twelve 10-week-old female Wistar rats (Rattus
norvegicus Berkenhout, 1769) with a body weight of
150-200 g obtained from the Faculty of Pharmacy,
Universitas Gadjah Mada, were used as animal models.
Animals were kept in the Animal House facility, Faculty
of Biology, Universitas Gadjah Mada, and acclimatized
for 7 days. Animals were kept in plastic cages 44 x 35 x
50 cm? with iron lids, fed AD-I1 pellets, drinking mineral
water (Aqua®) ad libitum, and bedding made of shaved
wood. Experimental animals were maintained at 22—
26 °C and an average humidity of 60-70%. Twelve rats
were randomly divided into 3 groups: Group | (control
rats given distilled water 1.5 mL/day), Group Il treated
with natural Ulva lactuca (1000 mg/Kg BW/day), and
Group 11 treated with heavy metal decontaminated Ulva
lactuca (1000 mg/Kg BW/day). Ulva lactuca flour was
suspended in 1.5 mL of distilled water and administered
to the rats orally for 30 days. After the treatment, blood
was taken, the rats were euthanized to collect their kidney
organs, and histopathological preparations were made.

Blood Collections
Blood samples were collected from the orbital sinuses of
rats on Do and Dss after the rats were fasted for 6 — 8 hours.

Table 1. Tissue damage criteria for histopathological assessment
of the Wistar kidneys (Rattus norvegicus Berkenhout
1769) treated with Ulva lactuca L.

Z
o

Tissue Damage Criteria

Tubular lumen dilatation

Degeneration
Hyperplasia

0O ~NOoO Ok WN -

Hemorrhage

Accumulation of cell debris in the lumen
Tubular lumen vacuolization
Widening of Bowman's space

Loss of the proximal tubule brush border
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Table 2. Measurement result of heavy metal levels (Cd, Pb, and Hg) in Ulva lactuca L. from
Ngrumput Beach, Gunungkidul, Yogyakarta

Natural Decontaminated Decrease Threshold
Heavy Metal U. lactuca (mg/Kg Ulva
. U. lactuca Percentage )
Testing (mg/Kg Ulva (mg/Kg Ulva powder) (%) powder; BPOM,
powder) g’kg P 0 2022)
Cadmium (Cd) <0.008 <0.008 - 0.05
Lead (Pb) 0.186 0.137 26.3 0.20
Mercury (Hg) 0.400 0.260 35.0 0.03

rats were anesthetized using Ketamine (KTM-HCI®) and
Xylazine (Holland®) in a cocktail (0.1 mL/100 g BW).
Blood samples were stored in a 1 mL microtube that had
been added with EDTA to prevent coagulation for
approximately 60 minutes. Blood samples were sent using
a cooling box to The Integrated Research and Testing
Laboratory (LPPT) Universitas Gadjah Mada for BUN
and creatinine level analysis.

BUN and Creatinine Analysis

Blood Urea Nitrogen (BUN) levels in the blood serum
were determined using the Urease-GLDH UV Kinetic
method meanwhile, serum creatinine levels were
determined using the Alkaline Picrate UV Kinetic method
based on its protocol (Key Performance Indicators) by
LPPT UGM Unit II.

Histopathological Examination

Kidney histopathology was observed at the Laboratory of
Animal Structure Development, Faculty of Biology,
Universitas Gadjah Mada, by paraffin method. Sections
of 5 pm thickness were cut and stained using
Hematoxylin-Eosin stain. Each treatment group was
observed in 6 visual fields, including glomeruli and
kidney tubules. Slides were observed under a light
microscope (Leica Microsystem®) with a magnification
of 10 x 6.5, then continued 40 x 6.5 with the zig-zag
method in each field of view. Slides were photographed

using a Leica LAS EZ (Leica Microsystem®) and
histopathological assessment was carried out. The
observed damage criteria are in accordance with Table 1
according to the scoring method of Qodar et al. (2019).

Statistical Analysis

The research data obtained were BUN, creatinine, and
kidney histopathology scoring. BUN and creatinine levels
were then arranged in tables and calculated. Data were
tested for normality using the Shapiro-Wilk test. The
normally distributed data was followed by a One-Way
ANOVA (Analysis of Variance) statistical test and
Duncan's post hoc test with alpha = 5%. The histological
structure of rat kidneys was analyzed comparatively, and
histopathological scoring was carried out by the binary
scoring method. Binary scoring is presented in a tabular
form containing the criteria for damage in each group.

RESULT AND DISCUSSION

Ulva lactuca Decontamination

Decontamination using bilimbi (Averrhoa bilimbi) juice
has succeeded in reducing the levels of heavy metals Cd,
Pb, and Hg in Ulva lactuca (Table 2). Hg levels are still
relatively high and exceed the maximum limit according
to BPOM (2022), but Cd and Pb levels are within safe
limits. Table 2 shows that the heavy metals

Table 3. Blood Urea Nitrogen (BUN) levels of albino Wistar rats (Rattus norvegicus Berkenhout,
1769) before and after treatment with Ulva lactuca L.

BUN Dg BUN Dz

Group (mg/dL) (mg/dL)
(Mean £ SD) (Mean £ SD)
I 14.92 + 3.04° 16.04 + 2.982
1 16.47 +£1.932 16.49 + 3.30?
Il 14.96 + 3.95% 17.17 + 3.98%

Note: (a) Numbers followed by the same letter (notation) show no significant difference (p > 0.05) in one
column (between treatment groups). I: Control; I1: Natural Ulva lactuca L. (samples were washed with distilled

water); 111: Heavy metal decontaminated Ulva lactuca L.

(samples were washed with distilled water and soaked

in bilimbi juice with 15% concentration for 60 minutes); Do: Day 0; Dss: Day 33.
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Table 4. Creatinine levels of albino Wistar rats (Rattus norvegicus Berkenhout, 1769)
before and after treatment with Ulva lactuca L.

Creatinine Do

Creatinine D33

Group (mg/dL) (mg/dL)
(Mean £ SD) (Mean £ SD)
I 0.23+£0.13? 0.44 +£0.07°
I 0.25 £ 0.06? 0.38 + 0.03®
i 0.16 £ 0.09? 0.31 £0.082

Note: Numbers followed by different letters (notation) indicate that there is a significant difference
(p <0.05) in one column (between treatment groups). I: Control; 11: Natural Ulva lactuca L. (samples
were washed with distilled water); I11: Heavy metal decontaminated Ulva lactuca L. (samples were
washed with distilled water and soaked in bilimbi juice with 15% concentration for 60 minutes); Do:

Day 0; Ds3: Day 33.

decontamination process using bilimbi juice with a
concentration of 15% (v/v) for 60 minutes can reduce
heavy metals. These findings were in accordance with the
research by Hudaya (2010).

According to Nurhayati and Navianti (2017), bilimbi
juice can be used as a sequestrant. This food additive can
bind polyvalent metal ions to form complex bonds,
thereby reducing the harmful effects of the heavy metals
contained. Even though there has been a decrease in
heavy metal levels, their presence in Ulva lactuca has not
completely disappeared, so it is possible to influence the
physiology of the animals.

BUN Levels

BUN levels were tested to determine the amount of
nitrogen in blood urea. BUN is a byproduct of protein
metabolism which will be excreted through the kidneys.
Pre-test (Do) and post-test (Dss) BUN levels were
measured to determine the initial and final conditions of
rat kidney function to provide an overview of the effect of
the treatment given. The examination was carried out at
LPPT Unit Il UGM on the same day as the blood
collection. The results of BUN levels in rat blood serum
are shown in Table 3.

According to Sica (2017), the normal BUN level of
female Wistar rats is 9.71 — 16.91 mg/dL, and according
to Angrella et al. (2020) is 8.0 — 33.0 mg/dL. Table 3
shows that BUN levels for all groups before and after
treatment were in the normal range. This indicated that
the rats used in the study were in good health and had
normal activities. Statistical analysis showed that the
results were not significantly different between treatments
(p>0.05). Group | (control) experienced an average
increase in BUN levels after 30 days of treatment, but still
within the normal range. An increase in BUN levels can
occur, which is influenced by the eating, drinking, and age
of the rats during the study. The average BUN levels in
the Group Il (natural Ulva lactuca) before and after
treatment were higher than the control group. However,
the average BUN levels in the Group Il were within the

normal range despite increasing after treatment. This
shows that treatment for 30 days using natural Ulva
lactuca flour has not significantly affected changes in rat
kidney function. The bioactive components contained in
natural Ulva lactuca flour are known not to interfere with
kidney function, so BUN levels will tend to be more stable.
Natural Ulva lactuca contains phenolic compounds,
chlorophyll, and carotene, which act as free radical
scavengers in the body (Dominguez & Loret, 2019).

The average BUN levels in the Group 111 (decontaminated
Ulva lactuca) showed no significant difference to Group
I and Group Il. However, BUN levels for the Group IlI
experienced the highest increase. The increase in BUN
levels, which was quite high, indicated that treatment with
decontaminated Ulva lactuca had an effect on the rat
kidneys but did not interfere with kidney function, so the
increase was not significant. Ulva lactuca has a very high
protein content. BUN is a kidney function test biomarker
indicating the excretion of urea as the end product of
proteolysis in the liver. The increase in BUN levels can
be influenced by the intake of high-protein nutrients,
which will then increase the levels of urea formed
(Laksmi et al., 2014). A decrease or a slight increase in
trend may occur due to the mechanism of the urea cycle
in the liver. The results can also be caused by other factors,
such as dehydration and urinary tract disorders, so BUN
levels increase during the treatment period.

Creatinine Levels

Creatinine is a by-product of muscle contraction activity.
The creatinine formed is then filtered through the kidneys
and excreted through the urine as a result of renal
excretion (Fitria et al., 2019). Increases in creatinine
levels in blood and urine are used as indicators of
glomerular filtration rate. According to Sica (2017), the
normal creatinine level of female Wistar rats is 0.11-0.62
mg/dL. The results of creatinine levels in rat blood serum
are shown in Table 4.

Statistical analysis for creatinine levels on Do showed that
the results were not significantly different between
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Figure 1. Treatment of natural and heavy metal decontaminated Ulva lactuca L. in albino Wistar rats (Rattus norvegicus
Berkenhout, 1769) for 30 days orally caused loss of brush border (1), cell degeneration in the form of necrosis
(2), and widening of the lumen (3) in the proximal tubule. Observations were made using a light microscope
at 40 x 6.5 magnification scale: 50 um, HE staining. Note: glomerulus (G), proximal convoluted tubule (P),
distal convoluted tubule (D), control group (a), natural Ulva lactuca group (b), and heavy metal

decontaminated Ulva lactuca group (c).

treatments (p > 0.05). Group | (control) experienced the
highest average increase in creatinine levels after 30 days
of treatment. Despite experiencing a high increase, Group
I creatinine levels were still within the normal range. The
average creatinine level of Group Il (natural Ulva lactuca)
before treatment was slightly higher than the Group I. The
creatinine level of Group Il experienced an increase not
as much as that of Group I, so the average levels after
treatment were lower than the Group I. Although it
experienced an increase, the treatment with natural Ulva
lactuca tended not to be high compared to the control
group and was still in the normal range. It can be assumed
that the treatment does not interfere with kidney function,

especially the filtration process in the kidney's glomerulus.

The average creatinine levels in  Group Il
(decontaminated Ulva lactuca) showed significantly

different results from the Group I (control). The creatinine
levels in the Group Ill before and after treatment were
below the control group but showed a high increase in
creatinine levels, approaching the control group. Kazak
and Cohen (2020) stated that the increase in creatinine
levels could be influenced by the rat's daily activities, so
it increased muscle metabolism along with the filtration
process in the rat kidney glomeruli. Fitria et al. (2019)
explained that creatinine levels in female rats increase
with age and hormonal influences. According to Balali-
Mood et al. (2021), mercury and lead can be inhibitors of
the enzymes GSH (Glutathione), CAT (Catalase), and
SOD (Superoxide Dismutase), which act as natural
antioxidants in the body. Mercury can be deposited in the
brain as a heavy metal, causing cognitive and nervous
disorders. Paduraru et al. (2022) explained that mercury
toxicity causes a weakening of the motor system and a
decrease in motor skills. This indicates that treatment with
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Figure 2. Treatment of natural and heavy metal decontaminated Ulva lactuca L. in albino Wistar rats (Rattus norvegicus
Berkenhout, 1769) for 30 days orally caused vacuolization of the tubular lumen (1) and accumulation of cell debris
in the tubular lumen (2). Observations were made using a light microscope at 40 x 6.5 magnification scale: 50 pm,
HE staining. Note: glomerulus (G), proximal convoluted tubule (P), distal convoluted tubule (D), control group
(a), natural Ulva lactuca group (b), and heavy metal decontaminated Ulva lactuca group (c).

natural Ulva lactuca, which still contains Hg
contaminants exceeding the threshold and high enough Pb,
may affect the motor system in white rats so that their
activity becomes lower. The increase in creatinine levels
in Group 1 was still within the normal range for Wistar
rats. This shows that although there was a relatively high
increase, the Ulva lactuca decontamination treatment did
not interfere with rat kidney function.

Histopathological Findings

Histopathological slides of the rat kidneys were observed
in a comparative descriptive and analyzed using the
binary scoring method. The binary scoring method was
used to determine the presence of kidney damage in rats
according to predetermined damage criteria (Gibson-
Corley et al., 2013). Observation of kidney histology was
carried out on the part of the kidney cortex containing the
glomeruli and kidney tubules of rats treated with Ulva

lactuca L. Observations were made by describing the
comparison between the Group | (control), Group Il
(natural Ulva lactuca), and Group Il (decontaminated
Ulva lactuca) (Figure 1 & Figure 2).

The process of filtration in the kidney’s excretory system
occurs in the glomerulus. Bowman's capsule is a
glomerular sheath composed of single layers of squamous
epithelial cells. According to Zainuddin et al. (2023), an
increase in the kidney’s workload can trigger dilation of
the glomerulus and Bowman's capsule. Histopathological
observations in this study showed no widening of
Bowman's capsule. This indicates that treatment with
natural or decontaminated Ulva lactuca L. did not cause
structural damage to the glomerulus and Bowman's
capsule in the kidneys of albino Wistar rats.

According to Lagho et al. (2017), the proximal tubule is
the part of the kidney that most often experiences damage

IFNP, Vol 20. No 1(2023)



Indonesian Food and Nutrition Progress

Research Article 7

Table 5. Kidney histopathological scoring of albino Wistar rats (Rattus norvegicus Berkenhout,

1769) with Ulva lactuca L.

Tissue Damage Group
I 1 i
Tubular lumen dilatation Y \% \Y;
Accumulation of cell debris in the lumen Y \% \%
Tubular lumen vacuolization - \% -
Degeneration v Y Y
Missing brush borders % % v

Note: (a) Sign (v) indicates damage on histopathological observation, whereas (-) indicates no damage
on histopathological observation (b) I: Control, I1: Natural Ulva lactuca L. (sample were washed with
distilled water), I11: Heavy metal decontamination Ulva lactuca L. (sample were washed with distilled
water and soaked in bilimbi juice with 15% concentration for 60 minutes).

and degeneration due to exposure to nephrotoxic
substances. Based on histopathological observations,
Group Il and 111 experienced cell degeneration in the form
of cell necrosis (Figure 1.). Several proximal tubules in
Group Il showed nuclear epithelial cell pyknosis and loss
of the brush border. This is in accordance with research
by Rana et al. (2018), which stated that Pb and Hg
accumulated most in the proximal tubules so that they
could cause damage of histological structures. According
to Qadar et al. (2019), disturbances in the glomerular
filtration process will cause the filtration rate to decrease
so that the work of the kidney tubular cells in the excretion
process becomes heavier. The disturbance will cause
tubular cells to die so that the lumen looks widened and
leaves cells or necrotic debris in the lumen. The proximal
tubules of all groups were damaged in the form of a
widening of the lumen, which also showed loss of the
brush border, microvilli which plays a role in helping the
process of absorbing excess fluid (Permana et al., 2022).
The loss of the brush border indicates a disturbance in the
absorption process, which can be caused by heavy metals
so that the lumen becomes wider.

Another damage seen in the histological structure of
Group Il is the vacuolization of the tubular lumen. Dewi
et al. (2013) explained that vacuolization of the tubular
lumen can occur because there are fat deposits in the
tubular lumen to form vacuoles. The study also stated that
vacuolization and increased exposure to chemicals or
compounds toxic to the Kkidneys occur. Cell
morphological changes due to injury are referred to as cell
degeneration. Cell degeneration is seen by swelling of the
cytoplasm due to cell injury caused by chemicals.
Degeneration can be reversible or irreversible. According
to Qadar et al. (2019), necrosis is included in cell
degeneration, including cell swelling, pyknosis of cell
nuclei, karyorrhexis, and karyolysis. In Group II, cell
degeneration was found in the form of fat degeneration
and necrosis.

Based on histopathological observations, it was found that
there was some damage in all groups (Table 5). Table 5
shows the histological damage to the kidneys of female

albino Wistar rats after being treated with Ulva lactuca L.
orally for 30 days. Based on the table, it is known that
damage in the form of widening of the tubular lumen,
accumulation of debris cells in the lumen, cell
degeneration, and loss of the brush border occurred in all
groups. The tubular lumen vacuolation was only found in
Group Il. Based on observations, there was no widening
of Bowman's space, hyperplasia, and hemorrhage in all
groups.

The damage criteria used in the scoring process were
dilatation of the tubular lumen, accumulation of cell
debris in the lumen, vacuolization of the tubular lumen,
widening of Bowman's space, degeneration, hyperplasia,
loss of the proximal tubular brush border, and hemorrhage.
This damage criterion refers to Qodar et al. (2019)
regarding histopathological observations of the kidneys of
Wistar rats induced by diazinon after being given soy
flour. Qodar et al. (2019) observed the damage and
carried out a histopathological assessment using the
ordinal method. As for this study, histopathological
scoring was carried out using the binary method to
determine the presence of damage in each replication.
This research has limitations in knowing the percentage
of severity for each damage criterion, so binary scoring is
done to determine the distribution of whether there is
damage in each group.

CONCLUSION

Decontamination using bilimbi (Averrhoa bilimbi) juice
concentration of 15% (v/v) for 60 minutes has succeeded
in reducing the levels of heavy metals Cd, Pb, and Hg in
Ulva lactuca L. Natural and heavy metal decontaminated
Ulva lactuca L. administration did not interfere with
kidney function as indicated by BUN and creatinine levels
within the normal range. Heavy metal decontaminated
Ulva lactuca L. at a dose of 1000 mg/Kg BWi/day
exhibited improved kidney histopathology, suggesting its
potential as a nephroprotector. However, the level of
effectiveness of the bilimbi juice concentration in this
study is not fully known, so further research is needed
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with various concentrations and soaking times of the
bilimbi juice as a sequestrant. Further research is needed
to explore the heavy metal decontaminated Ulva lactuca’s
broader applications in promoting kidney health and as a
healthy food ingredient.
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