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Abstract

The main aim of the registered purple sweet potato (Ipomoea batatas) is to provide minimize the adverse chemical
drugs, in addition to its anti-inflammatory, antioxidant, and antimicrobial effects. Potentially adverse effects
may be observed in laboratory animals in particular, the extent to which this administration can cause toxicity.
This study aimed to examine the histopathology of nephrotoxicity associated with administered water extracts of
purple sweet potato in mice with stratified doses. The study was conducted at the Biomedical Laboratory, Faculty
of Medicine, Universitas Islam Bandung on September 2019. Female mice (Mus musculus) strain Swiss Webster,
aged between 6—8 weeks weighing 25 to 30 g, were obtained from Biopharma Laboratory, Bandung. The animal was
acclimatized for seven days before being administered water extract purple sweet potato: eleven mice, one control
group, and ten treatment groups underwent toxicity doses of purple sweet potato water extract administration.
Purple sweet potato variant of Ayamurasaki prepared in various oral doses. The results show in the control group
there were no histopathological changes, but in the group administered water extract purple sweet potato from the
first phase seems in a mild grade of macrophage accumulation, mild vacuolization of tubular epithelial cells, mild
vascular dilatation, and mild hydrophilic degeneration. In the second phase, macrophage accumulation was visible
in moderate grades. The LD50 of purple sweet potato extract is greater than 5,000 mg/kgBW. The findings of this
study indicate that registration of purple sweet potato extract in confirmatory doses is safe to administer and did
not exhibit any mortality. The toxicity test of purple sweet potato water extracts in the kidney exhibits minimal
chemical effects.
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Introduction

The kidneys are responsible for maintaining
the body's internal environment's homeostasis,
which includes water, electrolyte, nitrogen, and
acid-base balances. The kidney is commonly
involved in the negative consequences of
exogenous chemicals, such as medications.
The use of drugs in therapy has the potential to
induce direct toxicity. Despite this, drug-induced
nephrotoxicity has been linked to substantial side
effects, with antimicrobials accounting for one-
third of the cases.! Proving the role of causation
in drug-induced kidney disease is complex
because it necessitates an understanding of the
drug's biological relevance, mechanism of injury,
duration, and evaluation of competing risk
factors. These phenotypes provide a standardized

framework for doctors, researchers, industry,
and regulatory authorities to evaluate medication
nephrotoxicity in a variety of situations.? To
eliminate the side effects of utilizing medications,
natural components, or medicinal plants can
be used to decrease negative responses that
can lead to kidney disorder. Medicinal plants
are often better tolerated than synthetic drugs,
according to a review of clinical data on adverse
effects. However, major adverse effects, such as
herbal-drug combinations, should be taken into
account.?

Medicinal plants have been used in various
countries for years and have contributed
significantly to the treatment system,*
particularly in Indonesia. Plants with medicinal
characteristics are useful in herbal therapies
and can be used to treat a variety of disorders
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due to phytoconstituents. Phytochemicals are
natural chemical components found in variable
concentrations in plant sections (leaves,
trunks, and roots) that act as disease defense
mechanisms. Purple sweet potatoes, scientifically
known as Ipomoea batatas L., were one of the
first plants utilized by traditional healers to treat
a range of diseases.’

Ipomoea batatas L., contain a high
concentration of carbs, fiber, vitamins, and
minerals, alsoflavonoidand phenoliccompound.®”
Four anthocyanins derived from peonidin and
three anthocyanins derived from cyanidin were
found to contribute significantly to antioxidant
activity.® Biological activities of ipomoea consist
of anticancer, anti-diabetic, anti-inflammatory,
antibacterial, and hepatoprotective abilities.?

In the evolution of the existing therapeutic
system, the perspective of ethnopharmacological
research, and drug development from natural
sources have played a significant role. Medicinal
plant ethnopharmacology needs to be studied
more thoroughly before it can be used as a
treatment. The majority of natural sources
with active chemicals employed today have
ethnomedical applications. Ethnopharmacology
expertise can be valuable to discover and create
new ideas, safe, and economical medications.°

The ability to identify these effects early on
is critical for allowing novel, safe medications to
enter the market. Acute toxicity is defined as an
unwanted consequence that occurs immediately
or within a certain period after single or multiple
doses of the chemical within 24 hours. Toxicity
tests, on the other hand, are required to determine
the efficacy of natural treatments. This study was
to evaluate the histopathology of nephrotoxicity-
associated administered water extracts of purple
sweet potato in mice with stratified doses.

Methods

The purple sweet potato (Ipomoea batatas)
variant of Ayamurasaki has gone through a
plant determination process at the Herbarium
Laboratory of a School of Life Science and
Technology, Institut Teknologi Bandung last
2018 (2839/I1.CO2.2/PL/2018). Purple sweet
potato water extraction using cold maceration
method in aqua dest for 48 hours, filtered and
evaporated. This aqueous extract is then prepared
in various oral doses.'12

Female mice (Mus musculus) strain Swiss

Webster, aged between 6—8 weeks weighing 25 to
30 g, were obtained from Biopharma Laboratory,
Bandung. The study was conducted at the
Biomedical Laboratory, Faculty of Medicine,
Universitas Islam Bandung on September 2019.
The animal was acclimatized for seven days
before being administered water extract sweet
potato: eleven mice, one control group, and ten
treatment groups that underwent toxicity dose of
purple sweet potato water extract administration.
This method was following the used by Chinedu
et al.® Animal models were separated into three
phases and one confirmation phase, with the
results of each phase determining the next step to
be taken (i.e., whether to end the process or move
on to the next step). The first stage consists of four
mice, which are separated into four groups of one
animal each. In stage two, three mice are divided
into three groups of one animal each. Stage three
also involves three mice, which must be divided
into three groups of one animal each. Each group
in each step gave varying doses of the test material
to the various animals. The animals should be
evaluated for 1 hour after administration, Then,
for the next 24 hours, 10 minutes every 2 hours.
Toxicity-related behavioral signs and mortality
should be recorded. If no mortality is detected at
this phase, research testing should proceed to the
next. The final stage is the confirmatory stage, in
which if mortality was observed at a given dose
in any of the previous stages, To ensure that the
substrate material was the cause of such deaths, a
confirmatory test should be undertaken.

The doses of each group of phases are
documented in Table 1. Histopathological
assessments by kidney biopsy were previously
anesthetized using 10 mg/kg body weight of
ketamine given intramuscularly. The paraffin-
embedded fixed kidney tissue was dehydrated in
successive grades of ethanol. Hematoxylin-eosin
(HE) staining was used on kidney tissue blocks cut
into 4-um sections. Macrophage accumulation,
vacuolization of tubular epithelial cells, vascular
dilatation, and hydrophilic degeneration were
graded as follows: no damage (- or 0), mild (+ or
1, unicellular, patchy isolated damage), moderate
(+ or 2, damage <25%), severe (++ or 3, damage
25% to 50%), and very severe (+++ or 4, damage
>50%).* The histopathological analyses were
performed by a pathologist. The data were
analyzed using Microsoft 365.

To minimize animal suffering, all experimental
procedures involving animals were carried out by
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Table 1 Doses of Each Group of Stages in

This Study
Dose (mg/kgBW)
Phase Group Group Group Group
1 2 3 4
1 50 200 400 800
2 1,000 1,500 2,000
3 3,000 4,000 5,000

Note: LD5o=maximum dose of no mortality+minimum dose
of mortality/2

the ARRIVE guidelines 2.0 for the care and use
of laboratory animals.'> This study was approved
by the Health Research Ethics Committee of the
Universitas Islam Bandung with Ethical Approval
Number: 110/KEPK-Unisba/XI/2020.

Results

In the control group there were differences in
macrophage accumulation, tubular epithelial
cell vacuolization, vascular dilatation, and
hydrophilic degeneration with the treatment
group at the start of the first phase (Table 2).
However, at the start of the second phase,

macrophage accumulation was visible in
moderate grades (Table 3). These indicates
whether or not there is acute kidney injury. The
histological examination revealed no differences
in tissue damage between the right and left
kidneys (Table 2, Table 3, and Table 4).

Kidney histopathology shown in the control
group showed normal renal cortex, relatively
healthy glomerulus, no accumulation of
macrophages, dilated blood vessels, epithelial
vacuolization, and degeneration. The treatment
group showed histologic changes. Changes in
kidney structure in the form of accumulation
of macrophages range from mild to moderate
grades. Macrophage accumulation with a positive
value of 2/moderate was found starting at the
beginning of the second phase of the treatment
group (Figure). Necrotic conditions were not
found in all control and treatment groups.

Discussion

This preclinical study provides continued
evidence that nephrotoxicity is caused by the
high dose of water extract purple sweet potato
(Ipomoea batatas). Importantly in our model,
in the confirmatory phase, 5,000 mg/kg body

Table 2 Histopathological Grade Change in the First Phase

. . 50 200 400 800
Histopathological Changes S/D S/D S/D S/D S/D
Macrophage accumulation -/- +/+ +/+ +/+ +/+
Vacuolization of tubular epithelial cells -/- +/+ +/+ +/+ +/+
Vascular dilatation -/- +/+ +/+ +/+ +/+
Hydrophilic degeneration -/- +/+ +/+ +/+ +/+

Note: S: sinistra; D: dextra; no damage (- or 0), mild (+ or 1, unicellular, patchy isolated damage), moderate (+ or 2, damage
<25%), severe (++ or 3, damage 25% to 50%), and very severe (+++ or 4, damage >50%). severe (++ or 3, damage between 25 and

50%), and very severe (+++ or 4, damage >50%)

Table 3 Histopathological Grade Change in the Second Phase

. . 1,000 1,500 2,000
Histopathological Changes S/D S/D S/D
Macrophage accumulation ++/++ ++/++ ++/++
Vacuolization of tubular epithelial cells +/+ +/+ +/+
Vascular dilatation +/+ +/+ +/+
Hydrophilic degeneration +/+ +/+ +/+

Note: S: sinistra; D: dextra; no damage (- or 0), mild (+ or 1, unicellular, patchy isolated damage), moderate (+ or 2, damage
<25%), severe (++ or 3, damage 25% to 50%), and very severe (+++ or 4, damage >50%). severe (++ or 3, damage between 25 and

50%), and very severe (+++ or 4, damage >50%)
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Table 4 Histopathological Grade Change in the Third Phase

. . 3,000 4,000 5,000
Histopathological Changes /D S/D S/D
Macrophage accumulation ++/++ ++/++ ++/++
Vacuolization of tubular epithelial cells +/++ +/+ +/+
Vascular dilatation +/+ +/+ +/+
Hydrophilic degeneration +/+ +/+ +/+

Note: S: sinistra; D: dextra; no damage (- or 0), mild (+ or 1, unicellular, patchy isolated damage), moderate (+ or 2, damage
<25%), severe (++ or 3, damage 25% to 50%), and very severe (+++ or 4, damage >50%). severe (++ or 3, damage between 25 and
50%), and very severe (+++ or 4, damage >50%)

ey
Light micrographs of the kidney sections based on histopathological changes among a group with HE staining.
(A) Control group (100x). (B) The initial first phase (100x). (C) The last first phase (400x). (D, E) The second phase
(400x). (F, G) The initial third phase (400x); (H) The last third phase (400x). The star (k) macrophage accumulation,
the triangle (A) vacuolization of tubular epithelial cells, the arrow (mm) vascular dilatation, and the circle (@)

hydrophilic degeneration

weight no mortality occurs. Purple sweet potato
has a high anthocyanin content compared to
other sweet potato variants. Purple sweet potato
contains several phytochemical substances
such as saponins, alkaloids, flavonoids, tannins,
triterpenoids, and quinones which are proven
to have various benefits and are widely used.
However, its absorption into the systemic
circulation may cause toxicity. The toxicity of
purple sweet potato is generally indicated by an
increase in the accumulation of macrophages to
necrosis.

The results of the study and histopathological
observations of mice's kidneys after being given
purple sweet potato with 3 phases dose of toxicity
test showed that there was an accumulation of
macrophage in mild to moderate in all treatment
groups. Giving a dose of 50 started to cause mild
macrophage accumulation, vacuolization of

tubular epithelial cells, vascular dilatation, and
hydrophilic degeneration. This occurs due to toxic
doses of purple sweet potato that accumulate in
the kidneys, causing tubular epithelial cells and
capillary endothelial cells to undergo oxidative
injury from excessive reactive oxygen species
(ROS) formation so that tubular epithelial cells
are damaged and become inflamed.
Histopathological changes involve complex
interactions between Kidney hemodynamics,
tubular and endothelial cell damage, and the
inflammatory process are all factors to consider.
There is increasing evidence supporting the role
of impaired kidney vascular function, especially
at the microvascular level, in the initiation and
progression of early tubular damage. Cell injury
and vascular endothelial cell dysfunction play
important roles in this phase of the toxicity
test. Endothelial cells lose their ability to
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control systemic vascular resistance, perfusion,
permeability, inflammation, and adhesion. The
loss of this regulating function has a negative
impact on kidney function.'*

Research conducted by Kim et al.**looked at the
effect of giving povidone-iodine which is widely
used as an antiseptic on toxicity which was seen
in the microscopic picture of the kidney showing
tubular atrophy, various casts (erythrocytes,
leukocytes, and epithelial cell casts) in the distal
tubule, and inflammatory cell infiltration in the
interstitium. The administration of purple sweet
potato supplementation in Wistar rats induced
by gentamicin showed more regeneration of
kidney tubular epithelial cells than Wistar
rats without purple sweet potato extract
supplementation.

Purple sweet potato is good to be consumed
as an alternative therapy because it has many
beneficial phytopharmaceuticals from the
safe dosage. Anthocyanin purple sweet potato
(APSP) contains antioxidant and anti-apoptotic
properties, as well as the ability to regulate
the c-Jun N-terminal kinase (JNK) signaling
pathway, making it a potential treatment for
reducinglead (Pb)-caused reproductive damage.*
Ipomoea batatas have been shown to protect the
liver from alcohol-induced hepatotoxicity and
fatty liver disease.® Sweet potato root extracts
contain anthocyanins and flavonoids, which have
anticancer potential against breast cancer cell
lines.?* Research on the consumption of sweet
potatoes has been done quite a lot and the results
are good. In rats fed a high-cholesterol diet, a
combination of purple sweet potato tuber water
extract and honey can keep lipid profiles and
MDA in the normal range.?* Medicinal plants can
induce kidney injury by causing mild interstitial
inflammation with vascular congestion, moderate
inflammation, vascular congestion, and severe
inflammation and vascular  congestion.?
Deoxycorticosterone acetate (DOCA-salt) was
combined with purple sweet potato extract
ethanol (EP) to repair kidney injury, decrease
smooth muscle cell proliferation, and reduce
aorta wall thickening.2+

In this study, giving a dose of 5,000 mg/kgBW
can lead to nephrotoxicity or mild acute kidney
injury (AKI, based on the histopathological
description, it is not moderate or severe. Because
the condition of the battery is heavy and medium.
According to several studies, animals model with
moderate and severe AKI experience transitory

unilateral ischemia, which results in histologic
alterations and kidney destruction within both
the mild and severe AKI groups that received
four weeks of treatment. After severe ischemia,
acute tubular damage with casts and loss of
brush boundaries of the tubular epithelium was
substantially more evident than after moderate
ischemia, with the corticomedullary junction
being the most conspicuous. The cortex showed
early shrinkage of single nephrons, as well as
perivascular and interstitial inflammatory cell
infiltration.?

Induction of purple sweet potato caused
histopathological changes, starting from the
accumulation of macrophage, vacuolization
of tubular epithelial cells vascular dilatation
hydrophilic degeneration even at a dose of 5,000
mg/kgBW, the changes that occur are mild, even
at the beginning of the administration of a light
dose, the changes are considered non-existent.

The administration of Ipomoea batatas can
induce mild AKI, and it may become moderate or
even severe with doses of more than 5,000 mg/
kgBW. This is in line with research conducted by
Won et al.® on the administration of cisplatin.
After a single cisplatin treatment, the kidney
showed morphological alterations, including
significant inflammation and degradation in the
proximal and distal tubules. The morphological
alterations, on the other hand, were typically
thought to be minor or non-existent. On day
3, cisplatin-induced kidney impairment was
more severe, with tubular cell death, tubular
vacuolization, and cytoplasm shrinkage in the
proximal tubule. Tubular degradation and severe
necrosis were observed in some tubule parts on
day 5. There were karyorrhectic tubular cells
present, but there were no apparent alterations
in the glomeruli. There were no kidney lesions
in either the vehicle control or the CClg-treated
groups.

AKI is described as a sudden rise in serum
creatinine, a reduction in urine production,
or both. Besides that, AKI can be seen from
the histopathological description, and in this
study, which can induce the occurrence of
early AKI, occurs macrophage accumulation
vacuolization of tubular epithelial cells vascular
dilatation hydrophilic degeneration. Similar
to other research in AKI, certain studies,
that use surfactant proteins A and D play a
function in sepsis-induced acute kidney injury.
Kidney histology in septic but not sham mice
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demonstrates vacuolar degeneration of tubular
cells, flattened tubular cells with tubular lumen
dilatation, and a lack of brush border. The kidney
injury score in septic mice is higher than in wild-
type (WT) mice.?”

This finding along with studies of the
nephroprotective activity of Zizyphus lotus L.
(ZLF) aqueous extract. The rats intoxicated with
gentamicin (GM) had fewer glomeruli cells,
lost tubular cell components, and experienced
vascular congestion, culminating in epithelial
cell atrophy. Furthermore, when compared to
the healthy rats, the vulnerable foe had such a
deformation of the Bowman's space as well as
deformities in the epithelial membrane of the
Bowman's capsule, whereas the healthy rats
had a normal histoarchitecture kidney. The
histoarchitecture of the kidneys is improved in
animals treated with the ZLF extract and injected
with GM when compared to the hazardous group.
Furthermore, this histoarchitecture improvement
is comparable to that of the control group.®

Administering water extract purple sweet
potato can be used as an alternative treatment by
paying attention to the appropriate dose. Further
research needs to be done by increasing the dose
of use that can cause mortality.

Conclusions

Overall, the results obtained in the present study
have shown that the toxicity test of purple sweet
potato water extracts (Ipomoea batatas) in the
kidney exhibits minimal chemical effects, other
than the expected effects as anti-inflammatory,
antioxidant, and antimicrobial effects. The
histopathological appearance of macrophage
accumulation, vacuolization of tubular epithelial
cells, wvascular dilatation, and hydrophilic
degeneration indicate lead to injury, but not
shown mortality.
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