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Abstract | Cancer treatment is still a significant problem because of several side effects that can cause mortality and
morbidity, such as doxorubicin, which is used in the treatment of various types of cancer with several side effects, such
as cardiotoxicity and hematotoxicity. The formation of free radical compounds is likely to mediate this toxicity, so efforts
are needed to avoid these side effects. Picria fel-terrae Lour herb contains various secondary metabolites with many
properties, one of which is antioxidant. This study aims to analyze the activity of ethanol extract of Picria fel~terrae Lour
herb (EEPH) in improving hematology, clinical biochemistry, lactate dehydrogenase (LDH), and superoxide dismutase
(SOD) levels. The test was carried out using doxorubicin-induced and rats divided into five groups, each consisting of
five animals: control, quercetin 50 mg/KgBW, EEPH 75, 150 and 300 mg/KgBW. Changes in rats body weight and
heart organs were also observed. The results showed that EEPH improved the hematological profile as indicated by
improvements in hemoglobin, hematocrit, leukocytes, erythrocytes, platelets, neutrophils segments, lymphocytes, mo-
nocytes, eosinophils, and basophils, all of which had better levels than the control group. EEPH also decreased ALT,
AST, creatinine, and urea levels in doxorubicin-induced rats compared to the control group. LDH levels also decreased,
and SOD increased after administration of EEPH. EEPH at 300 mg showed the most significant improvement and
was comparable to the quercetin group. Based on the results obtained, it can be concluded that EEPH has the potential
to be developed as a cardioprotective agent with activities that can improve hematological profiles, clinical biochemistry,
reduce LDH, and increase SOD.
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INTRODUCTION

ancer treatment with chemotherapy is still one of the

main treatment methods in cancer treatment and is
expected to continue to increase along with the increasing
prevalence of cancer (Debela ¢z 4/, 2021). However, cancer
treatment is cytotoxic, targeting not only cancer cells but
also healthy ones, so patients often experience side effects
such as decreased blood cell counts, causing anemia, infec-
tion, bleeding, and hair loss (Boogaard ez a/., 2022; Behran-
vand ef al., 2022). One of the drugs that has been widely
used in the treatment of various types of cancer since is
doxorubicin, which is an anthracycline antibiotic (Kciuk ez
al., 2023; van der Zanden ez al., 2021). However, the use
of this drug has several side effects, such as cardiotoxicity
and hematotoxicity (anemia, leukopenia, neutropenia and
thrombocytopenia) (Sleijfer ez a/., 2018; Belger ez al.,2024).
'This condition is one of the most serious complications of
chemotherapeutic drugs that can cause mortality and mor-
bidity directly or indirectly (Shahrasbi e a/., 2017; Gabani
et al., 2021). The toxicity is likely mediated by forming free
radical compounds that can suppress or inhibit spinal cord
function, iron that affects oxidative damage to macromole-
cules, membrane lipid peroxidation, and protein oxidation
(Pehlivan ez al., 2020; Badr ez al., 2024). Doxorubicin can
inhibit red blood cell production and cause anemia, caus-
ing toxic effects on the liver with increased ALT (alanine
aminotransferase) and AST (aspartate aminotransferase)
activity, as well as increased urea and creatinine levels in
kidney damage parameters (Cortés-Funes and Coronado,
2007; Isirima and Okoroafor, 2021; Prasanna ez al., 2020;
Ahmed e al., 2022; Alherz et al., 2023; Kopecny ez al.,
2020). In addition, doxorubicin can also increase the activ-
ity of the cardiac enzyme LDH which is a marker of heart
damage and reduce SOD which is an antioxidant that pro-
tects the heart from oxidative damage (Mohammed ez a/.,

2020; Patintingan ef a/., 2023; Naderi ez al., 2023).

Based on the many side effects caused by the use of doxo-
rubicin, it is important to find solutions to avoid these side
effects, one of which is by using natural ingredients. Several
studies have found that the use of plants as cardioprotective
agents in reducing the side effects of various cardiotoxic
drugs has been reported (Shah ez a/., 2019; Dalimunthe ez
al., 2024). The content of metabolite compounds in plants
is thought to play an important role in reducing their toxic-
ity (Serini and Calviello, 2024). In this study, we report the
herb Picria fel-terrae Lour, a medicinal plant from North
Sumatra that has long been used traditionally to treat var-
ious diseases such as rheumatism, gout, and diabetes. Re-
search reports also reveal the activity of this plant as an
anti-inflammatory, anthelmintic, antidiabetic, diuretic ef-
fect, cardioprotective effect, anti-breast cancer, immuno-
modulator, antipyretic, malaria, skin problems, anti-age-

ing, pain relief, and immune system enhancer (Satria ez a/.,
2019; Auliafendri ez a/., 2019). This plant is also reported
to contain various secondary metabolites, such as alkaloids,
flavonoids, glycosides, saponins, and tannins, with potent
antioxidant activity and high levels of total phenols and
flavonoids (Satria, Dalimunthe, ef a/., 2024; Amalia ef al.,
2024). Potent antioxidant activity is expected to inhibit free
radicals or oxidative stress, which can prevent damage and
toxicity due to doxorubicin administration (Koss-Mikota-

jezyk et al., 2021; Ahmed, Elkomy, ez al., 2022).

'This study was conducted to determine the effects of eth-
anol extract of Picria fel-terrae Lour herb (EEPH) on he-
matological profiles, clinical biochemistry, LDH and SOD
in rats induced by doxorubicin. This study began with pre-
paring and identifying compounds in the extract using the
thin-layer chromatography (TLC) method. We also ob-
served changes in body weight, the relative weight of the
heart organ, hematological parameters, clinical blood bio-

chemistry, decreased LDH and increased SOD.
MATERIALS AND METHODS

TooLs AND MATERIALS

The tools used are surgical instruments, glassware (Iwaki
Pyrex), 1 ml syringe (Onemed), 3 ml syringe (Onemed),
oral sonde, 5 ml test tube, centrifuge (Gemmy), rat cage,
animal scales (Sartorius), analytical balance (Sartorius),
rotary evaporator (Heidolph), microtube (GSBIO), spat-
ula, parchment paper, microplate, micropipette (Dragon-
lab), object glass (Nesco), watch glass, refrigerator, vortex,
hematology analyzer (Sysmex), chemistry analyzer (Co-
bas C501), spectrophotometer, and elisa reader kit (Ab-
clonal). Meanwhile, the materials used in this study were
Picria fel-terrae Lour, 70% ethanol (Smart Lab), distilled
water, doxorubicin HCl (KalbeMed), ketamine (Berno-
farm), quercetin (Sigma), CMC sodium 0.5% (Sigma),
EDTA-2K (Ethylenediamine Tetra-Acetic Acid, 2K salt)
(Sigma), NaCl 0.9% (MJB Pharma).

EXTRACT PREPARATION

Picria fel-terrae Lour was obtained from Suka Dame Vil-
lage, Kutalimbaru District, Deli Serdang Regency, Suma-
tera Utara Province. Then identified at the Medanense
Herbarium Laboratory (MEDA), Department of Biology,
Faculty of Mathematics and Natural Sciences, Universitas

Sumatera Utara with number 6732/MEDA/2023.

The extract was made by maceration using 70% ethanol
solvent by putting 500 g of dried Poguntano herb simpli-
cia powder into a maceration container, adding 10 parts of
solvent, covering and soaking for the first 6 hours while
stirring occasionally, then leaving for 18 hours. Then, the
maceration was separated by filtration; the filtration pro-
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cess was repeated at least once with the same solvent and
a solvent volume of half the solvent in the first filtration.
Then, the entire maceration is collected and evaporated
with a rotary evaporator until the thick extract is obtained
and then weighed, and a total of 73.3 grams or 14.6% of

the weight of simplicia powder is obtained.

EXPERIMENTAL DESIGN

'This test was conducted using 2 to 3-month-old male Wis-
tar rats as subjects. Wistar rats are used because they are
relatively easy to handle and are also reported to show vul-
nerability to cardiotoxicity induced by doxorubicin, similar
to humans, so it is suitable for studying the eftects of dox-
orubicin. The selection of male rats in this study was based
on the consideration of the absence of the oestrous cycle
that affected the study results so that the sample was more
homogeneous and easily controlled (Moulin ez a/., 2015;
Mukherjee ef al., 2022). The use of these animals has re-
ceived ethical approval following the guidelines of the An-
imal Research Ethics Committee, Faculty of Mathematics
and Natural Sciences, Universitas Sumatera Utara, with
number 0905/KEPH-FMIPA/2024. Rats are separated by
one rat per cage and quarantined for seven days to adapt to
a new environment and avoid stress. Eating and drinks are
sufficiently given, about 50 grams per day. A total of 25 rats
weighing 200-250 g were weighed, then grouped into five
groups, and each group consisted of 5 rats; the groups and
treatment schedules are shown in Figure 1.The selection of
a maximum dose of 300 mg was based on the research of
Amalia ef al., 2024 which showed an increase in SOD from
EEPH at doses of 200 and 400 mg/kg BW, which was not
significantly different, so we took the middle value. While
the minimum dose of 75 mg/kg BW was also based on the
same study, where at a dose of 50 mg mg/kg BW, although
it still showed an increase in SOD, the results were not too
high,so we increased the minimum dose to 75 mg. The selec-

tion of a dose of 150 mg/kg BW is the middle value chosen.

Group | E— Given 0.5% Na-CMC suspension (negative control)
Group Il E— Given quercetin 50 mg/Kg BW (positive control)
Group Il — Given EEPH at a dose of 75 mg/kg BW

Group IV e Given EEPH at a dose of 150 mg/kg BW

Group V > Given EEPH at a dose of 300 mg/kg BW

Induction of doxorubicin
10 mg/kg BWip
Treatment

[ ‘ ‘ ‘ ‘ ‘ ‘ | | Observation of
1 2 3 4 5 6 7 8 9 10— blood and heart
Timeline (Days) organ

Figure 1: Group division and treatment schedule.

Induction doxorubicin 10 mg/kgBW was given intraperi-
toneally on days 8 and 9. Body weight observations were
carried out every 3 days, on days 1, 3, 6 and 9. On the 10™
day, rats that had been fasted for approximately 12 hours
(not fed, but still given water) were anaesthetized using

ketamine 65 mg/kgBW, then blood was taken through the

heart and organs were weighed to obtain relative organ
weight. At the end of the observation, rats that have been
sacrificed are then buried.

HEMATOLOGY OBSERVATION

The blood taken is transferred into a blood tube as much
as 0.5 ml and added with 5% EDTA-2K anticoagulant as
much as 10 pL. Furthermore, the blood is examined using
a Hematology analyzer to determine the levels of hemo-
globin, hematocrit, leukocytes, erythrocytes, platelets, seg-
mented neutrophils, lymphocytes, monocytes, eosinophils,

basophils (BPOM RI, 2022; Satria, Sitorus, ez al., 2024).

CLINICAL BIOCHEMISTRY OBSERVATION

Some blood is centrifuged for 10 minutes at a speed of
3000 rpm to produce two layers, namely serum/superna-
tant and sediment. The serum layer is taken, collected in a
microtube and stored in a refrigerator at -20. Then 100 pLL
of the test serum is reacted with 1000 uL of the test reagent
in a 5 ml test tube, homogenized by the vortex. The absorb-
ance is measured with a spectrophotometer at 37°C exactly
after minutes 1, 2, and 3 at a wavelength of 340 nm. The
same thing is done for the blank (reagent + aquadest). The
AST, ALT, urea, and creatinine levels can be determined by
calculating the average difference in sample absorbance per
minute multiplied by a factor of 1745 (BPOM RI, 2022;
Satria, Sitorus ef al., 2024).

LDH anp SOD OBSERVATION

LDH and SOD examinations were performed using the
serum that had been obtained. The examination was per-
formed using the Elisa Reader Kit. The concentration was

determined with a microplate mounted at 450 nm (Syah-
putra et al., 2021).

DATA ANALYSIS

Data are presented as mean + standard error of the mean
(SEM) and analyzed statistically using the one-way ANO-
VA method with GraphPad software version 9.0. Then, we
continued with the Tukey HSD and Post Hoc tests. The
p-value for significance is set at p < 0.05.

RESULT'S AND DISSCUSION

PHYTOCHEMICAL SCREENING

Phytochemical screening was carried out to determine the
content of secondary metabolite compounds contained in
the EEPH using thin-layer chromatography. The screening
results (Figure 2) showed that Picria fel-terrae Lour simplex
contains compounds of the flavonoid, saponin, tannin, gly-
coside, and steroid/triterpenoid groups. Table 1 shows that
glycosides get 3 Rf values (0.13, 0.22, and 0.32), steroids/
triterpenoids get 2 Rf values (0.77 and 0.97), while there is
1 Rf value each in flavonoids (0.93), saponins (0.76), and
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tannins (0.97). The Rf value or retention factor is a value or
measurement determined based on the position of the spot
on the solute in thin-layer chromatography. The staining
results produced on the TLC plate are then calculated as
the Rf value (Amalia e a/., 2024).
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Figure 2: Results of phytochemical screening of EEPH
using TLC. The marked circles are the Rf values (retention
factors) determined based on the spot position of the solute
in TLC. The staining results produced on the TLC plate

were then calculated as the Rf value.

Table 1: Results of phytochemical screening of EEPH
using thin layer chromatography.

Alka- Flavo- Glycosides Sapo- Tannins Steroids/ Tri-

loids noids nins terpenoids

Rf=- Rfl1= Rf1=013 Rf1= Rfl1= Rf1=0.77
0.93 Rf2=0.22 0.76  0.97 Rf2=0.97

Rf3=0.32
Rf: Retention factor; -: Negative.

Contents such as flavonoids, triterpenoids, tannins, and
saponins in EEPH have antioxidant activity that can poten-
tially prevent free radicals that can cause damage, especially
to the liver (Dalimunthe e a/., 2024; Gonfa ez al., 2025).
'The report (Amalia ¢z al., 2024) showed high EEPH anti-
oxidant test results with IC_ values using the ABTS meth-
od, namely 419.73 + 1.61 pg/mL and the FRAP method,
namely 36.77 + 0.71 pg/mL, and also affected the increase
in SOD levels in rats after doxorubicin-induced. The anti-
oxidant mechanism in maintaining hematology and blood
biochemistry levels due to free radicals is to break down
and eliminate free radicals by converting harmful oxidative
products into hydrogen peroxide. Antioxidants also absorb
extra electrons from superoxide and stop the formation of

damaging free radical chains (Ayoka ez a/.,2022).

REesuLts oF Bopy WEIGHT OBSERVATIONS

'The body weight of test subjects is a sensitive indicator of
toxic symptoms (Silva, 2020; Waruwu ez a/., 2022; van Ber-
lo et al., 2022). Changes in the body weight of test subjects
were monitored every 3 days until the last day to determine
the possible toxic symptoms. The results of body weight
observations can be seen in Table 2.

Table 2: Results of body weight observation.

Group Body Weight (g)
Day 1 Day 3 Day 6 Day 9
Control 200.80 + 207.80+ 216.60+ 203.80 +
6.41 7.15 6.26 6.37
Quercetin 202.00+ 209.20+ 21820+ 210.00 =
4.35 5.26 3.89 2.91
EEPH 75 mg 200.40+ 209.80+ 217.20+ 205.00 +
2.70 2.48 2.28 3.16
EEPH 150 mg 205.00+ 21440+ 221.40+ 210.00 +
2.34 2.07 2.07 2.00
EEPH 300 mg 20420+ 213.60+ 22120+ 212.40+
3.27 2.96 2.58 2.79

Based on the analysis results, there was no significant dif-
terence in weight gain between the control and test groups
(p > 0.05) during the 9 days of observation. However, on
the ninth day, there was a decreased in body weight in all
tested groups. Administrated doxorubicin-induced on th
e eighth day was a factor that caused weight loss in rats.
Doxorubicin can affect changes in body weight, involving
loss of muscle mass and body fat; this is caused by various
factors, including decreased food intake, changes in how
the body processes nutrients, and the effects of drugs on
metabolism. This drug can change how the body uses pro-
tein, carbohydrates, and fats, potentially increasing calorie
burning and weight loss (Cella ¢z a/., 2024). The weight loss
percentage was calculated by comparing the weight ob-
served on the sixth day and after induced on the ninth day.
'The highest percentage of weight loss after doxorubicin-in-
duced was seen in the control group and the EEPH 75 and
150 mg groups. Meanwhile, quercetin and the EEPH 300
mg group experienced a lower percentage of weight loss;
this may be due to the protective effects of quercetin and
EEPH, which may reduce the side effects of doxorubicin
(Dalimunthe e# al., 2024). The percentage of weight loss
graph shown in Figure 3.

Secondary metabolites, such as saponins and steroids in
EEPH, may prevent weight loss by helping to regulate ap-
petite and ensure adequate calorie intake. These compounds
may also enhance nutrient absorption, which is important
for maintaining the ideal body weight. The antioxidant ac-
tivity of EEPH may also protect body cells from damage
and help maintain overall health, including efficient me-

tabolism (Bhardwaj ez a/., 2021; Dini ez al., 2023).
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Figure 3: Percentage of weightloss in rats after doxorubicin-
induced. The data were presented in mean * standard error
of the mean (SEM) (n = 5). (*: p <0.05, ™: p <0.01, **: p
<0.001, ns/not significance: p >0.05).
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Figure 4: Observation results of the average relative heart
organ weight. The data were presented in mean + standard
error of the mean (SEM) (n =5). (*: p <0.05,*": p <0.01, ***:
2 <0.001, ns/not significance: p >0.05).

OBSERVATION REsurts oF RELATIVE HEART ORGAN

WEIGHT
Observations were made on the heart organ using the rel-
ative organ weight ratio parameter. After surger, the heart

organ of the rat was taken and weighed to see the heart
weight according to each treatment group. The relative or-
gan weight was calculated by comparing the absolute organ
weight with the body weight (Satria, Sitorus, ez a/., 2024).
The relative weight of the white rat’s heart organ is gen-
erally 0.26 - 0.58 (Salni ez a/., 2022). The analysis results
showed no significant difference in the relative weight of
the heart organ between the control group and the tested
group (p > 0.05). The results of observations of the average
relative heart organ weight can be seen in Figure 4.

HEMATOLOGY EXAMINATION RESULTS

Hematology analysis was conducted to determine the
protective effect of EEPH on doxorubicin-induced heart
damage. Although hematology analysis does not directly
detect heart damage, it can help monitor chronic condi-
tions affecting heart disease, such as hemoglobin levels (Xu
et al., 2011; Arkew et al., 2022). The results are shown in
Table 3.

HemoGLOBIN: The statistical analysis results on hemoglobin
level observations showed a significant difference (p < 0.05)
between the control group and the quercetin group and the
150 mg and 300 mg EEPH group. The 75 and 150 mg
EEPH groups also showed significant differences (p < 0.05)
with the quercetin group, while there was no significant
difference (p > 0.05) between the 300 mg EEPH group
and quercetin. The lowest hemoglobin levels were in the
control group, followed by the 75,150, and 300 mg EEPH
groups, while the highest hemoglobin levels were in the
quercetin group. Hemoglobin is a protein found in red
blood cells that binds oxygen from the lungs to the entire
body. Doxorubicin can cause a decrease in hemoglobin
levels (Bhavani ez a/., 2020). Abnormal hemoglobin levels,
either too high or too low, can indicate an imbalance in the
production and destruction of red blood cells (Edrisi ez a/.,
2024). Standard hemoglobin levels in rats range from 14.50
- 16.80 g / dL. In this study, the quercetin group showed
normal levels of 14.16 + 0.67 g/ dL, while the EEPH group
showed higher hemoglobin levels in the control group;
this proves that EEPH can provide a protective effect
against decreased hemoglobin due to doxorubicin. The
increase in hemoglobin levels from EEPH can be caused
by the content of metabolites and active substances that
have antioxidant properties. Contents such as flavonoids,
alkaloids, triterpenoids, and phenolic compounds in EEPH
have antioxidant activity that plays an important role in
maintaining stable hemoglobin levels because they can
neutralize free radicals that can damage red blood cells and
hemoglobin. Free radicals, with reactive single electrons,
can cause lipid peroxidation in red blood cell membranes,
triggering hemolysis and hemoglobin release. Antioxidants
also absorb extra electrons from superoxide and stop the
formation of damaging free radical chains (Ayoka e 4/,
2022).
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Table 3: Results of hematology analysis.

Parameter Group References
Control Quercetin EEPH75mg EEPH 150 mg EEPH 300 mg
Hemoglobin (g/dL) 9.25+ 0.87°" 14.16+0.67*"  10.34+0.76"™ 12.44 13.24 14.50-16.80 (BPOM
+0.61°707 + 043" RI, 2022)
Hematocrit (%) 30.700.64" 44.22+0.50°" 31.96x0.57"*" 34.94 + 0.2 38.50 42.50-47.90 (BPOM
£ 03745 RI,2022)
Leukocytes (10%/uL) 3.06 £0.11°" 12.12 +0.27*" 3.06+ 0.09"™ 6.16x 0.257"" 6.42+ 0.35°"*™ 1.96-8.25 (CRL, 2008)
Erythrocytes (10°/uL) 5.02+ 0.08"™ 7.43+ 0.34""  5.10x 0.19*™ 6.86x 0.48°"  7.01+ 0.33*"  7.27-9.65 (CRL, 2008)
Platelets (10%/pL) 101.40= 1011.40 422.60+ 519.60 704.00 638-1177 (CRL, 2008)
2.84 +9.61°" 20.19+70™ +13.07°0 £ 8340
Segmented neutro-  44.94+ 0.42*™ 25.12+0.35*"  44.94x 0.20°  42.12+ 1.88"" 34.94+0.23*"*" Not available
phils (%)
Lymphocytes (%) 5.90+ 0.15°" 41.12+ 0.43*" 5.78+0.23"" 14.16+0.30""" 14.00+0.15"*™ 66.6-90.3 (CRL, 2008)
Monocytes (%) 26.16+ 0.51°" 10.14+ 0.39"" 25.02+ 0.19""" 24.28+0.44"*" 10.06+0.29""  0.8-3.8 (CRL, 2008)
Eosinophils (%) 13.16+0.81 12.06+0.91  13.34+1.82 13.16£0.27  12.18£0.32  0.2-3.5 (CRL, 2008)
Basophils (%) 0.80+ 0.15*"  0.50+0.10°  0.78 £ 0.19 0.76 £ 0.19 0.50 +0.18"  0.0-0.8 (CRL, 2008)

'The data were presented in mean + standard error of the mean (SEM) (n = 5). a: significantly different from the control

group (p < 0.05), b: significantly different from the quercetin group (p <0.05); (*: p < 0.05,™: p < 0.01,™*: p < 0.001).

HematocriT: The statistical analysis results of the
observation of hematocrit levels showed a significant
difference (p < 0.05) between the control group and the
EEPH group. The lowest hematocrit levels were in the
control group, followed by the EEPH 75, 150, and 300
mg groups, while the highest levels were in the quercetin
group. The results of statistical analysis on erythrocyte
observations showed a significant difference (p < 0.05)
between the control group, the quercetin group, and the
EEPH 300 mg group. The EEPH 75 and 150 mg groups
showed significant differences (p < 0.05) with the quercetin
group, while there was no significant (p > 0.05) difference
between the EEPH 300 mg group and the quercetin
group. Doxorubicin can reduce the ability of erythrocytes
to pass through microchannels, so its use can cause anemia,
a condition where the level of erythrocyte cells decreases
(Fraczkowska ez al., 2018; Skverchinskaya ez al., 2023).
Increasing hematocrit levels has a positive relationship with
hemoglobin; the higher the hemoglobin levels, the higher
the hematocrit levels (Jeong ez a/.,2021; Barath ez a/.,2021).
Standard hematocrit levels in rats range from 42.50 - 47.90
%. In this study, the quercetin group showed normal levels
of 44.22 + 0.50%. However, the administration of EEPH
provided a protective effect against decreased hematocrit
when compared to the control group. The antioxidant
properties of EEPH content are thought to protect
against damage caused by free radicals from doxorubicin-
induced. The content of compounds that have antioxidant
properties, such as flavonoids, can increase hematocrit
levels (Zeng et al., 2021; Al-Zharani et al., 2023). The
observations showed that the quercetin group and the
300 mg EEPH test best maintained increased hematocrit
levels. Hematocrit is the percentage of red blood cells in

the blood, while hemoglobin is a protein in red blood cells
that carries oxygen to cells (Kishimoto ez a/., 2020).

LeukocyTES: The statistical analysis results on leukocyte
observations showed a significant difference (p <0.05)
between the control group, the quercetin group, and the
EEPH 150 and 300 mg group. All EEPH groups also
showed significant differences (p < 0.05) with the quercetin
group. Doxorubicin can aftect leukocytes by reducing the
number of leukocytes in the blood, increasing the risk
of infection (Pogorzelska ez al., 2023). Changes in the
shape and structure of leukocytes have been reported after
doxorubicin injection (Alhumaydhi, 2020). Leukocyte
levels from rats received doxorubicin had a lower
doxorubicin effect. However, in this study, the leukocyte
levels in all groups were still within standard limits, namely
1.96 - 8.25 10° / pL. The lowest leukocyte levels were in
the control group and the EEPH 75 mg group, followed
by the EEPH 150 and 300 mg groups, while the highest
leukocyte levels were in the quercetin group; this shows
the protective effect of EEPH which is thought to come
from active compounds that are antioxidants. A significant
increase in leukocytes can occur due to the presence of
antioxidants which can increase the body’s immune system.
'The increase in the number of leukocytes in this study can
be caused by the content of active compounds such as
alkaloids, flavonoids, tannins and saponins, which have an
immunostimulant effect (Khadim and Al-Fartusie, 2021;
Zahra et al., 2024).

ErvyTHROCYTES: The statistical analysis results on
erythrocyte observations showed a significant difference

between (p < 0.05) the control, quercetin, and EEPH 300
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mg group. The EEPH 75 showed significant differences
with the quercetin group (p < 0.05), while there was no
significant difference (p > 0.05) between the EEPH 150,
300 mg group and the quercetin group. Doxorubicin
can affect erythrocytes in various ways, such as by fusing
with the erythrocyte lipid membrane, which can increase
cell elasticity. Doxorubicin can also oxidize thiols from
erythrocyte constituents, which can cause the oxidation
of hemoglobin and membrane protein components.
Doxorubicin can reduce the ability of erythrocytes to pass
through microchannels. So, the use of the chemotherapy
drug doxorubicin can cause anemia, which is a condition
when the level of erythrocyte cells decreases (Fraczkowska
et al., 2018; Skverchinskaya ez al., 2023). The standard
erythrocyte levels range from 7.27 - 9.65 10° / pL,
while in this study the highest erythrocyte levels were
in the quercetin group, namely 7.43 + 0.34 10° / pL. and
included in the normal category, while the EEPH 300
group approached the standard value, namely 7.01 + 0.33
followed by the 150 and 75 mg groups, while the lowest
erythrocyte levels were in the control group. Higher
erythrocyte levels in the 300 mg EEPH group showed a
protective effect against decreased erythrocyte levels due
to doxorubicin; this may be due to the active compounds
in EEPH, which can provide a protective effect against
changes in erythrocyte levels due to doxorubicin. Research
Syafira et al. (2022) revealed that secondary metabolite
compounds produced in Semangkuk Fruit extract
(Scaphium affine (Mast.) Pierre) such as alkaloids, tannins,
saponins, and flavonoids can provide an effect to increase
erythrocytes. Tannin, saponin, and flavonoid compounds
are also contained in EEPH and are associated with
antioxidant activity. Erythrocytes use enzymatic and non-
enzymatic antioxidant mechanisms to protect themselves
from oxidative stress. Enzyme antioxidants such as SOD,
Catalase (CAT), and Glutathione Peroxidase (GPX) play
an important role in neutralizing free radicals (Syafitri ez
al.,2025). Research Amalia ez a/. (2024) shows that EEPH
canincrease SOD levels in rats, so the mechanism of EEPH
in maintaining erythrocytes in this study can be through
increasing SOD. Other studies have shown that the effect
of extracts containing flavonoids can protect erythrocytes
from oxidative stress by maintaining reduced glutathione
(GSH) and malondialdehyde (MDA) levels, inhibiting
free radicals, and activating antioxidant enzymes (Naparlo

et al., 2020; Duchnowicz ef al., 2021; Furdak ez al., 2024).

PLATELETS: Statistical analysis results on platelet
observations showed a significant difference (p < 0.05)
between the control group, the quercetin group, and the
EEPH 150 and 300 mg group. The EEPH group at all
doses also significantly differences (p <0.05) from the
quercetin group. Doxorubicin can reduce the number of
platelets in the blood and contribute to thrombus formation
and vascular damage (Xu ¢z a/., 2017). Doxorubicin can

directly induce platelet cytotoxicity by depleting thiol
proteins, reducing glutathione levels, and producing ROS
(Reactive Oxygen Species), which will cause a decrease in
platelet count, damage to platelet integrity, and activation
of caspase-3 (Kim HS ez a/., 2009; Kim EJ ez al., 2009).
Platelets are often considered some of the most vulnerable
target cells to chemical-induced cytotoxicity; this is because
platelets can become active and sensitive to chemicals,
endogenous agonists, or damage under high shear stress
conditions or in disease conditions (Kim ez /., 2011; Xu
et al., 2017; Ma et al., 2022). The standard platelet levels
range from 638 - 1177 10°/pL. In this study, the quercetin
and EEPH 300 mg groups were still within normal levels,
1011.40 + 9.61 and 704.00 + 8.34 103 / uL, respectively. The
lowest platelet levels were in the control group, followed
by the EEPH 75, 150 and 300 mg groups. The quercetin
group showed the highest platelet levels, followed by the
EEPH group. High platelet levels in the EEPH group
indicate that EEPH can protect against platelet damage
due to doxorubicin. The content of various components in
EEPH, such as flavonoids, can be antioxidants (L.obang ez
al.,2021; Haward ez al.,2024). Antioxidants can neutralize
ROS that can damage and interfere with the normal
function of platelets. Specific enzymes such as glutathione
peroxidase, which are found in platelets, are involved in
ROS metabolism. Disruption of this process can cause
thrombotic disorders. So, the antioxidant activity of EEPH
can prevent platelet damage by neutralizing ROS (Masselli
et al., 2020).

NEUTROPHIL SEGMENT: The results of statistical analysis
on neutrophil segment observations showed a significant
difference (p < 0.05) between the control group, the
quercetin group, and the 150 and 300 mg EEPH groups.
'The EEPH group at all doses also significantly differences
(p < 0.05) from the quercetin group. Neutrophils
contribute to doxorubicin-induced heart damage by
releasing neutrophils, which cause blood vessel damage
and decreased heart function that persists for weeks after
therapy is completed (Bhagat ¢ a/, 2022). Segmented
neutrophils are the most abundant white blood cell type
and the first line of defence against infection (Wu ez a/.,
2020).There is no information regarding normal neutrophil
levels in rats. However, based on research reports that have
been conducted, the percentage of normal segmented
neutrophils in rats is 10-60% of total leukocytes (IMcGill
et al., 2023; Hackert ez al., 2023). In this study, the lowest
segmented neutrophil levels were in the quercetin group,
followed by the EEPH 300 and 150 mg groups. The EEPH
75 and control groups had the same average neutrophil
levels, while the highest segment neutrophil levels were
found in the EEPH 150 mg group. The lower levels in
the EEPH 300 and 150 mg groups compared to control
showed that EEPH could protect segment neutrophil
levels due to doxorubicin. Metabolite compounds such
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as flavonoids in plants can mediate shifts from immune
cytokines in humans and reduce the number of neutrophils

arising from free radicals (Otsuki ez a/., 2010).

LympHOCYTES: The statistical analysis results on
lymphocyte observations showed a significant difference
between (p < 0.05) the control, the quercetin groups and
the EEPH 150 and 300 mg groups. The EEPH group at
all doses also significantly differences (p <0.05) between
quercetin group. Lymphocytes are white blood cells that
optimize the immune system to protect the body from
disease attacks. Doxorubicin can inhibit lymphocyte cell
proliferation by stopping the cell cycle in the G,/M phase
(Kim HS e al., 2009; Aryal and Rao, 2016). The standard
lymphocyte levels range from 66.6 - 90.3 %. In this
study, no lymphocyte levels fell into the normal category.
However, the highest lymphocyte levels were found in the
quercetin group, followed by the 150 and 300 mg groups.
Meanwhile, the control and 75 mg EEPH groups showed
the lowest levels and were not significantly different (p >
0.05). The increase in EEPH 150 and 300 mg lymphocyte
levels indicates that EEPH can protect lymphocytes from
doxorubicin when compared to control this can occur
because the active compounds in EEPH, such as flavonoids,
can affect the immune system response and increase the
production of IL-2, which is involved in the activation
and proliferation of lymphocyte cells. Flavonoids can also
stimulate cytokine production in type 1 helper T cells (Th
1), which regulate the immune system (Hosseinzade ez a/.,

2019).

MonocyTes: ‘The statistical analysis of monocyte
observations showed a significant difference (p < 0.05)
between the control group, the quercetin group, and the 150
and 300 mg EEPH group. The EEPH group at all doses
also significantly differences (p < 0.05) between quercetin
group. The quercetin group had the lowest monocyte levels,
followed by the EEPH 300, 150, and 75 mg EEPH. In
comparison, the highest monocyte levels were in the
control group. Monocytes are a type of white blood cell that
functions to fight infection and help the body clean up dead
cells. Monocytes are the most significant blood cells and
are part of the body’s second line of defence (Austermann
et al., 2022). The standard monocyte levels range from 0.8
to 3.8%. In this study, all groups experienced increased
monocyte levels, and no groups fell into the normal
category; this can be caused by doxorubicin-induced,
which can reduce immunity, one of which is by affecting
monocytes (Chandrakala and Singla, 2022). Doxorubicin
can increase monocytes and cause other effects on the
immune system. Doxorubicin can also damage monocyte
function, cause toxicity to blood progenitor cells, and cause
monocyte infiltration, which can cause adverse cardiac
remodelling (Oliveira e al., 2019). However, the lower
monocyte levels in the EEPH groups compared to the

control group indicate the effect of EEPH on monocyte
levels due to doxorubicin; this may be because flavonoids
can reduce monocytes by reducing monocyte migration,
suppressing immune cell accumulation, regulating TNF-a
expression, binding to monocyte chromatin and regulating
the expression of genes involved in the cell cycle and cell
development (Kobori e# al., 2016; Atrahimovich ez al.,
2019; Huwnait ef al., 2021).

EosiNopHILs: Statistical analysis results on eosinophil
observations showed no significant difference (p > 0.05)
between the control group, the quercetin group, and the
EEPH 150 and 300 mg groups. Eosinophils are white
blood cells originating from the bone marrow and playing
an important role in the immune system. Research
reports show a relationship between higher circulating
eosinophil counts and good prognosis and a relationship
with response to neoadjuvant chemotherapy in cancer
(Poncin ez al., 2021). However, no precise mechanism
exists by which doxorubicin can affect eosinophil levels.
One case study reported that the patient’s eosinophil count
disappeared after starting treatment with doxorubicin.
Another study found that the eosinophil increased after
the first dose of chemotherapy and six months after
completing chemotherapy (Simon ez a/., 2019; Ray ez al.,
2023). Although there was no significant difference (p <
0.05) in eosinophil levels in this study, eosinophil levels in
all groups increased.

BasopHiLs: Statistical analysis results on basophil
observations showed a significant difference (p > 0.05)
between the control group, the quercetin group, and the
EEPH 300 mg group. The control and EEPH 75 mg
groups found the highest basophil levels. In contrast,
the quercetin and EEPH 300 groups had the lowest
basophil levels. Basophils are white blood cells that play
an important role in the immune system. High basophil
levels can indicate infection, allergies, or severe medical
conditions such as leukemia or autoimmune diseases
(Obata ef al., 2007). Doxorubicin can affect basophils,
causing a red skin reaction, which can be caused by
histamine released from basophils or mast cells (Kozubek
et al.,2023; Adeel ez al.,2024). So, doxorubicin can be said
to increase basophil levels. Doxorubicin is a chemotherapy
agent with immunomodulatory effects that can eliminate
myeloid-derived suppressor cells (MDSC), suppress T
cell activation and proliferation. Doxorubicin can also
cause cellular stress, triggering autophagy (Christidi and
Brunham, 2021). In this study, the basophil levels of all

groups were still in the normal category.

CLINICAL BIOCHEMISTRY OF BLOOD EXAMINATION

REsuLTS

Observationof ALT and AST,ureaand creatinine levelsaims

to determine the protective effect of EEPH administration
O
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Table 4: Results of blood biochemistry analysis.

Group Control Quercetin  EEPH 75 mg
ALT (U/L)  953.403.29"™ 258.80+3.37%" 338.40+3.12¢"4™
AST (U/L)  207.60+1.63" 65.40+1.54"" 107.80+1.74"">"
Urea (mg/dL) 59.42+0.18" 42.88+0.17°" 49.12+0.14°"%"
Creatinine  0.37+0.01°"  0.16:0.01"  0.31x0.02:""
(mg/dL)

EEPH 150 mg EEPH 300 mg References

259.00+1.18"" 268.60+1.33*" 1-223.3 (BPOM RI, 2022)
58.60£1.08""" 69.60+0.93*" 0.2 —838.3 (BPOM RI, 2022)
48.18+0.16"" 47.400.14*" 17.26-45.12(BPOM RI, 2022)
0.18+0.02*"  0.2220.01°"*" 0.2 -1.2 (BPOM RI, 2022)

The data were presented in mean * standard error of the mean (SEM) (n = 5). a: significantly different from the control

group (p < 0.05), b: significantly different from the quercetin group (p <0.05); (*: p < 0.05,*": p < 0.01,™*: p < 0.001).

widely on heart function from doxorubicin-induced. The
results of the analysis are shown in Table 4.

ALT aAnp AST: The statistical analysis results on ALT
observations showed a significant difference (p > 0.05)
between the control group, the quercetin group, and the
EEPH group. The 75 mg EEPH group also showed a
significant difference (p > 0.05) against quercetin, while
the 150 mg and 300 mg EEPH groups did not show a
significant difference (p < 0.05) with quercetin. The lowest
ALT levels were found in the control and 75 mg EEPH
groups, followed by quercetin, 150, and 300 mg EEPH
groups. The standard ALT levels range from 1-223.3 U/L;
in this study, no groups had levels in the normal category.
However, the quercetin, EEPH 150, and 300 mg groups
were closest to normal levels. Increased ALT levels can be
caused by doxorubicin-induced, which can cause hepatic
steatosis, cell damage, and oxidative stress. Studies in rats
have shown that doxorubicin can cause increased ALT
levels (Timm ez al.,2022; Sadda ez al., 2023). Furthermore,
observations of AST levels showed a significant difference
(p > 0.05) between the control group, the quercetin group,
and the EEPH group. The EEPH 75 and 150 mg groups
also showed significant differences (p > 0.05) against
quercetin, while the EEPH 300 mg group did not show
a significant difference (p < 0.05) with quercetin. The
lowest AST levels were found in the 150 mg EEPH group,
tollowed by quercetin, 300 EEPH, and 75 mg. Meanwhile,
the control group found the highest AST levels. The
standard AST levels range from 0.2 - 838.3 U/L. In
this study, all groups experienced an increase in AST,
which could have been caused by doxorubicin-induced.
Doxorubicin can damage liver tissue, which can cause
increased AST levels; this is because doxorubicin produces
superoxide radicals and peroxynitrite during metabolism
in the liver, which can cause lipid peroxidation and liver
damage (Pondugula ez a/., 2021; Gedikli e a/., 2023). ALT
and AST are enzymes produced by the liver and can also
be found in the heart, muscles, kidneys, and brain that
function to help digest protein in the body. High levels of
ALT and AST in the blood may indicate damage to liver or
muscle cells (Damodar e£ a/.,2014). EEPH content, such as
antioxidant flavonoids and saponins, can potentially reduce
the hepatotoxicity induced by doxorubicin by reducing

oxidative stress, inflammation, and apoptosis, including
decreased AST and ALT. Antioxidants have an important
role in protecting cells from damage caused by oxidative
stress. This protection can be through various mechanisms,
including free radicals, increasing intracellular antioxidant
defence, and modulating the pathway that regulates the
survival and death of cells and can also increase the activity
of antioxidant enzymes such as SOD, CAT, and GPX
(Song ez al., 2019; Ahmed ez al., 2022).

URrEA AND CREATININE: The results of the statistical analysis
of urea observation showed a significant difference (p >
0.05) between the control group, the quercetin group,
and the EEPH group. The EEPH group also showed a
significant difference (p > 0.05) against quercetin. The
lowest urea levels were in the quercetin group, followed by
the EEPH 300, 150, and 75 mg groups. In comparison, the
highest urea levels were in the control group. Furthermore,
creatinine levels significantly differences (p > 0.05) between
the control group and the quercetin and EEPH groups.
'The EEPH 75 and 300 mg groups also showed significant
differences (p > 0.05) against quercetin, while the EEPH
150 mg group did not show a significant difference (p <
0.05) with quercetin. The lowest creatinine levels were
found in the quercetin group, followed by the EEPH 150,
300, and 75 mg groups. At the same time, the highest
creatinine levels were found in the control. It has been
reported that doxorubicin can cause increased plasma urea
and creatinine levels, which are signs of nephrotoxicity
(Ikewuchi ez al.,2021; Suleimani ez a/.,2023). In this study,
the antioxidant EEPH content, such as flavonoids, showed
the potential for nephroprotective towards nephrotoxicity
by doxorubicin, which was indicated by a reduction in an
increase in urea and creatinine levels. This protection is
mainly due to its suppressing oxidative stress and damage
to kidney cells. Flavonoids can help reduce the effects of
doxorubicin on the kidneys through several mechanisms,
including reducing excessive reactive oxygen species (ROS),
modulation of antioxidant pathways, and inhibition of
inflammation (Ikewuchi ef a/., 2021; Lubis ef al., 2022).

REesurts oFr LDH AnD SOD ANALYSIS
Figure 5 showed that in control, there was a significant in-
crease in LDH and a decrease in SOD compared to the
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quercetin and EEPH groups. The control group showed
the highest LDH levels, followed by EEPH 75, 150, and
300 mg. The quercetin group showed the lowest. Based on
reports, doxorubicin can increase LDH levels in response
to tissue damage, one of which is in the heart (Chaudhari
et al., 2017; Basal ef al., 2023). However, the increase in
LDH can be prevented by administering EEPH, as indi-
cated by a significant decrease in levels compared to the
control group.

LDH level (ng/mL)
3B

Group Group

Figure 5: Results of LDH and SOD analysis. The data
were presented in mean * standard error of the mean
(SEM) (n = 5). (*: p <0.05, " p <0.01, ***: p <0.001, ns/not
significance: p >0.05).

Furthermore, in the analysed of SOD levels, the quercetin
group had the highest levels, followed by the EEPH 300,
150, and 75 mg groups, while the control group showed
the lowest levels. Based on reports, doxorubicin can reduce
SOD levels by increasing cellular ROS production, which
can trigger increased SOD expression as a defence mecha-
nism (Dalimunthe e# a/.,2024; Shati ef al., 2024). However,
the administrated of EEPH showed that the decrease in
SOD due to doxorubicin could be prevented, as indicated
by a significant increase in levels in the control group. The
quercetin and EEPH 300 mg groups did not even show
significant differences (p > 0.05). The decrease in LDH lev-
els and the increase in SOD levels in the administrated of
EEPH can occur due to the secondary metabolite content
contained therein. Secondary metabolites, which are natu-
ral compounds, are important factors that can increase the
production of antioxidant enzymes such as SOD. Increased
SOD activity can prevent cell damage and necrosis, which
causes an increase in LDH. EEPH antioxidant activity can
help protect cells from damage due to oxidative stress by
inhibiting the formation of free radicals (Ibrahim and Jaa-

far, 2013; Yao et al., 2022; Han ef al., 2023).

CONCLUSIONS AND
RECOMMENDATIONS

'This study found the potential of EEPH (Ethanol Extract
of Picria fel-terrae Lour. herbs), which can reduce the detri-
mental effects caused by doxorubicin-induced. The content

of antioxidant metabolites can prevented damage to free
radicals formed by doxorubicin. Increased hematological
levels and clinical biochemistry, as well as increased levels
of SOD enzymes associated with a decrease in LDH levels
in rats, showed that EEPH the potential as a hepatopro-
tective and nephroprotective agent that can reduce the de-
tails of doxorubicin. However, further research is needed
to understand the mechanism of protection of EEPH in
other toxicity targets from doxorubicin.
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