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Background: Chemotherapy-induced thrombocytopenia (CIT) is a major reason for chemotherapy
delays, dose reduction, or even treatment discontinuation, which may impact oncologic out-
comes. We investigated the effects of quercetin and extracts of Phyllanthus emblica fruit (PEE),
Morus alba leaf (MAE), and Ginkgo biloba leaf (GBE) on platelet recovery in a rat model of
chemotherapy-induced thrombocytopenia.

Methods: The total phenolic content (TPC), total flavonoid content (TFC), quercetin content, and
antioxidant activities of all the extracts were determined. Sixty male Sprague Dawley rats were
categorized into healthy controls and CIT groups. The CIT groups was administered a cyclo-
phosphamide solution, while the control group received a saline solution. Each group was then
subdivided into five subgroups of six animals which were administered with PEE, MAE, GBE,
quercetin, or a vehicle for 15 days.

Results: The highest quercetin content was found in PEE, followed by MAE and GBE, which
correlated with their antioxidant properties. Administration of these extracts and quercetin did
not significantly change the platelet counts in healthy rats. Thrombocytopenic rats treated with
PEE, MAE, and GBE also were not associated with significant changes in platelet counts. However,
more rapid platelet count recovery was observed in all groups receiving extracts. On day 11,
platelet counts in the PEE, MAE, and GBE groups returned to near baseline levels with a mean of
4.29 %, —40.77 %, and —14.24 %, respectively, compared to —71 % in the CIT group. In
thrombocytopenic rats treated with quercetin, there was a significant increase in platelet counts
on days 9 and 11, with a mean decrease of 5.41 % from baseline on day 11.

Conclusion: Quercetin improved platelet recovery in the animal model of CIT. This finding merits
for further investigation to better elucidate the health benefits of quercetin and quercetin-rich
plants and potential pharmacokinetics underpinning their activity in thrombocytopenia.
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1. Introduction

Thrombocytopenia is a condition in which the platelet count falls below 100 x 10°/L and may be a result of decreased platelet
production from bone marrow stem cells, increased platelet destruction, or sequestration of platelets in the spleen [1]. Thrombocy-
topenia may be due to viral infection, cancer, immune thrombocytopenic purpura (ITP), toxic chemicals, radiation therapy, and drugs,
including chemotherapy. Chemotherapy drugs treat cancer by targeting rapidly dividing cells, including bone marrow cells responsible
for generating blood cells and platelets. Chemotherapy-induced thrombocytopenia (CIT) is a potential complication in many cancer
patients. Chemotherapy drugs affect platelet production through several pathways including inhibiting megakaryocyte production in
the bone marrow, enhancing platelet clearance, and increasing the rate of platelet destruction [2]. CIT is a major cause of treatment
delay or chemotherapy dose reduction, which directly affects the treatment of cancer. It has been reported that the relative dose
intensity (RDI) of over 80 % of each chemotherapy agent is associated with an improved survival rate [3,4]. Therefore, treatment of
thrombocytopenia is an important part of optimizing chemotherapy.

Platelet transfusions are recommended for patients with severe thrombocytopenia to reduce the incidence of bleeding. However,
platelet transfusions increase the risk of adverse reactions such as transfer of pathogens, intolerance to blood components, or platelet
refractoriness [5]. Moreover, platelet transfusion is not practical to maintain platelet counts through a course of chemotherapy
treatment. At present, recombinant human thrombopoietin (thTPO) and thrombopoietin receptor agonists (TPO-RA) are not approved
by the Food and Drug Administration (FDA) for CIT treatment. This is because of their adverse effects and the lack of evidence showing
their effectiveness in reducing bleeding or improving survival rates [2]. Recombinant human IL-11 is the only approved drug for the
treatment of CIT. However, this drug was discontinued due to its adverse effects such as cardiac and renal fibrosis [6]. Many patients
with CIT have limited treatment options due to existing limitations of thrombocytopenia treatments. Therefore, efficacious alternatives
to improve platelet recovery after chemotherapy-induced thrombocytopenia, including in medicinal plants is needed.

Medicinal plants have long been used in traditional medicine for the treatment of ailments, including for bleeding diatheses.
Papaya juice and leaf extract have been demonstrated to improve platelet count in human and animal models [7]. Guava leaf extract
has also been found to increase platelet counts significantly in thrombocytopenic rats treated with cyclophosphamide [8].
Co-administration of Indian gooseberry (Phyllanthus emblica) extract in mice treated with arsenic significantly increased platelet count
[9]. Rats exposed to gamma irradiation had a significant decrease in hematological indices including platelet counts, while rats treated
with ethanolic extract of mulberry (Morus alba) leaves before irradiation showed significant improvement in these parameters [10].
Supplementation of Ginkgo biloba leaf extract increased platelet count in a dose-dependent manner in fluoride-associated thrombo-
cytopenia in rats [11]. The active ingredient in these extracts that is specifically responsible for these changes currently unknown.
However, all are rich in flavonoids. Flavonoids are natural plant compounds belonging to the polyphenol family. They exhibit anti-
oxidant effects and anti-inflammatory activities that contribute to various health benefits for disease prevention [12]. Papaya leaf
extract contains seven types of flavonoids such as quercetin, quercetin glycoside, kaempferol, kaempferol glycoside, and myricetin
glycoside [13]. Meanwhile, various flavonoid compounds especially quercetin, have been reported in guava [14], Indian gooseberry
[15], mulberry [16], and ginkgo [17].

Quercetin is a flavonol that belongs to the flavonoid subclass and can be found in fruits and vegetables such as green leafy veg-
etables, onions, lettuce, apples, blueberries, and cranberries [18]. Quercetin is a flavonoid compound that contains various phar-
macological activities. It is considered to be the most potent flavonoid compound. It is widely known that quercetin possesses strong
antioxidant properties. Quercetin has anti-cancer properties in several cancer models by inhibiting tumor proliferation, invasion, and
tumor metastasis [19]. Quercetin may also have protective effects against cardiovascular diseases, diabetes, and liver disease [20-22].
Currently, extensive research is being conducted on the health benefits of quercetin in several diseases. Therefore, the mechanism of
action against thrombocytopenia may be due to the quercetin compounds in these plants.

In this study, we investigated the effects of quercetin and the extracts of Phyllanthus emblica fruits, Morus alba leaves, and Ginkgo
biloba leaves on platelet recovery in animal model of chemotherapy-induced thrombocytopenia.

2. Materials and methods
2.1. Reagents and chemicals

All the reagents and chemicals used in the experiments were of analytical grade. The chemicals, Folin-Ciocalteu reagent, sodium
carbonate, aluminum chloride, sodium nitrate, ABTS (2, 2-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)), potassium persulfate,
and DPPH (2,2-diphenyl-1-picrylhydrazyl) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Cyclophosphamide (Baxter
Oncology GmbH, Nordrhein-Westfalen, Germany) was purchased from the pharmacy units of Maharaj Nakorn Chiang Mai Hospital,
Chiang Mai, Thailand. Carboxymethylcellulose (CMC) was purchased from Loba Chemie (Mumbai, India). Gallic acid, quercetin, and
ascorbic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA). Ginkgo biloba leaf extract powder (20:1) was purchased from
Shaanxi Hongda Phytochemistry Co., Ltd., China. The HPLC grade solvent was purchased from J.T. Baker, USA.

2.2. Plant material and extraction
Dried Phyllanthus emblica fruits and Morus alba (mulberry) leaves were purchased from the local market in Chiang Mai Province,

Thailand. These were ground with an electronic mill and passed through a sieve (80 mesh) to obtain a fine powder. The powder was
kept dry at —20 °C and protected from humidity and light exposure until extraction.
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The extraction process was optimized by varying the ethanol concentration in distilled water to obtain the polyphenol-rich frac-
tions. Briefly, 30 mg sample powder was extracted at room temperature for 3 h with 1.5 mL of 100 %, 75 %, 50 %, 25 %, and 0 %
ethanol solutions prepared with distilled water and distilled water without ethyl alcohol. The extracted solutions were filtered and then
centrifuged at 13,000xg for 20 min at 25 °C. The supernatants were collected and stored at 4 °C until determination of total phenolic
and flavonoid contents and antioxidant capacities. After obtaining the appropriate extraction solvent, the extraction process was
performed as follows: 40 g of sample powder was mixed with 800 mL of extraction solvent (solid/liquid ratio: 1:20) at room tem-
perature in a shaking incubator for 24 h. The extraction mixture was then centrifuged at 13,000xg for 10 min, and then filtered using
Whatman grade No. 4 filter paper. The supernatant was then evaporated to remove ethanol until no droplets of the liquid residue were
present in the receiving flask using a rotary evaporator at 40 °C, pressure 70 mbar, then lyophilized. All extracts were stored at —20 °C
for further analysis.

2.3. Determination of total phenolic content (TPC)

The TPC of the plant extracts was measured using the Folin-Ciocalteu Assay [23] with slight modifications. Briefly, gallic acid was
used as the reference standard (50, 100, 150, 250, and 500 pg/mL). The Folin-Ciocalteu reagent was freshly prepared by dilution to
1:10 (v/v) using distilled water. The reaction mixture consisted of 20 pL of extract, 100 pL of Follin-Cicocalteu reagent, and 80 pL of
saturated NapoCOs solution. The absorbance of the reaction mixture was measured immediately at 700 nm using the CLARIOstar® Plus
Multi-mode Microplate Reader (BMG LABTECH). The TPC values were estimated by plotting on the gallic acid calibration curve and
were expressed as milligrams of gallic acid equivalent per gram of dry extract (mg GAE/g).

2.4. Determination of total flavonoid content (TFC)

The total flavonoid content of the crude extracts was determined using the aluminum chloride colorimetric method [24]. Quercetin
was used as reference standard (50, 100, 150, 250, and 500 pg/mL). The reaction mixture consisted of 10 pL of extract, 200 pL of
distilled water, and 30 pL of NaNOx solution (5 % w/v). The mixture was mixed and incubated at 37 °C for 5 min, and then 30 pL of
aluminum chloride solution (10 %; w/v) was added. After incubation at 37 °C for 6 min, the reaction was mixed with 20 pL of 10 mM
NaOH solution. The absorbance of the reaction mixture was measured at 490 nm using the CLARIOstar® Plus Multi-mode Microplate
Reader (BMG LABTECH). The TFC values were estimated by plotting on the calibration curve and were expressed as milligrams of
quercetin equivalent per gram of dry extract (mg QE/g).

2.5. Quantitative determination of quercetin content

A high-performance liquid chromatographic (HPLC) method was developed to quantify quercetin in the extracts. Briefly, 0.25 g of
dried extracts were dispersed in 5 mL of 6 N HCl in 50 % (v/v) of methanol/water. The mixture was sonicated at 60 °C for 30 min. The
solution was filtered through 2.5 pm filter paper followed by a 0.2 pm nylon membrane filter. The solution was collected and subjected
to HPLC analysis using a Shimadzu-LC20A system (Shimadzu, Japan) equipped with a CBM-20A controller, LC-20AT pump, DGU-20A5
prominence degasser, SIL-20A autosampler SPD-20AV detector, and CTO-10ASvp column oven. Chromatographic separations were
achieved using an Inertsil ODS-C18 column (150 mm x 4.6 mm inner diameter, 3.5 pm particle size). A reverse-phase HPLC assay was
carried out using isocratic elution with a flow rate of 1.0 mL/min, column temperature of 30 °C, a mobile phase of 100 % methanol,
and a detection wavelength of 360 nm. The injection volume was 20 pL of each solution. The total run time was 10 min for each
injection. Data was acquired and processed using LC-Solution Software.

2.6. ABTS radical scavenging capacity measurement

The ABTS (2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)) free radical assay was performed using a previously described
method [25] with some modifications. Briefly, the ABTS radical solution was generated by mixing equal volumes of ABTS solution (7
mM) and potassium persulfate solution (2.45 mM), and the mixture was kept in the dark at room temperature for 12-16 h. Before use,
the ABTS solution was diluted with ethanol to obtain an absorbance of 0.7 (+-0.02) at 734 nm. Ascorbic acid and quercetin were used as
standard antioxidants. The ABTS free radical assay was performed by mixing 10 pL of extract or various concentrations of standard
antioxidant with 195 pL of ABTS solution. After 30 min of incubation in the dark at room temperature, the decreased absorbance was
measured at 734 nm. The percentage radical scavenging activity (% RSA) was calculated using the following formula:

Al 1 — Abs s 1
%RSA:( bs contro bs samp e) « 100

Abs control

Abs control was the absorbance of the blank (without samples), and Abs sample was the absorbance of tested sample. Dose-response
curves were plotted with a five-parameter regression model using the GraphPad Prism 5.01 software. 50 % effective concentration
(EC50) values were calculated.
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2.7. DPPH radical scavenging capacity

The DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical assay was performed [26] with minor modifications. In brief, the reaction
mixture consisted of 100 pL of the extract or standard antioxidant and 100 pL of DPPH radical solution prepared in absolute ethanol
(0.2 mM). The absorbance of the reaction mixture was measured at 517 nm after 30 min incubation in the dark at room temperature.
The percentage radical scavenging activity (% RSA) was calculated using the following formula:

% RSA — Abs control — Abs sample % 100
Abs control

Abs control was the absorbance of the blank (without samples), and Abs sample was the absorbance of the tested sample. Dose-

response curves were plotted with a five-parameter regression model using the GraphPad Prism 5.01 software. EC50 values were

calculated.
2.8. Animals

Male Sprague Dawley (SD) rats aged 7-8 weeks (weighing 200-250 g) were purchased from Nomura-Siam International Co. Ltd.,
Thailand. The rats used in this study were housed in 2 rats per individual ventilated cages (IVC) and maintained at room temperature
(25 £ 2 °C) with a controlled cycle of 12 h light and dark and access to food and water ad libitum. Animals were acclimatized to the
experimental conditions for one week before the initiation of the experiment. The study was approved by the Institutional Animal
Ethics Committee of The Faculty of Medicine, Chiang Mai University, Thailand (code no. 12/2565).

2.9. Animal experimental design

Sixty rats were divided into two main groups, the healthy control groups and the thrombocytopenic groups. The healthy control
groups received normal saline solution at 5 mL/kg body weight injected subcutaneously once a day on days 0, 1, and 2 for a total of 3
doses. The healthy control groups were further subdivided into five subgroups of six animals in each group. Group I served as the
control group that received saline solution. Groups II, III, and IV were control groups that were given 400 mg/kg body weight of the
plant extracts, Phyllanthus emblica fruit extract (PEE), Morus alba leaf extract (MAE), and Ginkgo biloba leaf extract (GBE), respectively.
Group V was a control group that received a 50 mg/kg body weight dose of quercetin in 0.5 % (w/v) sodium carboxymethylcellulose
aqueous solution. In the thrombocytopenic groups, thrombocytopenia was induced in the rats by administering 50 mg/kg of cyclo-
phosphamide solution subcutaneously once a day on days 0, 1, and 2. These were similarly subdivided into five subgroups of six
animals. Group VI served as the thrombocytopenic group that received saline solution only (CIT). Groups VII, VIII, and IX were the
thrombocytopenic groups that received the plant extracts, PEE, MAE, and GBE, respectively. Group X served as the thrombocytopenic
group that received a quercetin solution. All groups were given saline solution or plant extracts or quercetin on day 0 of the study by
intragastric administration for 15 days. On days 0, 3, 7, 9, 11, 13 15, 17, and 22, blood was collected from the leg veins in EDTA-
containing tubes for measurement of hematologic parameters.

2.10. Statistical analysis

Results are expressed as the mean + standard error of the mean (SEM). Data was calculated using one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test using GraphPad Prism (Version 9.0 - GraphPad Software, San Diego, CA, United States).
The significance of the difference between the mean values of the control and treated animals was determined by an independent
samples t-test. p < 0.05 was considered to be statistically significant.

Table 1

Total phenolic, and flavonoid content of extracts from Phyllanthus emblica fruits and Morus alba leaves.
Extraction solvent Phyllanthus emblica fruit extract Morus alba Leaf extract

TPC TFC TPC TFC

aqueous 103.93 + 2.93% 87.72 £ 3.20% 8.73 £ 0.24% 11.89 +0.70 °
25% Ethanol 117.59 + 2.40? 110.09 + 4.64% 8.55 + 0.08" 12.28 +0.67 °
50 % Ethanol 132.67 + 1.75% 105.43 + 2.63% 7.37 + 0.27¢ 9.95 +0.36 °
75% Ethanol 133.47 + 2.55% 109.03 + 0.90% 4.38 £0.17% 14.26 +0.97 °
100% Ethanol 47.31 £0.76° 47.54 +1.48° 1.81 +£0.47° 25.93 + 1.23°

The values represent the mean + SEM (n = 3). The different letters a and b within the same column showed a statistically significant difference at a
confidence level of 95 % (p < 0.05) analyzed using one-way ANOVA followed by Tukey’s Honest Significant Difference test. TPC, total phenolic
content (mg GAE/g dry weight); TFC, total flavonoid content (mg QE/g dry weight); GAE, gallic acid equivalents; QE, quercetin equivalents.



K. Chawansuntati et al. Heliyon 10 (2024) e25013

3. Results
3.1. Optimization of the extraction solvent

This study aimed to determine the optimal ethanol concentration for extracting flavonoids. The results suggest that the extraction
efficiency of flavonoid compounds is influenced by the ratio of ethanol to water used (Table 1). Morus alba leaf extracted with ethanol-
water solvent at concentrations of 0, 25, 50, 75, and 100 % showed high total phenolics content in the ethanol-water solvent at
concentrations of 0 %, and 25 %, while the total flavonoids contents were high in the ethanol-water mixture at the concentrations of
100 %, 75 %, and 25 %, respectively (Table 1). The phenolics and flavonoids were high in Phyllanthus emblica fruits extracted with the
ethanol-water mixture at concentrations of 25 %, 50 %, and 75 %. The antioxidant capacity of Morus alba leaf extract and Phyllanthus
emblica fruit extract were high in the extraction solvents containing ethanol at concentrations of 25-75 % (Table 2). This study
evaluated the antioxidant capacity, phenolic and flavonoid content, and determined the most effective extraction solvent while
considering the use of ethanol. The results showed that 25 % ethanol was the best solvent for extraction, as it was able to extract
essential substances with high biological activity.

3.2. Extraction yield, total phenolic, flavonoid, and quercetin contents

In this study, 25 % ethanol was used to extract flavonoids from plant materials for animal studies. The extraction yield, total
phenolic content, and total flavonoid content of the extracts are shown in Table 3. Phyllanthus emblica fruit extract and Morus alba leaf
extract had an extraction yield of 41.53 and 24.07 g per 100 g dried weight, respectively. In the determination of total phenolic content
by the Folin-Ciocalteu method, the extracts of Phyllanthus emblica fruits had the highest phenolic content at 274.61 + 4.26 (mg GAE/g
dry extract), followed by Morus alba leaves (30.04 £ 0.77 mg GAE/g dry extract) and Ginkgo biloba leaves (17.23 + 0.28 mg GAE/g dry
extract). Phyllanthus emblica fruit extract contained the highest amount of flavonoid compounds at 101.99 + 1.79 mg QE/g dry extract,
followed by Morus alba leaf extract and Ginkgo biloba leaf extract (34.56 + 0.20 and 14.50 + 0.58 mg QE/g dry extract, respectively).
Quercetin content in the extracts was determined by HPLC after acid hydrolysis. The analysis revealed that Phyllanthus emblica fruits
had the highest concentration of quercetin, followed by Morus alba leaves and then Ginkgo biloba leaves. These results are consistent
with the total flavonoid content in the extracts.

3.3. Antioxidant activity

The antioxidant activity of the extracts were evaluated using the ABTS and DPPH assays, and the results are shown in Table 4.
Antioxidant capacities were highest in Phyllanthus emblica fruit extract followed by Morus alba leaf extract and then Ginkgo biloba leaf
extract. Phyllanthus emblica fruit extract showed the most potent antioxidant activity against free radical ABTS (EC50 value = 4.43 +
0.07 pg/mL) and DPPH (EC50 value = 9.57 + 0.74 pg/mL) compared to Morus alba leaf extract and Ginkgo biloba leaf extract. The
extract from Phyllanthus emblica fruits exhibited anti-oxidative bioactivity comparable to ascorbic acid and quercetin standardized
compounds. The antioxidant capacities of the extracts were positively correlated with the total phenolic, total flavonoid, and quercetin
contents (Table 3).

3.4. Changes in hematological parameters after cyclophosphamide treatment in rat model

Administration of cyclophosphamide (50 mg/kg subcutaneously) resulted in statistically significant reductions in the number of
white blood cells (WBCs), red blood cells (RBCs), platelet (PLTs), and hemoglobin content (HGB) compared with baseline (Day-0)
(Table 5). There were no significant changes in hematocrit, mean corpuscular volume (MCV), and mean corpuscular hemoglobin
(MCH). Changes in the WBC, RBC, and platelet count, along with HGB in rats receiving saline solution and cyclophosphamide are
shown in Fig. 1. After the administration of cyclophosphamide, the WBC counts immediately decreased from day 1 and reached a nadir

Table 2
EC50 values of antioxidants in ABTS and DPPH radical scavenging assays.
EC50 of Phyllanthus emblica Extract ECso of Morus alba Extract
ABTS (pg/mL) DPPH (pg/mL) ABTS (pg/mL) DPPH (pg/mL)
aqueous 7.21 + 0.66 5.39 £ 0.59% 249.97 + 20.76" 837.75 + 107.25"
25%Ethanol 7.17 £ 0.39 4.82 + 0.19% 210.80 + 15.72% 222.33 + 8.42°
50 % Ethanol 5.84 + 0.57 4.38 + 0.43% 202.57 +9.28% 198.23 + 19.05%
75%Ethanol 7.24 £ 0.35 4.75 + 0.14% 300.00 =+ 0.00? 354.75 + 19.75%
100%Ethanol 10.75 &+ 2.42 8.54 + 0.49" 788.90 + 50.20° -

Each value represents the mean + SEM (n = 3). The different letters a and b within the same column showed a statistically significant difference in the
antioxidant capacity of the compounds at a confidence level of 95 % (p < 0.05) analyzed using one-way ANOVA followed by Tukey’s Honest Sig-
nificant Difference test. nd indicates not detectable. EC50 value, defined as the effective concentration of the extracts that are required to scavenge
ABTS and DPPH radicals by 50 %. Dash = not determined. ABTS, 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid); DPPH, 2,2-diphenyl-1-
picrylhydrazyl.
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Table 3
Total phenolic, flavonoid, and quercetin content of extracts from Phyllanthus emblica fruits, Morus alba leaves, and Ginkgo biloba leaves.
Extracts Extraction yield (%) TPC (mg GAE/g dry extract) TFC (mg QE/g dry extract) Quercetin content (mg/g dry extract)
PEE 41.53 274.61 + 4.26% 101.99 + 1.79% 10.20 + 1.04*
MAE 24.07 30.04 + 0.77° 34.56 + 0.20° 6.29 + 1.20°
GBE nd 17.23 + 0.28° 14.50 + 0.58°¢ 3.40 £ 0.11°¢

Each value represents the mean + SEM (n = 3). Statistical analysis was performed using one-way ANOVA followed by Tukey’s post hoc test. Different
letters within the same column indicate statistically significant differences (p < 0.05). nd indicates not detectable. Quercetin content was determined
by HPLC after acid hydrolysis. TPC, total phenolic content; TFC, total flavonoid content; GAE, gallic acid equivalents; QE, quercetin equivalents; PEE,
Phyllanthus emblica fruit extract; MAE, Morus alba leaf extract; GBE, Ginkgo biloba leaf extract.

Table 4

Antioxidant activities of different plant extracts on ABTS and DPPH assays.
Plant Extracts/standards Antioxidant activity (EC50 (pg/mL))

ABTS DPPH

PEE 4.43 + 0.07° 9.57 + 0.74%
MAE 82.80 + 6.00° 180.70 + 0.38"
GBE 175.40 + 13.00°¢ 287.30 + 54.25°¢
Ascorbic acid 3.83 4+ 0.03* 3.80 £ 0.06%
Quercetin 1.60 + 0.00* 2.67 &+ 0.03*

Each value represents the mean + SEM (n = 3). Different letters a and b within the same column showed a
statistically significant difference in the antioxidant capacity of the compounds at a confidence level of 95 % (p
< 0.05) analyzed using one-way ANOVA followed by Tukey’s Honest Significant Difference test. nd indicates
not detectable. PEE, Phyllanthus emblica fruit extract; MAE, Morus alba leaf extract; GBE, Ginkgo biloba leaf
extract; ABTS, 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid); DPPH, 2,2-diphenyl-1-picrylhydrazyl.

Table 5
Hematological parameters in Sprague Dawley rats after cyclophosphamide treatment.
Hematological Days after cyclophosphamide injection
parameters Day-0 Day-3 Day-7 Day-9 Day-11 Day-13 Day-15 Day-17 Day-22
WBC (x103/pL) 8.32 + 1.01 £ 0.32 + 1.15 + 3.04 £ 0.74 10.38 + 13.22 + 10.54 + 5.63 +
0.82 0.06° 0.03¢ 0.35 2.62 4.07 2.46 0.98
RBC (X106/pL) 7.89 £ 7.68 + 7.27 + 6.03 + 591 + 5.52 + 5.58 £ 6.03 £ 7.73 £
0.20 0.11 0.11 0.66° 0.59° 0.51° 0.42° 0.33° 0.29
HGB (g/dl) 16.30 + 15.75 = 14.66 + 11.93 + 11.62 + 11.14 + 11.48 + 12.32 + 15.22 +
0.26 0.34 0.33% 1.10% 0.89% 0.87% 0.83% 0.62% 0.46
HCT (%) 47.80 + 45.72 + 41.94 + 34.00 + 33.78 + 33.44 + 35.62 + 38.42 + 37.28 +
0.65 0.94 1.02 3.28 2.79 3.11 2.42 1.68 1.37
MCV (fL) 60.72 £ 59.57 + 57.70 £ 56.73 + 57.56 + 60.74 £ 64.28 + 64.04 + 61.38 +
1.33 1.23 1.62 1.18 1.62 1.99 2.43 2.29 1.68
MCH (pg) 20.72 £ 20.52 + 20.16 £ 19.93 + 19.88 + 20.34 £ 20.66 + 20.50 + 19.78 +
0.49 0.46 0.55 0.52 0.62 0.56 0.63 0.69 0.68
MCHC (g/dL) 34.07 + 34.45 + 3498 + 35.13 + 34.52 + 33.54 + 32.18 + 32.04 + 3218 +
0.13 0.14 0.16 0.20 0.36 0.63 0.37% 0.30? 0.35%
RDW-CV (%) 12.38 + 12.53 + 12.12 + 12.03 + 12.02 + 15.52 + 24.40 £ 22.48 + 18.74 +
0.30 0.30 0.28 0.32 0.34 1.51 1.92° 0.61% 0.52%
RDW-SD (fL) 31.58 + 31.37 + 29.38 + 28.60 + 28.48 + 37.60 + 64.42 + 59.94 + 47.84 +
0.80 1.06 1.13 0.29 0.96 3.82 7.01% 2.83% 1.317
PLT (XlOS/pL) 10.47 + 6.82 £ 0.59 + 0.77 £ 2.89 + 10.67 + 11.99 + 15.68 + 10.18 =
0.31 0.22 0.20® 0.15° 0.67¢ 4.71 2.37 1.31 1.06
MPV (fL) 6.43 + 6.17 + 7.38 + 7.13 £ 7.46 + 7.32 + 7.16 + 6.70 + 6.52 +
0.12 0.11 0.32° 0.27¢ 0.05% 0.09° 0.19¢ 0.17 0.07
PDW 15.15 + 14.98 + 15.34 + 15.40 + 15.70 + 15.92 + 15.72 + 15.44 + 15.32 +
0.02 0.04 0.21 0.14 0.09° 0.122 0.12° 0.10 008
PCT (%) 0.67 £ 0.42 £ 0.04 + 0.05 + 0.21 £ 0.45 + 0.65 £ 0.15 0.85 + 0.67 +
0.03 0.01¢ 0.01? 0.01? 0.05% 0.11 0.01 0.08

Results are expressed as mean + SEM, (n = 4-6/group). One-way ANOVA, followed by Tukey’s post-hoc test was used. Different letters within the
same row indicate statistically significant differences; * p < 0.001, ®p <0.01, and € p < 0.05 when compared to baseline (Day-0). WBC, white blood
cell; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; RDW-CV, red blood cell distribution width coefficient of variation; RDW-SD, red blood cell distribution width
standard deviation; PLT, platelet; MPV, mean platelet volume; PDW, platelet distribution width; PCT, platelet crit.
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Fig. 1. The effect of saline solution (open circle) and cyclophosphamide (filled circle) on white blood cell count (A), red blood cell count (B),
platelet count (C), and hemoglobin level (D) of Sprague Dawley rats. Rats were given 50 mg of cyclophosphamide per kg of body weight subcu-
taneously for 3 days on days 0, 1, and 2. Blood was drawn from the saphenous vein for hematologic examination. The numbers of white cells, red
cells, platelets, and hemoglobin were determined by a blood analyzer on days 0, 3, 7, 9, 11, 13, 15, 17, and 22 after cyclophosphamide treatment.
Results are expressed as mean + SEM, (n = 4-6/group). One-way ANOVA, followed by Tukey’s post-hoc test was used. Different letters indicate
statistically significant differences; °p < 0.001, p < 0.01, and p < 0.05 when compared to the control group at the respective time. (For inter-
pretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

on days 3-7 before returning to normal range by day 17 (Fig. 1A). The RBC count and hemoglobin content of cyclophosphamide-
treated animals exhibited a similar pattern of decline, reaching the lowest point on days 7-15 before progressing to near-baseline
by day 22 (Fig. 1B and D). Cyclophosphamide administration resulted in biphasic changes in platelet counts in the

Table 6
The effects of plant extracts or quercetin on platelet counts in cyclophosphamide-induced rats.
Groups Platelet count (x10°/pL)
Day-0 Day-3 Day-7 Day-9 Day-11 Day-13 Day-15 Day-17 Day-22
Control 10.98 + 9.77 + 0.47 9.17 £ 0.70 9.06 £ 0.12 9.30 + 0.56 8.53 £0.91 9.03 £+ 1.66 8.89 £ 0.43 9.29 £+ 0.90
0.44
PEE 10.31 + 10.35 + 8.97 +1.03  9.47 + 0.52 9.54+0.53 858+0.75 880+0.85 875+0.63 8.87 +0.59
0.99 2.60
MAE 10.09 + 8.00 £+ 1.02 10.05 + 10.33 £ 0.71 9.45 £+ 0.52 8.68 £ 0.97 10.34 + 8.23 £ 0.96 8.80 £ 0.44
1.03 0.58 0.92
GBE 10.45 + 8.59 + 0.57 9.77 £ 0.54 9.31 £ 0.50 9.73 + 0.49 10.19 + 9.37 +£0.43 9.14 £+ 0.59 9.04 + 0.48
0.55 1.43
Q 9.79 £ 0.67 8.64 + 0.33 9.97 £0.53 8.55 £+ 0.66 9.34 + 0.70 9.70 £ 0.71 9.04 + 0.99 9.83 £ 0.30 8.47 £ 0.41
CIT 10.47 + 6.82 + 0.59 + 0.77 + 0.15° 2.89 £ 0.67°¢ 10.67 + 11.99 + 15.68 + 10.18 +
0.31 0.22¢ 0.21¢ 4.71 2.37 1.31 1.06
CIT + PEE 8.72 £1.36 6.89 + 0.42 0.50 + 1.78 + 0.59° 6.88 + 1.98 12.88 + 16.53 + 15.31 + 8.95 £ 0.33
0.11¢ 2.76 1.26 1.72
CIT + MAE 10.15 + 7.01 + 0.73 + 1.99 £ 0.63¢ 5.83 +£1.53 11.99 + 16.76 + 14.33 + 8.25 + 0.36
0.39 0.37¢ 0.22¢ 2.12 0.83 1.20
CIT + GBE  9.86 +0.68  6.30 & 1.09 + 2.71 +£0.73° 816 +2.21 13.59 + 15.31 + 15.83 + 9.27 +0.94
0.59¢ 0.22¢ 2.26 0.65 2.37
CIT + Q 10.06 + 6.85 + 1.00 + 3.23 £ 0.68 8.98 + 1.65 12.54 + 15.41 + 13.44 + 8.38 £ 0.40
0.61 0.40° 0.18° be b 1.44 0.83 0.88

Results are expressed as mean + SEM, (n = 4-6/group). An independent samples t-test was used; ® p < 0.05 in PEE, MAE, GBE, and quercetin groups
when compared to the control group at the respective time, ® p < 0.05 in thrombocytopenic groups received PEE, MAE, GBE, and quercetin when
compared to the CIT group at the respective time, and € p < 0.05 when compared to the baseline (Day-0). CIT, chemotherapy (cyclophosphamide)-
induced thrombocytopenia; PEE, Phyllanthus emblica fruit extract; MAE, Morus alba leaf extract; GBE, Ginkgo biloba leaf extract.
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thrombocytopenic group. The platelet count decreased by about 30 % of baseline on day 3, reaching a nadir of approximately 89-90 %
of the baseline on days 7-9 before recovery, reaching a peak of 50 % above the baseline on day 17. The values then returned to baseline
by day 22 (Fig. 1C).

3.5. The effects of plant extracts or quercetin on platelet counts in cyclophosphamide-induced rats

The effects of cyclophosphamide treatment and co-administration of plant extracts or quercetin on platelet counts are presented in
Table 6. Administration with PEE, MAE, GBE, and quercetin did not significantly alter platelet counts compared to saline adminis-
tration in the healthy control group rats. Platelet counts decreased statistically significantly in all groups receiving cyclophosphamide,
reaching a nadir on days 7 and 9. On days 9 and 11, rats treated with cyclophosphamide and quercetin had significantly higher platelet
counts (p < 0.05) compared to the CIT group. Thrombocytopenic rats that received PEE, MAE, and GBE did not show any changes in
platelet values compared to the CIT group. Responses of rats in each group, presented by the percentage change in platelet count from
baseline, are shown in Fig. 2. No statistically significant increase in platelet counts was observed in thrombocytopenic rats receiving
PEE, MAE, and GBE (Table 6). Thrombocytopenic rats treated with PEE, MAE, and GBE showed more rapid platelet count recovery
compared to the CIT group. By day 11, platelet counts in the PEE, MAE, and GBE groups returned to near baseline levels with a mean of
4.29 %, —40.77 %, and —14.24 %, respectively, compared to —71 % in the CIT group (Fig. 2A-C). On days 9 and 11, thrombocytopenic
rats receiving quercetin showed a statistically significant increase in platelet count when compared to the CIT group, with a mean
decrease of 5.41 % from baseline (Table 6 and Fig. 2D).

4. Discussion

We evaluated the effect of quercetin and the extracts of Phyllanthus emblica fruit (PEE), Morus alba leaf (MAE), and Ginkgo biloba leaf
(GBE) on an animal model of chemotherapy-induced thrombocytopenia. The PEE contained the highest quercetin content followed by
MAE and GBE which were related to their anti-oxidative bioactivity. Quercetin and all three extracts were not associated with a
statistically significant increase in platelet counts in normal healthy rats. In contrast, quercetin supplementation was linked to more
rapid recovery of platelet counts in cyclophosphamide-induced thrombocytopenia in rats. However, there was no statistically sig-
nificant increase in platelet counts in thrombocytopenic rats receiving PEE, MAE, and GBE.

We observed that quercetin was associated with a faster recovery of platelets in rats with cyclophosphamide-induced thrombo-
cytopenia. The role of quercetin in modulating platelet count is less studied in animal models of CIT. However, the link between
quercetin administration and the recovery of platelet counts in CIT in our study is consistent with previous studies on thrombocy-
topenia in other experimental animals models. In rats treated with cadmium and polychlorinated biphenyl, administration of quercetin
was linked to significantly increased platelet counts compared to treated groups [27,28]. These studies demonstrated that quercetin
effectively enhances platelet recovery and regulates platelet count in thrombocytopenia caused by various chemical agents. Admin-
istration of quercetin can reduce abnormally high platelet counts to normal levels in rats treated with difenoconazole [29].
Furthermore, our experiment showed that quercetin did not affect platelet count in normal animals. These findings suggest that
quercetin may be the compound of choice because it modulates abnormal platelet counts.

We found that PEE has the highest concentration of quercetin, followed by MAE and GBE. However, PEE and GBE increased platelet
counts to near baseline faster than MAE but not significantly. The results of this study are not in line with the hypothesis. This may be
due to the low quercetin content in these extracts, or the different types of quercetin glycosides found in these plants. Due to limited
resources and a lack of equipment, phytochemical profiles were not identified in this study. However, these plants have been found to
contain quercetin derivatives, as reported by multiple studies. Quercetin, kaempferol, and their derivatives, including quercetin 3-f-b-
glucopyranoside and kaempferol 3-p-p-glucopyranoside, have been identified in Phyllanthus emblica fruits [30]. The flavonol glycosides
quercetin-3-(6-malonyl glucoside) and quercetin-3-O-rutinoside are found in mulberry leaves extracted with 60 % ethanol, while the
water extract of mulberry leaves contains flavonols in the following order: quercetin-3-f-p-glucose, quercetin-3-O-glucose-6-acetate,
rutin, and quercetin, respectively [31,32]. The Ginkgo biloba leaves consist of more than 30 flavonoids, mainly flavonol glycosides such
as quercetin, kaempferol, and isorhamnetin [33]. It has been noted that consuming quercetin-rich foods does not guarantee the highest
bioavailability of quercetin. This is because the bioavailability of quercetin is influenced by various factors, including the forms of the
sugar moiety [18]. Therefore, the role of quercetin in platelet recovery might differ between various quercetin forms.

One of the limitations of this study is that the mechanisms, including histopathological data on the bone marrow of quercetin
activity and platelet recovery, have not been entirely elucidated in animal models. However, quercetin-3-glucuronide, a quercetin
metabolite, can increase platelet count by inhibiting platelet apoptosis in rats with immunological bone marrow failure [34]. Quer-
cetin has also been found to increase the number of bone marrow cells, including platelets, in animal models of cisplatin-induced
myelosuppression by elevating levels of hematopoietic growth factors [35]. Quercetin and its metabolites have demonstrated ther-
apeutic activities against various diseases as it has antioxidant, antimicrobial, antidiabetic, anti-inflammatory, anti-Alzheimer’s,
antiarthritic, anticancer, anti-atherogenic, and wound-healing effects [36]. Its role in platelet recovery in CIT has been little studied.
These findings highlight the potential medicinal properties of quercetin in specific health conditions related to thrombocytopenia.

In conclusion, Phyllanthus emblica fruit extract (PEE) exhibited higher antioxidant activities than Morus alba leaves extract (MAE)
and Ginkgo biloba leaves extract (GBE) which may be related to the high content of total phenolic, flavonoid, and quercetin contents.
Quercetin, PEE, MAE, and GBE did not affect platelet counts in normal healthy rats. We have found that platelet count recovers more
quickly for PEE, MAE, and GBE in thrombocytopenic rats. Although, there were no significant changes in platelet counts. However,
only quercetin improved platelet recovery in a rat model of chemotherapy-induced thrombocytopenia. This data may serve as the basis
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Fig. 2. Effect of PEE (A), MAE (B), and GBE (C) and quercetin (D) on the mean percentage change in platelet counts from baseline (Day 0) in male
Sprague-Dawley rats after cyclophosphamide treatment.

Rats were given 50 mg of cyclophosphamide per kg of body weight subcutaneously for 3 days on days 0, 1, and 2. Rats began receiving saline
solution or the test substances: PEE, MAE, and GBE extract at a dose of 400 mg/kg body weight, or quercetin at a dose of 50 mg/kg body weight on
day 0 of the study by intragastric administration. Blood collection from the veins of the legs was performed on days 0, 3, 7, 9, 11, 13 15, 17, and 22.
Data are presented as the mean percentage change of baseline in platelet count (Day 0) of each rat and expressed as mean + S.E.M. (n = 4-6/group).
An independent samples t-test was used. A significant difference is indicated by *(p < 0.05) when compared to the CIT group at the respective time.
CIT, chemotherapy (cyclophosphamide)-induced thrombocytopenia; PEE, Phyllanthus emblica fruit extract; MAE, Morus alba leaf extract; GBE,
Ginkgo biloba leaf extract.

for investigating the health benefits of quercetin and quercetin-rich plants in thrombocytopenia.
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