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Abstract: Oroxylum indicum is a traditionally used plant in Ayurvedic and folk medicines. The
plant is useful for the management of gastrointestinal diseases as well as skin diseases. In the
present study, we analyzed the antitumor potential of O. indicum in Dalton’s lymphoma ascites tumor
cells (DLA) and Ehrlich ascites carcinoma (EAC)-induced solid and ascites tumors. Further, the
potential of O. indicum extract (OIM) on skin papilloma induction by dimethyl benz(a) anthracene
(DMBA) and croton oil was evaluated. The chemical composition of the extract was analyzed using
UPLC-Q-TOE-MS. The predominant compounds present in the extract were demethoxycentaureidin
7-O-rutinoside, isorhamnetin-3-O-rutinoside, baicalein-7-O-glucuronide, 5,6,7-trihydroxyflavone,
3-Hydroxy-3' 4’ 5'-trimethoxyflavone, 5,7-dihydroxy-3-(4-methoxyphenyl) chromen-4-one, and 4’-
Hydroxy-5,7-dimethoxyflavanone. Treatment with high-dose OIM enhanced the percentage of
survival in ascites tumor-bearing mice by 34.97%. Likewise, high and low doses of OIM reduced the
tumor volume in mice by 61.84% and 54.21%, respectively. Further, the skin papilloma formation
was brought down by the administration of low- and high-dose groups of OIM (by 67.51% and
75.63%). Overall, the study concludes that the Oroxylum indicum root bark extract is a potentially
active antitumor and anticancer agent.

Keywords: Oroxylum indicum; antioxidant activity; dimethyl benz(a) anthracene; skin papilloma;
antitumor activity

1. Introduction

Cancer is characterized by the abnormal and uncontrolled proliferation of cells, which
possess the ability to metastasize or invade other parts of the body [1,2]. The invading cells
form a subset of neoplasms, which either form a tumor lump or a diffusely distributed
cell population [3,4]. Chemotherapy is one of the common modalities of cancer treatment.
Chemotherapeutic agents eliminate the rapidly proliferating cells, including hematopoietic
bone marrow cells, hair follicles, digestive tract epithelial cells, and reproductive tract
cells, apart from the cancer cells, which essentially are the prime targets [5]. This poses
serious side effects that affect vital organs, such as the heart, lungs, kidneys, and digestive
organs [6]. Clinically used chemotherapeutics are also facing issues of resistance by various
molecular pathways [7-9]. Hence, there is a need for novel anticancer drug candidates to
overcome the issues associated with present-day chemotherapeutics [10].
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Oroxylum indicum Vent. is one of the ten plants whose roots are used as an ingredient
of the Dashamoola combination in Ayurveda [11,12]. Different parts of the tree also find
use in folklore medicine to cure ailments such as urinary infections, bronchitis, leuko-
derma, diarrhea, nasopharyngeal cancers, oral cancers, etc., as reviewed by Deka, et al. [13],
Mao [14], and Preety and Sharma [15]. The root bark possesses anti-ulcer [16], immunomod-
ulatory [17], antioxidant [18], and hepatoprotective [19] properties. The antiproliferative
potential of different fractions of the root bark has also been reported [20] in human breast
carcinoma cells. Still, thorough research on its anticancer properties in in vivo models has
not been conducted.

Animals, including mouse models, reiterate the human equivalent of different ma-
lignancies [21]. Anticancer agents of plant origin bring about the inhibition/suppression
of carcinogenesis, thereby acting as chemopreventive agents, or they pose toxicity to the
cells in already developed tumors, thereby reducing tumor burden [22,23]. Ehrlich ascites
carcinoma (EAC) is a rapidly proliferating, experimental transplantable tumor maintained
in outbred mice by a series of intraperitoneal passages. It was originally identified as a
murine mammary adenocarcinoma, which later was adapted to ascites form [24,25], and
has been exploited for many chemotherapeutic studies [26-28]. The antitumor activity of
any agent against Ehrlich ascites can be assessed by cytological examination of the ascites
cells post-treatment, calculating the increase in survival time and/or by measuring the
number of ascites formed after treatment [24]. Our study relied on the evaluation of the
antitumor activity of Oroxylum indicum Vent. root bark, in EAC cells, in terms of its effect
on the increase in the average life span.

Earlier models of evaluation of antitumor activity included murine models induced
with ascitic leukemia using different types of cancer cell lines [29,30], but were not ad-
equate enough for the identification of therapeutic agents against solid tumors [31,32].
In our study, the antitumor efficacy of the extract was evaluated using the solid tumor
model in mice, inoculated intramuscularly with Dalton’s lymphoma ascites (DLA) cell
line, which has been known to be in use for many similar investigations before [33,34].
The 7, 12-dimethyl-benz[a] anthracene (DMBA) acts as an inducer of the two-step muta-
genesis and the TPA present in croton oil promotes the malignant conversion of mouse
skin tumors [35]. Overall, the present study evaluates the antitumor and anticarcinogenic
potential of O. indicum Vent. root bark in multiple models in mice.

2. Results
2.1. Phytochemical Analysis
2.1.1. Qualitative Phytochemical Analysis

Figure 1 shows the total ion chromatogram of the OIM extract subjected to UPLC-Q-
TOEF-MS analysis. The compounds provisionally identified (based on previous fragmenta-
tion data from the literature) are enlisted in Table 1.

Table 1. The compounds tentatively identified from O. indicum Vent. wild root bark (OIM) extract by
UPLC-Q-TOF-MS analysis.

Molecular Weight Molecular

Peak No. RT (Min) mlz (kDa) Formula Name of the Compound

1 0.79 562.2056 — — Unidentified

2 2.92 487.1551 — — Unidentified

3 3.70 639.2048 - - Unidentified

4 3.90 637.1891 638.184685 C9H34014 Demethoxycentaureidin 7-O-rutinoside
5 4.02 653.2208 — — Unidentified

Isorhamnetin-3-O-rutinoside

6 413 623.2098 624.16903 CogH3,016 (Narcissin)

7 4.36 607.2140 — — Unidentified

8 4.52 547.1558 - - Unidentified

9 475 651.2419 — — Unidentified




Molecules 2022, 27, 8459

30f13
Table 1. Cont.
Peak No. RT (Min) mlz Molecular Weight Molecular Name of the Compound
(kDa) Formula
Baicalein-7-O-glucuronide
10 4.99 445.1238 446.08491 Cy1H18011 (Baicalin)
5,6,7-Trihydroxyflavone
11 5.65 269.0502 270.05282 C15H1005 (Baicalein)
12 5.82 327.2242 328.094688 C18H1606 3-Hydroxy-3' 4/ 5'-trimethoxyflavone
13 6.02 283.0659 284068473 C1eHpOs 5,7—D1hydroxy—3—(4—Ir'leth0xyphenyl)Chromen—4—0ne
(Biochanin A)
14 7.05 299.2069 300.099774 Ci7H1605 4'-Hydroxy-5,7-dimethoxyflavanone
15 7.23 295.2332 296.104859 C18H1604 6-Ethoxy-3(4’-hydroxyphenyl)-4-methylcoumarin
16 7.80 311.1749 — — Unidentified
17 8.16 325.1904 — — Unidentified
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Figure 1. Total ion chromatogram of O. indicum Vent. wild root bark (OIM) extract subjected to
UPLC-Q-TOF-MS analysis. The compounds corresponding to the peak numbers are listed in Table 1.

2.1.2. HPLC-Based Quantification of Chrysin and Baicalein

The quantitative determination of chrysin and baicalein by HPLC is shown in the chro-
matogram (Supplementary Figure S1). The quantity of baicalein was 1.794 £ 0.23 mg/g

of O. indicum powder. The quantity of chrysin was 0.725 £ 0.08 mg/g of the powder of
O. indicum (Table 2).

Table 2. The concentration of baicalein (Bcl) and chrysin (Chr) expressed as mg/g dry wt. of powder
in O. indicum Vent. medium.

Compound Concentration
Baicalein 1.794 +0.23
Chrysin 0.725 £ 0.08

2.2. Cytotoxicity of O. indicum Extract

The methanolic extract of Oroxylum indicum Vent. showed a profound decline in the
viability of DLA and EAC cell lines in a dose-dependent pattern (Figure 2). No cell death
was observed in the control. With OIM extract concentrations at 259.07 and 252.53 pug/mL
respectively, 50% death of DLA and EAC cells occurred. The extract was found to be
non-toxic to spleen cells up to the highest concentration used (500 pg/mL).
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Figure 2. In vitro cytotoxicity of different concentrations of methanolic extract of O. indicum Vent.
root bark (OIM) on DLA and EAC cell lines and normal spleen cells. *** Indicates a significant
variation with p < 0.001 with the cytotoxicity in spleen cells.

2.3. Effect of OIM Extract on Ascites Tumor

All animals developed ascites tumors upon receiving intraperitoneal inoculation of
EAC cells. When the untreated control group sustained only an average survival period
of 16.67 £ 1.86 days, treatment with OIM extract at 400 and 200 mg/kg increased the
average life span to 22.5 £ 2.43 (p < 0.01) and 20.67 £ 2.94 (p < 0.05) days, respectively.
OIMH treatment elevated the percentage increase of survival by 34.97%. The animals under
standard drug cyclophosphamide survived for 23.67 &+ 2.16 days (percentage increase in
survival—41.99%) (Figure 3).

—=Ctrl -#-Std OIML -—=—OIMH

Number of animals

0 5 10 15 20 25

Days

Figure 3. Effect of methanolic extract of O. indicum Vent. (OIM) on the average survival period of
ascites tumor-bearing animals. Ctrl—untreated negative control; Std—positive control, treated with
cyclophosphamide (i.p.) at 10 mg/kg b.wt.; OIML—low-dose group treated with OIM at dosage
200 mg/kg, and OIMH—high-dose group treated with OIM at dosage 400 mg/kg b.wt.

2.4. Effect of OIM Extract on Solid Tumor

All animals who received intramuscular DLA injection developed tumors by the
sixth day of induction, which grew in volume in successive days. Yet, compared to the
final volume recorded on the 30th day in the control group (2.07 & 0.23 cm3), O. indicum
Vent. extract-treated groups showed a marked decrease (p < 0.01) in tumor volume up to
0.79 4 0.03 cm? in OIMH and 0.95 =+ 0.09 cm? in OIML. OIMH and OIML treatment brought
about 61.84% and 54.21% inhibition of tumor growth, respectively, closer to that affected by
the cyclophosphamide treatment in the standard animal group (71.05%) (Figure 4).
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Figure 4. Effect of methanolic extract of O. indicum Vent. (OIM) on tumor volume in solid tumor-
bearing animals. Values are expressed as mean =+ SD for 6 animals. Ctrl—untreated negative control;
Std—positive control, treated with cyclophosphamide (i.p.) at 10 mg/kg b.wt; OIML—Ilow-dose
group treated with OIM at dosage 200 mg/kg b.wt., and OIMH—high-dose group treated with OIM
at dosage 400 mg/kg b.wt.

2.5. Effect of OIM Extract on Hematological Parameters

Though it was evident that animals treated with cyclophosphamide exhibited sub-
stantial anti-tumor activity in solid tumor models, there was a gradual reduction in the
hemoglobin concentration (Figure 5a) and total leucocyte count of the animals, which was
not obviously seen in the control, OIML, or OIMH groups (Figure 5b).
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Figure 5. Comparison of hematological parameters between cyclophosphamide-treated animals and
the other study groups during solid tumor induction. (a) Percentage hemoglobin (g/dL) and (b) total
leucocyte count (no: of cells/mm?) of Ctrl—tumor-induced group, having received no treatment;
Std—cyclophosphamide (i.p.) treated group at dosage 10 mg/kg b.wt; OIML—low-dose group
treated with OIM at dosage 200 mg/kg b.wt., and OIMH—high-dose group treated with OIM at
dosage 400 mg/kg b.wt.

2.6. Effect of OIM Extract on Skin Papilloma

The application of either DMBA or croton oil alone did not induce papilloma in any of
the animals. Meanwhile, DMBA plus croton oil application in untreated control animals
led to full-blown papilloma development (100% incidence). However, OIM application
at low and high regimes reduced the incidence of a tumor to 83.3 and 66.6%, respectively
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(Table 1). Papilloma onset was registered in the control group in the 6th week of the topical
application itself, whereas it was delayed in treated groups—9th week in OIML and 12th
week in OIMH (Figure 6). Table 1 shows that the average number of papillomas per animal
was significantly (p < 0.01) lower in treated mice compared to the control. OIM treatment
was found to inhibit papilloma development in low- and high-dose groups by 67.51% and
75.63%, respectively.

1007 © DMBA alone ¢ Crotonoil -« DMBA-+Croton oil
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Figure 6. Effect of methanolic extract of O. indicum (OIM) on skin tumorigenesis in the DMBA-croton
oil-induced animals. Group I: animals induced with 470 nmol of DMBA alone, in 200 acetone; Group
II: animals induced 1% croton oil alone, in 200 acetone; Group III: animals induced with DMBA plus
croton oil, which served as negative control; Group IV: [[DMBA + croton oil + OIM 5% in 200 uL
distilled water)]; and Group V: [([DMBA + croton oil + OIM 10% in 200 uL distilled water)]. * indicate
significant variation at p < 0.05 with DMBA + croton oil group.

3. Discussion

Cell-based screening assays are widely employed in drug discovery systems for
determining the anticancer properties of both synthetic and plant-derived compounds, and
the viability measurements of cancer cell lines in the presence of the tested compound are
preliminary steps in drug screening. In the study, we found significant in vitro anticancer
properties of OIM extract using short-term cytotoxicity assays in DLA and EAC cell lines,
where non-toxic effects were noticed in normal splenocytes. Methanolic and aqueous
extracts of O. indicum bark were previously demonstrated to induce cytotoxicity in MDA-
MB-435S cell lines, as determined by the XTT assay [36]. The anti-proliferative ability of the
methanolic extracts of fruits from O. indicum was studied on HL-60 cell lines, with baicalein
identified as an active principle in the extract [37]. The flavonoid (already reported to be
present in the root bark [38]) may be responsible for its capability to induce mortality in
DLA and EAC cell lines, as uncovered by the present study.

Followingly, the antitumor activity of O. indicum Vent. root bark extract was evaluated
using EAC-induced ascites tumor models. Prolongation of the life span of animals is a
reliable criterion for adjudging an anticancer agent. Though death is inevitable, OIM in
high doses showed a significant increase in the survival rate of mice, compared to untreated
control. However, OIM extract at a low dose (200 mg/kg b.wt) increased the life span
of tumor-bearing animals by merely 23.99%, but significantly different from the survival
rate of untreated animals. Similar results of anti-tumor activity in EAC-induced tumors
were previously reported by Samudrala, et al. [39] with Alternanthera brasiliana, and Senthil
Kumar et al. [40], with Prosopis glandulosa. In EAC-induced models, the survival times
of mice and the final volumes of the tumors were positively correlated, revealing the
progressive growth pattern. Tumor growth is also enhanced by the amount of ascitic fluid
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in the mouse peritoneal cavity, which is an inflammatory exudate produced in response
to EAC cell growth [41,42]. In all EAC-induced animals of our study, there was a gradual
increase noticed in ascites fluid volume, pertinent to the above concept.

Solid tumors (e.g., sarcomas, carcinomas, and lymphomas) are abnormal, localized
masses of tissues devoid of cysts or liquid areas, of either benign or malignant nature [43,44].
Dalton’s lymphoma spontaneously originates in the thymus of murine animals in the
transplantable form [45-47] and, hence, widely used in cancer research, with tumor volume
measurement as a reproducible parameter. The current study also revealed that oral
administration of OIM extract brought about a gradual, but significant reduction in tumor
volume, which was evident from the 12th day of induction onwards up to day 30, signifying
the anticancer property of the extract, consistent with previous anticancer studies of plant
extracts [48,49] using DLA induced tumors.

The study reveals the significant anti-carcinogenic efficacy of the root bark extract of
O. indicum Vent. in suppressing papilloma genesis, which is induced by the application
of DMBA and croton oil. In the typical two-stage chemical carcinogenesis system in the
mouse skin, a mutation in Hras1 induced by a low dose of 7,12-dimethyl benz(a)anthracene
is promoted by repeated application of TPA, which acts as a tumor promoter. During the
tumor promotion stage, due to the altered expression of genes whose encoded protein
products take part in hyperproliferation, tissue remodeling, and inflammation, the initiated
cells are subjected to selective clonal expansion, forming visible tumors [50]. This facili-
tates the initiation and promotion stages to be distinctly viewed both operationally and
mechanistically [51].

The inhibition of tumorigenesis, as revealed from the study, has occurred in the
promotion stage. Topical application of OIM extract showed a dose-dependent inhibition
of skin tumorigenesis, with a delay of three and six weeks respectively, in high and low-
dose groups, compared to the full-blown skin tumors that developed in control mice,
having received no external treatment. Chemoprevention, as stated by Wattenberg [52], can
occur either during initiation or during a promotion; the mediators preventing the former
are categorized as blocking agents, and those inhibiting the latter as suppressing agents.
Chemoprevention can be best accomplished during the promotion stage of carcinogenesis
because of its reversible nature which requires more time and a higher incidence of exposure,
unlike initiation or progression [53,54].

The relationship between inflammation and papilloma-genesis has been previously
established. During human papillomavirus infection, the host inflammatory response is
postulated to promote lesion progression through the direct participation of inflammatory
cells. Under the influence of the microbial genome or epigenetic factors, somatic cells
undergo changes mediated by autocrine and paracrine signals indicative of the association
between chronic inflammation and cancer [55,56]. In addition to being a component of
Dashamoola formulation, there is also mention of the usage of O. indicum Vent. as a single
ingredient in treating rheumatoid arthritis and inflammation [57,58]. The methanolic extract
root bark of O. indicum Vent. has been previously reported by the authors indicating its
potential anti-inflammatory properties in acute and chronic paw edema models [59] in
mice. In light of the above facts, it is conclusive that the inhibitive action of OIM extract
may be due to its suppressive effect on inflammation.

In the context of serious side effects posed by chemotherapeutic agents used in cancer
therapy, a surge has been observed in developing complementary medication from plant
sources, which are repositories of bioactive compounds. In the antitumor study conducted
by us, cyclophosphamide was used to treat the positive control group, the compound being
a common chemotherapeutic agent [60], which is also known to cause myelosuppression
and anemia [61]. In our study, it was observed that, though cyclophosphamide treatment
increased the average life span in ascites tumor models and reduced solid tumors, the
animals developed anemia and suffered a decrease in total leucocyte count, as revealed
from the hematological examination. Contrarily, the study reveals that OIM extract exerts
simultaneous antitumor and myeloprotective activities, similar to other plant extracts rich
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in bioactive compounds [62,63], possibly due to the synergistic effect of these substances
present in them.

The root bark of O. indicum has been found to contain chrysin, baicalein, biochanin-A
(flavonoids), and ellagic acid (phenolic compound) [38]. With previously reported anti-
cancer activities of baicalein [64,65], chrysin [66,67], biochanin-A [68], and ellagic acid [69],
it may be concluded that the antitumor activity of the extract is due to the combined activity
of these bioactive components, exerting anti-carcinogenic and cytotoxic effects.

4. Materials and Methods
4.1. Reagents and Chemicals

7,12-dimethyl-benz[a] anthracene of an analytical grade was used for the study (Sigma
Aldrich, MO, USA); the hematological test kit manufactured by Agappe Diagnostics (Er-
nakulam, Kerala, India) was used for hemoglobin estimation. The reagents and chemicals
that were used in the study were of analytic grade.

4.2. Collection of Oroxylum Indicum and Methanol Extraction

The roots of Oroxylum indicum Vent. were collected from Thrissur and authenticated
(KFRI/SILVA/GEN/06/11). The peeled bark was dried, powdered, and extracted using
methanol as solvent. The methanol extract was selected based on preliminary studies
and also considering the previous studies that methanol extracts most of the phytochemi-
cals [70,71]. The concentrated extract was dissolved in the deionized water for the animal
model studies and cytotoxicity analysis.

4.3. UPLC-Q-TOF-MS Analysis

Ultra-high-pressure liquid chromatographic (UPLC) analysis of the extract was per-
formed using an Acquity UPLC H class (Waters) system equipped with an autosam-
pler and a diode-array detector (DAD). The mobile phase (methanol and 0.1% aqueous
formic acid) was allowed to percolate through a BEH C18 column (with specifications,
50 mm x 2.1 mm x 1.7 pm, purchased from Waters, USA) using gradient elution (0-5 min,
5% acetonitrile; 5-7 min, 95% methanol; 8-9 min 5% methanol) at a flow rate of 0.3 mL/min.
Detection was achieved at a wavelength of 210-400 nm. The MS and MS/MS data were
retrieved from Xevo G2 (Waters, Massachusetts, USA) Quadrupole-Time-of-Flight (Q-TOF)
system. Mass spectrometric operations were carried out by the methods of Felipe, et al. [72].

The quantification of flavonoids chrysin and baicalein were also carried out using the
same solvent and running conditions using HPLC SCL-10A VP (Shimadzu, Kyoto, Japan).
The standard compounds were initially dissolved in 0.1 mg/mL concentration and loaded
in the HPLC system. Similarly, the extract was analyzed and compared with the standards,
and the final concentration was estimated using SCL-VP software.

4.4. Animals

BALB/c mice weighing 20-25 g were grouped and the in vivo acute toxicity analysis
of O. indicum Vent. root bark extract was conducted for 14 days according to OECD
guideline-423 [73]. Based on the acute toxicity studies conducted by the authors as per
OECD—423 guidelines, OIM extract was found to be having no observed adverse effect
limit (NOAEL) till 5 g/ kg [59]. For further studies, 400 mg/kg b.wt. of OIM was selected
as the high dose (OIMH) and 200 mg/kg of OIM as the low dose (OIML).

4.5. Cell Lines

Dalton’s lymphoma ascites tumor cells (DLA) and Ehrlich ascites carcinoma (EAC)
cells were aspirated aseptically in PBS (0.1 M, pH 7.4). The wash was repeated thrice and
the cell count was set as 107 cells/mL and used for cytotoxicity and antitumor studies [74].
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4.6. Cytotoxic Analysis of O. indicum on DLA and EAC Cells

About 0.1 mL of the DLA/EAC cell suspension was dispensed into test tubes contain-
ing OIM extract, at concentrations ranging from 100 to 500 pg/mL. After the incubation for
3 h, cell viability was estimated by trypan blue exclusion [75]. The half-maximal cell death
(ICs0) was also estimated graphically. Spleen cells isolated from BALB/c mice were used as
normal [76].

4.7. Antitumor Study
4.7.1. Ascites Tumor Model

The ascites tumor was induced in BALB/c mice by intra-peritoneal injection of
1 x 10° EAC cells/animal. Animals were divided into four groups, each with 6 mem-
bers. Group I served as the untreated negative control. Group II served as the standard
or positive control group treated with cyclophosphamide (i.p.) at a dosage of 10 mg/kg
b.wt. Groups III and IV were the extract-treated groups receiving oral administration of
methanol extract of O. indicum Vent. root bark (OIM) extract at low (OIML—200 mg/kg
b.w.) and high doses (OIMH—400 mg/kg b.w.), respectively. The drug treatment was
conducted for 10 days after 24 h of induction and the percentage increase in lifespan was
calculated [77].

4.7.2. Solid Tumor Model

To induce a solid tumor, the intramuscular injection was given to the hind limb with
1 x 10° cells/animal. The grouping of animals and drug treatment protocol followed
was the same as that of the ascites tumor model. The tumor development was measured
using vernier calipers every 3rd day after induction, up to day 30) and the volume was
calculated [78].

4.8. Hematological Parameters

The total WBC count and hemoglobin level of the animals in the solid tumor study
were tracked every third day to compare the effect of cyclophosphamide and OIM extract
on hematological parameters. The caudal vein blood was drawn into heparinized tubes
and the total WBC count was determined by a standard procedure using the hemocytome-
ter [79] and the hemoglobin level was estimated using a standard kit procedure (cyan
methemoglobin method) (Agappe Diagnostics Kit).

4.9. DMBA-Croton Oil-Induced Papilloma

The study was conducted using male BALB/c mice. Three animals were accommo-
dated per cage to avoid fighting and skin aberrations that may result; aggressive members
were maintained separately. A circular area of diameter 2 cm on the dorsal side of each
mouse was shaved. These mice were grouped as followed (1 = 6);

Group I: 470 nmol of DMBA /mouse in 200 uL acetone as a single dose on day 1.

Group II: 1% croton oil/mouse in 200 uL acetone, (2 weeks after DMBA application,
in a frequency of two times per week for 6 continuous weeks).

Group III: DMBA (same regime as for group I) plus croton oil (same regime as for
group II). This group served as a control.

Group IV and V: [(DMBA + croton oil—same regime as for group III)] + Oroxylum
indicum Vent. methanolic extract low dose (OIML)—5% in 200 pL distilled water and high
dose (OIMH)—10% in 200 uL, respectively, 30 min before each croton oil application

Throughout the study period of 20 weeks, all animals were monitored for their food
intake and toxicity symptoms. Weekly formation of papillomas, the percentage incidences
of papillomas, the cumulative count of papillomas developed, the number of papillomas
developed per animal, and the delay in tumor onset in each group were noted [80].
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4.10. Statistical Analysis

The data representation followed a mean =+ SD format with six animals per group.
The comparison was done using one-way ANOVA followed by the Dunnett post hoc test
using Graph Pad Prism 7.0.

5. Conclusions

The study concludes that the root bark extract of O. indicum is a rich source of various
flavonoid compounds that are capable of inducing strong anticancer properties. In addition,
the extract improved the life expectancy and tumor burden in the mice without inducing
toxic insults, such as what occurs in cytotoxic anticancer chemotherapeutic agents.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /molecules27238459/s1, Figure S1: HPLC chromatograms of wild
extract and the flavonoids—baicalein (Bcl) and chrysin (Chr).

Author Contributions: Conceptualization, S.M., J.J.A., H-H. and ].P; methodology, SM., ].J].A., H.H.
and J.P, software, SM., L.L. and M.K.D.; validation, SM., L.L.,, M.K.D. and A.N.; formal analysis,
SM,JJA,HH,]J.P,LL,MKD., LA, SEM. and A.N.; investigation, SM., J.J.A.,, HH. and ].P;
resources, S.M., LL.,, MK.D,, L.A., S.EM. and A.N.; data curation, SM., L.L.,, MK.D., L.A., S EEM.
and A.N.; writing—original draft preparation, S.M., ].J.A., H.H. and ].P,; writing—review and editing,
SM., LL,MKD., LA, SEM. and A.N,; visualization, .M., S.E.M. and A.N.; supervision, S.M. and
A.N.; project administration, S.M., ].J.A., H.H. and J.P.; funding acquisition J.J.A. and H.H. All authors
have read and agreed to the published version of the manuscript.

Funding: S.M. acknowledge the Council of Scientific and Industrial Research, Government of India,
for the financial support in the form of the Senior Research Fellowship (09/869 (0008)/2011-EMR-I).

Institutional Review Board Statement: All animal experiments conducted during the present study
received prior permission from the Institutional Animal Ethics Committee, Amala Cancer Research
Centre (approval no. ACRC/IAEC/15/02-(01)) and strictly followed the guidelines of the Committee
for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) constituted by the
Animal Welfare Division, Government of India.

Informed Consent Statement: Not applicable.
Data Availability Statement: Data can be made available upon valid request.

Acknowledgments: The authors are thankful to the Amala Cancer Research Centre, Thrissur, for
providing the necessary facilities.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Alyami, H.S.; Naser, A.Y.; Dahmash, E.Z.; Alyami, M.H.; Belali, O.M.; Assiri, A.M.; Rehman, A.; Alsaleh, A.M.; Alsaleh, H.A;
Hussein, S.H.; et al. Clinical and Therapeutic Characteristics of Cancer Patients in the Southern Region of Saudi Arabia: A
Cross-Sectional Study. Int. ]. Environ. Res. Public Health 2021, 18, 6654. [CrossRef] [PubMed]

Hanahan, D. Hallmarks of Cancer: New Dimensions. Cancer Discov. 2022, 12, 31-46. [CrossRef]

Sutton, T.L.; Patel, R K.; Anderson, A.N.; Bowden, S.G.; Whalen, R.; Giske, N.R.; Wong, M.H. Circulating Cells with Macrophage-
like Characteristics in Cancer: The Importance of Circulating Neoplastic-Immune Hybrid Cells in Cancer. Cancers 2022, 14, 3871.
[CrossRef] [PubMed]

Senga, S.S.; Grose, R.P. Hallmarks of cancer-the new testament. Open Biol. 2021, 11, 20. [CrossRef] [PubMed]

Wu, D.; Pusuluri, A.; Vogus, D.; Krishnan, V.; Shields, C.W.; Kim, J.; Razmi, A.; Mitragotri, S. Design principles of drug
combinations for chemotherapy. J. Control. Release 2020, 323, 36—46. [CrossRef] [PubMed]

van den Boogaard, W.M.C.; Komninos, D.S.J.; Vermeij, W.P. Chemotherapy Side-Effects: Not All DNA Damage Is Equal. Cancers
2022, 14, 627. [CrossRef] [PubMed]

Zhou, J.; Kang, Y,; Chen, L.; Wang, H.; Liu, J.; Zeng, S.; Yu, L. The Drug-Resistance Mechanisms of Five Platinum-Based Antitumor
Agents. Front. Pharmacol. 2020, 11, 343. [CrossRef]

Rezayatmand, H.; Razmkhah, M.; Razeghian-Jahromi, I. Drug resistance in cancer therapy: The Pandora’s Box of cancer stem
cells. Stem Cell Res. Ther. 2022, 13, 181. [CrossRef]

Bahar, E.; Han, S.Y.; Kim, J.Y.; Yoon, H. Chemotherapy Resistance: Role of Mitochondrial and Autophagic Components. Cancers
2022, 14, 1462. [CrossRef]


https://www.mdpi.com/article/10.3390/molecules27238459/s1
https://www.mdpi.com/article/10.3390/molecules27238459/s1
http://doi.org/10.3390/ijerph18126654
http://www.ncbi.nlm.nih.gov/pubmed/34205637
http://doi.org/10.1158/2159-8290.CD-21-1059
http://doi.org/10.3390/cancers14163871
http://www.ncbi.nlm.nih.gov/pubmed/36010865
http://doi.org/10.1098/rsob.200358
http://www.ncbi.nlm.nih.gov/pubmed/33465324
http://doi.org/10.1016/j.jconrel.2020.04.018
http://www.ncbi.nlm.nih.gov/pubmed/32283210
http://doi.org/10.3390/cancers14030627
http://www.ncbi.nlm.nih.gov/pubmed/35158895
http://doi.org/10.3389/fphar.2020.00343
http://doi.org/10.1186/s13287-022-02856-6
http://doi.org/10.3390/cancers14061462

Molecules 2022, 27, 8459 11 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

Dehelean, C.A.; Marcovici, I.; Soica, C.; Mioc, M.; Coricovac, D.; Iurciugc, S.; Cretu, O.M.; Pinzaruy, 1. Plant-Derived Anticancer
Compounds as New Perspectives in Drug Discovery and Alternative Therapy. Molecules 2021, 26, 1109. [CrossRef]

Singh, R.S.; Ahmad, M.; Wafai, Z.A ; Seth, V.; Moghe, V.V,; Upadhyaya, P. Anti-inflammatory effects of Dashmula, an Ayurvedic
preparation, versus Diclofenac in animal models. J. Chem. Pharm. Res. 2011, 3, 882-888.

Bhalerao, P.P.; Pawade, R.B.; Joshi, S. Evaluation of analgesic activity of Dashamoola formulation by using experimental models
of pain. Indian J. Basic Appl. Med. Res. 2015, 4, 245-255.

Deka, D.C.; Kumar, V,; Prasad, C.; Kumar, K.; Gogoi, B.J.; Singh, L.; Srivastava, R.B. Oroxylum indicum—A medicinal plant of North
East India: An overview of its nutritional, remedial, and prophylactic properties. . Appl. Pharm. Sci. 2013, 3 (Suppl. 1), S104-5112.
Mao, A.A. Oroxylum indicum Vent.—A potential anticancer medicinal plant. Indian J. Tradit. Knowl. 2002, 1, 17-21.

Preety, A.; Sharma, S. A review on Oroxylum indicum (L.) Vent: An important medicinal tree. Int. J. Res. Biol. Sci. 2016, 6, 7-12.
Khandhar, M.; Shah, M.; Santani, D.; Jain, S. Antiulcer Activity of the Root Bark of Oroxylum indicum against Experimental Gastric
Ulcers. Pharm. Biol. 2006, 44, 363-370. [CrossRef]

Zaveri, M.; Gohil, P; Jain, S. Immunostimulant activity of n-butanol fraction of root bark of Oroxylum indicum Vent. . Immunotoxicol.
2006, 3, 83-99. [CrossRef]

Mishra, S.L.; Sinhamahapatra, PX.; Nayak, A.; Das, R.; Sannigrahi, S. In vitro Antioxidant Potential of Different Parts of Oroxylum
indicum: A Comparative Study. Indian J. Pharm. Sci. 2010, 72, 267-269.

Sastry, A.V.S,; Sastry, V.G.; Mallikarjun, P,; Srinivas, K. Chemical and Pharmacological Evaluation of Aqueous Extract of Root
Bark of “Oroxylum Indicum” Vent. Int. |. Pharm. Technol. 2011, 3, 1796-1806.

Dhru, B.; Bhatt, D.; Jethva, K.; Zaveri, M. In vitro Cytotoxicity Studies of the Anti-Cancer Potential of Fractions of Root Bark of
Oroxylum Indicum in Human Breast Carcinoma Cells. Int. ]. Pharm. Sci. Rev. Res. 2016, 38, 18-21.

Yee, N.S.; Ignatenko, N.; Finnberg, N.; Lee, N.; Stairs, D. Animal models of cancer biology. Cancer Growth Metastasis 2015,
8 (Suppl. 1), 115-118. [CrossRef] [PubMed]

Ruby, A.J.; Kuttan, G.; Dinesh Babu, K.; Rajasekharan, K.N.; Kuttan, R. Anti-tumour and antioxidant activity of natural
curcuminoids. Cancer Lett. 1995, 94, 79-83. [CrossRef] [PubMed]

Zhang, H.-M.; Zhao, L.; Li, H.; Xu, H.; Chen, W.-W.; Tao, L. Research progress on the anticarcinogenic actions and mechanisms of
ellagic acid. Cancer Biol. Med. 2014, 11, 92-100. [PubMed]

Jaganathan, S.K.; Mondhe, D.; Wani, Z.A.; Pal, H.C.; Mandal, M. Effect of Honey and Eugenol on Ehrlich Ascites and Solid
Carcinoma. J. Biomed. Biotechnol. 2010, 2010, 5. [CrossRef]

Ozaslan, M.; Karagoz, I.D.; Kilic, LH.; Guldur, M.E. Ehrlich ascites carcinoma. Afr. J. Biotechnol. 2011, 10, 2375-2378.

Osman, A.-M.M.; Alqahtani, A.A.; Damanhouri, Z.A.; Al-Harthy, S.E.; ElShal, M.F,; Ramadan, W.S.; Kamel, F.; Osman, M.A.M,;
Khan, L.M. Dimethylsulfoxide excerbates cisplatin-induced cytotoxicity in Ehrlich ascites carcinoma cells. Cancer Cell Int. 2015,
15, 104. [CrossRef]

Islam, E; Khatun, H.; Ghosh, S.; Ali, M.M.; Khanam, J.A. Bioassay of Eucalyptus extracts for anticancer activity against Ehrlich
ascites carcinoma (eac) cells in Swiss albino mice. Asian Pac. J. Trop. Biomed. 2012, 2, 394-398. [CrossRef]

Gayatri, S.; Maheswara Reddy, C.U.; Chitra, K.; Parthasarathy, V. Assessment of in vitro cytotoxicity and in vivo antitumor
activity of Sphaeranthus amaranthoides burm.f. Pharmacogn. Res. 2015, 7, 198-202. [CrossRef]

Skipper, H.E.; Schabel, EM., Jr.; Wilcox, W.S. Experimental Evaluation of Potential Anticancer Agents. Xiii. On the Criteria and
Kinetics Associated with “Curability” of Experimental Leukemia. Cancer Chemother. Rep. 1964, 35, 3-111.

Teicher, B.A. Tumor models for efficacy determination. Mol. Cancer Ther. 2006, 5, 2435-2443. [CrossRef]

Schein, P.S.; Scheffler, B. Barriers to efficient development of cancer therapeutics. Clin. Cancer Res. 2006, 12 Pt 1, 3243-3248.
[CrossRef]

Talmadge, J.E.; Singh, R.K.; Fidler, L].; Raz, A. Murine Models to Evaluate Novel and Conventional Therapeutic Strategies for
Cancer. Am. J. Pathol. 2007, 170, 793-804. [CrossRef] [PubMed]

Babu, T.D.; Kuttan, G.; Padikkala, J. Cytotoxic and anti-tumour properties of certain taxa of Umbelliferae with special reference to
Centella asiatica (L.) Urban. J. Ethnopharmacol. 1995, 48, 53-57. [CrossRef] [PubMed]

Natesan, S.; Badami, S.; Dongre, S.H.; Godavarthi, A. Antitumor Activity and Antioxidant Status of the Methanol Extract of
Careya arborea Bark Against Dalton’s Lymphoma Ascites-Induced Ascitic and Solid Tumor in Mice. J. Pharmacol. Sci. 2007,
103, 12-23. [CrossRef] [PubMed]

Indra, A K.; Castaneda, E.; Antal, M.C,; Jiang, M.; Messaddeq, N.; Meng, X.; Loehr, C.V.; Gariglio, P.; Kato, S.; Wahli, W.; et al.
Malignant transformation of DMBA /TPA-induced papillomas and nevi in the skin of mice selectively lacking retinoid-X-receptor
alpha in epidermal keratinocytes. . Investig. Dermatol. 2007, 127, 1250-1260. [CrossRef]

Kumar, D.R.N.; George, V.C.; Suresh, PK.; Kumar, R.A. Cytotoxicity, Apoptosis Induction and Anti-Metastatic Potential of
Oroxylum indicum in Human Breast Cancer Cells. Asian Pac. ]. Cancer Prev. 2012, 13, 2729-2734. [CrossRef]

Roy, M.K,; Nakahara, K.; Na, T.V,; Trakoontivakorn, G.; Takenaka, M.; Isobe, S.; Tsushida, T. Baicalein, a flavonoid extracted from
a methanolic extract of Oroxylum indicum inhibits proliferation of a cancer cell line in vitro via induction of apoptosis. Pharmazie
2007, 62, 149-153.

Zaveri, M.; Khandhar, A; Jain, S. Quantification of Baicalein, Chrysin, Biochanin-A and Ellagic Acid in Root Bark of Oroxylum
indicum by RP- HPLC with UV Detection. Eurasian J. Anal. Chem. 2008, 3, 245-257.


http://doi.org/10.3390/molecules26041109
http://doi.org/10.1080/13880200600748234
http://doi.org/10.1080/15476910600725942
http://doi.org/10.4137/CGM.S37907
http://www.ncbi.nlm.nih.gov/pubmed/26688665
http://doi.org/10.1016/0304-3835(95)03827-J
http://www.ncbi.nlm.nih.gov/pubmed/7621448
http://www.ncbi.nlm.nih.gov/pubmed/25009751
http://doi.org/10.1155/2010/989163
http://doi.org/10.1186/s12935-015-0258-1
http://doi.org/10.1016/S2221-1691(12)60063-X
http://doi.org/10.4103/0974-8490.150544
http://doi.org/10.1158/1535-7163.MCT-06-0391
http://doi.org/10.1158/1078-0432.CCR-06-0329
http://doi.org/10.2353/ajpath.2007.060929
http://www.ncbi.nlm.nih.gov/pubmed/17322365
http://doi.org/10.1016/0378-8741(95)01284-K
http://www.ncbi.nlm.nih.gov/pubmed/8569247
http://doi.org/10.1254/jphs.FP0060907
http://www.ncbi.nlm.nih.gov/pubmed/17251685
http://doi.org/10.1038/sj.jid.5700672
http://doi.org/10.7314/APJCP.2012.13.6.2729

Molecules 2022, 27, 8459 12 of 13

39.

40.

41.

42.

43.
44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Samudrala, P.K.; Augustine, B.B.; Kasala, E.R.; Bodduluru, L.N.; Barua, C.; Lahkar, M. Evaluation of antitumor activity and
antioxidant status of Alternanthera brasiliana against Ehrlich ascites carcinoma in Swiss albino mice. Pharmacogn. Res. 2015,
7,66-73. [CrossRef]

Senthil Kumar, R.; Rajkapoor, B.; Perumal, P.; Dhanasekaran, T.; Alvin Jose, M.; Jothimanivannan, C. Antitumor Activity of
Prosopis glandulosa Torr. on Ehrlich Ascites Carcinoma (EAC) Tumor Bearing Mice. Iran. J. Pharm. Res. 2011, 10, 505-510.
Hartveit, F. The Survival Time of Mice with Ehrlich’s Ascites Carcinoma related to the Sex and Weight of the Mouse, and the
Blood Content of the Tumour. Br. J. Cancer 1961, 15, 336-341. [CrossRef] [PubMed]

Hartveit, F. The growth of Ehrlich’s ascites carcinoma in C3H mice and in mice of an unrelated closed colony. Variation in survival
time. Br. J. Cancer 1966, 20, 813-817. [CrossRef] [PubMed]

Mohan, H. Textbook of Pathology, 4th ed.; Jaypee Publications: New Delhi, India, 2002.

Patil, T.B.; Shrikhande, S.V.; Kanhere, H.A.; Saoji, R.R.; Ramadwar, M.R.; Shukla, PJ. Solid pseudopapillary neoplasm of the
pancreas: A single institution experience of 14 cases. HPB Off. |. Int. Hepato Pancreato Biliary Assoc. 2006, 8, 148-150. [CrossRef]
Klein, G. Comparative studies of mouse tumors with respect to their capacity for growth as “ascites tumors” and their average
nucleic acid content per cell. Exp. Cell Res. 1951, 2, 518-573. [CrossRef]

Goldie, H.; Dingman Felix, M. Growth Characteristics of Free Tumor Cells Transferred Serially in the Peritoneal Fluid of the
Mouse. Cancer Res. 1951, 11, 73-80. [PubMed]

Koiri, RK.; Mehrotra, A.; Trigun, S.K. Dalton’s Lymphoma as a Murine Model for Understanding the Progression and Develop-
ment of T-Cell Lymphoma and Its Role in Drug Discovery. Int. . Immunother. Cancer Res. 2017, 3, 001-006.

Naik, A.V,; Dessai, S.N.; Sellappan, K. Antitumour activity of Annona muricata L. leaf methanol extracts against Ehrlich Ascites
Carcinoma and Dalton’s Lymphoma Ascites mediated tumours in Swiss albino mice. Libyan ]. Med. 2021, 16, 1846862. [CrossRef]
Jeena, K.; Liju, V.B.; Kuttan, R. Antitumor and cytotoxic activity of ginger essential oil (Zingiber officinale Roscoe). Int. |. Pharm.
Pharm. Sci. 2015, 7, 341-344.

Abel, E.L.; DiGiovanni, J]. Multistage Carcinogenesis. In Chemical Carcinogenesis; Penning, T.M., Ed.; Humana Press: Totowa, NJ,
USA, 2011; pp. 27-51.

Abel, E.L.; Angel, ].M.; Kiguchi, K.; DiGiovanni, J. Multi-stage chemical carcinogenesis in mouse skin: Fundamentals and
applications. Nat. Protoc. 2009, 4, 1350-1362. [CrossRef]

Wattenberg, L.W. Chemoprevention of cancer. Cancer Res. 1985, 45, 1-8. [CrossRef]

DiGiovanni, ]. Multistage carcinogenesis in mouse skin. Pharmacol. Ther. 1992, 54, 63-128. [CrossRef] [PubMed]

Sporn, M.B. Approaches to prevention of epithelial cancer during the preneoplastic period. Cancer Res. 1976, 36 Pt 2, 2699-2702.
Boccardo, E.; Lepique, A.P; Villa, L.L. The role of inflammation in HPV carcinogenesis. Carcinogenesis 2010, 31, 1905-1912.
[CrossRef] [PubMed]

Fernandes, ].V.; Fernandes, T.A.; de Azevedo, ].C.; Cobucci, R.N.; de Carvalho, M.G.; Andrade, V.S.; de Aratjo, ] M. Link between
chronic inflammation and human papillomavirus-induced carcinogenesis (Review). Oncol. Lett. 2015, 9, 1015-1026. [CrossRef]
[PubMed]

Chunekar, K.C.; Pandey, G.S. Bhavaprakasha Nighantu, 10th ed.; Chaukhamba Bharati Academy: Varanasi, India, 1999; pp. 283-285.
Kirtikar, K.R.; Basu, B.D. Indian Medicinal Plants, 2nd ed.; Periodical Experts: Delhi, India, 1975; Volume 4, pp. 1839-1841.
Menon, S.; Lawrence, L.; Vipin, P.S.; Padikkala, J. Phytochemistryand evaluation of in vivo antioxidant and anti-inflammatory
activities of Oroxylum indicum Vent. Root bark. J. Chem. Pharm. Res. 2015, 7, 767-775.

Groopman, J.E; Itri, L M. Chemotherapy-Induced Anemia in Adults: Incidence and Treatment. [NCI J. Natl. Cancer Inst. 1999,
91, 1616-1634. [CrossRef] [PubMed]

Thews, O.; Kelleher, D.K.; Vaupel, P. Erythropoietin restores the anemia-induced reduction in cyclophosphamide cytotoxicity in
rat tumors. Cancer Res. 2001, 61, 1358-1361.

Alam, B.; Majumder, R.; Akter, S.; Lee, S.-H. Piper betle extracts exhibit antitumor activity by augmenting antioxidant potential.
Oncol. Lett. 2015, 9, 863-868. [CrossRef]

Mondal, A.; Singha, T.; Maity, T.K,; Pal, D. Evaluation of Antitumor and Antioxidant Activity of Melothria heterophylla (Lour.)
Cogn. Indian ]. Pharm. Sci. 2013, 75, 515-522.

Liu, H.; Dong, Y.; Gao, Y.; Du, Z.; Wang, Y.; Cheng, P.; Chen, A.; Huang, H. The Fascinating Effects of Baicalein on Cancer: A
Review. Int. J. Mol. Sci. 2016, 17, 1681-1698. [CrossRef]

Peng, Y,; Li, Q.; Li, K.; Zhao, H.; Han, Z,; Li, F; Sun, M.; Zhang, Y. Antitumor activity of baicalein on the mice bearing U14 cervical
cancer. Afr. J. Biotechnol. 2011, 10, 14169-14176.

Kasala, E.R.; Bodduluru, L.N.; Madana, RM.; V, AK,; Gogoi, R.; Barua, C.C. Chemopreventive and therapeutic potential of
chrysin in cancer: Mechanistic perspectives. Toxicol. Lett. 2015, 233, 214-225. [CrossRef] [PubMed]

Khoo, B.Y.; Chua, S.L.; Balaram, P. Apoptotic Effects of Chrysin in Human Cancer Cell Lines. Int. J. Mol. Sci. 2010, 11, 2188.
[CrossRef] [PubMed]

Peterson, G.; Barnes, S. Genistein and biochanin A inhibit the growth of human prostate cancer cells but not epidermal growth
factor receptor tyrosine autophosphorylation. Prostate 1993, 22, 335-345. [CrossRef]

Losso, ].N.; Bansode, R.R.; Trappey, A.; Bawadi, H.A.; Truax, R. In vitro anti-proliferative activities of ellagic acid. J. Nutr. Biochem.
2004, 15, 672-678. [CrossRef] [PubMed]


http://doi.org/10.4103/0974-8490.147211
http://doi.org/10.1038/bjc.1961.42
http://www.ncbi.nlm.nih.gov/pubmed/13712026
http://doi.org/10.1038/bjc.1966.92
http://www.ncbi.nlm.nih.gov/pubmed/5964611
http://doi.org/10.1080/13651820510035721
http://doi.org/10.1016/0014-4827(51)90038-9
http://www.ncbi.nlm.nih.gov/pubmed/14812430
http://doi.org/10.1080/19932820.2020.1846862
http://doi.org/10.1038/nprot.2009.120
http://doi.org/10.1006/pmed.1996.0015
http://doi.org/10.1016/0163-7258(92)90051-Z
http://www.ncbi.nlm.nih.gov/pubmed/1528955
http://doi.org/10.1093/carcin/bgq176
http://www.ncbi.nlm.nih.gov/pubmed/20819779
http://doi.org/10.3892/ol.2015.2884
http://www.ncbi.nlm.nih.gov/pubmed/25663851
http://doi.org/10.1093/jnci/91.19.1616
http://www.ncbi.nlm.nih.gov/pubmed/10511589
http://doi.org/10.3892/ol.2014.2738
http://doi.org/10.3390/ijms17101681
http://doi.org/10.1016/j.toxlet.2015.01.008
http://www.ncbi.nlm.nih.gov/pubmed/25596314
http://doi.org/10.3390/ijms11052188
http://www.ncbi.nlm.nih.gov/pubmed/20559509
http://doi.org/10.1002/pros.2990220408
http://doi.org/10.1016/j.jnutbio.2004.06.004
http://www.ncbi.nlm.nih.gov/pubmed/15590271

Molecules 2022, 27, 8459 13 of 13

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Harminder; Singh, V.; Chaudhary, A.K. A Review on the Taxonomy, Ethnobotany, Chemistry and Pharmacology of Oroxylum
indicum Vent. Indian J. Pharm. Sci. 2011, 73, 483-490. [PubMed]

Mohamat, S.A.; Shueb, R.H.; Che Mat, N.F. Anti-viral Activities of Oroxylum indicum Extracts on Chikungunya Virus Infection.
Indian J. Microbiol. 2018, 58, 68-75. [CrossRef]

Felipe, D.F; Brambilla, L.Z.S.; Porto, C.; Pilau, E.J.; Cortez, D.A.G. Phytochemical Analysis of Pfaffia glomerata Inflorescences by
LC-ESI-MS/MS. Molecules 2014, 19, 15720-15734. [CrossRef]

Organization of Economic Co-operation and Development. The OECD Guideline for Testing of Chemicals: 423 Acute Oral Toxicity—
Acute Toxic Class Method; Organization of Economic Co-Operation and Development: Paris, France, 2001.

Gothoskar, S.V,; Ranadive, K.J. Anticancer screening of SAN-AB: An extract of marking nut, Semecarpus anacardium. Indian J.
Exp. Biol. 1971, 9, 372-375.

Kerschbaum, H.H.; Tasa, B.A.; Schiirz, M.; Oberascher, K.; Bresgen, N. Trypan Blue—Adapting a Dye Used for Labelling Dead
Cells to Visualize Pinocytosis in Viable Cells. Cell. Physiol. Biochem. Int. ]. Exp. Cell.Physiol.Biochem. Pharmacol. 2021, 55, 171-184.
Strober, W. Trypan Blue Exclusion Test of Cell Viability. Curr. Protoc. Immunol. 2015, 111, A3.B.1-A3.B.3. [CrossRef] [PubMed]
Saleh, N.; Allam, T.; Korany, RM.S.; Abdelfattah, A.M.; Omran, A.M.; Abd Eldaim, M.A.; Hassan, A.M.; El-Borai, N.B. Protective
and Therapeutic Efficacy of Hesperidin versus Cisplatin against Ehrlich Ascites Carcinoma-Induced Renal Damage in Mice.
Pharmaceuticals 2022, 15, 294. [CrossRef] [PubMed]

Smina, T.P; Mathew, J.; Janardhanan, K.K. Ganoderma lucidum total triterpenes attenuate DLA induced ascites and EAC induced
solid tumours in Swiss albino mice. Cell Mol. Biol. 2016, 62, 55-59. [PubMed]

Chung, J.; Ou, X.; Kulkarni, R.P; Yang, C. Counting White Blood Cells from a Blood Smear Using Fourier Ptychographic
Microscopy. PLoS ONE 2015, 10, e0133489. [CrossRef] [PubMed]

Kong, Y.H.; Xu, S.P. Salidroside prevents skin carcinogenesis induced by DMBA /TPA in a mouse model through suppression of
inflammation and promotion of apoptosis. Oncol. Rep. 2018, 39, 2513-2526. [CrossRef] [PubMed]


http://www.ncbi.nlm.nih.gov/pubmed/22923859
http://doi.org/10.1007/s12088-017-0695-8
http://doi.org/10.3390/molecules191015720
http://doi.org/10.1002/0471142735.ima03bs111
http://www.ncbi.nlm.nih.gov/pubmed/26529666
http://doi.org/10.3390/ph15030294
http://www.ncbi.nlm.nih.gov/pubmed/35337092
http://www.ncbi.nlm.nih.gov/pubmed/27188870
http://doi.org/10.1371/journal.pone.0133489
http://www.ncbi.nlm.nih.gov/pubmed/26186353
http://doi.org/10.3892/or.2018.6381
http://www.ncbi.nlm.nih.gov/pubmed/29693192

	Introduction 
	Results 
	Phytochemical Analysis 
	Qualitative Phytochemical Analysis 
	HPLC-Based Quantification of Chrysin and Baicalein 

	Cytotoxicity of O. indicum Extract 
	Effect of OIM Extract on Ascites Tumor 
	Effect of OIM Extract on Solid Tumor 
	Effect of OIM Extract on Hematological Parameters 
	Effect of OIM Extract on Skin Papilloma 

	Discussion 
	Materials and Methods 
	Reagents and Chemicals 
	Collection of Oroxylum Indicum and Methanol Extraction 
	UPLC-Q-TOF-MS Analysis 
	Animals 
	Cell Lines 
	Cytotoxic Analysis of O. indicum on DLA and EAC Cells 
	Antitumor Study 
	Ascites Tumor Model 
	Solid Tumor Model 

	Hematological Parameters 
	DMBA–Croton Oil-Induced Papilloma 
	Statistical Analysis 

	Conclusions 
	References

