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Background: Vernonia auriculifera Hiern (Asteraceae) is among Ethiopian herbal medicines that are traditionally used to treat skin
and gastrointestinal cancers. In this study, the chemopreventive potential of Vernonia auriculifera leaf extract in dimethylhydrazine
(DMH)-induced colorectal carcinogenesis in rats was investigated.

Methods: Rats were assigned to nine groups (normal, positive, and negative control groups, and three pre- and three post-initiation
groups). Except for the normal control group (administered with 1 mL/100 g distilled water), the remaining eight groups were given
DMH (20 mg/kg) intraperitoneally (ip) for 15 consecutive weeks to induce colorectal tumours. The extract was given orally to the pre-
initiation and post-initiation groups at doses of 100, 200, and 400 mg/kg before and after the induction of cancer, respectively. The
positive control group was treated with aspirin (60 mg/kg/day) orally for the whole experimental period. Parameters including body
weight, average tumour number, size, progression, incidence, total cholesterol, serum total protein, and triglyceride levels were
determined. The cytotoxic activity of the extract in Caco-2 cells was evaluated using the MTT assay, and the antioxidant activity of the
extract was also assessed using 2.2-diphenyl-1-picrylhydrazine (DPPH) and reducing power methods. Moreover, total phenol and
flavonoid contents were determined using appropriate methods.

Results: Rats treated with the extract showed a lower incidence of up to 50% in the pre-initiation higher dose, average number
(»<0.05),and size (p<0.05) of tumours compared to untreated rats. It also inhibited colorectal cancer-associated increases in serum total
cholesterol and triglycerides. The extract’s ICs, value in the MTT assay was found to be higher than 200 pg/mL. The extract had an
ICsq of 74.88 + 0.86 pg/mL and 84.69 +2.02 pg/mL in the reducing power and DPPH assays, respectively. Total flavonoid and phenol
contents were 14.51 + 0.41 mg quercetin acid equivalent/gm and 47.37 + 0.72 mg gallic acid equivalent/gm of the crude extract,
respectively.

Conclusion: The findings collectively indicated that the leaves of V. auriculifera possess chemopreventive activity, probably mediated
through antioxidant mechanisms, which supports the traditional claim.
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Introduction

Colorectal cancer (CRC) is a kind of malignancy that originates from the epithelial cells of the colon and rectum.' CRC
is the second most frequently identified cancer in both men and women across the globe. Men are more likely than
females to get CRC, and regional variation in incidence is nearly ten times greater.” South-Central Asia and Africa have
the lowermost incidence rates, while western countries have the highest rates.’ This might be because of differences in
environmental and dietary exposures imposed on a genetically determined susceptibility inheritance.* In Ethiopia, CRC
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develops at a younger age than in other nations, and the majority of the cases involve the rectum. However, patients from
Ethiopia did not exhibit the transfer of CRC to the right colon, a phenomenon that is frequently reported in other areas of
the world.”

Over the years, different approaches (a combination of chemotherapy, surgery, targeted therapy, and radiation
therapy) have been employed and are still in use for the management of cancer.® However, these modalities have their
own limitations (serious adverse effects like vomiting, alopecia, and myelosuppression for chemotherapeutic drugs).’
Furthermore, efficacy is often limited by insolubility, a lower rate of absorption and the tumor’s drug resistance.
Although numerous studies have shown that many targeted medication classes, notably anti-inflammatory drugs like
aspirin, have the capacity to reduce carcinogenesis, these agents’ drawbacks have prevented their indication in high-risk
people and individuals with early-stage CRC.*

The use of herbal medicines in the inhibition of malignant growth has a long history, and there is growing attention to
plants as a source of possible anticancer drugs.” Through advancements in drug discovery methods, studies focusing on
the development of new molecules from herbs have been reinvigorated.'® Vernonia auriculifera Hiern (Asteraceae) is
documented to be used for treatment of headache,'! dysentery, stomachache, malaria, and wounds.'? The leaves are also

claimed to be used for treatment of gastrointestinal disorders and cancer'>"'*

and are one of the most frequently cited
plant species for cancer treatment by traditional healers in eleven districts of Ethiopia.'> Screening of secondary
metabolites of V. auriculifera indicated the presence of pentacyclic triterpenoids, including lupenyl acetate, B-amyrin
acetate, J-sitosterol, oleanolic acid, friedelanone, a-amyrin, B-amyrin, and friedelin acetate together with a sesquiterpene
amine, farnesylamine, which has not been identified antecedently in the test plant.'®!”

The genus Vernonia has been known to exhibit chemopreventive properties.'” For instance, Vernonia amygdalina Del.
mitigated cycasin-induced oxidative damage in rat colonic tissue.'’ Vernolide-A and -B, two isolated sesquiterpene
lactones from ¥, cinerea, have also produced a cytotoxic effect against many tumor cell lines.'® Moreover, triterpenes
from V. auriculifera are reported to be endowed with cytotoxic and apoptotic properties in several cancer cell lines.'® !
The aforementioned folkloric use and in vitro activity thus formed the rationale to investigate the in vitro activity as well

as the chemopreventive effects of the leaf extract of V. auriculifera against CRC in rats.

Materials and Methods
Plant Material

The leaves of V. auriculifera were collected in April 2018 in the Western Oromia Region’s Gilgel Gibe River area,
around 450 kilometers south of Addis Ababa, Ethiopia. A taxonomist identified and verified the collected plant material,
and a voucher sample, designated Bel-025, was placed at the National Herbarium, Addis Ababa University.

Experimental Animals

All animal procedures and tests were performed in compliance with the US National Research Council’s Guides for the
Use and Care of laboratory animals*® and also approved by the Ethical Review Board of School of Pharmacy, College of
Health Sciences, Addis Ababa University (ERB/SOP/151/12/2017). We used male Wistar Albino rats (6—7 weeks old,
weighing 115-200 g) that were obtained from the Addis Ababa University School of Pharmacy’s animal house. Fifty four
rats were assigned to nine groups (n = 6) in clean cages with wire mesh tops and sanitary sawdust beds. The rats were
familiarized to the working area for a week before the commencement of the study.

Plant Extraction

The collected V. auriculifera leaves were dried and powdered with a mortar and pestle to make a coarse powder.
A sample of powder weighing 1.5 kg was macerated in 80% methanol for three days at room temperature. By adding
a new solvent to the marcs, the extraction procedure was repeated twice. The mixture was concentrated using Rotavapor
at 40°C under vacuum after being filtered via Whatman filter paper. The extract was tested and found to be 9.75% after
the concentrate was freeze-dried using a lyophilizer. Before the experiment started, the raw extract was put into a vial and
placed in the refrigerator.
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Total Flavonoid Content (TFC) Determination

An aluminium chloride colorimetric assay was used to measure the level of total flavonoids.? In each test tube, 1 mL of
the quercetin solution (62.5, 125, 250, 500, and 1000 pug/mL) was incorporated, and a solution of sodium nitrite was
added. A 10% aluminium chloride solution was incorporated after waiting for 5 minutes. 2 mL of 1 M NaOH were also
applied exactly at minute six. The solution was then extensively vortexed after being diluted with 10 mL of distilled
water. The absorbance of the respective quercetin solution was measured at 510 nm exactly after 30 minutes of

incubation, and a calibration curve was constructed (Supplementary Figure 1). The TFC of the extract was determined

using Eq. (1). The content was reported as milligrams equivalents of quercetin (mg QE/gm) for every gram of the
extract’s dried weight. Methanol was the control substance, and the phytochemical analysis was performed three times,
with the mean value recorded.

TFC = CxV /M (1)

Where C = concentration of sample (ug/mL), V= solvent volume (mL) used, and M= dried extract weight (g).

Total Phenol Content Determination

In this study, to measure the content of total phenol in V. auriculifera leaf extract, Folin-Ciocalteu assay was employed.?*
The assay is an electron transfer-based method that provides reducing capacity expressed as phenolic content. Using
gallic acid as a standard, a calibration curve was drawn (Supplementary Figure 2). In terms of gallic acid equivalent

weight (GAE), the TPC of the sample was reported as mg/gm of the extract. The phytochemical quantification was done
in triplicate, with the mean value recorded.

HPLC Analysis

The crude 80% methanol leaf extract of Vernonia auriculifera and its chloroform fraction were prepared. The HPLC
fingerprints were obtained by using an Ultimate 3000 HPLC (Thermo Fisher Scientific, USA) fitted with a C-18 column
(Nucleodur 100-5 EC-C18, 4.6 mm-250 mm) (Macherey-Negas, Germany). A Diode array detector (DAD) was used.
Elution was effected using a ternary gradient of the solvent mixture methanol (A): acetonitrile (B): 1% acetic acid (C)
(20: 40: 40, v/v/v), and then followed by A: B: C (60: 20: 20) in 30 min at a flow rate of 1 mL/min. The column
temperature was set to 30 0.8 °C, and the sample injection volume was 10 pL. The chromatograms were recorded at
a wavelength of 360 nm for both the extract and fraction.

Acute Toxicity Study

According to the OECD/OCDE 425 guideline standard procedures, the acute toxicity of V. auriculifera leaf extract of
was evaluated.”® For the toxicity investigation, female rats aged 6 to 8 weeks were fasted overnight. The starting dose
was initially established through a sighting study. To do this, 2000 mg/kg of the test sample was given orally by gavage
to a single female rat. Following the administration of the extract, the rat was then constantly monitored for the first 30
minutes, and then every 4 h for the following 24 h. In the first 24 hours, neither toxicity nor death were noted. In order to
observe the onset, severity, and persistence of toxicity signs, such as changes in behavior and physical appearance,
lacrimation, hair erection, appetite loss, salivation, diarrhea, motor and feeding activities, as well as mortality within 14
days, another four female rats were administered a dose that was similar.

Cells and Culture Conditions

Caco-2 (colorectal adenocarcinoma) cells that were taken from the ATCC® were placed in Dulbecco’s Modified Eagle’s
Medium (DMEM) containing 1% sodium pyruvate at 37 °C in a humidified atmosphere of 95% air, 15% (v/v) heat-
inactivated foetal bovine serum (FBS), 1% NEAA, and 5% CO2. Once achieving 80% confluence, the cells were
passaged.
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MTT Assay

The cultured Caco-2 cells were taken from a T-175 TC flask and suspended at a density of 10° cells/mL. Then,
a cell suspension of 50 pL was added to a serially diluted test compound (eight two-fold dilutions starting at 200
pg/mL) in the same medium (50 pL) containing a 96-well microtiter plate.>® The final cell density in each well was
50,000. All chemicals were dissolved in 100% DMSO, with the highest concentration wells getting a final DMSO
concentration of 1%. Controls were given DMSO alone at the same concentration as the extract-treated cells. After
48 h of incubation with the extract, a 25 pL solution of MTT was incorporated into each well, followed by
incubation of the cells at 37°C for 3 h. Then, the incubated cells were lysed by incorporating 100 pL of extraction
buffer to each well and plates were kept in the incubator overnight. The MTT assay results were read at 570 nm
using a Labsystem multi-scan plate reader. The following formula was applied to determine cell viability (Eq. 2).
The measurement was done three times, and the average was taken. The same procedures were also employed to
evaluate the cytotoxic activity of the different fractions (aqueous, ethyl acetate, butanol, and chloroform) of the
extract.

Viability of cells (%) =(Treatmentapsorbance —Blankapsorbance )/ (Controlapsorbance —Blankapsorbance) X 100 (2)

% growth inhibition = 100 — % Viability of cells 3)

Antioxidant Assay Using the Reducing Power Method

As per the processes described elsewhere,?’ the potassium ferricyanide-ferric chloride method was used to determine the
extract’s ferric reducing potential. The UV absorbance was measured at 700 nm against a blank, and a dose-response
curve was used to obtain the ICsy (Supplementary Figure 3).

Antioxidant Assay Using the 2, 2-Diphenyl-1-Picrylhydrazine Method

Using the 2.2-diphenyl-1-picrylhydrazine (DPPH) assay (Sigma Chemicals Co, St. Louis, MO, USA), the extract’s
capacity to scavenge free radicals was also investigated according to a protocol described elsewhere.?® The ICs value of
each sample was determined from the dosage vs inhibition curve (Supplementary Figure 4), and the percent inhibition

was computed using Eq. 4.

(Ao — 4s)

1 4
1o x100 @)

Where Ao represents negative control (a 0.004% DPPH solution methanol without the test sample) absorbance, whereas
As denotes the absorbance of extract or ascorbic acid-containing solution.

Experimental Groups and Doses

Fifty four male rats were initially acclimated for a week and then randomly assigned into nine groups (n = 6). Apart from
the normal control rats, all the others were administered with dimethyl hydrazine (DMH) (20 mg/kg) (TCI Chemicals,
India) intraperitoneally (i.p.) for fifteen weeks.*’ Different doses of the extract were given either before (pre-initiation
group) or after (post-initiation group) the initiation of DMH administration. Group I (the normal control) rats received
distilled water only for the whole period. For fifteen weeks straight, Group II (the negative control) was given DMH
20 mg/kg (i.p) (DMH20) once a week, and they were observed until the end of the study. Beginning two weeks after the
start of DMH administration and continuing through the cessation of the study period, Groups VI, VII, and VIII (post-
initiation groups) received the extract daily orally at doses (POV 100, POV200, and POV400) similar to those used during
the pre-initiation phase. From the initiation of DMH administration through the end of the study, Group IX (the positive
control) was given aspirin at a dose of 60 mg/kg/day (ASA60) orally, similar to the other groups mentioned above.
Twenty-five weeks made up the entire experimental period. The extract doses were selected according to the acute oral
toxicity study, and the maximum volume given was 10 mL/kg.
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Preparation of Carcinogen and Induction of CRC

In order to ensure the stability and suitability of the carcinogen, pH of the solution was adjusted to 7.0 with 1 mM NaOH
after DMH (2 mg/mL) was dissolved in normal saline solution (0.9% NaCl). The final solution of the DMH was prepared
and administered instantly. The dose of DMH injected was 20 mg/kg/week (i.p.).>°

Biochemical Analysis and Body Weight Measurement

At the termination of the experiment, the experimental animals were fasted for the night before being scarified under the
proper anesthetic by cervical dislocation. Cardiac puncture was employed to obtain blood samples, which were
subsequently centrifuged at 4000 rpm for 10 minutes after clotting for 30 minutes at room temperature. Using
a micropipette, serum was collected, and an aliquot was kept in vials pending the completion of the required analyses.
Using the colorimetric assay method, the total protein level (mg/dL) was calculated.*’ The enzymatic colorimetric
method was also used to assess total cholesterol and triglyceride (mg/dL) concentrations.”*>> The Ethiopian Public
Health Institute performed all biochemical analyses. On the other hand, the body weight of each rat was weighed at the
start of the study, once per week, and just before they were sacrificed.** The individual growth rate and percent weight
gain were calculated using Eq. (5) and (6), respectively:

% Body weight gain = (Final body weight — Initial body weight) x100/Initial body weight %)

Growthrate = (Final body weight — Initial body weight)/175 days (6)

Colon Tumor and Histopathological Analysis

After the collection of blood samples, the colons were taken out, cut open longitudinally from the cecum to the end of the
rectum, and flushed with isotonic saline. The tumor incidence, number, and size were determined (Eq. (7-9)) and
recorded. The colons were then embedded in paraffin and preserved in 10% neutral buffered formalin.*®> Each polyp
(tumor) was afterwards removed and stained for histological investigation using hematoxylin and eosin.’® A blinded
pathologist from the Addis Ababa University School of Medicine’s Department of Pathology read and interpreted the
slides. Lastly, based on shape, degree of invasion, and differentiation, the colon tumors were divided into invasive
adenocarcinoma, tubulovillous, tubular, and villous adenomas.

Incidence of tumor (%) = Number of tumor bearing rats/number of tested rats x100 @)
Average number of tumor = Total number of tumors/number of tessted rats (®)
Tumor size = [Maximal length X(perpendicular width)2/2] )

Statistical Analysis

The results of this study were entered and analyzed using the statistical software for social science (SPSS), version 25 for
Windows (SPSS Inc, Chicago, Illinois, USA). The findings for each group were expressed as mean + standard error of
the mean (SEM). A One-way analysis of variance (ANOVA) followed by Tukey’s post hoc was used to compare
statistical differences between groups. Finally, a p value of < 0.05 was used as the cutoff point for the presence of
statistical significance.

Results

Acute Toxicity Test

No mortality was recorded by the extract when it was given at a single dose of 2000 mg/kg orally during the first 24
hours or the next 14 days of the follow-up period. Moreover, no observable signs of acute toxicity such as salivation, hair
erection, loss of appetite, lacrimation, or diarrhea were revealed during cage side observation for gross behavioral and
physical changes. Hence, the LDso of the plant extract was obtained to be above 2000 mg/kg. It is of note that all
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experimental groups tolerated not only oral administration of the plant extract but also oral administration of aspirin as
well as i.p. injections of DMH.

Total Flavonoid and Total Phenol Contents

The standards (quercetin and gallic acid) calibration curves and regression equations were used for calculation of TFC
and TPC of the extract. Accordingly, TFC was found to be 14.51+0.41 mg QE/gm of dried extract and TPC was 47.37
+0.72 mg GAE/gm of dried extract.

HPLC Fingerprinting
The HPLC fingerprints for Vernonia auriculifera crude extract and its chloroform fraction were obtained and shown in
Supplementary Figure 5. As can be seen from the figure, with the exception of peak 12, the HPLC chromatograms

obtained for the methanolic crude extract and its chloroform fraction had relatively similar retention times. Likewise,
both fractions produced fifteen distinctive peaks at 360 nm; however, the relative peak areas varied slightly for peaks
observed at a relatively similar retention time (Supplementary Table 1). This difference can be the result of differences in

the chemical compositions and corresponding contents of V. auriculifera leaves in these two different solvents.
Nevertheless, the peak with a relative retention time of 10.53 min is a reference peak, as it is the maximum peak in
both chromatograms.

Cytotoxic Activity

MTT assays revealed that an 80% methanol leaf extract of V. auriculifera did not affect the viability of Caco-2 cells up to
a concentration of 200 pg/mL. The maximum percentage cell growth inhibition elicited by the extract was 32.66%,
suggesting that the ICs, for the extract is above 200 pg/mL. The same assay was employed to see whether the different
fractions (aqueous, ethyl acetate, butanol, and chloroform) could have a different cytotoxicity profile. However, the assay
once again showed an ICs, of above 200 pg/mL for all the fractions (Supplementary Table 2). According to specifica-

tions from the National Cancer Institute plant screening program, all V. auriculifera extracts are considered to be not
active in terms of cytotoxicity.>’

Antioxidant Activity of the Extract

As the extract did not exhibit appreciable cytotoxicity activity, we set out to evaluate the antioxidant activity of the plant
extract using two types of assays. The ICsq values for the extract were found to be 74.88+0.86 ug/mL and 84.69+2.02 ug/
mL in the ferric reducing and DPPH assay, respectively. Quercetin, the standard for the former assay, and ascorbic acid,
the standard for the latter assay, had an ICsq of 11.62+0.78 ng/mL and 64.17+0.63 pg/mL respectively.

Induction of Colorectal Cancer

The effect of DMH on incidence, number, and size of tumor as well as biochemical parameters is presented in Table 1.
DMH produced on average four tumors per animal (p<0.001) and the incidence of tumor was found to be 100%. The
macroscopic view of representative tumors induced is presented in Figure 1. The carcinogenic chemical also resulted in
biochemical changes in the DMH20 group in comparison with the normal controls, as shown by a substantial decrease in
serum total protein concentration (p<0.05), as well as an increase in serum triglyceride concentration (p<0.01) and total
cholesterol concentration (p<0.05) (Table 1.3

Effect of the Extract on Tumor Number, Size, and Incidence

At the end of the study period, the tumors examined were 26 from DMH20, 2 from ASA60, and an average of 30 and 41
from various doses of PIV and POV groups, respectively (Table 2). Treatment initiated with 200 mg/kg (middle dose) and
(400 mg/kg (high dose) of PIV and POV as well as aspirin produced a significant decrease in average tumor size (p<0.05)
in comparison with DMH20. In the meantime, there was a significantly lower average number of tumor (p<0.05) in both
PIV400 and POV400 groups compared to DMH20. Although ASA60 elicited a significant decrease (»p<0.05) in both
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Table | Parameters Showing Induction of Colorectal Cancer by Dimethylhydrazine

After 25 Weeks
Parameters Groups
Normal Control DMH20
Average no. of tumor 0.00 4.00 + 0.52%**
Tumor size (mm?) - 125.00 + 34.33%**
Tumor incidence (%) 0.00 100
TG (mg/dl) 59.82 + 4.25 89.25 + 8.0%*
TCHOL (mg/dl) 55.57 + 1.24 7143 + 5.84*
TP (mg/dl) 6.54 + 0.08 5.60 = 0.14*

Notes: Data are expressed as mean * standard error of the mean (SEM); n=6; DMH20, negative
controls treated with 20 mg/kg of dimethylhydrazine; TG, triglyceride; TCHOL, total cholesterol; TP,
total protein; *p<0.05; **p<0.01; ***p<0.001 compared to normal control.

average size and number of tumor compared to the DMH20 group, no detectable differences were noted between ASA60
and various doses of the plant extract in both phases (Table 2)).*®

From the dose response curve (Figure 2), we found that the effective doses of the extract that reduced tumor number
by 50% (ED50) were obtained to be 131.83 mg and 178.18 mg in the pre-initiation and post-initiation phases,
respectively.

Administration of the extract elicited a decrease in tumor incidence (Table 3). Whilst PIV400 reduced incidence by
half, all the other doses of the extract, regardless of the time for initiation of treatment, were able to bring the incidence
down by a third. ASA60, however, displayed maximum reduction by two-third.

Effects of the Extract on Body Weight Change and Histopathology
In all groups of rats, body weight was increased gradually during the 25th week of the experimental period (Table 4).
However, treatment with the extract generally resulted in decreased weight gain when compared to the normal control
(»<0.05), with the exception of PIV400, regardless of dose. ASA60 group, the bodyweight of rats was increased by 120%
(»<0.05). A noticeable difference was not observed in terms of weight gain between the pre-initiation groups and
ASA60. Similarly, except for the higher dose (p<0.05), the percentage weight gain of rats among the pre-initiation groups
was not significantly different from the DMH20 group. Moreover, there was no statistically substantial difference in body
weight gain between the post-initiation groups and the DMH20 and ASA60 groups.

Also, treatment with low (100 mg/kg) and medium (200 mg/kg) doses of the extract resulted in a substantial slowing
of the growth rate in both the pre-initiation (»<0.05) and post-initiation (p< 0.01) treatment groups when compared to the

— = -

-~

A. B.

Figure | Representative macroscopic appearance of the colorectum with and without tumors; Dimethyl hydrazine treated group (A), Normal Control (B). The black
arrows indicate the tumors on the epithelium of colorectum.
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Table 2 Effect of Vernonia Auriculifera on Number and Size of Tumors in Colon and Rectum of
Dimethylhydrazine-Treated Rats

Groups No. Rats No. Rats Total Average No. of | Tumor Size
Examined | with No. of | Tumor (mm?)
Tumor Tumor

DMH20 6 6 26 433 + 0.42 138.33 £ 26.25
ASAG0 6 2 2 0.33 £ 0.21*" 29.50 + 18.66™
Pre-Initiation phase

PIV100 4 14 2.33 £ 0.84 42.83 £ 20.56
PIV200 4 12 2.00 + 0.63 34.17 + 10.98"
PIV400 3 4 0.67 % 0. 33" 35.00 + 21.60%"
Post-Initiation phase

POV100 4 24 3.33 £1.67 46.67 + 15.84
POV200 4 13 2.17 £ 091 35.00 + 11.97
POV400 4 4 0.67 % 0. 33" 36.66 + 165

Notes: Data are expressed as mean * standard error of the mean (SEM); n=6; a: compared to DMH20; ASA60, Aspirin 60 mg/
kg; DMH20, dimethylhydrazine 20 mg/kg; PIV and POV; Pre-initiation and Post initiation V. auriculifera at 100, 200, and 400 mg/
kg, respectively; *p<0.05.

normal control. However, neither phases of treatment with the extract nor ASA60 resulted in a noticeably different
growth rate (Table 4). Up on pathological examination, a total of 99 tumors were histologically analyzed. Among them,
41 were found to be tubular adenomas, 6 villous adenomas, 16 tubulovillous adenomas, and 36 invasive adenocarcino-
mas (Table 5).

In DMH20 rats, 21 invasive adenocarcinomas and 5 tubular adenomas were observed. After treatment, incidence of
invasive adenocarcinomas was reduced. Both the dose and the time of administration had an impact on the reduction.
Earlier initiation of treatment, as shown in the pre-initiation phases, produced significant reduction of tumor compared to
post-initiation phases (4 vs 11). Moreover, only one post-initiation group had villous adenomas, whereas three pre-
initiation groups had none. There were no invasive adenocarcinomas or tubulovillous adenomas detected in the higher

150~ 150-
2 1004 ' < 1001 A
g 0 bl
c @ ’
0 5
Q a
0 50 0
m & 50'

0 (]
0 T T T T | 0 T 1 1 T |
18 20 22 24 26 28 18 20 22 24 26 28
Log (Dose) Log (Dose)
A. B.

Figure 2 Dose-response curve of the extract in tumor number reduction for the pre-initiation (A) and post-initiation (B) phases.
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Table 3 Effect of Vernonia Auriculifera on Tumor Incidence in
Dimethylhydrazine-Treated Rats

Groups No. Rats No. Rats Tumor

Examined with Incidence (%)
Tumor

DMH20 6 6 100

ASA60 6 2 33.33

Pre-Initiation phase

PIVI00 6 4 66.67

PIV200 6 4 66.67

PIV400 6 3 50

Post-Initiation phase

POVI100 6 4 66.67

POV200 6 4 66.67

POV400 6 4 66.67

Notes: n=6; ASA60, Aspirin 60 mg/kg; DMH20, dimethylhydrazine 20 mg/kg; PIV
and POV; Pre-initiation and Post initiation V. auriculifera at 100, 200, and 400 mg/kg,
respectively.

Table 4 Effect of Vernonia Auriculifera on Body Weight Gain and
Growth Rate of Experimental Rats

Groups % Body Weight Gain Growth Rate
NC 180.62 + 18.44 127 £0.13
DMH20 91.47 + 10.84 0.67 + 0.08
ASA60 120.00 + 13.26" 1.0l +0.08
Pre-initiation phase

PIV100 109.33 + 11.28* 0.84 + 0.07*"
PIV200 107.52 + 4.06 = 0.83 + 0.03*"
PIV400 123.80 + 7.26 ®* 0.99 + 0.03
Post-initiation phase

POV 100 96.56 + 11.23*" 0.78 + 0.12*"
POV200 92.32 + 18.08*" 0.75 + 0.14
POV400 102.26 + 10.92*" 00.79 + 0.064*"

Notes: Data are expressed as Mean + SEM (n=6); Analysis was performed by one-
way ANOVA; zCompared to normal control; I’Ccvmpared to DMH20; NC, normal
control; ASA60, Aspirin 60 mg/kg; DMH20, dimethylhydrazine 20 mg/kg; PIV and
POV; Pre-initiation and Post initiation V. auriculifera at 100, 200, and 400 mg/kg,
respectively ¥p<0.05; *p<0.01.

dose extract groups, indicating that the medium and higher (400 mg/kg) doses were more effective in both stages than the
lower dose. Under a high power (40X) light microscope, histopathological differences in the colon and rectum of several
treatment groups were analyzed. The photomicrographs of colorectal tumor sections showed different histological
architectures among the experimental groups (Figure 3).

The colorectal region of control rats displayed conventional colonic architecture, normal mucosal and sub-mucosal
layers, and normal glands without any obvious abnormalities (Figure 3a). Moreover, the proportion of glands bordered by

Journal of Experimental Pharmacology 2023:15 htps: 341

Dove!


https://www.dovepress.com
https://www.dovepress.com

Wondmkun et al Dove

Table 5 Histopathological Classification of Tumors Induced by Dimethylhydrazine
in the Various Groups

Groups Tubular Villous Tubulovillous Invasive
Adenoma Adenoma | Adenoma Adenocarcinoma

DMH20 5 - - 21

ASA60 2 - - -

Pre-Initiation phase

PIV100 5 - 5 4
PIV200 5 - 7
PIV400 4 - -

Post-Initiation phase

POV100 2 2 10
POV200 9 | 2 I
POV400 3 3 - -
Total 41 6 16 36

Notes: ASA60, Aspirin 60 mg/kg; DMH20, dimethylhydrazine 20 mg/kg; PIV and POV; Pre-initiation and
Post initiation V. auriculifera at 100, 200, and 400 mg/kg, respectively.

regular cells with sporadic goblet cells was normal. Although colon tumors were present in DMH20 rats, histopatholo-
gical investigation also indicated invasive adenocarcinoma with invasive single cells and glands formed of highly
malignant epithelial cells infiltrating muscle proper (Figure 3b). Representative colon tumors from PIV100 rats, on the
other hand, were discovered to be tubulovillous, with villous and tubular components clearly visible and lined by normal
epithelial cells (Figure 3c). However, a villous adenoma with villous extensions from mucosa bordered by typical
epithelial cells was revealed in PIV200 rats. (Figure 3d). Moreover, PIV400’s lamina propria and submucosa contained
a tubular adenoma without any signs of invasion (Figure 3e).

An invasive carcinoma was identified in a colorectal tumor removed from POV100 rats, which had
a proliferation of highly pleomorphic epithelial cells with dysplastic nuclei that formed glandular structures and
invaded the sub-mucosa (Figure 3f). When villous components made up more than 75% of the tumor mass in
a tumor slice from POV200 rats, the diagnosis of villous adenoma was made (Figure 3g). Furthermore, a tubular
adenoma with rounded features in cut cross section and branching tubules embedded in the lamina propria was
identified in a pedunculated polyp removed from POV400 rats (Figure 3h). Last but not least, it was determined that
a tumor removed from an ASA60 rat was a tubular adenoma with a greater glandular number and fewer villous
components (Figure 31).

Effect of the Extract on Biochemical Parameters

At the end of the study period, levels of biochemical parameters in the various treatment groups were assessed and are
shown in Table 6. Comparing DMH20 to control group, it was found that triglycerides (p<0.01), total cholesterol
(»<0.05) and total protein (p<0.05) were all greater. Depending on the parameter measured, treatment with the extract
had varying results. Only the medium and higher doses were able to reduce triglycerides in the post-initiation phase
(»<0.05) as compared to DMH20 rats. Triglycerides were considerably decreased by ASA60 (p<0.05) and all doses
(p<0.05) of the pre-initiation phase. On the other hand, only ASA60 and PIV400 significantly lowered total cholesterol
(»<0.01 and p<0.05, respectively). Neither the extract nor aspirin produced a significant change in total protein compared
to DMH20 rats, although the treatments tended to increase the protein levels.

Discussion
In this study, the hydroalcoholic leaf extract of the experimental plant was evaluated for its chemopreventive activity in
the pre- and post-initiation phases against DMH-induced CRC. Average number, size, and incidence of tumors increased
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Figure 3 Photomicrographs showing hematoxylin and eosin stained normal colon and tumor pathological sections taken from Normal Control, DMH20, PIV100, PIV200,
PIV400, POV 100, POV200, POV400, and A+SA60 groups respectively; colon with normal glands having normal mucosal and sub-mucosal layers (a), invasive adenocarcinoma
(b), tubulovillous adenoma (c), villous adenoma (d), tubular adenoma (e), invasive carcinoma (f), villous adenoma with villous components (g), tubular adenoma (h), Tubular
adenoma with increased number of glands (i).

(»<0.001) as a result of DMH,; this was more effectively reversed by treatment with a larger dose of the extract during the
pre-initiation phase. This may be related to the combined impact of early treatment initiation and the presence of more
phytochemicals, as demonstrated by the assay used to evaluate TFC and TPC within this dose of the extract. According
to preliminary phytochemical investigations, V. auriculifera includes tannins, flavonoids, terpenoids, saponins, and
triterpenoids.®® Moreover, flavonoids were found in the majority of the fractions of the methanol extract of this plant,
evidenced by a thin layer chromatographic analysis.*°

The finding of increased concentrations of phenolic and flavonoids in the current study provides more evidence that
the plant is endowed with these secondary metabolites. At the pre-initiation phase, the medium and higher doses of the

extract reduced the progression of adenoma to invasive cancer. Moreover, fewer villous and tubulovillous adenomas were
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Table 6 Effect
Dimethylhydrazine-Induced Colorectal Cancer

of Vernonia Auriculifera

on Serum Biochemical

Parameters

Groups Triglyceride Total Cholesterol Total Protein
(mg/dl) (mg/dl) (mg/dl)
Normal control 59.82 + 4.25 55.57 + 1.24 6.54 + 0.08
DMH20 89.25 + 8.0 71.43 + 584" 5.60 + 0.14*
ASA60 61.33 + 5.05°™ 55.82 + 0.84>" 6.27 £ 0.22
Pre-initiation phase
PIV100 6273 + 1.62 % 58.35 + 1.27 575+ 0.17
PIV200 63.20 + 4.83 59.95 + 1.77 585+ 0.14
PIV400 60.00 + 2.68 * 57.33 + 4.07>" 6.10 £ 0.16
Post-initiation phase
POV 100 67.97 + 2.82 63.52 + 3.22 5.56 + 0.22°"
POV200 65.55 + 6.36 61.20 + 2.05 5.63 + 0.20*"
POV400 63.77+ 6.43 > 58.72 + 2.69 5.87 £0.20

Notes: Data are expressed as mean * standard error of the mean (SEM); n=6; Compared to normal control;
PCompared to DMH20; ASA60, Aspirin 60 mg/kg; DMH20, dimethylhydrazine 20 mg/kg; PIV and POV; Pre-initiation
and Post initiation V. auriculifera at 100, 200, and 400 mg/kg, respectively; *p<0.05; **p<0.01.

found than tubular adenomas, despite having a higher chance of transforming into malignant tumors. This could be
attributed to the prolonged length of treatment and the suppressive effect of secondary metabolites on tumor growth when
the plant extract was administered during the study period. This idea is supported by the finding that many chemopre-
ventive medicines work best when used earlier in the carcinogenesis process and for a longer period of time.*!

As a result of the higher tumor incidence in the colon and rectum, which may in turn cause a decrease in food and
fluid intake, body weight loss and growth rate reduction are regarded as diagnostic markers of CRC advancement.***?
Body weight gain was more pronounced in the pre-initiation than the post-initiation groups in this study, despite the
difference not being statistically significant. As a result, the PIV400 group experienced the most body weight gain. This
may suggest that early administration of extract with a larger dose had the potential to be chemopreventive against DMH-
induced CRC and to considerably decrease the growth of cancer cells. Moreover, the growth rate of DMH20 rats was
significantly (p<0.01) lower than that of normal control rats. The growth rate of the PIV400 group had a similar pattern to
that of the normal control. This suggests that early treatment with the extract at a higher dose may be more effective than
late treatment in maintaining a normal growth rate and inhibiting tumor formation.

Also, the results of biochemical analysis revealed that DMH20 rats had much higher serum levels of cholesterol and
triglycerides, indicating that this feature may be linked to cancerous cells in the colon and rectum. In fact, elevated levels
of triglycerides and total cholesterol were strongly correlated with colorectal polyps.***> The fact that levels of serum
cholesterol were lowered by PIV400 and triglyceride by all doses of the pre-initiation phase suggests that administration
of V. auriculifera before induction of colon cancer has the potential to inhibit lipid derangements caused by the noxious
agent. Loss of protein is commonly related to many cancer types and may explain the decrease in total protein noted in
the present study.*® However, serum total protein in the extract received rats in all doses of the pre-initiation and at the
higher dose of the post-initiation phases tended to restore the level to normal. In agreement with this study Coffee
arabica administration sustained the normal level of serum proteins in DMH-induced CRC in an experimental rat
model.*’

The anti-oxidative and anti-inflammatory effects, cell cycle arrest, apoptosis, stimulation of Phase II enzymes,
changes in gut microbiota, and induction of autophagy by chemopreventive drugs are frequently linked to reductions
in tumor number and size.** Assays performed to link chemoprevention activity to cytotoxic and/or antioxidative
activity revealed the latter activity to be more important than the former, as the extract did not affect cell viability
significantly at the maximum concentration used (200 pg/mL) in the present study. Previous studies have
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demonstrated that V. amygdalina, a related species to the plant of interest, mitigated cycasin-induced oxidative
damage in rat colonic tissue,'” possibly attributed to scavenging free radicals, inducing detoxification, and inhibiting
stress response proteins.*® It is thus plausible to assume that the flavonoid and phenolic compounds present in the
extract might inhibit the formation of highly reactive metabolites of DMH, which are azoxymethane, the proximate
carcinogen methyl-azoxymethanol, and the ultimate carcinogen, methyl-diazonium ion. Further evidence supporting
this notion comes from the observation that phenolic compounds can exert direct preventive effects on the

9

gastrointestinal tract via scavenging and reduction of free radical formation*’ and that flavonoids (luteolin

7-O glucuronide, luteolin, and luteolin 7-O glycoside) isolated from V. amygdalina Del. scavenge free radicals
and induce detoxification.®

Indeed, the higher effect observed in the pre- than the post-initiation phase and the lack of detectable cytotoxic
activity in Caco-2 (the present study) as well as human myeloid leukemia (MV4-11) (ICso 678.1 +15.8),%° lung
adenocarcinoma (A-427) (72.9+37.4), human breast cancer (MCF-7) (105.2+11.9), human urinary bladder tumor (RT-
4) (98.9+5.2), and human cervical adenocarcinoma (SISO) (90.2+12.8) cell lines'® strongly argue for the antioxidant

activity to be the likely mechanism for the chemopreventive effect.

Conclusions

In conclusion, the extract showed chemopreventive potential, as early treatment significantly reduced tumor number, size
and incidence, probably mediated through its antioxidant than cytotoxic activity. Early administration of the extract might
have effect on delaying the progression and invasion as well as reduction of the aggressiveness of colon carcinogenesis.
Moreover, the potential of V. auriculifera to decrease serum triglyceride and cholesterol level and prevent the decrease in
serum protein could be used to suppress the growth of cancerous cells.
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