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Abstract:

Introduction:

Acridine is a class of organic compounds which offers a wide range of biological and physical properties due to its unique chemical
skeleton. A lot of researches have focused on the moulding of the substituents of the acridine ring system in an attempt to enhance its
biological applications, especially in terms of anticancers, antioxidants, and antivirals.

Materials and Methods:

In this study, a new compound N-(3,5-dimethoxyphenyl)acridin-9-amine (G4) was synthesized through the Ullmann condensation of
2-chlorobenzoic acid and 3,5-dimethoxyaniline. In vitro cytotoxicity investigations of G4 on normal cell (WRL 68) and cancer cell
lines (MCF-7, HT29 and HL60) were then conducted. In vivo evaluation or acute toxicology, was also carried out whereby male and
female mice were administered G4 orally in single doses of 0 (control group), 500, and 1000 mg/kg.

Results:

As per the results, G4 exhibited in vitro antiproliferative activity on all the cancer cell lines tested. Also, no signs of toxicity were
observed in the mice even after being administered the highest dose of G4. The structure of the compound was determined by single
crystal X-ray diffraction analysis, CHN elemental analysis, Fourier Transformed Infrared (FTIR), 1H nuclear magnetic resonance
(NMR), and 13C attached proton test (APT) NMR. G4 was found to be slightly planar and in discrete asymmetric units.

Conclusion:

The acridine was observed to be bound to 3,5-dimethoxyaniline (N1) as the confirmed G4 molecule. Also, the exocyclic carbon at
position C13 was found to be monodentate and slightly planar. G4 exhibited profound antiproliferative activity towards HL60 cancer
cell lines.

Keywords: Acridine, Heterocycle, N-(3,5- Dimethoxyphenyl)acridin-9-amine, Acute toxicity, Antiproliferative, Anticancers.

1. INTRODUCTION

Acridine  is  a  class  of  organic  compounds  known as  π-electron-deficient  heterocycles  that  possess  a  number  of
unique  chemical  and  physical  properties  [1].  It  is  also  widely  reported  that  acridine  an  N-donor  ligand,  has  a  high
tendency to cyclometallate compounds, especially those of heavy metals such as platinum [2] and palladium [3].
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The  biological  activity  of  acridine  can  primarily  be  attributed  to  its  core  structure  a  benzene  ring  and  either
–NHCH2- or –NHCH2CH2- [4]. Moreover, the other substituents that attach to acridine especially 9-anilinacridine [5],
are proven to be able to enhance the biological potency of acridine and reduce its side effects following interaction with
DNA [6]. Hence, the modification of acridine either by metallation or by changing its substituents is an interesting field
for researchers in their quest to discover new potent anticancer agents.

Nowadays, cancer is one of the major diseases [7] which results in mortality, and its occurrence is increasing by the
year. In 2012, about 14 million new cancer cases have been reported worldwide, 2.2 million (15.4%) of which were due
to carcinogenic infections [8]. In medical science, acridine is a chemical with anticancer activity [9] and is used as an
antileukemic agent, for instance [10]. This is in light of the interactions between its π-π system and the base pairs of
double-stranded  DNA,  notwithstanding  the  high  affinity  of  the  latter  for  the  former.  Furthermore,  amsacrine  (m-
AMSA), an acridine derivative, was the first known DNA-intercalating agent, or topoisomerase II inhibitor [6b].

Acridine also possesses a wide range of other biological activities, which include antibacterial [11], trypanocidal
[12],  and antimalarial  [13]  activities.  Additionally,  this  compound has various other  applications.  For  example,  the
fluorescence  of  acridine  (AO)  [14]  allows  the  detection  of  tumors,  metasteses,  and  residual  disease  after  surgical
excision [15]. Meanwhile, acridine yellow is used as a dye-like biomolecule [16] in numerous photosensitizer studies.
An example is a research on solar cell production [17], in which acridine yellow is involved in the synthesis of TiO2

films containing nanosized semiconductor particles.

In this research, we report the anticancer activity of N-(3,5- dimethoxyphenyl)acridin-9-amine (G4), which has been
studied in vitro as well as in vivo. When the methoxy functional group was added to acridine, the anticancer activity of
the derivative was enhanced, thus allowing it to be further developed as a chemotherapeutic drug [18].

2. MATERIALS AND METHODS

2.1. Materials and Instrumentals

The  chemicals  and  solvents  were  obtained  from  Merck,  Sigma-Aldrich,  and  Fisher  Scientific,  and  were  used
without further purification unless stated otherwise. The infrared spectra of the synthesized compounds were measured
using a Perkin Elmer Spectrum One FT-IR spectrophotometer (ATR) within the wavelength range of 450 – 4000 cm-1.
The 1H and 13C-APT Nuclear Magnetic Resonance (NMR) spectra were determined by an AVN Bruker 400 FT-NMR
and Jeol ECX DELTA 400 MHz spectroscope, with deuterated chloroform as the solvent. Elemental analysis of the
carbon, hydrogen, and nitrogen (CHN) compositions were performed using a Perkin Elmer CHNS/O 2400 series II
elemental analyser. The single crystal X-ray diffraction data of some of the complexes were assessed using a Bruker
APEX II CCD diffractometer which employed graphite-monochromated Mo Kα radiation (λ=0.71073Å) at 100 K. The
intensities were obtained via ω - 2θ scan mode in the range of 3.1° < θ < 26.0°. The structure of the compound was
solved directly by the SHELXS-97 program (Sheldrick, 2008) and refined via a full matrix least-square method on F2

using the SHELXL-97 program package (semi-empirical absorption corrections were applied using SADABS program).
The  melting  point  of  the  compound  was  determined  using  a  capillary  melting  point  apparatus  (MEL-TEMP  II
Laboratory  Devices,  USA).

3. EXPERIMENTAL

3.1. Chemistry

3.1.1. General Procedure

Three steps were involved in the synthesis  of  G4,  whereby the two initial  steps Scheme (1)  were performed to
obtain the cyclic compound 2 for use in the third step. In general, 2-(phenylamino)benzoic acid (1) and 9-chloroacridine
(2) were prepared according to the procedure in the literature [19]. The first step involved the Ullmann condensation
reaction,  whereby  2-chloro  benzoic  acid  and  aniline  were  dissolved  in  K2CO3  in  dimethylformamide  (DMF).  The
mixture  was  refluxed  at  136oC  overnight  under  continuous  stirring,  with  copper  iodide  and  copper  powder  as  the
catalysts.  After  compound  1  was  formed,  it  was  cyclized  by  refluxing  at  135  –  145  °C  for  3  hours  with  POCl3.
Compound 2, a yellow precipitate, was obtained, which was then purified using concentrated ammonia and crushed ice.
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Scheme (1). Synthesis of 9-chloroacridine (2)

3.2. Synthesis of N-(3,5- Dimethoxyphenyl) Acridin-9-Amine (G4)

Scheme (2) outlines the steps of G4 synthesis using pre-synthesized compound 2. 3,5-dimethoxyaniline (0.7 g, 4.7
mmol) and potassium carbonate (0.7 g, 4.7 mmol) were dissolved in absolute ethanol (ca 20.0 ml). The mixture was
stirred for 45 minutes at room temperature, after which compound 2 (0.5 g, 2.3 mmol) and potassium iodide (0.1 g, 0.6
mmol)  were  added.  The  mixture  was  further  stirred  and  refluxed  overnight.  Upon  completion  of  the  reaction,  the
solvent was evaporated and the remaining solid was poured into 50.0 ml of water and extracted with ethyl acetate. The
orange precipitate was filtered out and washed with cold methanol prior to drying. The physical data is listed in (Table
1).

Scheme. (2). Synthesis of N-(3,5- dimethoxyphenyl)acridin-9-amine (G4).

Table 1. Physical data for the N-(3,5 dimethoxyphenyl)acridin-9-amine, G4.

Compound Yield (%) Mp (° C)
Re-crystal Crystal

IR (cm-1)
Solvent Appearance

G4 91.8 184.0-186.0 Methanol Dark red

3358.7 (N-H)
1614.2 (C=N)
1170.3 (C-O)

(methoxy group)
1470.3 (C=C)

3.3. Biological Studies

3.3.1. In Vitro Cytotoxicity Assay

Cell cultures were maintained in humidified air with 5% CO2 at 37°C. MTT assay is currently the most commonly-
used method to test the cytotoxicity of G4. The cells were plated in triplicates on a 96-well plate at a density of 2 × 105

cells/mL in 100 μL of culture medium. Different concentrations of G4 (50, 25, 12.5, 6, 3, and 1.5 μg/mL) were prepared
by serial dilution. All serial dilutions were transferred to the cells in the 96-well plates. Untreated cells acted as the
control.  The cells were incubated for 24 hours,  after which their  viability was assessed by adding 20 μL of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, 5 mg/mL) to the cells in a dark room. The cells were
then covered with aluminium foil and incubated for another 4 hours. Then, all the media were removed and 100 μL of
DMSO added to the cells to solubilize the formazan crystals. Subsequently, the absorbance was read at a wavelength of
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570 nm using a microplate reader. The test agents’ cell growth inhibition abilities were expressed in terms of IC50 (i.e.
the concentrations at which cell growths were reduced by half).

3.4. Animals

Mice of both genders were obtained from the Animal House Unit, Faculty of Medicine, University of Malaya (UM).
All procedures on these animals were carried out in compliance with the regulations designated by the Institutional
Animal  Care  and  Use  Committee,  Faculty  of  Medicine,  UM.  The  mice  were  kept  in  sterilized  plastic  cages  with
homogenized wood shavings as bedding. The ambient temperature was maintained at 22 ± 2°C, with 12 hours each of
in the light-dark cycle and a relative humidity of 50 – 60%. Food and water were supplied at all times.

3.5. Experimental Animals

Thirty-six  mice (18 male and 18 female)  were divided into three groups which were labelled as  (1)  group 1 or
vehicle, which was administered 0.5% carboxymethyl cellulose (CMC) at 5 ml/kg; (2) group 2, which was administered
5 ml/kg of G4 at 500 mg/kg; and (3) group 3, which was administered 5 ml/kg of G4 at 1000 mg/kg. The animals were
deprived of food overnight prior to treatment and for 3 – 4 hours after treatment. The purpose of the fasting was to
eliminate all  the food inside their  gastrointestinal  tracts  that  may otherwise complicate  the absorption of  the tested
substance.  The  mice  were  monitored  for  the  development  of  toxicity  signs  within  48  hours  after  the  intragastrical
administration of G4. The number of deaths was recorded over 14 consecutive days. On the 15th day, all the mice were
killed via xylazine-ketamine aesthetic overdose, following which histological (liver and kidney) evaluations and serum
analyses were conducted according to the standard techniques [20]

3.6. Assessment of Kidney and Liver Functions

All  biochemical  assays  were  performed  spectrophotometrically  using  a  Hitachi-912  Autoanalyzer  (Mannheim,
Germany). Kidney functions were assessed in terms of anion gaps, blood urea nitrogen, as well as serum creatinine,
sodium, potassium, chloride, and carbon dioxide levels. Serum Alanine Aminotransferase (ALT), Alkaline Phosphate
(ALP), Gamma-Glutamyl Transferase (GGT), albumin, globulin, and bilirubin levels were also measured to evaluate
the liver functions. All the serum samples were analysed in a blind manner to obtain data with good sensitivity and
validity.

3.7. Assessment of Lipid Profile

The concentrations of total cholesterol and High-Density Lipoprotein (HDL) cholesterol were estimated using the
commercial kits by Span Diagnostics in accordance with the method described in the literature [21]. The triglyceride
concentrations were assessed by GPO-PAP end-point assay.

3.8. Histopathological Examinations

Renal and hepatic tissues were fixed in 10% formalin and embedded in paraffin, after which they were sectioned at
intervals  of  5  μm  and  stained  with  hematoxylin-eosin  solution.  All  sections  were  examined  photomicroscopically
(Olympus BH-2, Japan) by an independent histopathologist who had no knowledge of the treatment groups.

3.9. Measurement of Lipid Peroxidation

The  extent  of  lipid  peroxidation  was  assessed  with  Malondialdehyde  (MDA)  as  the  indicator.  Initially,  10%
(weight/volume) homogenates of kidney and liver specimens were obtained from 0.1 mol/L phosphate buffer which
was  centrifuged  at  4°C  and  3500  rpm  for  10  minutes.  Then,  0.2  ml  of  supernatant  was  mixed  with  0.67%  2-
Thiobarbituric Acid (TBA) and 20% trichloroacetic acid solutions, followed by heating in a boiling water bath for 30
minutes. The absorbance of the pink chromogen formed by the reaction of TBA with MDA was measured at 532 nm.
The results were expressed as MDA nmol/mg protein. The protein contents of the supernatant were measured via the
Lowry method [22]

3.10. Measurement of Tissue Glutathione

Tissue samples were homogenized in 10 volumes of ice-cold 10% trichloroacetic and then centrifuged at 1000 rpm
and  4°C  for  15  minutes.  The  supernatant  was  removed  and  re-centrifuged  at  35000  rpm  and  4°C  for  8  minutes.
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Glutathione (GSH) levels were determined using a spectrophotometric method, which is a modification of the Ellman
procedure [23]

3.11. Statistical Analysis

All data were expressed as means ± SD and analysed using one-way ANOVA followed by post-hoc Tukey HSD
multiple comparisons test. The type-1 error level was set P < 0.05 for all tests. This entire process was performed using
SPSS software (Chicago, IL, USA) version 19.0 for Microsoft Windows.

4. RESULTS AND DISCUSSIONS

4.1. Chemistry

G4 was synthesized via one-pot reaction, which began with the reaction between 9-chloroacridine (a ligand) reacted
with 3,5-dimethoxyaniline (a aniline substituent) in absolute ethanol, with potassium iodide as the catalyst. The orange
precipitate of G4 was dissolved in methanol, and a few drops of triethylamine added to form solid, dark red, single
crystal. This crystal was grown at room temperature. G4 was characterized by FTIR, 1H, 13C-APT NMR, and elemental
analysis. The molecular and crystal structures of G4 were determined using single crystal X-ray diffraction.

Fig. (1). FTIR spectrum for G4.

Fig. (2). Two tautomeric forms of 9-aminoacridine.

4.2. Spectroscopic Study

In the FTIR spectrum Fig. (1) as listed in Table 1, the absorption band at 1170.3 cm-1 was assigned to the methoxy
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group -OCH3. The presence of aromatic rings in the structure was proven by =C-H sp2 stretching at 3062.0 cm-1 and
C=C stretching at 1470.3 cm-1. The absorbance of the -NH group was observed at 3358.7 cm-1, indicating the conversion
of the -NH2 group to –NH. This was consistent with the bond formation between 9-chloroacridine and 3,5-dimethoxy
aniline via -NH2 deprotonation.

The 1H NMR Table 2 spectrum of G4 showed six protons as a singlet at δ 3.64 ppm in two -O-CH3 groups. The
three aromatic rings in G4 were denoted as multiplets between δ 6.50 and 8.30 ppm. Within these peaks, there were two
doublet peaks at δ 8.26 and 8.16 ppm (i.e. the most deshielded region) as compared to other -C-H aromatic signals. This
was assigned to the four protons of acridine. Meanwhile 13C-APT NMR Table 3  revealed five and seven signals of
quaternary and tertiary carbons respectively. The aromatic carbon atoms attached to the methoxy group were denoted at
161.62 ppm, while the methoxy carbon peak was at 55.61 ppm. It was reported that the skeleton of 9-aminoacridine
derived from the parent acridine can exist in two tautomeric forms [24] – imine or amine form Fig. (2). Tautomerization
can occur when different solvents or reaction temperatures are used. Nevertheless, G4 was observed to be more stable
in amine form as proven by the crystal structure.

Table 2. 1H NMR data for G4; chemical shifts in ppm relative to TMS (1%) at room temperature in CDCl3

Compound Aromatic O-CH3

G4 8.26 (d, J = 8 Hz; 2H, Ar-H) 3.64 (s, 6H, OCH3)
- 8.16 (d, J = 8 Hz; 2H, Ar-H) -
- 7.45 (t, J = 8 Hz; 2H, Ar-H) -
- 7.09 (t, J = 8 Hz; 2H, Ar-H) -
- 6.56 (d, J = 4 Hz; 2H, Ar-H) -
- 6.23 (t, J = 4 Hz; 1H, Ar-H) -

Table 3. 13C NMR data for G4; chemical shifts in ppm relative to TMS (1%) at room temperature in CDCl3

Compound Aromatic (Ar) O-CH3 C-N

G4
139.95, 134.49, 126.32, 123.91, 161.62 (Ar-O-CH3)

142.81, 139.95
(C-N)

119.76, 114.78, 101.91, 99.07 55.61 (O-CH3) 154.32 (C-N)

4.3. X-ray Crystallography: Single-crystal X-Ray Diffraction

The  structure  of  G4  was  determined  by  single  crystal  X-ray  diffraction  analysis  and  is  found  to  be  of  discrete
asymmetric units (Fig. 3). The crystal data has been deposited to Cambridge Crystallographic Data Centre (CCDC) with
the deposition number of CCDC 1587404. The crystallographic data and that of its structure refinement were collected
and presented in Table 4. In the G4 molecule, 9-acridine (C13) is bound to 3,5-dimethoxyaniline (N1), as expected. The
bond lengths and angles (Table 5) were in agreement with those of other associated derivatives in the literature [25].
The molecule can be divided into two main fragments: (C1-C13/N2) and (N1/C14-C21/O1/O2). The C1-C13/N2 and
N1/C14-C21/O1/O2 planes  were  slightly  planar,  with  a  maximum deviation  of  C13  from the  mean  plane  that  was
0.368(2). The dihedral angle between the aforementioned planes was 63.53(6)°. Also, there were no intra- or inter-
hydrogen bonds in this molecule (Fig. 4).

Table 4. Crystal data and structure refinement of G4.

Identification Code Compound G4 from Methanol
Emprical formula C21 H18 N2 O2

Crystal color Red
Formula weight 330.37

Temperature 293(2) K
Wavelength 1.54178 Å

Crystal system Orthorhombic
Space group P212121

a/Å 10.1753(4) Å
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Identification Code Compound G4 from Methanol
b/Å 11.8991(5) Å
c/Å 13.4416(6) Å
α/ 90.00
β/ 90.00
γ/ 90.00

Volume/ Å 1627.47(12)
Z 4

Ƿcalc g/cm3 1.348 Mg/m

μ/mm-1 0.701 mm
F(000) 696

2θ range for data collection/ 4.96 to 73.52
Index ranges -11<=h<=12, -9<=k<=14, -15<=l<=16

Reflections collected 4381
Independent reflections 2819 [R(int) = 0.0410]

Data/restraints/ parameters 2819 / 0 / 227
Goodness of fit on F2 0.959

Final R indexes [I>=2σ (I)] R1 = 0.0551, wR2 = 0.1361
Final R indexes [all data] R1 = 0.0541, wR2 = 0.1406

Largest diff. peak/hole / eÅ-3 0.496 and -0.368

Fig. (3). The ORTEP diagram of G4, showing 50% probability displacement ellipsoids and the atom-numbering scheme.

Table 5. Selected bond length (Å) and angles (°).

Bond Bond Lengths Bond Bond Angle
C13-N1 1.287(3) C13-N1-C14 123.0(2)
C14-N1 1.407(3) C18-O1-C21 116.8(2)
C18-O1 1.369(3) C16-O2-C20 117.2(2)
C16-O2 1.354(3) N1-C13-C6 126.9(2)

  

 

(Table 4) contd.....
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Fig. (4). The packing of G4 as viewed down to the b axis.

5. BIOLOGICAL

5.1. Anti-proliferative Activity of G4

The effects of G4 on the viability of MCF-7, HL60, HT29, and WRL68 cells were measured using MTT assay.
Following 24 hours of exposure to G4, there was a significant inhibition of cellular proliferation in the treated cells as
compared to the non-treated cells (controls). Among the tested cells, HL-60 gave the best results with an IC50 of 15 ±
0.03 Table 6. The present study has shown that the cytotoxic activities of G4 on MCF-7, HT29, and HL60 cells were
high while that of WRL68 was very low. The findings suggested that G4 is a potential candidate for further anticancer
studies.

Table 6. Cytotoxicities of G4 in MTT assay.

Cell Line WRL68 MCF-7 HT29 HL60
IC50 (μg/ml) 49 ± 0.05 22 ± 0.04 17.5 ± 0.02      15 ± 0.03

5.2. General Acute Toxicity Observation

The  acute  toxicity  study  was  carried  out  to  determine  a  nontoxic  dose  of  G4.  After  fourteen  days  of  the
intragastrical administration of two different concentrations of G4, no behavioural alterations or deaths were observed.
In the mice, G4 did not show any abnormalities in terms of their behaviours or physical appearances. Food and water
were provided as usual, and the faeces of the mice were dark and dry. There were no significant differences in the body
weights of the mice as well.

Table 7. Serum biochemical data for male and female mice orally administered G4 at different concentrations for 14 days.

Parameters Sex Control mean ± SD 500 mg/kg mean ± SD 1000 mg/kg mean ± SD

Sodium mmol/L
Male 151±1.22 152±0.23 152.6±3.13

Female 149±0.55 149.6±0.54 149±2.5

Potassium mmol/L
Male 5.8±0.5 4.6±1.4 5.01±0.39

Female 4±0.7 4.84±0.5 4±1.21

Chloride mmol/L
Male 108.8±1.64 107±0.2 107.6±2.3

Female 110±2.7 110.2±1.1 109±0.68

Carbon Dioxide mmol/L
Male 13.4±4.5 13±2.1 13.6±2.9

Female 19±2.41 18±2.9 19±3.2
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Parameters Sex Control mean ± SD 500 mg/kg mean ± SD 1000 mg/kg mean ± SD

Anion Gap mmol/L
Male 34.8±3.8 33.7±0.9 35.2±2.4

Female 27±0.55 27±0.11 28.1±1.89

Urea nitrogen mmol/L
Male 8.26±0.7 9±0.76 8.86±1.32

Female 8±0.8 8.8±1.3 8.6±1.2

Creatinine mmol/L
Male 8±0 8±0 8±0

Female 9±0.5 9±0.2 8±0.23

Albumin g/L
Male 27.2±2.6 28±3.1 27±1.2

Female 27±1.7 27±0.24 28±3.1

Total Bilirubin umol/L
Male 1±0 1±0 1.4±0.55

Female 1±0.2 1±0.23 1±0.9

Alkaline Phosphatase IU/L
Male 61.4±0.5 74±0 75.2±8.6

Female 67±6.5 68±4.1 66.5±3.7

Alanine Aminotransferase IU/L
Male 41.6±0.9 41.1±6.7 42.6±3.2

Female 34.01±5.3 33.1±0 33.4±1.3

G-Glutamyal Transferase IU/L
Male 4.6±3.2 4±0.6 4.4±1.82

Female 2±0.3 2±0.21 3±0.15

5.3. Serum Biochemical Parameters

All mice that were treated with either 500 or 1000 mg/kg of G4 did not exhibit significant differences in the levels
of their liver function markers (albumin, total bilirubin, ALP, ALT, and GGT). Table 7. contains the data on serum
biochemistry. There were also no significant changes in the renal profiles (potassium, chloride, sodium, and urea) of the
mice.  For  the  mice  dosed  with  500  mg/kg  of  G4,  there  were  significant  increases  in  the  total  cholesterol,  HDL
cholesterol, LDL cholesterol, and triglyceride levels of all mice except for the triglyceride level for male mice that is
slightly decreased. As for the mice treated with 1000 mg/kg of G4, in male mice, the triglyceride and total cholesterol
levels were decreased while in female mice the reduced amount of LDL cholesterol level was observed. On the other
hand, the HDL cholesterol level for all mice, the triglyceride level for only female mice and LDL cholesterol level for
male mice were found to be increasing.  Nevertheless,  the total  cholesterol  level  on female mice was unchanged as
compared to the control mice. The effects of G4 on the lipid profile are shown in Table (8).

Table 8. Effect of G4 on triglycerides, total cholesterol, HDL cholesterol, and LDL cholesterol.

Parameters (mmol/L) Sex Control mean ± SD 500 mg/kg mean ± SD 1000 mg/kg mean ± SD

Triglyceride
Male 1.54±0.32 1.39±0.33 1.16±0.5

Female 1.5±0.4 1.8±0.07 1.7±0.41

Total Cholesterol
Male 2.92±0.41 3.1±0.8 2.78±0.3

Female 2±0.1 2.4±0.13 2±0.19

HDL Cholesterol
Male 1.66±0.32 1.8±0.9 1.94±0.5

Female 0.9±0.27 2.4±0.13 1.2±0.26

LDL Cholesterol
Male 1.21±0.2 1.13±0.69 1.48±0.72

Female 1.53±0.1 1.67±0.74 1.37±0.49

5.4. Histopathological Evaluation

The kidney and liver examinations of mice did not show any abnormalities in terms of gross appearance and weight
as a result of G4 consumption. The results of gross examination were also confirmed by histopathological assessment.
There were no detected ions of any damage in their gastroinstestinal tracts or the potential and direct target for toxic
effects of the ingested foods. G4 was also not responsible for any significant histological changes in the mice Fig. (5).
Hence,  it  can  be  concluded  that  there  was  no  necrosis,  cirrhosis,  and  inflammation.  These  outcomes  revealed  that
intragastric G4 up to a concentration of 1000 mg/kg was not toxic to mice.

(Table 7) contd.....
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Fig. (5). Effect of G4 on histological sections of the liver and kidney in mice. (A, B) Mice treated with vehicle. (C, D) Mice treated
with 500 mg/kg of G4. (E, F) Mice treated with 1000 mg/kg of G4. There are no significant differences in the architectures of the
livers and kidneys between the treatment and control groups (H & E stain, 20× magnification).

CONCLUSION

The acridine  was  observed to  be  bound to  3,5-dimethoxyaniline  (N1)  as  the  confirmed G4  molecule.  Also,  the
exocyclic  carbon  at  position  C13  was  found  to  be  monodentate  and  slightly  planar.  G4  exhibited  profound
antiproliferative activity towards HL60 cancer cell lines. Intragastrical administration of up to 1000 mg/kg of G4 did
not result in toxicity effects to the mice. The anticancer mechanism of G4 can be further investigated in vitro and in
vivo since there is evidence for its potential to be developed into new pharmaceutical drugs.
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