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Abstract

The most frequent type of primary liver cancer is hepatocellular carcinoma (HCC), accounting for approximately 90%
of primary liver cancers and a third leading cause of cancer deaths. In the current study, the synthesized compound

3 was re-formulated using tetraethyl orthosilicate (TEOS) with weight ratio (1:1) via sol-gel technique. The prepared
material has been examined using Fourier transform infrared spectroscopy (FTIR), energy dispersive X-ray elemen-

tal analysis (EDX), and scanning and transmission electron microscopes (SEM and TEM). Herein, we investigate the
mode of action of 3 as potent anti-liver cancer in vivo as normal and nano-forms. Rats were given a single dosage of
50 mg/kg b.wt. of HCC through an intraperitoneal injection (ip). A single dosage of CCl4 (2 ml/kg IP) was also given to
rats 2 weeks later. Several liver, tumor and oxidative stress biomarkers were detected including liver enzymes; ala-
nine and aspartate aminotransferases (ALT and AST), alkaline phosphatse (ALP), gamma glutamyl transferase (GGT),
glutathione (GSH), lipid peroxide (MDA), catalase (CAT), superoxide dismutase (SOD), total antioxidant capacity (TAC),
a-fetoprotein and a-L-Fucosidase. Hepatic pathological pictures were also performed for the documentation of the
presence of HCC and supported the biochemical results. Moreover, the DNA damage in liver tissues of male rats using
comet assay was studied. The results showed that the HePG2 (— ve) group of rats exhibited a significant reduction
(P<0.05) in DNA damage values (9.30 4 0.89) relative to other treatment groups. Nevertheless, the DNA damage
values in the HePG2 (4 ve) and 5-flurouracil groups were significantly higher (P <0.01) compared to the HePG2 (— ve)
group. Additionally, HePG2 (coated 3) and HePG2 (3) groups exhibited significant decrease in the DNA damage com-
pared to those in HePG2 (+ ve) group.
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Introduction frequent type of primary hepatic cancer is hepatocellular

The liver cancer is adding and growing serious trouble
to public health burden encyclopedically. Liver cancer is
the world’s fifth most frequent cancer and the alternate
leading cause of cancer-related mortality [1, 2]. The most
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carcinoma (HCC), accounting for 90% of all cancers and
representing a major health problem globally. Patients
with chronic liver disorders like hepatitis B or hepatitis
C virus-induced hepatic cirrhosis are often tested for
HCC [3, 4]. Sorafenib is the only small-molecule medi-
cation approved to treat advanced HCC and is there-
fore recommended as the first-line systemic treatment
in such patients. However beside the presence of major
side effects, it has only little survival advantage [5-8]. As
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a result, the development of new small-molecule inhibi-
tors of HCC is critically needed. Egypt occupied the third
in Africa and 15th most populous country worldwide in
ranking of the hepatocellular carcinoma (HCC). Owning
to the increasing of HCC patients twofold over a decade,
the health authorities in Egypt consider that HCC is the
most challenging health problem in the country [9].

Urea and sulfonylurea derivatives have been reported
as active compounds against solid tumors in vivo [8, 10,
11]. Although their mechanisms of action are unknown,
it’s worth mentioning that there is currently no clear data
on the impacts of sulfonylureas on the growth of cancer.
[12]. Several scientific articles developed from Sorafenib
have lately been investigated into the design, synthetic
technique, mechanistic features, structure—activity rela-
tionships (SAR), and interaction with biological systems
of urea derivatives as possible antibacterial, antifungal,
anticonvulsant, antidiabetic, anticancer, and antiviral-
Because few publications on the same subject have been
published, there is contradictory information regarding
the true function of various urea and sulfonylurea deriva-
tives on cancer cell development [13, 14].

The previous studies in our laboratory have investi-
gated the effect of novel sulfonylurea derivatives against
HePG2 cell line. The (4-methyl-N-((3-propionyl-4,5,6,7-
tetrahydrobenzo[b]thiophen-2-yl)carbamoyl)benzene-
sulfonamide), 3 Fig. 1, showed potent anticancer activity
versus HePG2 cell line with IC;,=4.25 uM compared to
5-fluorouracil with IC;;=316.25 pM as reference drug
[13].

As a result, and as a follow-up to our past research into
the preparation of biologically active organic compounds
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[13, 15-19] and encouraged by the potent bioactivity of
4-methyl-N-((3-propionyl-4,5,6,7-tetrahydrobenzo[b]
thiophen-2-yl)carbamoyl)benzenesulfonamide 3 and in
continuation to investigate the mode of action of com-
pound 3, the current study represents the treatment of
liver cancer using compound 3 as normal- and nano-
form after coating with silica as in vivo study.

Materials and methods

Chemistry

Synthesis of (3)

Compound 3 was prepared as we reported in our pre-
vious work [13]. To a solution of 1-(2-amino-4,5,6,7-
tetrahydrobenzo[b]thiophen-3-yl)propan-1-one 2
(1 mol) in acetonitrile, the 4-tolylisocyanate 1 (1.1 mol)
was added while stirring at room temperature. The reac-
tion mixture was stirred for two hours. The completion
of reactions was monitored by TLC on silica gel coated
aluminum sheets. The obtained precipitate was filtered
off, washed with cold acetonitrile (two times) dried well,
and recrystallized from ethyl acetate/acetonitrile (3:1) to
give 3 [13].

Yield: (87%) as a white solid; m.p 130-132 °C. IR (KBr,
cm™Y): 3331, 3275 (NH), 1684 (C=0), 1342, 1163 (SO,);
'"H NMR (400 MHz, DMSO-d,) § ppm: 10.80 (1H, s, NH),
7.86 (2H, d, J=8 Hz, Ar-H), 7.46 (2H, d, J=8 Hz, Ar—H),
4.20 (2H, m, CH,, Et), 3.86 (4H, m, CH,, C;Hy), 2.61 (4H,
m, CH,, C¢Hy), 2.40 (3H, s, CH,), 1.26 (3H, t, CH,). 1*C
NMR (100 MHz, DMSO-d,) 8 ppm: 165.3, 149.0, 147.0,
144.8, 137.1, 131.0, 130.2, 127.9, 126.3, 111.6, 60.7, 26.3,
24.1, 22.9, 22.7, 215, 14.6. Anal. For C,oH,,N,0,S,:

SO, imprtant for increasing
the biological activity

r T

Aliphatic chain increases
the inhibitory activity

The presence of thiophene ring
with a cyclohexyl group
enhanced the anti-cancer activity

The presence of Me group
in para position increased
the biological activity

Urea moiety is essential for
increase the biological activity

2770999-78-3).[13]

Fig. 1 Structure of 4-methyl-N-((3-propionyl-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)carbamoyl)-benzenesulfonamide 3 (CAS registry number is
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Calcd. C, 56.14; H, 5.46; N, 6.89. Found: C, 55.70; H, 6.00;
N, 6.78.

Re-formulation of the compound 3 using sol-gel technique
The compound 3 was formulated in nanoscale particles
as described previously by our group [20]. The sol-gel
method was used in the preparation of the nanomateri-
als through hydrolysis and poly-condensation of tetra-
ethyl orthosilicate as source of SiO, containing HCL
as catalyst [21] in the presence of the as-prepared sul-
fonylurea 3. The silicate solution with the molar ratio
TEOS:C,H,OH:H,0:HCl 1:6:8:0.6 was stirred for 2 h.
After refluxing, 100 mg of the compound 3 was added
and further sonicated for 3 h at 50 °C. The sol was cast
and gelled into plastic molds and kept at room tempera-
ture for 3 days. The prepared material was kept for fur-
ther investigation.

In-vivo study

Ethical statement

All animal trial techniques were directed as per local
and worldwide controls. The protocol of experiment
was approved by Medical Research Ethics Committee,
National Research Centre, Egypt (No. 19-193). Westar
male albino rats weighing (150+30 g), were supplied
from animal house, National Research Centre (Dokki,
Giza, Egypt), they were kept for 1 week to accommodate
under constant environmental and nutritional conditions
with free access to food and water.

Induction of hepatocellular carcinoma

Diethyl nitrosamine DEN was dissolved in corn oil and
intraperitoneal injected with a single dose of 50 mg/kg
body weight [22]. After two weeks, CCl, (2 ml/kg IP)
were injected with a single dose for promotion of liver
cancer [23].
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week for four successive weeks [24]. The kits used for the
biochemical analysis were purchased from biodiagnostic
Co. Cairo, Egypt. Reagents for ELIZA kit was obtained
from Cloud-Clone Corp (USA). Diethyl nitrosamine
(DEN) and CCl, for the induction of HCC was purchased
from Sigma-Alderich Chemical Company (USA).

The levels of serum transferases (Reitman and Frankel)
[25] and ALP (Belfiel dand Goldberg, 1971) [26] activities
were determined as biochemical markers for the early
hepatic damage using quantitative colorimetric com-
mercial kits (Biodiagnostic, ARE), GSH (Beutler et al.)
[27] were also detected using quantitative colorimetric
kits (Biodiagnostic, ARE). Lipid peroxidation (MDA)
was estimated according to Ohkawa et al. [28] YGGT
was measured by the method of Szasz. [29] Catalase
activity was measured according to the method of Aebi
[1983], Serum alpha-fetoprotein (AFP) was determined
by ELISA Biocheck kits (USA) (Abelev et al. [30]. Uotila
et al. [31]. Chanand Miao et al. [32]). a-L-Fucosidase
(AFU) was assayed using quantitative colorimetrically
kit (Biodiagnostic, ARE) (Zielke et al.) [33]. Superoxide
dismutase activity was measured by the method of Nishi-
kimi et al. [34] and TAC (Ghiselli et al.) [35].

Experimental protocol

Fifty male Wistar rats were divided into 5 groups/10 rats
each as follow: Groupl; control group. Group2; was IP
injected rats with a single dose of DEN; then, post two
2tweeks, carbon tetrachloride was IP injected with a sin-
gle dose of and left for six months. The progress of HCC
was assured Histopathologically. Groups 3 and 4; rats
were treated orally with 50 mg/kgb.wt. of non-coated 3

Table 1 Elemental analysis of the sulphonyl urea compound
before and after coating with TEOS using sol-gel technique

Compound Elemental analysis (atomic %)
C N (o] S Si
Chemicals and drugs I
5-Fluorouracil (5-FU) was purchased from S.X. Haipu 3 703 58 167 73 0
Pharmaceutical Co., Ltd as ampoules (250 mg\10 ml) and  Coated 3 472 80 287 16 5.2
rats were intraperitoneally injected by 75 mg/kg once per
o
o
(IS)I oo @) CchN O\\Sf/o)J\ / \
HoC 5N T A T Oy
2 S H H
HsC
1 2 3 (87%)
Scheme 1 Synthesis of 4-methyl-N-((3-propionyl-4,5,6,7-tetrahydrobenzo[b]thiophen-2-yl)carbamoyl)-benzenesulfonamide 3




Sroor et al. Applied Biological Chemistry (2022) 65:68

Page 4 of 14

60 r r r r T r T
—— 5-uncoated
50
—~ 404
X
£
< 301
Q
c
©
=]
T 20!
(7]
c
o
F 10
<
S5 3
01 2w Q s
N O N o0
(3] g § -
-10 T T T T
4000 3500 3000 2500 2000
Wavenumber (Cm™)
18

Transmittance (T) (%)

—— 5-coated

4 v T v T

4000 3600 3200 2800

2400
Wavenumber (Cm™")
Fig. 2 FTIR spectra of the re-formulated compound 3 using sol-gel technique in comparison with the synthesized compound 3
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and coated 3 for four weeks. Group 5: rats were IP with
75 mg/kg 5-fluorouracil once a week for four weeks.
Animals were sacrificed by decapitation post
six months CCl, injection; the blood was withdrawn by
rupture of sublingual vein after light anesthesia by diethyl
ether in clean and dry test tube, left 10 min to clot and
centrifuged at 3000 rpm (4 °C) for serum separation. The
separated sera were stored at — 20 °C for further assess-
ment of liver enzymes, cholestatic, tumor markers, oxida-
tive stress biomarkers. Hepatic tissue was homogenized
in normal physiological saline solution (0.9% NaCl) (1:9

w/ v). The homogenate was centrifuged at 4 °C for 5 min
at 3000 rpm. The supernatant was used for determination
of antioxidant status. Sections of hepatic lobes were pre-
served in 10% formalin solution for pathological pictures
of neoplastic nodules.

Statistical analysis

Statistical analysis was carried out using One Way
Analysis of Variance (ANOVA, Version 8), computer
program (mean=+SD, n=10), combined with co-state
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Fig. 3 SEM micrographs of the re-formulated compound 3 using sol-gel technique in comparison with the synthesized compound 3
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Fig. 4 TEM images of the re-formulated compound 3 using sol-gel technique in comparison with the

compound 3

computer program, where different letters are significant
at P <0.05.

Acute toxicity

Thirty mice were used in this study, six mice in each con-
centration. Serial concentrations from 50, 100, 200, 400
and 800 mg/kg b.wt. were used.

Table 2 Acute study of different concentrations of compound 3

50 mg/kg 100mg/kg 200mg/kg 400 mg/kg 800 mg/kg
b.wt b.wt b.wt b.wt b.wt
No died No died 50% died All died All died

Dose and route of administration
Same doses of non-coated 3 and coated 3 were used in
the current study (50 mg/kg b.wt.; 1/4LDg,) and supple-
mented orally for one month post CCl, and the docu-
mentation of the occurrence of HCC by biochemical and
histopathological examination.

Comet assay

Comet assay was performed referring to the protocol
developed by Blasiak et al. [36] with minor modifications.
Liver tissues of each treatment were homogenized and
mixed with low-melting-point agarose (ratio of 1:10 v/v),
then pipetted to pre-coated slides with normal-melting-
point agarose. The slides were kept flat at 4 °C for 30 min
in dark environment. The third layer of low melting point
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Table 3 Effect of the synthesized chemical compound 3 and its coated form on the levels of AST, ALT, ALP and GGT in DEN-induced
HCC in rats and therapeutic groups

Parameters Groups

Control Induced-HCC Treated-HCC (3) Treated-HCC (coated 3) Treated-HCC

(5-flurouracil)

AST(U/I) 75.0043.90° 259.0+6.88° 158.6044.20° 120.90+3.00¢ 130.00£5.10¢
% of change - +24533 +11147 +101.20 +7333
% of improvement - - 133.87 184.13 172.00
ALT (U/1) 49.02+3.10¢ 129.0044.00° 79.0043.23¢ 654042509 63.00+3.80°¢
% of change - +163.160 +61.20 +3342 +28.52
% of improvement - - 102.04 129.74 134.64
ALP(U/1) 42194390" 257.67 £9.60° 95.00 5.00 67.0043.78% 8040420"
% of change - +510.74 +125.18 +58.81 +90.57
% of improvement - - 385.57 451.93 42017
GGT (U/L) 10.23+0.23° 40.2243.90° 226042.11°¢ 17.7841.20° 25.704+3.90¢
% of change - +293.16 +120.92 +73.80 +151.22
% of improvement - - 172.24 219.35 141.94

Data were expressed as means+SD (n=8).

Groups with similar letters are not significantly different; while, those with different Letters are significantly different at P <0.05

Table 4 Effect of the synthesized chemical compound 3 and its coated form on the levels of antioxidant biomarkers in DEN-induced
HCC in rats and therapeutic groups

Parameters Groups

Control Induced-HCC Treated-HCC (3) Treated-HCC (coated 3) Treated-HCC (5-flurouracil)
GSH(ug/mgprotein) 3340.00+67.00° 1340.00 £ 2200.00+20.22¢ 2700.00 % 50.00¢ 2650.00421.10¢
% of change - —2390° — 3413 —19.17 — 20.66
% of improvement - 59.88 25.75 40.72 39.22
MDA(ug/mgprotei) 39.20 119.00 £4.00 69.004-4.88°¢ 554443229 53.7042.69°¢
% of change +2.90° +99.95 +76.02 +4143 +36.99
% of improvement - - 127.55 162.14 166.58
SOD(umol/mgprotein) 1890.00450.07" 500.00+20. 12' 1090.00+45.00 13459043420" 1410.87 £44.00"
% of change - — 7354 — 4233 — 28.84 42540
% of improvement - - 31.22 44.70 48.15
CAT (U/qg tissue) 276.00+14.00% 522043.001 133.78410.00™ 180.0049.00" 167.0047.00"
% of change - —81.10 — 5153 — 3478 — 3950
% of improvement - - 29.55 46.30 41.59
TAC (U/g tissue) 267 0.69+0.010° 1.29+£0.02° 1.664+0.03° 1.5440.06°
% of change 40.12° — 100.75 —51.69 — 3783 — 4232
% of improvement - - 2247 36.33 31.84

GSH glutathione, MDA malondialdehyde, SOD superoxide dismutase, CAT catalase, TAC total antioxidant capacity

Data were expressed as means=+SD (n=10).

Groups with similar letters are not significantly different; while, those with different Letters are significantly different at P <0.05.

agarose was then pipetted on slides, left to solidify at for
30 min 4 °C. The slides were transferred to pre-chilled
lysis solution, kept for 60 min at 4 °C. After that, slides
were immersed in freshly prepared alkaline unwinding
solution at room temperature in the dark for 60 min.
Slides were subjected to an electrophoresis run at 0.8 V/
cm, 300mAmps at 4 °C for 30 min. The slides were rinsed
in neutralizing solution followed by immersion in 70%
ethanol and then air-dried. Ethidium bromide was used
for slides stain then and visualized by using Zeiss epifluo-
rescence microscope (510—560 nm, barrier filter 590 nm)

with a magnification of x400. 100 cells per animal were
scored (Fairbairn et al.) [37]. The non-overlapping cells
were randomly selected and were visually assigned
a score on an arbitrary scale of 0-3 (i.e., class 0=no
detectable DNA damage and no tail; class 1 =tail with a
length less than the diameter of the nucleus; class 2 = tail
with length between 1 x and 2 x the nuclear diameter;
and class 3=tail longer than 2 x the diameter of the
nucleus) based on perceived comet tail length migration
and relative proportion of DNA in the nucleus (Collins
etal.) [38].
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Table 5 Effect of the synthesized chemical compound 3 and its
coated form on the levels of a-Fetoprotein and a-L-Fucosidase in
DEN-induced HCC in rat and therapeutic groups

Biomarkers/Groups a-Fetoprotein ng/ml  a-L-Fucosidase (AFU)

U/L
Control 0.6040.01° 2.2240.03°
Induced-HCC 2.80=40.03° 12904 1.20°
% change +366.66 +481.10
Treated-HCC (3) 14540.05¢ 8.8040.70°
% change +141.67 429639
% improvement 225.00 184.69
Treated -HCC (Coated ~ 1.15+0.03¢ 7.0040.20¢
3) +9167 +215.32
% change 275.00 265.77
% improvement
Treated-HCC (5-fluro- 1.30+£0.02¢ 8.5641.00¢
uracil) +116.60 +285.59
% change 250.00 195.50

% improvement

Data were expressed as means=+SD (n=10).

Groups with similar letters are not significantly different; while, those with
different Letters are significantly different at P <0.05

Statistical analysis

All data were analyzed using the General Liner Mod-
els (GLM) procedure of Statistical Analysis System
[39] followed by Scheffé-test to assess significant dif-
ferences between groups. The values are expressed as
mean+ SEM. All statements of significance were based
on probability of P <0.05.

Results

Chemistry

The treatment of 4-tolylsulfonyl isocyanate 1 with
1-(2-amino-4,5,6,7-tetrahydrobenzo[b]thiophen-
3-yl)propan-1-one 2 in dry acetonitrile afforded the
titte  compound  4-methyl-N-((3-propionyl-4,5,6,7-
tetrahydrobenzo[b]thiophen-2-yl)carbamoyl)-benzene-
sulfonamide 3 as shown in Scheme 1 [13].

Characterization of the re-formulated compound 3

As shown in Table 1, the coated sulfonylurea derivative
3 has Si content about 5.2 (atomic %) compared to the
uncoated 3 (0%) (in the TEOS). On the other hand, the
elements percentage of C, N, O, and S in the coated 3 are
47.2, 8.0, 28.7 and 1.6% respectively, while, in the case
of uncoated 3 they are 70.3, 5.8, 16.7 and 7.3%, respec-
tively. As expected, both of Si and O were increased while
the other ones were decreased after the treatment of the
organic compound 3 with TEOS using sol—gel technique,
these data are in agreement with our previous work
[40]. From these data we can confirm the preparation of
coated 4-tolylsufonyl urea 3 using sol—gel technique.
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IR spectra of the coated 3 and uncoated 3 compounds
showed that, the peaks of 1160, 808 and 563 cm™! could
be attributed to the Si—-O-Si, Si—C (Si-CH,) and C-O-C
functional groups, respectively. In addition the band
at 777 cm™! associated to Si—OH is also appeared as
expected from the hydrolysis of the TEOS as shown in
Fig. 2. The results confirmed the formation of the salin-
ized structure according to the hydrolysis and condensa-
tion of the TEOS during the sol-gel reaction.

As depicted in Fig. 3, it can be noticed that the obtained
silica coated 4-tolylsulfonyl urea 3 agglomerated nano-
particles in different morphology rather than that in case
of uncoated 3. It can be concluded that sol-gel prepa-
ration of the 4-tolylsulfonyl urea 3 resulted in new for-
mulation in nano-sized structure. Figure 4 shows the
morphology and the particle size diameter of the re-for-
mulated coated 3 relative to that in the case of uncoated
3. It can be noticed that, when sol-gel process using
TEOS was conducted in very diluted aqueous medium,
the particle size was decreased after sol-gel prepara-
tion around 6-8 nm with spherical-like shape structure
according to Greasley et al [41].

Biological evaluation

In vivo study

Acute toxicity study As depicted in Table 2, no mortality
were appeared post 48 h. up to 100 mg. LD, was ascer-
tained using 200 mg/kg b.wt. The mice were remained for
another two weeks and no mortality were recorded for 50
and 100 mg/ kg b.wt.

AST, ALT, and ALP study The activity of the liver func-
tion enzymes AST, ALT, and ALP increased significantly
in HCC rats with percentages of 245.33, 163.16, and
510.74%, respectively (Table 3). Noticeable improve-
ment was observed in liver enzymes level post treat-
ment with compound 3 and re-formulated 3. Higher
percentages of improvement were noticed in AST, ALT
and ALP (184.13, 129.74 and 451.93%, respectively) post
treatment HCC rats than non-coated 3 and standard
drug. Significant increase in the GGT in HCC induced
rats (4+293.16), while noticeable amelioration in its
level post treated HCC with the chemical compound
3 with percentages of amelioration 172.24% respec-
tively. Coated 3 showed the highest amelioration results
(219.35%, respectively) compared to standard drug
(Table 3).

GSH, SOD, CAT, TAC study The results in Table 4
declared significant decrement in the antioxidant of
HCC-induced rats with percentages -23.90, -73.54,
-81.10 and -100.75%, respectively for GSH, SOD, CAT,
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TAC. While noticeable increment in MDA level was
recorded (99.95%). Treatment of carcinogenic rats with
the synthetic chemical compounds 3 and its coated form
presented therapeutic amelioration in all biomarkers
examined with the highest percentages for coated one
relatively to standard drug 40.27, 162.14, 44.70, 46.30
and 36.33% respectively for GSH, MDA, SOD, CAT and
TAC (Table 4).

a-Fetoprotein and a-L-Fucosidase study According to
Table 5, a significant elevation in the a-Fetoprotein and
a-L-Fucosidase in hepatocarcinogenic rats (4 366.66
and +481.10%, respectively). While noticeable improve-
ments in their levels post treatment of HCC rats with
the compound 3 (225 and 184.69% respectively). The
coated 3 recorded the highest percentages of ameliora-
tion (275 and 265.77%, respectively), comparing with
reference drug (195.50%) (Table 5).

Discussions

The current study clearly indicated no mortality was
appeared post 48 h.up to 100 mg. LDy, was ascertained
using 200 mg/kg b.wt. The mice were remained for
another 2 two weeks and no mortality were recorded for
50 and 100 mg/ kg b.wt. as illustrated in Table 2. In the
animal model, diethyl nitrosamine is a well-known hepa-
tocarcinogenic agent [42]. Although DEN/CCIl4 therapy
was efficient in causing HCC in rats, compound 3 and
coated 3 (administered post HCC induction) were ben-
eficial in ameliorating the hepatocarcinogenic impact of
DEN/CCI4. In comparison to the control group, the effi-
ciency of DEN/CCl4 in producing hepatic dysfunction
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is assessed by increased AST and ALT. This increase
may be related to enzymes leaking from necrotic and/or
destroyed cells.This is supported by a number of previ-
ous studies and could be utilized as an indicator of HCC
progress in DEN-intoxicated rats [43]. On the other
hand, the ALP elevation in intoxicated rats (G3) may be
illustrated on the basis of the mechanical blockage of bile
ducts, which prevents the enzyme from being excreted,
hence increasing the concentration in the blood [44].
Lowering in the ALP level post compounds and drug
treatment (Table 3) might be due to relief in the mechani-
cal obstruction of bile duct.

In terms of gamma-glutamyl transferase (GGT), this is
a glycoprotein-based enzyme, which is more commonly
found on the cell membrane of hepatocytes, and is used
as a biomarker routinely for the diagnosis of liver injury
[45]. GGT is utilized as indicator of the extracellular
catabolism of glutathione which cause ROS production
[45]. Glutathione plays an important role in cells protec-
tion against the free radicals resulted from metabolism.
Transferation of glutamyl residue to an acceptor was
catalyzed by GGT, helping in preserving adequate lev-
els of glutathione GGT accumulation in the hepatic tis-
sue and excess GGT secretion into the blood circulation
was reported by the blockage of bile ducts or liver dam-
age. As a consequence, the high level of GGT in serum
can be used as a useful diagnostic tool hepatic or biliary
destruction [45]. Our findings demonstrated a significant
rise in GGT levels in DEN-intoxicated rats as compared
to the control group (Table 3). This could be due to the
rapid turnover of cancer cells, which leads to enzymes
being released into the circulation of blood. In line with
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Fig. 5 Liver from control positive group showing; A HCC (Hepato Cellular Carcinoma); note the trabecular growth pattern of pleomorphic
hepatocytes (arrows in borders) with absence of central veins and portal areas, (H&E X400) (Score Lesion:+ + + +). B Massive necrosis of
hepatocytes; note the massive disintegration and lysis of hepatocytes (¥), (H&E X 400) (Score Lesion:+ + ++)
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our findings, Salau et al. [46] discovered that DEN injec-
tions caused a significant decrease in GGT activity in
liver tissue while increasing enzyme activity in serum,
resulting in plasma membrane damage. The results are
similar to those of prior research, which found elevated
levels of GGT serum activity, showing oxidative and cel-
lular stress caused by glutathione depletion within the
cells [44]. Further, Latief etal. [47], indicated that an
increment in serum GGT activity in cancer-bearing rats
is closely linked to the fast turnover of cancer cells, which
elaborates the GGT enzyme into the blood. Moreover,
Ahmed et al. and Shahat et al. [48, 49], found similar
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outcomes. This increase in GGT level suggested the pro-
gression of carcinogenesis, as the activity of the GGT
enzyme is correlated to the level of tumor growth [45].
The same authors also linked the high GGT levels to gene
expression upregulation in DEN-intoxicated rats. The
improvement in GGT level post treatment of HCC rats
with compounds may be due to the normalization in glu-
tathione level and antioxidant enzymes besides decrease
in MDA level (as shown in Table 4).

One of the most remarkable indicators of oxidative
stress is the measurement of lipid peroxides as MDA,
which is used to assess the oxidative stress in liver
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Fig. 6 Liver from compound (3) treated -cancer group showing; A Mono-Focal regenerated hepatic lobule with normal portal area (arrow), (H&E
X200). (Score Lesion:+ + ). B Higher magnification of the regenerated hepatic lobule; note the normal hepatocytes (arrows in borders), (H&E
X400) (Score Lesion: 4+ ++)

Fig. 7 Liver from coated compound (3) treated-cancer group showing; A Massive regenerated hepatic lobules (*) with normal portal areas, (H&E
X200) (Score Lesion: +). B Higher magnification of the regenerated hepatic lobule; note the normal hepatocytes with normal cytoplasm and
nucleus (arrows), (H&E X400) (Score Lesion: +)
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(Score Lesion: ++)

(Score Lesion:++) B Higher magnification of the regenerated hepatic lobule together with focal area of necrosed hepatocytes (*), (H&E X400)

with normal portal areas, (H&E X200)

parenchyma; note the polyhedral hepatocytes in organized hepatic
cords (h) with normal central vein (c) and blood sinusoids (arrows),
(H&E X400) (Score Lesion: 0)

damage [45]. The oxidative toxic impact of DEN/CCl4
may be seen in Table 4 as a significant rise in MDA with a
significant drop in GSH as a non-enzymatic antioxidant,
and CAT, GPx, SOD, and GST as the main antioxidant
enzymes critical for MDA scavenging as an indicator of
oxidative stress,. This finding was supported in the study
of Zhang et al. [50]. which found that DEN can promote
HCC through interactions with macromolecules like
antioxidative enzymes, lipids, DNA, and DNA repair
system enzymes. Furthermore, it is widely accepted that
cytochrome P-450 biotransformation of CCl4 normally

converts to trichloromethyl free radical (CCI3*) and
trichloromethyl proxy free radical (CCI300*) as two
metabolites responsible for ROS, LP, and inhibition of
CAT, GST, SOD, and GPx enzymatic activities [45]. Also,
the observed findings are in agreement with the findings
of Hussein & Khalifa and Kadasa et al. [51, 52] who found
significant inhibition of antioxidant enzyme activities
and gene expression in DEN-induced rats compared to
controls.

One of the fatal glycoproteins linked with tumors is
alpha-fetoprotein (AFP). The AFP gene is reactivated in
the liver of hepatocytes; during the early stage of hepa-
tocarcinogensis, cytoplasmic AFP stimulates the pro-
liferation of hepatic cancer cells. Extracellular AFP was
also found to accelerate the proliferation of malignant
hepatocytes that is mediated via the AFP receptor [45].
During cellular differentiation of hepatocytes, liver pro-
genitor cells (LPC) also develop AFP [45]. An important
role of the LPCs was showed in hepatic homeostasis and
regeneration [45]. Elevation of serum AFP, as seen in the
current study (Table 5), indicates LPC growth as a con-
sequence of chronic liver damage or HCC development
[45]. In comparison to control rats (Table 5), our research
found a significant increase in AFP levels following injec-
tion with DEN/CCI4. This noticeable increase in AFP
is symptomatic of hepatic destruction as well as HCC
development. This finding is consistent with the find-
ings of Kadasa et al [52] and Zhang et al. [50] who found
AFP elevation in DEN-intoxicated rats. The carcinogenic
effect of DEN and HCC induction was suggested by the
elevated levels. AFP is utilized to distinguish between
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HCC and chronic liver illnesses. In this context, Hus-
sain et al. [51] discovered that throughout the metabolic
biotransformation of DEN, pro-mutagenic products are
released that are accountable for DEN’s carcinogenicity
impact.

One of the important useful HCC biomarker is alpha-
I-fucosidase (AFU), due to its considered elevated lev-
els in HCC patients with liver diseases, reported by
several ones. [45] DEN is transformed to ethyl radical
metabolites, which combine with DNA to cause muta-
tions, leading to carcinogenesis [45]. When DEN/CCl4
intoxicated animals were compared to control rats, the
present study found a significant increase in AFU level
(Table 5). Abdallah and Khattab [53] detected an increase
in the level of AFU in both the cytosol and the serum
of DEN-treated animals, which was similar to our find-
ings. In a parallel result, El-Attwa et al. [54] discovered
a significant increase in the level of AFU that is strongly
linked with tumor size. Moriwaki et al. [55] also found
that fucosylation of sugar proteins increases throughout
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the development of hepatocarcinogensis, resulting in an
elevation in enzyme level. According to Gan et al. [56],
the level of the AFU enzyme is correlated to the growth
of tumors.

Histopathological examination results

At sacrifice, number and size of liver tumors as well as
tumor burden were recorded, and all liver tumors were
processed for histological and immunohistological analy-
ses. Rats-induced HCC showed trabecular growth pat-
tern of pleomorphic hepatocytes with disappearance of
central veins and portal areas with score lesion of grade
(++ ++) Hepatocyte proliferation is accompanied by
cytoplasmic edema, visible cellular injury, and mortal-
ity. Moreover, hepatocytes lose their regular form and
arrangement, as well as vacuoles of various shapes and
sizes, necrotic regions with mild cytoplasm, and nuclei
that lose their vesicular look and become hyperchromatic
(Fig. 5A). Also, massive necrosis of hepatocytes and lysis

Table 6 Rate of DNA damage in liver tissues of male rats exposed to different treatment using comet assay

Treatment No. of cells Class* of comet DNA damaged cells
(mean +SEM)

Analyzed* Total comets 0 1 2 3

HePG2 (-ve) 300 28 273 19 7 2 9.30+0.89°

HePG2 (+ve) 300 75 226 34 23 18 249341152

5-Fluorouracil 300 68 233 31 17 20 22594120%

HePG2 (coated 3) 300 51 250 21 19 11 16.944058°

HePG2 (non-cated 3) 300 59 242 19 26 14 19.614067°

(*): Class 0=no tail; 1 =tail length < diameter of nucleus; 2 =tail length between 1 and 2X the diameter of nucleus; and 3 = tail length > 2X the diameter of nucleus

(*): No of cells analyzed were 100 per an animal

Rate of DNA damage (MeantSEM)
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888

at @ e

a 3
&(\“of““ﬂ ed

Treatment
Fig. 10 The incidence of DNA damage in liver tissues of male rats exposed to different treatment using comet assay. Data are presented as
mean = SEM. 2P<9e followed by different superscripts are significantly different (P <0.05)
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Class 3

Class 2

Class 0

Class 3

Fig. 11 Visual score of DNA damage (classes 0, 1, 2 and 3) using comet assay in liver tissues

of hepatocytes with high lesion score grade (++ ++)
(Fig. 5B).

While, carcinogenic liver treated with compound (3)
(treated-cancer group) declared mono-focal regener-
ated hepatic lobule with normal portal area with score
lesion+ + + (Fig. 6A). Higher magnification of the
regenerated hepatic lobule recorded normal hepato-
cytes with score lesion:+ + + (Fig. 6B). Additionally,
HCC rats treated with the coated form of compound
(3) (treated -cancer group) showed massive regener-
ated hepatic lobules with normal portal areas, with
lesion score: + (Fig. 7A). Higher magnification of the
regenerated hepatic lobule showed normal hepatocytes
with normal cytoplasm and nucleous (Score Lesion: +)
(Fig. 7A).

HCC rats treated with standard drug multi-focal regen-
erated hepatic lobule with normal portal areas, (Score
Lesion:++) (Fig. 8A). However, higher magnification
showed regenerated hepatic lobule together with focal
area of necrosis hepatocytes (Score Lesion: 4 +) (Fig. 8B)
compared to normal control rats (Fig. 9).

The histopathological examination of livers in experi-
mental rats supported our study. The histopathological
examination of liver sections from DEN/CCl4-intoxicated
animals revealed pleomorphic hepatocytes with the disap-
pearance of central veins and portal areas, confirming the
documentation of all biochemical alterations following
DEN/CCI4 intoxication. Also, massive necrosis of hepato-
cytes and lysis of hepatocytes, hepatocytes were prolifer-
ated with cytoplasmic edema, apparent cellular damage
and death. In addition, the normal shape and arrangement
of hepatocytes were lost. Furthermore, a great variation in
the sizes and shapes of vacuoles resulted, necrotic regions

with little cytoplasm, whereas nuclei lost their vesicular
look and were hyperchromatic (Fig. 5A & B). Excessive free
radicals were thought to be the reason for this deteriora-
tion induced by DEN metabolism, which resulted in HCC.
In line with the findings of the current study, Hussain et al.
[51], Zhao et al. [57], Kadasa et al. [52]. and Vedarethinam
et al. [58] investigated unformatted architecture showed by
DEN-treated rats. Inflammatory cells were present along
the central vein, as well as enlarged nuclear size in hepatic
cells. The ameliorating effect of synthetic compounds,
either 3 or coated, showed a better effect than standard
drugs, which could be the result of the compounds’ capac-
ity to repair liver damage induced by DEN and regen-
erating liver cells. Thus the plasma membrane retains its
strength, preventing enzymes leakage and tumor mark-
ers. Moreover, the biochemical results are confirmed by
marked amelioration in hepatic tissue post treatment the
HCC-induced rats with compound 3 and coated one with
higher noticeable amelioration of formulated coated com-
pound 3 than either non coated or standard drug (Figs. 6,
7, and 8) compared to control (Fig. 9).

The ameliorating effect of synthetic compounds either
3 or coated one showed better effect than standard drug
which may be resulted from the ability of compounds to
repair the hepatic damage caused by DEN and regener-
ating liver cells. Thus the plasma membrane retains its
strength, preventing enzymes leakage and tumor mark-
ers. Moreover, the biochemical results are confirmed by
marked amelioration in hepatic tissue post treatment
the HCC-induced rats with compound 3 and coated one
with higher noticeable amelioration of formulated coated
compound 3 than either non coated or standard drug
(Figs. 6, 7, and 8) compared to control (Fig. 9).
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Comet assay

As shown in Table 6 and Figs. 10 and 11, DNA damage in
male rats’ liver tissues subjected to different treatments
was assessed using a comet assay. The results showed
that the HePG2 (-ve) group of rats exhibited a significant
reduction (P<0.05) in DNA damage values (9.30+0.89)
relative to other treatment groups. Nevertheless, the
DNA damage values in HePG2 (+ve) were significantly
higher (P<0.01) and the 5-flurouracil groups compared
to the HePG2 (-ve) group. Additionally, HePG2 (coated
3) and HePG2 (non-coated 3) groups exhibited signifi-
cant decrease in the DNA damage compared to those in
HePG2 (+ ve) group.
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