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Abstract

Chemical carcinogens like N-Nitrosodiethylamine (DEN) frequently cause hepatocellular carcinoma (HCC),
a major global health problem. The chemopreventive potential of the natural bioactive compounds Rutin and
piperine against DEN-induced and phenobarbital-induced HCC in Wistar rats is the focus of this
investigation. Rutin (R), Piperine (P), or a combination of the two were administered to the animals, who
were then divided into initiation and promotion models. DEN administration led to significant hepatic
damage, evidenced by reduced body weight, increased liver weight, elevated hepatic enzymes (AST, ALT,
ALP, ACP, LDH, y-GT), tumor markers (AFP, CEA), DNA content, and disrupted electrolyte balance. The
combination of R and P significantly restored biochemical parameters, normalized enzyme activities, and
enhanced histopathological architecture during treatment. RP showed superior efficacy in reducing
hepatomegaly, restoring membrane-bound enzymes (Na'/K* ATPase, Ca?>* ATPase, Mg* ATPase), and
correcting serum sodium, potassium, calcium, and magnesium levels. Histological analysis confirmed
reduced necrosis and improved liver morphology in RP-treated groups. These results suggest that Rutin and
Piperine have a synergistic effect on chemoprevention and hepatoprotection, which has potential as a
treatment for chemically induced liver carcinogenesis.
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Introduction:

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related mortality worldwide, often associated
with chronic liver injury and exposure to chemical carcinogens like N-Nitrosodiethylamine (DEN) [1].
Natural compound chemoprevention is a promising approach to reducing hepatic carcinogenesis[2]. Both the
black pepper alkaloid piperine and the flavonoid rutin have potent antioxidant and anti-inflammatory
properties. This study looks at how they affect DEN-induced and Phenobarbital-promoted HCC in rats
individually and together[3]. By

The research aims to clarify the synergistic hepatoprotective potential of Rutin and Piperine during the
initiation and promotion phases of liver carcinogenesis by evaluating biochemical, histopathological, and
enzymatic parameters [4].

Aim

Evaluation of Anti-cancer action of Rutin and Piperine on N-Nitrosodiethylamine-initiated and
Phenobarbital-promoted experimental rat hepatocellular carcinoma.

Objective

To evaluate the effect of Rutin and Piperine in an experimentally induced hepatocellular carcinoma in the
initiation and promotion model.

Material and Methods

Animal Housing and Acclimatization: Polypropylene cages were used to house male Wistar rats in
controlled conditions (35 °C, 40-70% humidity, 12-hour light/dark cycle). Standard pellet diet and water
were provided ad libitum. Animals were acclimatized for two weeks prior to experimentation [5].

Animals Housing & Treatment.

The Experimental animals were retained in polypropylene coops at room temperature (35 +2 0C) and relative
humidity (40-70 %) was maintained, also sustained 12 12-hour dark & light cycle. The rats were fed with
standard pellets and water ad libitum. About two weeks prior to the start of the experiment, the animals were
exposed to the conditions of the laboratory [6].

Animal Grouping & Treatment Protocol

Table 1: Experimental Protocol for Initiation and Promotion Models

Group Treatment Study
Duration
I. Normal Control 0.9% wi/v normal saline daily 45 days / 16
weeks
I1. Disease Control DEN (200 mg/kg, i.p.); in promotion model, followed by 45 days/ 16
Phenobarbital 0.05% w/v (drinking water) weeks
I1l. DEN + Rutin (50 DEN (200 mg/kg, i.p.); Rutin (50 mg/kg, p.o.) from 2nd 45 days / 16
mg/kg) week weeks

IV. DEN + Piperine (50 DEN (200 mg/kg, i.p.); Piperine (50 mg/kg, p.o.) from 2nd 45 days / 16
mg/kg) week weeks
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V. DEN + Rutin + DEN (200 mg/kg, i.p.); Rutin + Piperine (50 mg/kg each, 45 days/ 16

Piperine (50 mg/kg each) p.o.) from 2nd week weeks

VI. Rutin Only (50 mg/kg) = Rutin (50 mg/kg, p.o.) from 2nd week 45 days / 16
weeks

VI1. Piperine Only (50 Piperine (50 mg/kg, p.o.) from 2nd week 45 days / 16

mg/kg) weeks

VIII. Rutin + Piperine Rutin + Piperine (50 mg/kg each, p.o.) from 2nd week 45 days / 16

Only (50 mg/kg each) weeks

Experimental Design: The study looked at how Rutin (R) and Piperine (P) prevented hepatocellular
carcinoma (HCC) caused by phenobarbital (PB) and N-nitrosodiethylamine (DEN). For both the initiation
(45 days) and promotion (16 weeks) phases, rat populations were divided into eight groups (n=6 per group)
[7].

Treatment Protocol: Group I received normal saline. DEN (200 mg/kg, intraperitoneally) and PB (0.05%
w/v in drinking water) were given to Group Il. Groups I11-V received DEN plus R (50 mg/kg), P (50 mg/kg),
or both (RP, 50 mg/kg each) orally from week 2. Groups VI-VIII received only R, P, or RP without DEN
[8].

Biochemical and Histological Assessments: The liver weight, relative liver weight, and body weight were
all recorded. Serum was analyzed for hepatic enzymes (AST, ALT, ALP, ACP, LDH, y-GT), bilirubin, tumor
markers (AFP, CEA), DNA, total protein, and electrolytes. The Na+/K+ ATPase, Ca2+ ATPase, and Mg2+
ATPase enzymes that were bound to the membrane were measured. Liver morphology and histopathology
were examined to assess tissue architecture and necrosis[9].

Results
In vivo evaluation of Rutin and Piperine in DEN induced hepatocellular carcinoma-Initiation &
Promotion model.

General Observations and Liver Pathophysiological Markers

Food and water consumption, body weight, and liver indices were monitored to assess the systemic impact
of DEN-induced hepatocarcinogenesis and the protective role of rutin (R), piperine (P), and their combination
(RP) [10].

Food and water intake: Normal rats showed a gradual increase across weeks in both initiation and
promotion phases. DEN-administered groups exhibited significant reductions in consumption from the first
week (P<0.001-0.05) compared with controls. There was no significant dietary influence from R, P, or RP,
as the treated groups did not differ significantly from DEN[11].

Body weight: Controls displayed steady weight gain, while DEN caused significant reductions in both
models. The R, P, and RP groups performed no better than the DEN group, indicating that hepatotoxicity
outweighed nutritional recovery[12].

Relative liver weight: During initiation and promotion, DEN's liver weight significantly increased (P 0.001),
indicating hepatomegaly as a result of the tumor burden. R, P, and RP reduced relative liver weight
significantly (P 0.001), with RP having the greatest impact[13].
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Biochemical markers: Initial DEN levels of AST, ALT, ALP, ACP, LDH, -GT, and bilirubin were
significantly elevated, indicating hepatic injury. These elevations were reduced by treatment, and RP brought
levels back to normal. Similar trends were observed in promotion, where DEN produced stronger alterations

in enzyme profiles and bilirubin. R, P, and especially RP reduced transaminases, phosphatases, LDH, and
v-GT, while restoring bilirubin toward normal values[14].

In general, DEN caused severe biochemical disturbances, hepatomegaly, growth retardation, and systemic
toxicity. Supporting their synergistic hepatoprotective function, treatment with R and P, particularly when
used in combination, significantly reduced alterations in liver weight and hepatic enzymes[15].

Changes in Tood consumption of the rats during the treatment (Initiation)
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Figurel: Change in Food consumption of the Experimental animals (Initiation)

Changes in food consumption of the rats during the treatment (Promotion)
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Figure 2: Change in Food consumption of the Experimental animals (Promotion)
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Change in water consumption

Change in water consumption of the rats during the treatment (Initiation)
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Figure 3: Change in water consumption of the Experimental animals (Initiation)
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Figure 4: Change in water consumption of the Experimental animals (Promotion)
Change in body weight
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Figure 5: Change in body weight of the Experimental animals (Initiation)
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Change in Body weight of the rats during the treatment (Promotion)
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Figure 6: Change in body weight of the Experimental animals (Promotion)

Liver weight & Relative liver weight (Initiation)
Table 2: Liver weight & Relative weight (Initiation)

Liver Relative
Initial Weight | Final Weight | weight liver weight

Group | Treatment (Grams) (Grams) (Grams) (Grams)
I Control 134.3+£3.93 142.8+3.19 6.3+0.27 44+0.19
I DEN 136.8+3.31 134.5+£3.33 6.8+£0.27 5.1+0.31
i DEN +R 135.7+5.89 134.745.47 6.7£0.15 5.0+0.12
v DEN+ P 134.5+2.26 135.7£1.03 6.6+£0.13 4.9+0.08
\ DEN+ RP 135.8+1.94 132.8+2.79 6.5+0.11 4.9 +0.10
VI R Only 131.83 £1.58 144 +1.38 6.15+0.19 43 1.3
VII P Only 135.0 +2.24 146.7 £ 1.05 6.3+£0.26 43 0.2
VIl RP Only 133.3 + 1.67 145.0 £ 1.83 6.35+0.23 4.4 0.18

Results are expressed as Mean + SEM.

Relative liver weight (Initiation)

#it

#H#

S

Treatment

Figure 7: Relative Liver weight for Initiation
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Table 3: Liver weight & Relative liver weight (Promotion)

Relative liver

Initial Weight | Final Weight | Liver weight | weight
Group | Treatment (Grams) (Grams) (Grams) (Grams)

140.83 £3.52 | 317.5+9.98 12 £0.51 3.8+£0.12
I Control
| DEN/PB 171.67 +4.94 | 251.67£11.45 | 13.7 £0.36 55+£0.18
" DEN/PB +R | 170.0 £ 4.28 245.0 £ 6.58 10.8 £0.20 44+0.10
" DEN/PB+P 16750 £7.39 | 268.33£10.22 | 10.7 £0.34 4.0+0.15
v DEN/PB+RP | 166.67 +5.43 |285.0+12.85 |11.2+0.36 4.0+0.15

148.83 +5.29 |301.67 +£5.87 |12+0.47 4.0+0.20
Vi R Only

145.0 £ 5.32 320.83+8.31 | 12.4+0.36 3.9+£0.09
il P Only

159.17 £ 7.46 | 299.17+5.83 |[11.2+£0.18 3.8+£0.07
VI RP Only

Relative liver weight (Promotion)
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Treatment

Figure 8: Relative Liver weight for Promotion
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Liver Pathophysiological markers (Initiation)
Table 4: Liver pathophysiological markers for initiation

Particular | Group I | Group Group 111 | Group Group Group VI(R | Group Group
S (Control) II(DEN) (DEN + R) IV(P) IV(RP) only) VII(P only) | VIII(RP only)
162.0 +]13289 + 207.7 £]150.7 +]|160.1 +
AST 16.36 25.36 187.9+16.21 |6.60 18.26 14.78 158.3+14.33 | 174.3 + 14.62
1204  + 63.3 +]50.2 +
ALT 48.7+535 |4.02 61.3+1.25 3.43 3.95 48.8+4.13 495478 50.2 £ 3.63
3445 £ 2441 £ 2479 +|1453 +
ALP 148.8 £ 7.34 | 12.57 280.3 + 6.47 4.04 4.40 11.08 1441 +£8.92 | 160.3 + 18.69
1.2 +
ACP 0.8+0.15 3.3+055 1.3+£0.33 0.28 1.4+057 |1.0+0.11 1.1+£0.09 09+0.14
1522 + 106.0 +|107.2 +
LDH 80.1+711 |7.71 100.1 +6.76 8.41 7.16 939+4.66 |89.7+9.95 86.4 +6.42
v-GT 188+040 |29.1+146|249+1.87 265 £]230 +(194+118 |195+£1.09 225+1.26
1.66 1.59
TBL(mg/1 | 0.4+0.07 1.2+0.10 |0.8+0.07 0.9 +[07x£0.09 | 04+0.04 0.6+0.14 0.4 +0.06
00 ml) 0.06

Results are expressed as Mean = S.E.M, n=6
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Liver Pathophysiological markers (Promotion)

Table 5: Liver pathophysiological markers for promotion

Particular | Group I | Group Group 111 | Group Group Group VI(R | Group Group

S (Control) I1(DEN) (DEN + R) IV(P) IV(RP) only) VII(P only) | VIHI(RP only)
104.26 +(399.71 =+ 219.20 +|209.71 =+ |111.83 + | 118.95 +

AST 9.81 8.2 226.06 + 10.61 | 15.77 19.76 10.70 18.8 103.61 +£ 13.54
62.92 +| 16551 = 85.63 +|90.01

ALT 12.37 17.76 108.26 £7.96 |94 +10.10 53.14 £ 8.78 | 56.77 £8.34 | 71.79 £ 13.26
110.69 + (25272 + 196.40 +|120.45 +

ALP 18.47 19.54 209.81 +9.42 | 17.23 28.78 82.96 +£8.55 | 92.38 £6.73 | 121.87 +7.13

3.03 + | 2.67 +

ACP 1.66 £0.41 |3.61+0.74|3.46+£0.42 0.34 0.50 289+055 |[222 £024 |250+0.34
108.11 +125132 = 163.75 152.09 +|96.99 +

LDH 18.27 20.59 154.50 £ 12.55 | £20.6 22.93 10.33 105.64 +4.3 | 117.92 £ 13.78

v-GT 18.70+1.83 [ 50.98 = 39.68 £[30.03 <+

8.26 39.93 £ 2.69 4.07 2.59 20.74 £ 238 | 23.94+£2.62 |23.77+2.74

TBL(mg/1

00 ml) 0.75 +(0.46 +
046+0.11 |1.43+£0.21|0.77+0.04 0.23 0.09 0.66+0.08 |0.74+0.12 |0.67+0.09

Results are expressed as Mean + S.E.M, n=6
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Hepatic Enzymes and Tumor Markers

DEN administration produced marked alterations in liver function enzymes and tumor markers during
both initiation and promotion phases[16].

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT): DEN groups had
significantly higher levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) than
controls (P0.001). In both phases, treatment with piperine (P), rutin (R), and their combination (RP)
significantly restored both enzymes to normal (P 0.001)[17].

Alkaline phosphatase (ALP) and acid phosphatase (ACP): In DEN-treated rats, both acid phosphatase
(ACP) and alkaline phosphatase (ALP) significantly increased (P 0.001)[18]. R and P alone did not show
significant restoration, whereas RP significantly normalized ALP (P<0.01, P<0.001) and ACP (P<0.001,
P<0.01) in initiation and promotion respectively[19].

Lactate dehydrogenase (LDH): LDH levels were significantly elevated in DEN controls (P<0.001).
LDH levels were significantly reduced in all treatment groups (P 0.001), indicating that protection was
effective[20].

Gamma-glutamyl transferase (GGT): It a sensitive HCC marker, was markedly increased in DEN rats
(P<0.001). R and P on their own were ineffective, but RP significantly decreased GGT during initiation
and promation (P 0.05, P 0.001) [21].

Total bilirubin: The DEN groups had higher total bilirubin levels (P0.001). Rutin had a moderate
reduction (P 0.05-0.01), Piperine only had a positive effect (P 0.01), and RP had a significant reduction
(P 0.01-0.001)[22].

AFP and CEA showed slight and significant elevations for tumor markers during initiation and promotion,
respectively[23]. During promotion, R, P, and RP all significantly reduced these markers, with RP having
the greatest impact. The DEN groups had significantly more DNA (P 0.001), but treatments reduced this
increase in promotion (P 0.01-0.001). In DEN promotion groups, total protein levels decreased
significantly (P 0.001) and were restored by all treatments, with RP performing the best[24]. Overall,
DEN-induced hepatic injury was evident by elevated enzymes, tumor markers, and DNA changes. Co-
administration of rutin and piperine demonstrated strong synergistic hepatoprotective and
chemopreventive efficacy[25].
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Figure 9 : Aspartate aminotransferase for initiation
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Aspartate aminotransferase (AST)(Promotion)
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Figure 10: Aspartate aminotransferase for Promotion

Alanine aminotransferase (ALT)
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Figure 11: Alanine aminotransferase for Initiation
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Alanine aminotransferase (ALT)
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Figure 12: Alanine aminotransferase for Promotion

Alkaline phosphatase (ALP)
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Figure 13: Alanine aminotransferase for Initiation
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Alkaline Phosphate (ALP) (Promotion)
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Figure 14: Alanine aminotransferase for promotion

Acid Phosphate (ACP)
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Figure 15: Acid phosphate for Initiation
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Acid Phosphate (ACP) (Promotion)
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Figure 16: Acid phosphate for promotion
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Figure 17: Lactate dehydrogenase for Initiation
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Figure 18: Lactate dehydrogenase for Promotion
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Gamma-glutamyl Transferase (GGT)
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Figure 19: Gamma-glutamyl transferase (GGT) for initiation
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Figure 20: Gamma-glutamyl transferase (GGT) for Promotion

Total Bilirubin
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Figure 21: Total Bilirubin for initiation
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Figure 22: Total Bilirubin for Promotion
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Liver Tumour markers
Table 6: Liver tumour markers (Initiation)

Particula | Group I | Group Group Il | Group | Group Group Group Group VII(RP
rs (Control) II(IDEN) | (DEN+R) [ IV(P) IV(RP) | VI(R only) | VII(P only) | only)
039 + 033 +£/033 =
AFP 0.25+0.04 | 0.03 0.34+0.04 |0.05 0.03 0.28+0.04 | 0.25+0.03 | 0.32£0.03
031 + 019 +/018 +
CEA 0.17£0.02 | 0.07 0.42+£0.05 |0.05 0.03 0.18+£0.01 | 0.20+£0.02 | 0.18 £0.02
163 1.09 +|115 +
DNA 0.80+£0.06 | 0.16 1.37+0.15 |0.15 0.14 0.87£0.05 | 0.83+£0.13 | 0.95+0.14
Total 10.77 +1830 £ 10.53 = |10.07 % |10.05 +|10.14 +
Protein | 0.79 0.55 9.72+146 |1.34 1.67 0.75 0.81 10.18 £1.08
Results are expressed as Mean + SEM, n=6
Table 7: Liver tumour markers (Promotion)
Group
Particular | Group I | Group Group I11 | Group Group Group VI(R | Group VI(P | VIII(RP
S (Control) [1(DEN) (DEN + R) IV(P) IV(RP) only) only) only)
042 +/037 + 022
AFP 0.18+0.02 |0.62+0.02 | 0.44 +£0.03 0.03 0.04 0.22+0.02 |0.19+0.02 0.03
046 +|041 + 022 +
CEA 0.21+0.41 |059+0.74 | 0.47 £0.42 0.34 0.50 0.23+055 |0.24+0.24 |0.34
339.17 +239.99 +190.37 +|4755 % 38.02 =+
DNA 39.60 £2.54 | 28.98 10.53 8.82 4.28 38.30 £2.53 | 40.52 4.61 6.43
Total 570 +/649 740 %
Protein 7.73+041 |3.09+0.74 | 5.14 £0.50 0.71 0.29 7.77+0.39 | 795+ 052 |0.34

Results are expressed as Mean + SEM, n=6
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Tumor Markers, DNA, Proteins, and Electrolytes

The effect of rutin (R), piperine (P), and their combination (RP) on tumor markers, DNA, proteins, and
electrolytes was evaluated in DEN-induced hepatocellular carcinoma (HCC) models during initiation and
promotion phases[28].

a-Fetoprotein (AFP): During the DEN group’'s promotion phase, its evels were significantly higher
(P0.001) than in the initiation phase (P0.05)[29]. Chemopreventive activity was demonstrated by the fact
that R, P, and RP treatment had no effect on initiation but significantly reduced AFP during promotion
(P0.001)[30].

Carcinoembryonic Antigen (CEA): Its levels showed similar trends, with a slight increase in initiation
(P0.01) and a significant increase in promotion (P0.001). In the promotion phase, R, P, and RP significantly
reduced CEA (P<0.05-0.001), with RP showing the strongest effect[31].

DNA content: During both phases, it was significantly higher (P 0.001) in the DEN-treated groups[32].
Treatments were ineffective at the beginning, but they significantly reduced DNA elevation during
promotion (P0.01-0.001), indicating that abnormal DNA synthesis was inhibited[33].

Total proteins: It remained the same during initiation but significantly decreased during promotion (P
0.001). Protein levels were significantly (P 0.05-0.001) returned to normal following R, P, and RP
treatments[34].

Serum electrolytes: These were also altered. During promotion, sodium decreased while potassium,
calcium, and magnesium displayed abnormal fluctuations in the DEN group[35]. In the promotion phase,
treatments significantly restored sodium, potassium, calcium, and magnesium, with RP demonstrating
synergistic recovery, but they had no effect on initiation levels[36].

Overall, the findings demonstrate that DEN induces tumor marker elevation, DNA alterations, protein
reduction, and electrolyte imbalance, while treatment with rutin and piperine, especially in combination,
restores these biochemical parameters, supporting their synergistic chemopreventive efficacy[37].

a-fetoprotein (AFP)
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Figure 23: a-fetoprotein for Initiation
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Figure 24: a-fetoprotein for Promotion
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Figure 25: Carcino Embryonic Antigen for initiation
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Figure 26: Carcino Embryonic Antigen for promotion
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Figure 27: DNA levels for initiation
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Figure 28: DNA levels for promotion
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Figure 29: Total Protein level for initiation
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Figure 30: Total Protein level for promotion
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Serum Electrolytes

Table 8: Estimation of electrolytes in serum (Initiation)

Particula | Group I | Group Group 111 (DEN | Group Group Group VI(R | Group VII(P | Group VIII(RP
rs (Control) [I(DEN) +R) IV(P) IV(RP) only) only) only)
143.41 +|109.17 = 129.82 + | 13355 £
Sodium | 4.12 3.14 120.27+7.34 | 6.16 4.30 148.97+9.05 | 145.98 £ 7.84 | 147.42 +3.24
Potassiu 5.35 t+ | 557 +
m 6.00+£0.27 |4.66+0.37 | 5.01+0.37 0.51 0.37 6.04+0.39 |6.14+0.26 6.13+0.46
6.67 £0.7 10.94£0.4 | 10.05+ 1.0 1063 +£[990+£0.5 |6.35+£0.7 6.98 £ 0.7 6.80+£ 0.5
. 0.8
Calcium
l':"rggnes' 557+04 |4.00+0.1 |4.48+0.5 472+02 |507+03 |593+02 [567+03 5.78+0.3
Results are expressed as Mean +SEM, n=6
Table 9 : Estimation of electrolytes in serum (Promotion)
Particula | Group I | Group Group 111 (DEN | Group Group Group VI(R | Group VII(P | Group VIII(RP
rs (Control) I1(DEN) +R) IV(P) IV(RP) only) only) only)
146.27 +19220 + 134.86 +|132.66 =+
Sodium | 2.83 3.49 12474 £ 7.14 5.00 5.21 146.22 £8.16 | 147.95+6.79 | 148.72 £ 3.73
Potassiu 10.94 + 6.37 +]6.14 +
m 6.01+£0.43 |0.49 6.75+0.22 0.43 0.26 512+0.30 |5.24+0.56 5.50 £ 0.36
1459 + 854  +|(7.09 +
Calcium | 6.12+0.89 |1.21 10.62 +1.12 0.87 0.76 6.04+0.70 |7.18+0.78 7.16 £ 0.58
Magnesi 10.71 + 7.56 +|6.29 +
um 562+0.52 |0.45 7.98 £ 0.67 0.29 0.84 517+0.56 |5.18+0.54 5.07 £ 0.60

Results are expressed as Mean +SEM, n=6
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Electrolyte Balance and Membrane Bound Enzymes

In the present study, alterations in serum electrolytes and membrane bound enzymes were
evaluated in DEN-induced hepatocellular carcinoma models under both initiation and promotion
phases[38].

Serum sodium levels: They demonstrated a significant decrease in initiation and promotion in the
DEN group (P0.01, P0.001), respectively[39]. Initiation of treatment with rutin (R) and piperine
(P) alone did not alter sodium levels, whereas the combination (RP) resulted in a slight elevation
(P0.05). In the promotion model, both R and P significantly restored sodium levels (P 0.05, P
0.01), and when compared to the individual treatments, the combination had a synergistic
effect[40].

Serum potassium levels: They were higher in rats treated with DEN (P 0.05, P 0.001) No
significant effect was observed in the initiation phase across treatments, while in promotion, R, P,
and RP effectively normalized potassium levels (P<0.001)[41].

[42]

Serum magnesium levels: These were also increased in DEN-treated groups (P<0.01, P<0.001).
No significant changes were observed in initiation, while in promotion, R, P, and RP significantly
reduced elevated magnesium (P<0.05-0.001)[43].

Membrane bound enzyme activities: (Na+/K+ ATPase, Ca2+ ATPase, and Mg2+ ATPase) were
significantly lower in DEN groups than in controls. R, P, and RP treatment resulted in partial to
complete recovery, with RP playing a more protective role, particularly during the promotion
phase[44].

Overall, the results show that DEN causes electrolyte imbalance and enzyme dysfunction. R and
P, especially when used together, have restorative effects, suggesting that they work together to
prevent cancer[45].
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Figure 31: Serum sodium levels for initiation




www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 10 October 2025 | ISSN:
2320-2882

Serum Sodium level (Promotion)
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Figure 32: Serum sodium levels for promotion

Serum potassium levels
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Figure 33: Serum potassium levels for initiation
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Figure 34: Serum potassium level for promotion

Serum Calcium levels

Serum Calcium level (Initiation)
151

10+

mg/dL
H

OO
W
IR

o

%, |-

Q
%

Treatment

Figure 35: Serum calcium levels for initiation

[JCRT21X0363 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] ul09


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 10 October 2025 | ISSN:
2320-2882

Serum Calcium level (Promotion)

HH

HitH a

AN
N
NASS
DN

x N
Q/ég@ < 0% &
)
Treatment

Figure 36: Serum calcium levels for Promotion
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Figure 37: Serum magnesium level for Initiation
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Figure 38: Serum magnesium level for Promotion

Estimation of membrane bound enzymes
Table 10: Estimation of membrane bound enzymes (Initiation)

Group

Group | HI Group | Group | Group Group
Partic | Group | | II(DE | (DEN + | Group | IV(RP | VI(R VII(P VII(RP
ulars | (Control) | N) R) IV(P) |) only) only) only)
Na/K
ATPa
se
(Mg/ (196 +£]116 +|{141 +|170 +|181 +£[214 £|196 +|202 +
ml) 0.22 0.16 0.16 0.21 0.21 0.20 0.18 0.23
Ca/A
TPase
(ug/ 209 £|1.07 132 +£|1.71 192 £|1230 £|1.94 <197
ml) 0.10 +0.10 |0.18 +0.17 | 0.22 0.22 0.25 +0.20
Mg
ATPa
se
(ug/ 218 £]141 +|189 +|192 +|199 +£|214 £|219 +£|230 +
ml) 0.16 0.15 0.13 0.26 0.36 0.30 0.37 0.46

Results are expressed as Mean £ SEM, n=6
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Table 12: Estimation of membrane bound enzymes (Promotion)

Group || Group | Group Group | Group | Group Group
Particu | (Control | II(DE | Il (DEN | Group | IV(RP | VI(R VII(P VIII(RP
lars ) N) +R) IV(P) |) only) only) only)
Na/K
ATPas
e
(ug/ml {209 +£/083 {093 +|149 £[141 +|235 £(230 *=|192 +
) 0.15 0.09 0.07 0.29 0.20 0.19 0.19 0.20
Ca/AT
Pase
(ug/ml {233 +|084 +|111 +£|116 £|122+£(231 +|231 +|212 £
) 0.21 0.10 0.20 0.16 0.13 0.46 0.30 0.26
Mg
ATPas
e
(ug/ml | 261 +£|0.74 £]130 +|0.96 % 219 + 237 +|227 £
) 0.28 0.06 0.17 0.05 131+ | 0.32 0.28 0.56

Results are expressed as Mean + SEM, n=6

[JCRT21X0363 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | ull?


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 10 October 2025 | ISSN: 2320-2882
Sodium potassium dependent adenosine triphosphate (Na*/K*ATPase).

Results Exhibited that DEN treated groups showed reduction in Na*/K*ATPase compared with normal
group in promotion model, No changes in were seen in initiation model but in promotion model &
Promotion model.
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Figure 39: sodium potassium dependent adenosine triphosphate (Na*/K*ATPase) for initiation
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Figure 40: Sodium potassium dependent adenosine triphosphate (Na*/K*ATPase) for promotion
Values are expressed as Mean = SEM (n=6), by one-way ANOVA followed by Bonferroni test. Where
**< 0.01, compared with normal group ns, non significant of treatment groups compared with DEN
treatment groups, a, is non significant compared to Normal group[46].

Calcium dependent adenosine triphosphate (Ca**ATPase)

Results showed that in both the initiation and promotion models, the combination of the R&P group
significantly increased the reduced levels at P0.05, while the DEN treated groups showed a reduction in
Ca++ATPase compared to the normal group at p0.01 [47]. The R and P groups did not show any
significant action Ca++ATPase levels. No changes in were seen in Positive control groups initiation and
promotion model[48].
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Figure 41: Calcium dependent adenosine triphosphate (Ca**ATPase) for initiation
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Figure 42: Calcium dependent adenosine triphosphate (Ca**ATPase) for Promotion

Values are expressed as Mean + SEM (n=6), by one-way ANOVA followed by Bonferroni test. Where
** is non-significant when compared to the Normal group and #p 0.05 when compared to the DEN group,
ns stands for not significant when compared to the Normal group[49].

Magnesium dependent adenosine triphosphate (Mg~ATPase)

Results showed that the DEN-treated groups had a p0.01 decrease in Mg++ATPase when compared to the
untreated group, but that there were no significant changes in the initiation model[50]. On the other hand,
the R and combination groups had a significant elevation (P0.05) of Mg++ATPase levels, but Piperine
did not show any significant changes in the promotion model. In Initiation no significant action observed
in initiation for all treatment groups[51]. No changes in were seen in Positive control groups initiation
and promotion model [52].
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Figure 43: Magnesium dependent adenosine triphosphate for initiation
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Figure 44: Magnesium dependent adenosine triphosphate for promotion

Values are expressed as Mean = SEM (n=6), by one-way ANOVA followed by Bonferroni test. Where
** is non-significant when compared to the Normal group and #p 0.05 when compared to the DEN group,
ns stands for not significant when compared to the Normal group[53].

Morphology of Liver
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Figure 45: Morphology of Liver of all treatment groups for initiation model
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Figure 46: Morphology of Liver of all treatment groups for promotion model.

Histopathology of liver

Histopathology of liver for Initiation

Results showed normal architecture of liver with Central vein and sinusoids, DEN treated group showing
that mild Spotty necrosis with ballooning of hepatocytes, and treatment groups showed much significant
alterations in the normal architecture in initiation model [54].
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Figure 47: Histopathological examination of Liver for all treatment groups (Initiation model)
Histopathology of liver for Promotion

The results showed that the central vein and sinusoids were visible in the normal liver architecture; the
DEN-treated group had spotty necrosis with ballooning of hepatocytes, centrilobular degeneration,
vascular congestion, and kupffer cell hyperplasia; the treatment groups had significant improvements in
the normal architecture and sinusoids; and the combination group had repairing of the cell architecture
with clear visibility of the central vein. And groups that received only Rutin, Piperine, or a mixture of
RP[55].

Normal

A RO CORl el S ALY AN
Rutin Only iperi y Rutin & Piperine Only

DEN/PB + Rutin &erin
Figure 48 : Histopathological examination of Liver for all treatment groups (Promotion model)

CV: Central vein, CD: Centrilobular degeneration, BH: Ballooning of Hepatocytes, SN: Spotty Necrosis,
VC: Vascular congestion, KF: Kupffercell hyperplasia[56].

Conclusion

The current study demonstrates that Rutin and Piperine have significant chemopreventive potential against
DEN-induced hepatocellular carcinoma in rats, both-on their own and in combination[57]. DEN
administration resulted in marked hepatic injury, as evidenced by elevated liver enzymes, tumor markers,
DNA content, and disrupted electrolyte balance. Treatment with Rutin and Piperine, especially in
combination, effectively restored biochemical parameters, improved membrane-bound enzyme activity,
and preserved liver histoarchitecture[58]. The RP combination showed superior efficacy in both initiation
and promotion phases, indicating a synergistic interaction that enhances hepatoprotection[59]. The
therapeutic potential of Rutin and Piperine as natural agents for the prevention of liver cancer is supported
by these findings, which call for additional research into their molecular mechanisms and translational
applicability[60].
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