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Abstract
Objective:  The aim of this study is to investigate the hepatoprotective effects of Tephrosia purpurea extract alone and in combination with 
N-acetylcysteine against CCl4-induced liver injury in rats.
Methods:  Forty-eight male Wistar rats were randomly divided into eight experimental groups (n = 6 per group): normal control, 
olive oil negative control, CCl4-positive control, CCl4+NAC, three CCl4+Tephrosia purpurea groups (100, 200, and 400 mg/kg), and a 
CCl4+NAC+Tephrosia purpurea (200 mg/kg) group.
Results:  Histopathological examination revealed severe hepatic necrosis, inflammatory cell infiltration, and disruption of normal hepatic 
architecture in the CCl4-positive control group. In contrast, pretreatment with Tephrosia purpurea markedly attenuated these pathological 
alterations in a dose-dependent manner, with the combined administration of NAC and Tephrosia purpurea providing the most pronounced 
histological protection and preservation of hepatic tissue architecture. Similarly, biochemical analyses demonstrated significant protection 
against CCl4-induced liver injury, as evidenced by improved liver function markers and attenuation of hepatic injury in the treated groups.
Conclusion:  Overall, Tephrosia purpurea exhibited significant dose-dependent hepatoprotective activity, which was further enhanced 
when administered in combination with NAC.
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Introduction
Hepatotoxicity refers to chemically induced liver injury that 
may present as either acute or chronic hepatic damage. As the 
principal organ responsible for metabolism and detoxification, 
the liver is particularly susceptible to injury caused by drugs, 
environmental pollutants, and naturally occurring toxins.1 
Understanding the mechanisms underlying hepatotoxicity is 
therefore essential for the development of effective preventive 
and therapeutic strategies. Among the experimental models 
used to investigate liver injury, carbon tetrachloride (CCl4) 
remains one of the most widely employed hepatotoxic agents 
due to its ability to induce hepatic damage that resembles sev-
eral pathological features of human liver disease.2

The hepatotoxic effects of CCl4 are initiated following its 
metabolic activation by hepatic cytochrome P450 enzymes, 
leading to the generation of highly reactive trichloromethyl 
(CCl3•) and trichloromethyl peroxyl (CCl3OO•) radicals.3 
These reactive intermediates trigger lipid peroxidation, oxi-
dative stress, membrane damage, inflammatory responses, 
and ultimately hepatocellular necrosis and liver dysfunction.4 
Consequently, the CCl4-induced hepatotoxicity model has 
been extensively utilized for evaluating the efficacy of poten-
tial hepatoprotective agents.5

N-acetylcysteine (NAC) is a well-established antioxidant 
and the standard antidote for acetaminophen-induced hepa-
totoxicity. Its hepatoprotective activity is primarily attributed 
to its ability to replenish intracellular glutathione (GSH), 
the major endogenous antioxidant defense system, thereby 
enhancing cellular protection against oxidative stress.6,7 In 
addition, NAC exhibits direct free-radical scavenging activity 
and modulates inflammatory pathways, further contributing 
to its protective effects against liver injury.4,6

Interest in plant-derived hepatoprotective agents 
has increased considerably in recent years because many 

conventional therapies may be associated with limited effi-
cacy, adverse effects, or high treatment costs. Among these 
medicinal plants, Tephrosia purpurea (L.) Pers., commonly 
known in Ayurvedic medicine as “Sarapunkha,” has been 
traditionally used for the management of various hepatic dis-
orders.8 Phytochemical investigations have revealed the pres-
ence of numerous bioactive constituents, including flavonoids, 
rotenoids, chalcones, alkaloids, saponins, glycosides, and iso-
flavones, which are believed to contribute to its diverse phar-
macological properties.9 Previous studies have demonstrated 
that Tephrosia purpurea possesses antioxidant, anti-inflamma-
tory, membrane-stabilizing, and hepatoprotective activities, 
supporting its potential as a natural therapeutic agent against 
liver injury.8,10–12

Although the hepatoprotective effects of NAC and 
Tephrosia purpurea have been investigated individually, their 
combined administration has not been previously evaluated 
in experimental CCl4-induced hepatotoxicity. This represents 
an important gap in the current literature, as the comple-
mentary mechanisms of both agents may provide enhanced 
hepatoprotection. While NAC primarily restores intracel-
lular glutathione levels and neutralizes reactive oxygen spe-
cies, the diverse phytoconstituents of Tephrosia purpurea 
may provide additional antioxidant, anti-inflammatory, and 
membrane-protective effects. Therefore, concurrent admin-
istration of both agents may offer broader protection against 
the multiple pathological processes involved in hepatic 
injury.

Accordingly, the present study aimed to evaluate the 
hepatoprotective effects of Tephrosia purpurea extract admin-
istered alone at different dose levels and in combination with 
N-acetylcysteine in rats exposed to CCl4-induced hepatotox-
icity. We hypothesized that combined treatment would provide 
greater protection against liver injury than either intervention 
administered alone. 
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Methodology
Experimental Animals
Forty-eight adult male Wistar albino rats weighing 180–220 g  
were used in this experimental study. The animals were 
housed at the College of Pharmacy, University of Babylon, 
under standard laboratory conditions with free access to food 
and water, maintained on a 12 h light/dark cycle, and kept at a 
controlled temperature of 25 ± 2°C.

Ethical Considerations

All experimental procedures were conducted in accordance 
with the protocol approved by the Ethical Committee of the 
College of Pharmacy, University of Babylon (Approval No. 
A-0050, 12 October 2025).

Plant Material Characterization

Tephrosia purpurea extract (20:1 extract ratio) was obtained 
from KAN Phytochemicals Pvt. Ltd. (Sonipat, Haryana, 
India), a GMP-certified manufacturer holding ISO and 
organic certifications. The extract was prepared from authen-
ticated whole plant material using Soxhlet extraction with 96% 
ethanol as the solvent, yielding approximately 5% w/w extract. 
The product was standardized at a 20:1 extract ratio according 
to the manufacturer’s technical specifications. Major phyto-
chemical constituents of Tephrosia purpurea include rutin, 
quercetin, rotenone, deguelin, and lupeol, along with other 
flavonoids, isoflavones, and rotenoids contributing to its 
overall bioactive profile. The extract was stored under con-
trolled conditions (15–25°C, relative humidity <10%) in a dry, 
cool, and light-protected environment throughout the study 
period. Tephrosia purpurea extract powder was prepared as 
a fresh stock solution daily by dissolving 400 mg in 10 mL of 
distilled water to obtain a final concentration of 40 mg/mL. 
The solution was vortex-mixed until complete dispersion and 
formation of a uniform suspension. The required administra-
tion volume for each experimental animal was calculated indi-
vidually based on the target dose and body weight.

Experimental Design

After the acclimatization period, 48 rats were randomly 
assigned to eight experimental groups (n = 6 per group). This 
sample size was selected to accommodate biological variation 
among animals and to provide a robust and reliable assess-
ment of treatment effects on biochemical and histopatholog-
ical parameters while minimizing unnecessary animal use.

The normal control group received no treatment. The 
negative control group received olive oil (0.5 mL/kg, intra-
peritoneally, twice weekly). The CCl4-positive control group 
received CCl4 (1 mL/kg, intraperitoneally, prepared as a 1:1 
mixture with olive oil) twice weekly for 28 consecutive days 
to induce hepatotoxicity. The CCl4+NAC group received NAC 
(150 mg/kg/day, orally) prior to CCl4 administration. Three 
treatment groups received Tephrosia purpurea extract at doses 
of 100, 200, or 400 mg/kg/day orally before CCl4 adminis-
tration and were designated as the CCl4+Tephrosia purpurea 
(100 mg/kg), CCl4+Tephrosia purpurea (200 mg/kg), and 
CCl4+Tephrosia purpurea (400 mg/kg) groups, respectively. 

The combination group received NAC (150 mg/kg/day) and 
Tephrosia purpurea extract (200 mg/kg/day, orally) prior to 
CCl4 administration and was designated as the CCl4+NAC+ 
Tephrosia purpurea group. CCl4 was administered to all pre-
treated groups approximately 30 minutes after pretreatments 
using the same regimen described above. All oral treatments 
were administered once daily by gastric gavage. The treatment 
regimen was continued for 28 days. No mortality was reported 
during the experimental period.

The selected dose of CCl4 was based on previous studies.13 
The NAC dose was selected according to established exper-
imental hepatoprotection protocols.14 Dose selection for 
Tephrosia purpurea was guided by previously published 
studies utilizing comparable dose ranges in experimental ani-
mals. Low, moderate, and high doses were adopted to allow 
the assessment of potential dose-dependent responses in the 
present study.8,12

At the end of the experimental period, the animals were 
fasted overnight and anesthetized with ketamine (100 mg/kg, 
intramuscularly) and xylazine (10 mg/kg, intramuscularly). 
Following confirmation of deep anaesthesia, blood samples 
(approximately 3.5–5 mL) were collected by cardiac puncture 
in accordance with accepted ethical procedures. After eutha-
nasia, liver tissues were excised and processed for histopatho-
logical examination.

Blood samples were allowed to clot in gel tubes at 37°C 
for 30 min and were subsequently centrifuged at 5000 rpm 
for 5 min. The separated serum was used for the determi-
nation of ALT, AST, ALP, total bilirubin, albumin, and total 
protein using commercial biochemical reagent kits (BioLABO, 
France) according to the manufacturer’s instructions.

Liver specimens were fixed in 10% neutral buffered for-
malin, routinely processed, embedded in paraffin, sectioned, 
and stained with hematoxylin and eosin (H&E) for micro-
scopic examination. Histopathological alterations, including 
hepatocellular degeneration, necrosis, inflammatory cell 
infiltration, and architectural distortion, were evaluated 
semi-quantitatively by a blinded histopathologist according to 
the morphological criteria described by Rosai and Ackerman’s 
Surgical Pathology.15

Each histopathological lesion was scored individually 
according to the predefined morphological criteria. The total 
histopathological damage score for each liver specimen was 
calculated by summing the scores of all evaluated lesions.

Based on the composite histopathological damage score, 
hepatic injury was classified as mild (0–3), moderate (4–5), 
or severe (6–7). Microscopic evaluation and scoring were 
performed blinded to the treatment allocation to minimize 
observer bias (Table 1).

Statistical Analysis

Statistical analysis was performed using GraphPad Prism ver-
sion 9.0.0 (La Jolla, USA) for Microsoft Windows. Data were 
expressed as mean ± standard deviation (SD). The normality 
of data distribution was assessed before analysis via Shap-
iro-Wilk test. Comparisons among groups were performed 
using one-way analysis of variance (ANOVA), followed by 
Tukey HSD post hoc test for multiple comparisons for nor-
mally distributed data. While for not normally distributed 
data, Kruskal wallis test was performed (for histopathological 
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results). A p-value of less than 0.05 was considered statistically 
significant.

Results 
Histopathological Findings
Histopathological examination of liver sections stained with 
H&E revealed normal hepatic architecture in both the normal 
control and negative control groups. Hepatic cords were regu-
larly arranged around the central vein, with intact hepatocytes 
and open hepatic sinusoids (Figure 1A&B).

In contrast, liver sections from the CCl4-positive control 
group demonstrated severe hepatic injury (score 3), char-
acterized by extensive centrilobular and panzonal necrosis, 
pyknotic nuclei, loss of normal lobular architecture, marked 
disorganization of hepatic cords, dense inflammatory cell 
infiltration, and prominent hepatocellular vacuolation 
(Figure 1C).

The CCl4+NAC group exhibited only mild histological 
injury (score 1), with partial preservation of normal hepatic 
architecture, mild inflammatory cell infiltration, and slight 
sinusoidal dilatation with reduced vascular congestion 
(Figure 1D). 

The CCl4+Tephrosia purpurea (100 and 200 mg/kg) 
groups exhibited moderate hepatic injury (score 2), character-
ized by hepatocellular swelling, moderate inflammatory cell 
infiltration, focal necrotic areas, and congestion of the central 
vein associated with sinusoidal dilatation (Figure 1E&F). The 
CCl4+Tephrosia purpurea 400 mg/kg group demonstrated a 
greater degree of protection, showing only mild hepatocellular 
swelling, minimal inflammatory cell infiltration, near-normal 
hepatic cord organization, and mild or absent vascular conges-
tion (Figure 1G). 

The CCl4+ NAC+ Tephrosia purpurea combination group 
exhibited the most pronounced hepatoprotection. Liver archi-
tecture was largely preserved, with only slight cloudy swelling, 
mild cytoplasmic vacuolation, limited inflammatory cell infil-
tration, and minimal vascular congestion (Table 2; Figure 1H), 
this group demonstrated the lowest histological injury score 
among all treatment groups.

Histopathological examination of liver sections stained 
with H&E revealed normal hepatic architecture in both the 
normal control and negative control groups. Hepatic cords 
were regularly arranged around the central vein, with intact 
hepatocytes and open hepatic sinusoids (Figure 1A&B).

In contrast, liver sections from the CCl4-positive control 
group demonstrated severe hepatic injury, with the highest 
median composite histopathological damage score (6.5; 
IQR: 6.0–7.0). Histopathological changes were characterized 
by extensive centrilobular and panzonal necrosis, pyknotic 
nuclei, loss of normal lobular architecture, marked disorgan-
ization of hepatic cords, dense inflammatory cell infiltration, 
and prominent hepatocellular vacuolation (Figure 1C).

The CCl4 + NAC group exhibited only mild histological 
injury, with a median composite histopathological damage 
score of 1.5 (IQR: 0.75–2.25). Liver sections showed partial 
preservation of normal hepatic architecture, mild inflam-
matory cell infiltration, and slight sinusoidal dilatation with 
reduced vascular congestion (Figure 1D).

The CCl4+ Tephrosia purpurea (100 mg/kg) group 
exhibited moderate hepatic injury, with a median composite 
histopathological damage score of 5.0 (IQR: 4.75–5.0). Histo-
pathological changes included hepatocellular swelling, mod-
erate inflammatory cell infiltration, focal necrotic areas, and 
congestion of the central vein associated with sinusoidal dila-
tation (Figure 1E).

The CCl4 + Tephrosia purpurea (200 mg/kg) group also 
exhibited moderate hepatic injury, with a median composite 
histopathological damage score of 4.0 (IQR: 4.0–5.0). Histo-
pathological findings were similar to those observed in the 
100 mg/kg group but with less severe alterations (Figure 1F).

The CCl4 + Tephrosia purpurea (400 mg/kg) group 
demonstrated a greater degree of protection, with a median 
composite histopathological damage score of 2.0 (IQR: 0.75–
2.25), corresponding to mild hepatic injury. Liver sections 
showed only mild hepatocellular swelling, minimal inflamma-
tory cell infiltration, near-normal hepatic cord organization, 
and mild or absent vascular congestion (Figure 1G).

The CCl4 + NAC + Tephrosia purpurea combination 
group exhibited the most pronounced hepatoprotection, with 
the lowest median composite histopathological damage score 
among the treated groups (1.0; IQR: 0.0–1.25). Liver architec-
ture was largely preserved, with only slight cloudy swelling, 
mild cytoplasmic vacuolation, limited inflammatory cell infil-
tration, and minimal vascular congestion (Figure 1H).

Biochemical Findings

The biochemical findings were consistent with the histopatho-
logical observations. No significant differences (P > 0.05) were 
observed between the normal control and negative control 

Table 1.  Semi-quantitative batts-ludwig grading system for hepatic activity and injury (adapted from rosai and ackerman’s surgical 
pathology15

Grade Activity level Histopathological criteria (Morphological description)

0 No activity No tissue injury or inflammation; portal inflammation only; no interface activity;
no lobular activity

1 Minimal activity Portal inflammation; minimal interface activity; occasional lobular apoptotic hepatocytes, mild cytoplasmic/ 
perinuclear vacuolation, or slight hepatocyte swelling. 

2 Mild activity Interface activity involving some or all portal tracts; mild lobular activity with little hepatocyte damage,  
degenerative changes, or localized necrosis.

3 Moderate activity Interface activity involving all portal tracts; moderate lobular activity with obvious hepatocyte damage, stromal 
changes, and prominent cellular vacuolation 

4 Severe activity Severe activity accompanied by bridging necrosis; prominent diffuse hepatocyte damage, extensive  
centrilobular/panzonal necrosis, and severe architectural distortion.
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Fig. 1  A & B: Histological section of rat liver for negative control group stained with hematoxylin and eosin (H&E) showing normal 
hepatic architecture. The central vein (orange arrow) is surrounded by normally arranged hepatic cords with intact hepatocytes and 
patent hepatic sinusoids. (40 x). C: Histological section of rat liver for positive control group, exhibit score 3 damage (sever), stained 
with H&E. Massive centrilobular or panzonal necrosis (death of liver cells) with pyknotic nuclei( gray arrow). Loss of the typical lobular 
structure, with severe disorientation of hepatic cords, dense inflammatory cell infiltration (yellow arrow). High levels of neutrophil 
and lymphocyte aggregation in the portal and parenchymal areas, and vacuolation of hepatocytes. (40 x). D: Histological section of 
rat liver for reference treatment group stained with H&E exhibit score 1 damage (mild) showing the protective effect of NAC pretreat-
ment against CCl4-induced hepatotoxicity. Partial restoration of normal hepatic architecture , mild inflammatory cell infiltration, and 
slight sinusoidal dilation (black arrow) with reduced congestion, the central vein (orange arrow). E: Histological section of rat liver for 
pretreatment with Tephrosia purpurea 100 mg/kg groups stained with H&E showing moderate(score 2) hepatocyte swelling (edema), 
moderate inflammatory cell infiltration with focal necrotic area, and marked congestion of the central vein with sinusoidal dilatation 
(black arrow). (X 10). F: Histological section of rat liver for pretreatment with Tephrosia purpurea 200 mg/kg groups stained with H&E 
showing moderate (score 2) hepatocyte swelling (edema), moderate inflammatory cell infiltration with focal necrotic area (blue arrow), 
and marked congestion of the central vein (orange arrow) with sinusoidal dilatation (black arrow). (X 10). G: Histological section of 
rat liver for pretreatment with Tephrosia purpurea 400 mg/kg stained with H&E showing mild swelling (edema) of hepatocyte, mild 
infiltration of inflammatory cells, near-normal appearance of hepatic cords with minimal sinusoidal dilation (black arrow), and central 
vein show mild or no congestion. H: Histological section of rat liver for pretreatment with combination (CCl4+ NAC+ Tephrosia purpurea 
200 mg/kg) stained with H&E, overall hepatic cord arrangement is generally preserved, slight cloudy swelling, mild vacuolation in the 
cytoplasm of hepatocytes, and mild infiltration of lymphocytes (blue arrow) or leukocytes within the portal areas or parenchyma, and 
central vein show mild or no congestion( orange arrow).

groups in any of the measured liver function parameters. In 
contrast, the CCl4-positive control group showed significant 
elevations in serum ALT, AST, ALP, and total bilirubin levels, 
accompanied by significant reductions in albumin and total 
protein concentrations compared with the negative control 
group (p < 0.001) (Table 3).

Pretreatment with NAC significantly attenuated these 
biochemical alterations (P < 0.05). Tephrosia purpurea sim-
ilarly produced dose-dependent improvements in all liver 
function parameters, with the 400 mg/kg dose achieving the 
greatest biochemical normalization among the single-agent 
treatment groups (Tables 4–9).
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Table 2.  Effects of Tephrosia purpurea, NAC, and their combination on serum liver biochemical parameters in CCl₄-induced  
hepatotoxicity

Groups ALT (U/L)  
Mean ± SD

AST (U/L)  
Mean ± SD

ALP (U/L)  
Mean ± SD

Total bilirubin (mg/dL)
Mean ± SD

Albumin (g/dL)
Mean ± SD

Total protein(g/dL)
Mean ± SD

Normal control (n = 6) 44.78 ± 0.51 122.72 ± 0.67 121.01 ± 4.05 0.11 ± 0.01 3.90 ± 0.29 7.18 ± 0.38

Negative control (olive oil) 
n = 6

44.82 ± 0.31 122.92 ± 0.52 120.51 ± 4.11 0.11 ± 0.01 3.91 ± 0.21 7.01 ± 0.53

Positive control (CCl4)(n = 6) 134.11 ± 4.18 208.61 ± 2.51 203.33 ± 1.86 0.89 ± 0.06 2.11 ± 0.17 5.01 ± 0.18

Reference treatment  
(NAC+CCl4)(n = 6)

55.13 ± 3.24 135.54 ± 2.73 138.84 ± 0.75 0.16 ± 0.01 3.55 ± 0.24 6.65 ± 0.22

Tephrosia purpurea  
100 mg/kg +CCl4 (n = 6)

85.25 ± 2.52 152.75 ± 1.02 155.83 ± 0.75 0.26 ± 0.02 3.22 ± 0.12 6.11 ± 0.13

Tephrosia purpurea  
200 mg/kg +CCl4 (n = 6)

72.01 ± 1.89 146.82 ± 1.16 142.01 ± 1.26 0.16 ± 0.01 3.35 ± 0.12 6.40 ± 0.21

Tephrosia purpurea  
400 mg/kg +CCl4 (n = 6)

56.58 ± 3.69 135.74 ± 2.94 138.82 ± 0.73 0.16 ± 0.04 3.46 ± 0.15 6.71 ± 0.24

Combination (CCl4+NAC+ 
Tephrosia purpure  
200 mg/kg) (n = 6)

46.63 ± 1.66 128.21 ± 4.26 132.01 ± 1.41 0.11 ± 0.01 3.83 ± 0.12 7.05 ± 0.31

Data are presented as mean ± SD (n = 6 per group).

Table 3.  Median histopathological damage scores of liver tissues of experimental 
groups (n = 6 rats per group)

Parameter Groups (n = 6) Median (IQR)

Histopathology damage  
scores

Normal 0.0 (0.0–0.0)

Olive oil 0.0 (0.0–0.0)

CCl4 6.5 (6.0–7.0)

NAC+ CCl4 1.5 (0.75–2.25)

Tephrosia purpurea 100 mg/kg+ CCl4 5.0 (4.75–5.0)

Tephrosia purpurea 200 mg/kg+ CCl4 4.0 (4.0–5.0)

Tephrosia purpurea 400 mg/kg+ CCl4 2.0 (0.75–2.25)

Combination
(CCl4 + NAC + Tephrosia purpurea 200) 1.0 (0.0–1.25)

Table 4.  Mean serum ALT levels in different experimental groups

Parameter Groups (n = 6) Mean ± SD P-value vs CCl4 CI 95% 

Alanine aminotransferase  
(ALT) (U/L)

Normal 44.78 ± 0.51 < 0.0001 44.24–45.32

Olive oil 44.82 ± 0.31 < 0.0001 44.46–45.18

CCl4 134.11 ± 4.18 – 129.7–138.4

NAC+ CCl4 55.13 ± 3.24 < 0.0001 51.73–58.53

Tephrosia purpurea 100 mg/kg+ CCl4 85.25 ± 2.52 < 0.0001 82.60–87.90

Tephrosia purpurea 200 mg/kg+ CCl4 72.01 ± 1.89 < 0.0001 70.01–73.99

Tephrosia purpurea 400 mg/kg+ CCl4 56.58 ± 3.69 < 0.0001 52.71–60.46

Combination
(CCl4+NAC+Tephrosia purpurea 200) 46.63 ± 1.66 < 0.0001 44.89–48.38

SD: standard deviation. P > 0.05: statistically non-significant; P < 0.05: statistically significant.
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Table 5.  Mean serum AST levels in different experimental groups

Parameter Groups Mean ± SD P-value vs CCl4 CI 95%

Aspartate aminotransferase 
AST (U/L)

Control 122.72 ± 0.67 < 0.0001 122.0–123.4

Olive oil 122.92 ± 0.52 < 0.0001 122.3–123.4

CCl4 208.61 ± 2.51 – 206.0–211.3

NAC+ CCl4 135.54 ± 2.73 < 0.0001 132.6–138.4

Tephrosia purpurea 100 mg/kg+ CCl4 152.75 ± 1.02 < 0.0001 151.6–153.7

Tephrosia purpurea 200 mg/kg+ CCl4 146.82 ± 1.16 < 0.0001 145.6–148.1

Tephrosia purpurea 400 mg/kg+ CCl4 135.74± 2.94 < 0.0001 132.6–138.8

Combination
(CCl4+NAC+Tephrosia purpurea 200) 128.21 ± 4.26 < 0.0001 123.7–132.6

SD: standard deviation. P > 0.05: statistically non-significant; P < 0.05: statistically significant.

Table 6.  Mean serum of ALP levels in different experimental groups

Parameter Groups Mean ± SD P-value vs CCl4 CI 95%

Alkaline phosphatase
(ALP) (U/L)

Control 121.01 ± 4.05 < 0.0001 116.8–125.2

Olive oil 120.51 ± 4.11 <0.0001 116.1–124.8

CCl4 203.33 ± 1.86 – 201.4–205.3

NAC+ CCl4 138.84 ± 0.75 < 0.0001 138.0–139.6

Tephrosia purpurea 100 mg/kg+ CCl4 155.83 ± 0.75 < 0.0001 155.0–156.6

Tephrosia purpurea 200 mg/kg+ CCl4 142.01 ± 1.26 < 0.0001 140.7–143.3

Tephrosia purpurea 400 mg/kg+ CCl4 138.82 ± 0.73 < 0.0001 138.0–139.6

Combination
(CCl4+NAC+Tephrosia purpurea 200) 132.01 ± 1.41 < 0.0001 130.5–133.5

SD: standard deviation. P > 0.05: statistically non-significant; P < 0.05: statistically significant.

Table 7.  Mean serum total bilirubin levels in different experimental groups

Parameter Groups Mean ± SD P-value vs CCl4 CI 95%

Total
Bilirubin (mg/dL)

Control 0.11 ± 0.01 < 0.0001 0.09583–0.1175

Olive oil 0.11 ± 0.01 < 0.0001 0.1005–0.1295

CCl4 0.89 ± 0.06 – 0.8263–0.9537

NAC+ CCl4 0.16 ± 0.01 < 0.0001 0.1485–0.1715

Tephrosia purpurea 100 mg/kg+ CCl4 0.26 ± 0.02 < 0.0001 0.2352–0.2848

Tephrosia purpurea 200 mg/kg+ CCl4 0.16 ± 0.01 < 0.0001 0.1562–0.1738

Tephrosia purpurea 400 mg/kg+ CCl4 0.16 ± 0.04 < 0.0001 0.1194–0.2139

Combination
(CCl4 + NAC + Tephrosia purpurea 200) 0.11 ± 0.01 < 0.0001 0.09241–0.1309

SD: standard deviation. P > 0.05: statistically non-significant; P < 0.05: statistically significant.
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Among all groups, the CCl4+NAC+Tephrosia purpurea 
combination produced the most substantial improvement 
in liver function parameters, with values approaching those 
observed in the negative control group (Tables 3–9). 

The effects of the different treatments on liver func-
tion biomarkers were evaluated through statistical analysis 
(Tables 3–9), as illustrated in Figures 2–7.

Discussion 
The present study demonstrated that Tephrosia purpurea 
extract exerts significant hepatoprotective effects against 
CCl4-induced liver injury in rats, as demonstrated by both 
histopathological and biochemical findings. In addition, 
co-administration of Tephrosia purpurea with NAC resulted 
in greater protection than either treatment alone, leading to 
improved preservation of hepatic architecture and liver func-
tion. Notably, the histopathological findings closely paralleled 
the biochemical results, as reductions in liver injury markers 
were accompanied by marked improvements in hepatic tissue 
integrity.

The cross-section of liver tissue from the normal and 
olive oil groups showed normal hepatic architecture, char-
acterized by intact hepatocytes arranged in regular hepatic 
cords, normal central veins, and narrow sinusoidal spaces.

Histological analysis revealed an increase in tissue 
damage after CCl4 as shown by the presence of rapid coag-
ulation necrosis of hepatocytes adjacent to the central vein 
(centrilobular necrosis), characterised by shrunken, hypere-
osinophilic cells exhibiting nuclear loss, condensation, and/
or fragmentation, the distribution of injury severity that 
indicating severe liver damage, exhibited marked histological 
alterations, including hepatocellular swelling, inflammatory 
cell infiltration, sinusoidal dilatation, central venous conges-
tion, and focal areas of hepatocellular necrosis. 

Furthermore, the findings of this experimental study 
revealed that pretreatment with NAC was the mean of severity 
score was mild, show an improvement in liver architecture, 
reduced inflammatory cell infiltration, mild sinusoidal dilata-
tion, and decreased central vein congestion.

Pretreatment with Tephrosia purpurea extract significantly 
attenuated the severity of liver injury induced by CCl4 across 
all tested doses demonstrated by biochemical and histolog-
ical outcomes that can be attributed to its rich phytochemical 
composition, including flavonoids, glycosides, and rotenoids.9 
These compounds possess inherent antioxidant and free 
radical scavenging properties. These findings are consistent 
with those reported by Gora et al., who demonstrated that 
supplementation of Tephrosia purpurea extract (500 mg/kg)  
could ameliorate the hepatotoxic action of arsenic.16

Table 8.  Mean serum albumin levels in different experimental groups

Parameter Groups Mean ± SD P-value vs CCl4 CI 95%

Albumin (g/dL)

Normal 3.90 ± 0.29 < 0.0001 3.589–4.211

Olive oil 3.91 ± 0.21 < 0.0001 3.690–4.110

CCl4 2.11 ± 0.17 – 1.936–2.297

NAC+ CCl4 3.55 ± 0.24 < 0.0001 3.295–3.805

Tephrosia purpurea 100 mg/kg+ CCl4 3.22 ± 0.12 < 0.0001 3.085–3.315

Tephrosia purpurea 200 mg/kg+ CCl4 3.35 ± 0.12 < 0.0001 3.221–3.479

Tephrosia purpurea 400 mg/kg+ CCl4 3.46 ± 0.15 < 0.0001 3.309–3.625

Combination
(CCl4 + NAC + Tephrosia purpurea 200) 3.83 ± 0.12 < 0.0001 3.725–3.942

SD: standard deviation. P > 0.05: statistically non-significant; P < 0.05: statistically significant.

Table 9.  Mean serum total protein levels in different experimental groups

Parameter Groups Mean ± SD P-value vs CCl4 CI 95%

Total protein
(g /dL)

Normal 7.18 ± 0.38 < 0.0001 6.777–7.589

Olive oil 7.01 ± 0.53 < 0.0001 6.456–7.578

CCl4 5.01 ± 0.18 – 4.824–5.209

NAC+ CCl4 6.65 ± 0.22 < 0.0001 6.413–6.887

Tephrosia purpurea 100 mg/kg+ CCl4 6.11 ± 0.13 0.0021 5.977–6.256

Tephrosia purpurea 200 mg/kg+ CCl4 6.40 ± 0.21 0.0005 6.170–6.630

Tephrosia purpurea 400 mg/kg+ CCl4 6.71 ± 0.24 < 0.0001 6.456–6.977

Combination
(CCl4 + NAC + Tephrosia purpurea 200) 7.05 ± 0.31 < 0.0001 6.727–7.373

SD: standard deviation. P > 0.05: statistically non-significant; P < 0.05: statistically significant.
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Fig. 2  Comparison of mean serum ALT levels among different experimental groups.

Fig. 3  Comparison of mean serum AST levels among different experimental groups.

Fig. 4  Comparison of mean serum ALP levels among different experimental groups.
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Fig. 5  Comparison of mean serum bilirubin levels across different study groups.

Fig. 6  Comparison of mean serum albumin levels among different study groups.

Fig. 7  Comparison of mean serum total protein levels among experimental groups.
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These findings are in agreement with those reported by 
Palbag et al., who studied the hepatoprotective activity of eth-
anol extract of the roots of Tephrosia purpurea against CCl4 
inducing hepatotoxicity in rats. Similarly, oral administra-
tion of Tephrosia purpurea resulted in a significant decreased 
biochemical markers of liver damage, and histopathological 
examination exhibited almost normal architecture, as com-
pared to the CCl4-treated group.10

Furthermore, the degree of histological improvement 
appeared to be dose-dependent, with higher doses producing 
more pronounced protective effects. The present results are 
in agreement with earlier conclusions of Khatri et al., who 
evaluated the hepatoprotective activity of aerial parts of 
Tephrosia purpurea (100, 300, and 500 mg/kg/day) against 
thioacetamide-induced hepatotoxicity and stated that his-
tology of the liver sections of the animals treated with the 
extracts showed a dose-dependent reduction of necrosis.8 
Also Gupte et al., showed similar result when investi-
gated the hepatoprotective efficacy of ethanolic extract of 
Tephrosia purpurea (100, 200, and 300 mg/kg) against Afla-
toxin B1 (AFB1) induced liver injury, Tephrosia purpurea 
concluded that Tephrosia purpurea possess hepatoprotective 
efficacy against AFB1 induced oxidative injury and max-
imum recovery was seen with 300 mg/kg.17

However, the pretreatment with Tephrosia purpurea 
demonstrated a dose-dependent reduction in these elevated 
liver enzyme levels these patterns were consistent with the 
findings of Desai,18 who studied the hepatoprotective effects 
of ethanolic extract of the root of Tephrosia purpurea (200 
mg/kg, and 400 mg/kg) against thioacetamide-induced hepa-
totoxicity in experimental Wistar albino rats and concluded 
that the ethanolic extract of Tephrosia purpurea root has a sig-
nificant protective effect on liver injuries, the 400 mg/kg dose 
showed a greater reduction in serum enzyme level compare 
to 200 mg/kg dose.

Notably, the combination of Tephrosia purpurea with 
NAC demonstrated a more pronounced improvement in liver 
histoarchitecture compared with either treatment alone. This 
superior efficacy observed in the combination-treated group 
may be explained by the complementary mechanisms of 
action of both agents. NAC primarily enhances endogenous 
antioxidant defenses through glutathione replenishment and 
free-radical scavenging, whereas Tephrosia purpurea pro-
vides additional antioxidant and anti-inflammatory effects 
through its diverse phytochemical constituents. The simul-
taneous targeting of multiple pathways involved in oxidative 
stress and hepatic injury may account for the enhanced pro-
tection observed in the combination group. Importantly, the 
combination produced greater hepatoprotection than either 
intervention administered alone under the conditions of the 
present study.

From a translational perspective, these findings sug-
gest that combining a clinically established antioxidant such 

as NAC with a bioactive medicinal plant extract may repre-
sent a promising multi-target approach for mitigating liver 
injury associated with oxidative stress. Such an approach may 
enhance therapeutic efficacy while potentially reducing the 
dependence on higher doses of individual agents. Neverthe-
less, further preclinical and clinical investigations are required 
before any therapeutic recommendations can be made.

Despite the encouraging findings, several limitations 
should be acknowledged. First, the study was conducted exclu-
sively in male Wistar rats using a single experimental model 
of hepatotoxicity, which may limit the generalizability of the 
results to other species, sexes, or clinical settings. Second, 
the specific phytochemical constituents responsible for the 
observed hepatoprotective effects were not isolated or quan-
tified. Third, mechanistic investigations involving oxidative 
stress biomarkers, inflammatory mediators, and molecular 
signaling pathways were not performed. Finally, long-term 
safety and chronic toxicity assessments of the extract were 
beyond the scope of the present study. Therefore, future 
studies should focus on elucidating the underlying molecular 
mechanisms, characterizing the active constituents, evaluating 
different dose combinations, and assessing long-term efficacy 
and safety in additional experimental models.

Conclusion
The present study demonstrated that Tephrosia purpurea 
extract produced significant dose-dependent hepatoprotective 
effects against CCl4-induced hepatotoxicity in rats. Further-
more, co-administration of Tephrosia purpurea with N-acetyl-
cysteine resulted in greater protection than either treatment 
alone, as evidenced by improvements in both biochemical and 
histopathological parameters. These findings suggest that the 
combination of NAC and Tephrosia purpurea may represent 
a promising therapeutic strategy for the management of oxi-
dative stress-related liver injury and warrants further mecha-
nistic and clinical investigation.

Acknowledgments
The author would like to thank the University of Babylon’s 
College of Pharmacy for its unwavering support and encour-
agement of ongoing research endeavours. I would like to 
extend my deepest appreciation to Dr. Ahmed Hussien Janabi, 
Consultant Anesthesiologist at Baghdad Teaching Hospital, 
Medical City Complex, Iraq, for his critical review of this 
research and his expert scientific guidance, which significantly 
enhanced the quality and accuracy of this study.

Conflict of Interest
None to declare. 

References
1.	 Tiwari V, Shandily S, Albert J, Mishra V, Dikkatwar M, Singh R, et al. Insights 

into medication-induced liver injury: Understanding and management 
strategies. Toxicol Rep. 2025;14:101976. doi:10.1016/j.toxrep.2025.101976.

2.	 Zhao Y, Zhao M, Wang Z, Zhao C, Zhang Y, Wang M. Danggui Shaoyao 
San: Chemical characterization and inhibition of oxidative stress and 
inflammation to treat CCl4-induced hepatic fibrosis. J Ethnopharmacol. 
2024;318:116870. doi:10.1016/j.jep.2023.116870.

3.	 Unsal V, Cicek M, Sabancilar İ. Toxicity of carbon tetrachloride, free 
radicals and role of antioxidants. Rev Environ Health. 2021;36(2):279–295. 
doi:10.1515/reveh-2020-0048.

4.	 Saito C, Zwingmann C, Jaeschke H. Novel mechanisms of protection 
against acetaminophen hepatotoxicity in mice by glutathione and 
N-Acetylcysteine. Hepatology. 2010;51(1):246–254. doi:10.1002/
hep.23267.



Hepatoprotective Effects of N-acetylcysteine and / or a Tephrosia purpurea
Original

H.I. AL-khafaji and Q.J. Fadheel

222 J Contemp Med Sci | Vol. 12, No. 3, May-June 2026: 212–222

5.	 Arshad M, Kousar S, Din A, Afzaal M, Faisal M, Sharif MK, et al. 
Hepatoprotective efficacy of quinoa seed extract against CCl4- induced 
acute liver toxicity in rat model. Food Sci Nutr. 2024;12(7):5007–5018. 
doi:10.1002/fsn3.4149.

6.	 Raghu G, Berk M, Campochiaro PA, Jaeschke H, Marenzi G, Richeldi L, 
et al. The multifaceted therapeutic role of N-Acetylcysteine (NAC) in 
disorders characterized by oxidative stress. Curr Neuropharmacology. 
2021;19(8):1202–1224. doi:10.2174/1570159X19666201230144109.

7.	 Tenório MC, Graciliano NG, Moura FA, de Oliveira AC, Goulart MO. 
N-Acetylcysteine (NAC): Impacts on human health. Antioxidants (Basel). 
2021;10(6):967. doi:10.3390/antiox10060967.

8.	 Khatri A, Garg A, Agrawal SS. Evaluation of hepatoprotective activity of 
aerial parts of Tephrosia purpurea L. and stem bark of Tecomella undulata. 
J Ethnopharmacol. 2009;122(1):1–5. doi:10.1016/j.jep.2008.10.043.

9.	 Khalafalah AK, Yousef AH, Esmail AM, Abdelrazik MH, Hegazy ME, Mohamed 
AH. Chemical constituents of Tephrosia purpurea. Pharmacognosy Res. 
2010;2(2):72–75. doi:10.4103/0974-8490.62951.

10.	 Palbag S, Dey BK, Singh NK. Ethnopharmacology, phytochemistry and 
pharmacology of Tephrosia purpurea. Chin J Nat Med. 2014;12(1):1–7. 
doi:10.1016/S1875-5364(14)60001-7.

11.	 Rao AS, Yadav SS, Singh P, Nandal A, Singh N, Ganaie SA, et al. A 
Comprehensive review on ethnomedicine, phytochemistry, pharmacology, 
and toxicity of Tephrosia purpurea (L.) Pers. Phytother Res. 2020;34(8): 
1902–1925. doi:10.1002/ptr.6657.

12.	 Hussain T, Siddiqui HH, Fareed S, Vijayakumar M, Rao CV. Chemopreventive 
evaluation of Tephrosia purpurea against N-nitrosodiethylamine-induced 
hepatocarcinogenesis in Wistar rats. J Pharm Pharmacol. 2012;64(8): 
1195–1205. doi:10.1111/j.2042-7158.2012.01503.x.

13.	 Boll M, Lutz WD, Becker E, Stampfl A. Mechanism of carbon tetrachloride-
induced hepatotoxicity. hepatocellular damage by reactive carbon 
tetrachloride metabolites. Z Naturforsch C. 2001;56(7-8):649–659. 
doi:10.1515/znc-2001-7-826.

14.	 Samuni Y, Goldstein S, Dean OM, Berk M. The chemistry and biological 
activities of N-acetylcysteine. Biochim Biophys Acta Gen Subj. 
2013;1830(8):4117–4129. doi:10.1016/j.bbagen.2013.04.016.

15.	 Goldblum JR, Lamps LW, Mckenney JK, Myers JL, editors. Rosai and 
ackerman’s surgical pathology. 11th ed. Philadelphia: Elsevier; 2018. 
Chapter 19, Liver; p. 734.

16.	 Gora HR, Baxla SL, Kerketta P, Patnaik S, Roy BK. Hepatoprotective activity 
of Tephrosia purpurea against arsenic induced toxicity in rats. Indian 
J Pharmacol. 2014;46(2):197–200. doi:10.4103/0253-7613.129317.

17.	 Gupte SS, Rathour A, Gupta D, Soni R, Shrivastava S, Bhaduria M, et al. 
Tephrosia purpurea ameliorates oxidative and histological alterations 
induced by aflatoxin B1 in rats. Int J Pharm Investig. 2022;12(3):340–345. 
doi:10.5530/ijpi.2022.3.57.

18.	 Desai PK, Singhal RV, Singhal P. Hepatoprotective potential of tephrosia 
purpurea in thioacetamide-induced hepatotoxicity in rats. Int J Pharm Biol 
Arch. 2020;11(1):14–20.

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License which allows users to read, copy, distribute and make derivative 
works for non-commercial purposes from the material, as long as the author of the original work is cited properly.

https://doi.org/10.22317/jcms.v12i3.2188


