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ARIVE The ARRIVE guidelines 2.0: author checklist

The ARRIVE Essential 10

These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers
cannot assess the reliability of the findings.

Section/line
Item Recommendation number, or reason
for not reporting

Study design 1  For each experiment, provide brief details of study design including: one control group, 3 extract

groups, 1 ccl4 hepatotoxic group
3 - - d tandard d .
a. The groups being compared, including control groups. If no control group has anc one stancard diug group
been used, the rationale should be stated.
b. The experimental unit (e.g. a single animal, litter, or cage of animals). 2 animals per cage

Sample size 2 a. Specify the exact number of experimental units allocated to each group, and the 6 animals per group, 36
total number in each experiment. Also indicate the total number of animals used. rats were used.

b. Explain how the sample size was decided. Provide details of any a priori sample sample size was decided
size calculation, if done. as cited in previous reports.

Inclusion and 3 a. Describe any criteria used for including and excluding animals (or experimental [‘:jg'gvggﬂggrae":sﬁggm;'ovnveigh‘

exclusion units) during the experiment, and data points during the analysis. Specify if these criteria.

criteria criteria were established a priori. If no criteria were set, state this explicitly. il iy, ver age s mre

. . . . . than 6 months was excluded to avoid age
b. For each experimental group, report any animals, experimental units or data points | e and dsease related confouncing
not included in the analysis and explain why. If there were no exclusions, state so.
. 5 5 n was set at 6 per group
c. For each analysis, report the exact value of nin each experimental group.

Randomisation 4 a. State whether randomisation was used to allocate experimental units to control Zes randomization Mt'af ”S-fdt
and treatment groups. If done, provide the method used to generate the contral and treatment groups.
randomisation sequence.

b. Describe the strategy used to minimise potential confounders such as the order Animals were randomly assigned
of treatments and measurements, or animal/cage location. If confounders were ey e P o™ e
not controlled, state this explicitly. location bias.

Blinding 5 Describe who was aware of the group allocation at the different stages of the T ey s goneated
experiment (during the allocation, the conduct of the experiment, the outcome e s oG
assessment, and the data analysis). bt ourcome assessore wors binded

Outcome 6 a. Clearly define all outcome measures assessed (e.g. cell death, molecular markers, | eimand ranl. 1957 meinod AP

measures or behavioural changes). Pl o, Antovdns Caeinas, OB
b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the

outcome measure that was used to determine the sample size.

Statistical 7 a. Provide details of the statistical methods used for each analysis, including e e ) Sty oo

methods software used. among areupe iors sssessedueing

one-wav ANOVA: interaroun differences
b. Describe any methods used to assess whether the data met the assumptions of
the statistical approach, and what was done if the assumptions were not met. yes
Experimental 8 a. Provide species-appropriate details of the animals used, including species, strain gf"{i:'gggywﬁ?gI:f‘;:vgeefewfsed
animals and substrain, sex, age or developmental stage, and, if relevant, weight. 140 to 180g.
b. Provide further relevant information on the provenance of animals, health/immune healthy male rats were procured
status, genetic modification status, genotype, and any previous procedures. rom animal facilty o
Experimental 9  For each experimental group, including controls, describe the procedures in Enough | e g o e o ol
procedures detail to allow others to replicate them, including: etlr speciied merval for 50 dave. AL
. Group I: Control, comprised of rats that were
a. What was done, how it was done and what was used. gven normal saline: Group 1 CClrreated,
receive ls; Group Ill: CCl,+CB-AQ
(Anueons Fxtract-treated Groun. received
b. When and how often. In the department of Physiology animal
house with one week acclimitization period
c. Where (including detail of any acclimatisation periods).
d. Why (provide rationale for procedures). -
Results 10 For each experiment conducted, including independent replications, report: all the details are presented

a. Summary/descriptive statistics for each experimental group, with a measure of
variability where applicable (e.g. mean and SD, or median and range).

b. If applicable, the effect size with a confidence interval.

in the manuscript

effect sizes were calculated
and mentioned in the article
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The Recommended Set

These items complement the Essential 10 and add important context to the study. Reporting the items in both sets
represents best practice.

Section/line
Item Recommendation number, or reason
for not reporting
Abstract 11 Provide an accurate summary of the research objectives, animal species, strain
. . . . . The current investigation was undertaken to ex
and sex, key methods, principal findings, and study conclusions. Hestont rekent
Background 12 a. Include sufficient scientific background to understand the rationale and Caing dersiod rameal mpact,
context for the study, and explain the experimental approach. S o et o
scarcity of reported information using in-vivo,
b. Explain how the animal species and model used address the scientific
objectives and, where appropriate, the relevance to human biology.
Objectives 13 Clearly describe the research question, research objectives and, where
. e . The current investigation was undertaken to ex
appropriate, specific hypotheses being tested.
Ethical 14 Provide the name of the ethical review committee or equivalent that has approved | The study protocol was
statement the use of animals in this study, and any relevant licence or protocol numbers (if gffé&\ﬁg gﬁr‘:rfﬂ't?;;"gft'g]’;a'
applicable). If ethical approval was not sought or granted, provide a justification. University of Karachi (ID:
IBC KU-231-A).
Housing and 15  Provide details of housing and husbandry conditions, including any environmental
husbandry enrichment. All reagents, chemicals, biological specimens,
Animal care and 16 a. Describe any interventions or steps taken in the experimental protocols to SV?{,?lﬁ’;;?ﬁ;ﬁé'L‘;ﬁfg’;":;x;”“"g
monitoring reduce pain, suffering and distress. D e a1
b. Report any expected or unexpected adverse events. O e e e et
. . . . was stopped from being participated in the
c. Describe the humane endpoints established for the study, the signs that were | exweriment andwe replacedit
monitored and the frequency of monitoring. If the study did not have humane
endpoints, state this. -
Interpretation/ 17 a. Interpret the results, taking into account the study objectives and hypotheses, | me semne wotsng v
scientific current theory and other relevant studies in the literature. Grapion Siess, or seamentniced
im |icati0n$ o ) ) . } ) toxicity. Weight loss in group Il was attributed
P b. Comment on the study limitations including potential sources of bias, Given s preclinica siatus and the specifi
.. . . . S . . extract types employed, further investigations
limitations of the animal model, and imprecision associated with the results. Inclucing phiamecoldnets, xology, and
establish translational relevance
Generalisability/ 18 Comment on whether, and how, the findings of this study are likely to generalise ovewer s vt va g
translation to other species or experimental conditions, including any relevance to human ndrreponed. Diforant B ool racis
. . were investigated for their hepatoprotective
biology (where appropriate). potetiln Cla-medied ity iy
Iver ansarminase. MDA. and 4.
Protocol 19 Provide a statement indicating whether a protocol (including the research A protocol was
registration question, key design features, and analysis plan) was prepared before the study, prepared for the study
and if and where this protocol was registered. but not registered.
Data access 20 Provide a statement describing if and where study data are available.
study data are available in the article
Declaration of 21 a. Declare any po'gential conflicts of interest, including financial and non-financial. | no conflict of interest
interests If none exist, this should be stated.
b. List all funding sources (including grant identifier) and the role of the funder(s) f .
in the design, analysis and reporting of the study. no Undmg
N C Mational Centre
3R R o www.ARRIVEguidelines.org
of Animals in Research
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	Study design - 1a: one control group, 3 extract groups, 1 ccl4 hepatotoxic group and one standard drug group.
	Study design - 1b: 2 animals per cage
	Sample size - 2a: 6 animals per group, 36 rats were used. 
	Sample size - 2b: sample size was decided as cited in previous reports.
	Inclusion and exclusion criteria - 3a: healthy young and optimal weight range was there as inclusion criteria.
	Inclusion and exclusion criteria - 3b: any animal with injury, over age that is more than 6 months was excluded to avoid age related and disease related confounding variability.
	Inclusion and exclusion criteria - 3c: n was set at 6 per group
	Randomisation - 4a: Yes randomization was used to assign experimental units to control and treatment groups
	Randomisation - 4b: Animals were randomly assigned to cages and cage positions were rotated weekly to minimise location bias.
	Blinding - 5: The randomisation sequence was generated by an independent researcher, and allocation was concealed using sealed envelopes. Experimenters administering treatments were aware of group allocation, but outcome assessors were blinded. 
	Outcome measures - 6a: ALT and AST were quantified using the (Reitman and Frankel, 1957) method. ALP by (Rec, 1972), GGT by (Szasz, 1969), with Randox kits. Antioxidants Catalase, SOD and GSH were measured as described by (Sinha, 1972), (Kono, 1978) and (Carlberg and Mannervik, 1985), [PD15.1][MP15.2]respectively. Lipid peroxidation markers MDA, 4-HNE and 8-isoprostane were measured following the methods of (Ohkawa et al., 1979) and (Vacchiano and Tempel, 1994), [PD16.1][MP16.2]respectively. Protein and DNA oxidation were assessed via carbonyls (Dalle-Donne et al., 2003), 8-OHdG (Saito et al., 2013) and BPDE–DNA adducts (Lee et al., 1998) in hepatic homogenates. 
	Outcome measures - 6b: --
	Statistical methods - 7a: Data were processed using SPSS (v.27) and presented as mean ± SEM. Study followed a completely randomized design. Differences among groups were assessed using one-way ANOVA; intergroup differences were evaluated using the Tukey test with a p<0.05 significance level
	Statistical methods - 7b: yes
	Experimental animals - 8a: male albino wistar rats were used for the study. weight range was 140 to 180g.
	Experimental animals - 8b: healthy male rats were procured from animal facility of DUHS
	Experimental procedures - 9a: Six experimental groups were formed through random allocation of the animals (n=6). Their body weights were checked on regular specified intervals for 40 days. All groups, except the control group, were administered CCl4 (0.8 ml/kg b.w.) diluted 1:1 in olive oil (v/v) to rats intraperitonially, twice weekly[PD13.1][MP13.2]. The experimental phase lasted for 40 days.
	Experimental procedures - 9b: Group I: Control, comprised of rats that were given normal saline; Group II: CCl₄-treated, received CCl₄; Group III: CCl₄+CB-AQ (Aqueous Extract)-treated Group, received CCl₄ + 100mg extract/ kg B.W. orally via gavage per day; Group IV: CCl₄+CB-MeOH (Methanol)-treated Group, received CCl₄ + 100mg extract/ kg B.W. orally via gavage per day; Group V: CCl₄+CB-ACE (Acetone)-treated Group, received CCl₄ + 100mg extract/ kg B.W. orally via gavage per day; Group VI: CCl₄ + Sil (Silymarin)-treated Group, received CCl₄ +  25mg extract/ kg B.W. orally via gavage per day. 
	Experimental procedures - 9c: In the department of Physiology animal house with one week acclimitization period
	Experimental procedures - 9d: --
	Results - 10a: all the details are presented in the manuscript
	Results - 10b: effect sizes were calculated and mentioned in the article
	Abstract - 11: The current investigation was undertaken to explore the restorative potential of CB leaf extracts in CCl4-mediated Hepatotoxicity in rats. Methods: Thirty-six male rats, six groups, 40-day CCl₄ treatment. Hepatotoxicity was induced with CCl4 (0.8 ml/kg b.w.) twice weekly. The CB leaf extract groups III to V received CCl4 with aqueous, methanolic and acetonic extracts (100mg/kg b.w., daily) respectively; however, group VI received Silymarin (25mg/kg b.w., daily). The principal biomarkers investigated included liver enzymes (ALT, AST, ALP, GGT), enzymatic antioxidants (catalase, SOD, GSH), lipid peroxidation markers (MDA, 4-HNE, 8-isoprostane), protein oxidation (carbonyls) and DNA damage indicators (8-oHdG, BPDE–DNA adducts). Histological evaluation was conducted to determine the extent of liver damage. Collectively, these findings highlight the hepatoprotective and antioxidant efficacy of Caesalpinia Bonducella leaf extracts, with solvent-specific yet complementary mechanisms that mitigate hepatic oxidative stress, supporting their potential as natural hepatoprotective agents.
	Background - 12a: Caesalpinia Bonducella (CB) leaves, exhibiting diversified remedial impact, offering a wide range of restorative benefits, still need scientific validation due to the scarcity of reported information using in-vivo, multi-solvent-based strategies (Aqueous, Methanol, Acetone) for thorough phytochemical analysis on hepatoxicity model. As oxidative stress underlies hepatic deterioration, scientific investigations are increasingly turning to natural alternatives, especially phytochemical-based antioxidants, for the restoration of liver pathologies
	Background - 12b: 
	Objectives - 13: The current investigation was undertaken to explore the restorative potential of CB leaf extracts in CCl4-mediated Hepatotoxicity in rats
	Ethical statement - 14: The study protocol was approved by the Institutional Bioethics Committee of the University of Karachi (ID: IBC KU-231-A).
	Housing and husbandry - 15: All reagents, chemicals, biological specimens, tissues, and laboratory equipment were handled with strict adherence to internationally recognized safety protocols as mentioned in the guidelines provided by National Research Council (2011).   Animal[PD10.1][MP10.2] procurement and acclimatization  36 Male Wistar albino rats [PD11.1][MP11.2](7 to 8 weeks old, weighing 145-180 g) were procured from the animal facility of DUHS Karachi, weighed and accommodated in decontaminated, moisture-free polypropylene cages under controlled temperature (23 ± 2 °C) and humidity (50 to 65%) [PD12.1][MP12.2]with a circadian cycle (Wang et al., 2021). To reduce experimental variability, male rats were chosen to eliminate estrous cycle influences on biochemical and histopathological outcomes, a standard practice in CCl₄ hepatotoxicity models. A preparatory acclimatization period of one week was implemented before initiating the experimental procedures. Free access to water and food was ensured.  
	Animal care and monitoring - 16a: care was taken by the personnel working with the animals to calm them down pampering the animals to reduce distress. cages tidiness was stricltly checked.
	Animal care and monitoring - 16b: in one rat mild injury was there at the injection site so it was treated and  that rat was stopped from being participated in the experiment and we replaced it.
	Animal care and monitoring - 16c: --
	Interpretation scientific implicationsm - 17a: Assessment of body weight is a valuable measure of systemic well-being, with variations often indicating metabolic disruption, stress, or treatment-induced toxicity. Weight loss in group II was attributed to the deteriorating effects of CCl4 on the body and the liver (Table 2). Furthermore, CCl4 administration causes anorexia leading to reduced appetite. A study showed that administering a low dose of CCl₄ to rats led to anorexia regardless of hepatic injury or dietary restriction (Okamoto and Okabe, 2000), which might explain why rats had reduced appetite and therefore a marked reduction in body weight. However, as food intake was not monitored in the study, it has been acknowledged as a limitation and aim to include it in future studies. The reduction in body weight observed in extract-treated rats may be attributed to bioactive constituents that modulate lipid metabolism, potentially by inhibiting lipogenesis or altering other metabolic pathways. When combined with the metabolic disturbances induced by CCl₄, these effects may synergistically exacerbate weight loss, independent of hepatic injury. A substantial body of literature supports comparable results (Shammah and Thenmozhi, 2023). Alterations in organ weight are widely acknowledged as reliable indicators in studies involving repeated exposure to toxic substances. In contrast, normalised liver weight helps determine if liver weight changes are due to chemical effects or just body weight variation. Changes in hepatic weight may reflect tissue-level effects, whether due to damage or natural adaptation, as evidenced by variations in absolute or normalised liver weight (Mezencev et al., 2024). Alterations in liver enzyme levels best show hepatocellular integrity; the results presented in Table 3 highlight the extent of hepatic deterioration and the therapeutic relevance of the CB leaf extracts. Severe hepatic injury was evident via marked increase in liver enzymes in Group II as compared to Group I. Especially, Group V caused significant amelioration of AST, ALT, whereas the aqueous treated group leads to marked reduction in ALP levels. Comparable findings have been reported by other study (Sumalatha et al., 2016),[PD19.1][MP19.2] who noted significant enzyme normalization and improved tissue architecture in a similar experimental setup. A direct comparison of CB leaf extracts’ ability to ameliorate γ-GT levels among the experimental groups cannot be conducted due to the absence of direct evidence, highlighting the need for further focused investigation.
 
The antioxidant profile presented in Table 3 provides a clear indication of the extent of oxidative damage caused by CCl4 and the protective role of the extracts in mitigating its deleterious effects. Providing the major frontline defensive role with the highest enzymatic capability, catalase plays far beyond its widely accepted role of neutralizing hydrogen peroxide and preventing consequent oxidative deterioration, as evidenced by recent studies. Its dynamic shuttling between subcellular compartments (cytosol and nucleus) enables it to deeply involve in redox signalling, thereby influencing cell fate (survival/apoptosis) (Anwar et al., 2024). The toxic effects induced by CCl4 were effectively mitigated by the methanolic and Silymarin Groups, with significant elevations in tissue catalase levels (Table 4), indicating the restorative potential of these extracts. Beyond GSH’s role in preventing lipid peroxidation, it also contributes to cell fate, signal transduction and redox regulation. Aqueous extract showed the highest efficacy in restoring GSH levels and the second-highest efficacy for catalase, which might be attributable to the cassane diterpenes, flavonoids, saponins and tannins in the extract, which have strong radical-scavenging effects. The methanolic and acetonic groups exhibited comparable restoration of SOD levels owing to their phenolic and triterpenoid content. Comparable findings were reported by other studies with paracetamol (Gupta and Kumar, 2003) and nicotine-induced (Bharath et al., 2018) hepatic deterioration.

The extent of lipid peroxidation is well reflected via MDA. 4-HNE and 8-isoprostane levels. Comparable reduction in lipid peroxidation markers in all extract groups was observed, however, acetonic extract containing terpenoids, sterols and flavonoids possess the highest restorative potential for reducing MDA and 4-HNE levels possibly via hepatic membrane stabilization, inhibition of CYP-450 mediated CCl4 bioactivation and reduction in lipid peroxidation markers, whereas methanolic extract with intermediate polarity mainly containing flavonoids, alkaloids and terpenoids, showed the highest restoration of 8-isoprostane levels (Table 5) might be due to the antioxidant, membrane stabilization effects that lead to consequent reduction in lipid peroxidation. Owing to the lack of existing studies on the direct measurement of 4-HNE and 8-isoprostane levels with the effect of CB leaf, there is a gap in the research literature and direct comparison cannot be made. However, comparable findings on MDA reduction via CB leaf extract (Gupta et al., 2005) suggest a decline in the other two markers as well, because all arise from similar processes.

Serving as stable and robust marker of protein peroxidation, protein carbonyl levels directly reflect oxidative damage to cellular proteins. All three extract groups caused amelioration of CCl4-induced hepatic damage by restoring the protein carbonyl levels, with acetonic group containing lipophilic compounds (terpenoids, sterols, flavonoids) exhibiting highest remedial impact, which might be attributable to protection against membrane disruption and modulation of CCl4 metabolism and consequent-reduction of oxidative degradation of proteins. Direct evidence of protein carbonyl reduction via CB leaf extract is lacking in the literature, precluding direct comparison.

Formation of 8-oHdG and BPDE-DNA adducts occur via different pathways, with oxidative stress serving as the major cause of 8-oHdG generation, whereas metabolism of carcinogenic PAHs such as benzo[a]pyrene’s leads to its conversion into BPDE, that sequentially binds to DNA. BPDE, a metabolite of polycyclic aromatic hydrocarbons, forms bulky DNA adducts through covalent binding, whereas CCl₄ undergoes bioactivation via cytochrome P450 enzymes, generating trichloromethyl radicals that induce oxidative stress and lipid peroxidation, leading to indirect DNA damage. Table 6 exhibits comparable increment in 8-oHdG and BPDE-DNA adduct levels in CCl4 group, suggesting profound oxidative and genotoxic stress, which was efficiently restored via the CB leaf extract groups with acetonic group showing the highest therapeutic efficacy in ameliorating 8-oHdG levels and aqueous group exhibiting the highest remedial impact on BPDE-DNA adduct reduction demonstrating significant antigenotoxic protection. Since the current investigation is the first to evaluate these biomarkers in relation to CB leaf extracts, the findings provide novel insights to their therapeutic modulation and establish a foundation for future comparative research

	Interpretation scientific implications - 17b: Given its preclinical status and the specific extract types employed, further investigations including pharmacokinetics, toxicology, and extract standardization are required to establish translational relevance
	Generalisability/translation - 18: CB exhibit extensive therapeutic attributes, however its validation via in vivo multi-solvent based leaf extractions remains under-reported. Different CB leaf extracts were investigated for their hepatoprotective potential in CCl4-mediated toxicity. Briefly, acetonic preparation significantly reduced liver transaminases, MDA, and 4-HNE; aqueous extract mitigates ALP and γ GT. 8-isoprostane was improved substantially by methanolic extract and antioxidant enzymes were improved by all three extracts. Given its preclinical status and the specific extract types employed, further investigations including pharmacokinetics, toxicology, and extract standardization are required to establish translational relevance. The current findings suggest that CB leaf extract exhibits hepatoprotective potential, providing first comparative evidence of multi solvent extracts against CCl₄ induced hepatotoxicity and establishing a basis for future therapeutic exploration.
	Protocol registration - 19: A protocol was prepared for the study but not registered.
	Data access - 20: study data are available in the article
	Declaration of interests - 21a: no conflict of interest
	Declaration of interests - 21b: no funding


