
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.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Study design 1 For each experiment, provide brief details of study design including:

a. The groups being compared, including control groups. If no control group has 
been used, the rationale should be stated.

b. The experimental unit (e.g. a single animal, litter, or cage of animals).

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

b. Explain how the sample size was decided. Provide details of any a priori sample 
size calculation, if done.

Inclusion and 
exclusion 
criteria

3 a.	 Describe any criteria used for including and excluding animals (or experimental 
units) during the experiment, and data points during the analysis. Specify if these 
criteria were established a priori. If no criteria were set, state this explicitly.

b. For each experimental group, report any animals, experimental units or data points 
not included in the analysis and explain why. If there were no exclusions, state so.

c.	 For each analysis, report the exact value of n in each experimental group.

Randomisation 4 a.	 State whether randomisation was used to allocate experimental units to control 
and treatment groups. If done, provide the method used to generate the 
randomisation sequence. 

b. Describe the strategy used to minimise potential confounders such as the order 
of treatments and measurements, or animal/cage location. If confounders were 
not controlled, state this explicitly.

Blinding 5 Describe who was aware of the group allocation at the different stages of the 
experiment (during the allocation, the conduct of the experiment, the outcome 
assessment, and the data analysis).

Outcome 
measures

6 a.	 Clearly define all outcome measures assessed (e.g. cell death, molecular markers, 
or behavioural changes). 

b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the 
outcome measure that was used to determine the sample size.

Statistical 
methods

7 a.	 Provide details of the statistical methods used for each analysis, including 
software used.

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.

Experimental 
animals

8 a.	 Provide species-appropriate details of the animals used, including species, strain 
and substrain, sex, age or developmental stage, and, if relevant, weight.

b. Provide further relevant information on the provenance of animals, health/immune 
status, genetic modification status, genotype, and any previous procedures.

Experimental 
procedures 

9 For each experimental group, including controls, describe the procedures in enough 
detail to allow others to replicate them, including: 

a. What was done, how it was done and what was used.

b. When and how often.

c.	 Where (including detail of any acclimatisation periods).

d. Why (provide rationale for procedures).

Results 10 For each experiment conducted, including independent replications, report:

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.

The ARRIVE guidelines 2.0: author checklist

NOTE: Please save this file locally before filling in the table, DO NOT work on the file within your internet browser as changes will not be saved. Adobe 
Acrobat Reader (available free here) is recommended for completion.

http://arriveguidelines.org
https://acrobat.adobe.com/uk/en/acrobat/pdf-reader.html


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.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Abstract 11 Provide an accurate summary of the research objectives, animal species, strain 
and sex, key methods, principal findings, and study conclusions.

Background 12 a.	 Include sufficient scientific background to understand the rationale and 
context for the study, and explain the experimental approach.

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 
appropriate, specific hypotheses being tested.

Ethical 
statement

14 Provide the name of the ethical review committee or equivalent that has approved 
the use of animals in this study, and any relevant licence or protocol numbers (if 
applicable). If ethical approval was not sought or granted, provide a justification.

Housing and 
husbandry

15 Provide details of housing and husbandry conditions, including any environmental 
enrichment.

Animal care and 
monitoring

16 a.	 Describe any interventions or steps taken in the experimental protocols to 
reduce pain, suffering and distress.

b.	 Report any expected or unexpected adverse events.

c.	 Describe the humane endpoints established for the study, the signs that were 
monitored and the frequency of monitoring. If the study did not have humane 
endpoints, state this.

Interpretation/
scientific 
implications

17 a.	 Interpret the results, taking into account the study objectives and hypotheses, 
current theory and other relevant studies in the literature.

b.	 Comment on the study limitations including potential sources of bias, 
limitations of the animal model, and imprecision associated with the results.

Generalisability/
translation

18 Comment on whether, and how, the findings of this study are likely to generalise 
to other species or experimental conditions, including any relevance to human 
biology (where appropriate).

Protocol 
registration

19 Provide a statement indicating whether a protocol (including the research 
question, key design features, and analysis plan) was prepared before the study, 
and if and where this protocol was registered.

Data access 20 Provide a statement describing if and where study data are available.

Declaration of 
interests

21 a.	 Declare any potential conflicts of interest, including financial and non-financial. 
If none exist, this should be stated.

b.	 List all funding sources (including grant identifier) and the role of the funder(s) 
in the design, analysis and reporting of the study.
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	Study design - 1a: The in-vivo hepatoprotective experiment consisted of seven groups: Group I (normal control; distilled water only), Group II (toxic control; CCl₄ only), Group III (positive control; CCl₄ + silymarin 10 mg/kg), and Groups IV–VII (CCl₄ + Heliotropium strigosum extract at doses of 250, 500, 750, and 1000 mg/kg, respectively). These groups were compared to evaluate the protective effect of the plant extract against CCl₄-induced toxicity.
	Study design - 1b: The experimental unit was a single rabbit, with six rabbits allocated to each group (n = 6).
	Sample size - 2a: A total of 42 male rabbits were used in the in-vivo hepatoprotective experiment. The animals were randomly divided into seven groups, with six rabbits allocated to each group (n = 6/group): Group I (normal control), Group II (toxic control), Group III (standard control; silymarin-treated), and Groups IV–VII (treatment groups receiving Heliotropium strigosum extract at 250, 500, 750, and 1000 mg/kg, respectively). The experimental unit was one individual rabbit.
	Sample size - 2b: The sample size was determined based on previous published studies using similar CCl₄-induced hepatotoxicity animal models, where six animals per group were considered sufficient to detect biologically meaningful differences in biochemical and histopathological parameters. No formal a priori statistical sample size calculation was performed.
	Inclusion and exclusion criteria - 3a: Healthy adult male rabbits of comparable age and body weight, free from visible signs of disease or injury, were included in the study. Animals were acclimatized under standard laboratory conditions before the start of the experiment. Predefined exclusion criteria included illness before treatment, severe injury, abnormal behavior, or death unrelated to the experimental protocol. No additional data points were excluded during analysis unless technical errors occurred. These criteria were established a priori.
	Inclusion and exclusion criteria - 3b: No animals, experimental units, or data points were excluded from any experimental group during the study or statistical analysis. All animals completed the study successfully and were included in the final analysis.
	Inclusion and exclusion criteria - 3c: The exact sample size for each group was n = 6 rabbits per group for all analyses:
•	Group I: Normal control (n = 6) 
•	Group II: Toxic control, CCl₄ only (n = 6) 
•	Group III: CCl₄ + silymarin (n = 6) 
•	Group IV: CCl₄ + HS extract 250 mg/kg (n = 6) 
•	Group V: CCl₄ + HS extract 500 mg/kg (n = 6) 
•	Group VI: CCl₄ + HS extract 750 mg/kg (n = 6) 
•	Group VII: CCl₄ + HS extract 1000 mg/kg (n = 6)

	Randomisation - 4a: Yes, randomisation was used to allocate the rabbits to control and treatment groups. After the acclimatization period, animals were randomly assigned to the seven experimental groups using a simple randomization method based on a computer-generated random number sequence to ensure unbiased group allocation.
	Randomisation - 4b: To minimize potential confounders, all rabbits were housed under identical environmental conditions (temperature, humidity, and 12-hour light/dark cycle) and provided the same pellet diet and water ad libitum. Cages were placed in the same animal room and their positions were rotated periodically to reduce location bias. Treatments were administered at the same time each day, and blood sampling and biochemical measurements were performed in a consistent order using the same procedures and equipment for all groups.
	Blinding - 5: During group allocation, the principal investigator was aware of the treatment assignments in order to organize dosing and animal management. During the conduct of the experiment, the personnel administering treatments were aware of group allocation, as different interventions were required for each group. However, the investigators performing biochemical assays, histopathological examinations, and statistical data analysis were blinded to group identity by coding the samples and specimens until completion of outcome assessment and analysis.
	Outcome measures - 6a: The outcome measures assessed in this study included biochemical, histopathological, antioxidant, cytotoxic, and hematological parameters. Biochemical markers included liver function tests (ALT, AST, ALP, GGT, total bilirubin, total protein, albumin, globulin) and renal function tests (urea and creatinine). Hematological parameters included hemoglobin, red blood cell count, hematocrit, leukocyte count, platelet count, and differential leukocyte counts. Histopathological examination of liver tissue was performed to assess necrosis, inflammation, degeneration, congestion, and regeneration of hepatic architecture. Antioxidant activity was evaluated using DPPH radical scavenging assay, catalase (CAT), and reduced glutathione (GSH) assays. Cytotoxic activity was assessed using MTT assay, Crystal Violet assay, and Trypan Blue assay to determine cell viability and cell death.
	Outcome measures - 6b: The primary outcome measure used for hypothesis testing and sample size justification was the hepatoprotective effect of Heliotropium strigosum extract, primarily determined by changes in serum liver biomarkers (ALT, AST, ALP, bilirubin) and supported by histopathological improvement in liver tissue compared with the CCl₄-treated toxic control group.
	Statistical methods - 7a: All data were analyzed using GraphPad Prism software version 9.0 (GraphPad Software, USA). Results were expressed as mean ± standard deviation (SD) or mean ± standard error of the mean (SEM), as appropriate. Comparisons among multiple groups were performed using one-way analysis of variance (ANOVA), followed by Bonferroni’s post hoc multiple comparison test to identify significant differences between groups. A p-value ≤ 0.05 was considered statistically significant. Graphical presentations were also generated using the same software.
	Statistical methods - 7b: Prior to applying parametric tests, the data were assessed for normal distribution and homogeneity of variance using standard tests available in GraphPad Prism (Shapiro–Wilk normality test and equal variance assessment). When data met these assumptions, one-way ANOVA was applied. If assumptions were not met, the data were reviewed for outliers and transformation was considered. Where appropriate, non-parametric alternatives would be used; however, in the present study, the analyzed data were found suitable for ANOVA.
	Experimental animals - 8a: The animals used in this study were healthy adult male rabbits (Oryctolagus cuniculus). All animals were sexually mature and at a comparable developmental stage. At the start of the experiment, the rabbits weighed approximately 1.5–2.0 kg. Only male rabbits were selected to avoid hormonal variations associated with the female reproductive cycle.
	Experimental animals - 8b: The rabbits were obtained from the Central Animal House Facility, Department of Pharmacy, The Islamia University of Bahawalpur, Pakistan. All animals were clinically healthy, free from visible disease, and maintained under standard laboratory conditions before and during the experiment. The animals were not genetically modified, and no specific genotype selection was involved. They had not undergone any previous experimental procedures or treatments prior to inclusion in the study.
	Experimental procedures - 9a: Healthy adult male rabbits were acclimatized and then randomly divided into seven groups (n = 6/group). Group I served as the normal control and received distilled water orally (10 mL/kg). Group II served as the toxic control and received carbon tetrachloride (CCl₄) only. Group III received CCl₄ plus silymarin suspension (10 mg/kg, intraperitoneally) as the standard hepatoprotective treatment. Groups IV–VII received CCl₄ plus Heliotropium strigosum ethanolic extract orally at doses of 250, 500, 750, and 1000 mg/kg body weight, respectively. Hepatotoxicity was induced using 50% (v/v) CCl₄ diluted in olive oil at a dose of 2 mL/kg by subcutaneous injection. Blood samples were collected for biochemical and hematological analysis, and liver tissues were harvested for histopathological examination after sacrifice.
	Experimental procedures - 9b: CCl₄ was administered once daily for four consecutive days during the induction phase. After induction, silymarin and plant extract treatments were administered once daily for 28 days. Blood sampling was performed on day 14 and day 28. Animals were monitored daily throughout the study for health status and treatment response.
	Experimental procedures - 9c: The experiment was conducted in the Central Animal House Facility, Department of Pharmacy, The Islamia University of Bahawalpur, Pakistan. Animals were acclimatized for one week before the start of the study under standard laboratory conditions (25 ± 2°C, 12-hour light/dark cycle) with free access to water and standard pellet diet. All treatments and sample collections were performed in the same facility.
	Experimental procedures - 9d: These procedures were performed to establish a CCl₄-induced hepatotoxicity model for evaluating the hepatoprotective potential of Heliotropium strigosum extract. Silymarin was used as a positive control because of its well-established hepatoprotective activity. Multiple extract doses were tested to determine dose-dependent protective effects on liver function, oxidative stress, renal biomarkers, hematological parameters, and histopathological changes.
	Results - 10a: For all experiments, data from each experimental group were summarized as mean ± standard deviation (SD) or mean ± standard error of the mean (SEM), as appropriate. For the in-vivo study, values for liver function tests (ALT, AST, ALP, GGT, bilirubin, protein profile), renal biomarkers (urea, creatinine), hematological indices, and histopathological scores were reported for each group (n = 6 rabbits/group). For in-vitro antioxidant and cytotoxic assays, results from three independent experiments were expressed as mean ± SD (n = 3). These summary statistics are presented in the corresponding tables and figures of the manuscript.
	Results - 10b: Effect sizes were primarily assessed as differences in mean values between treatment groups and the toxic control group, using one-way ANOVA followed by Bonferroni’s post hoc comparisons. Where applicable, percentage improvement or reduction relative to the toxic control group was calculated. Formal confidence intervals were not originally reported in the manuscript; however, they can be provided for key outcomes if required by the journal.
	Abstract - 11: This study aimed to evaluate the antioxidant, hepatoprotective, and cytotoxic potential of Heliotropium strigosum leaf extract using in-vitro and in-vivo models. Healthy adult male rabbits (Oryctolagus cuniculus) were used for the animal experiment. Hepatotoxicity was induced using carbon tetrachloride (CCl₄), followed by treatment with different doses of Heliotropium strigosum extract or silymarin as a standard control. Key methods included phytochemical screening, GC-MS analysis, DPPH antioxidant assay, biochemical analysis of liver and renal biomarkers, hematological profiling, histopathological examination of liver tissue, and cytotoxicity assays (MTT, Crystal Violet, and Trypan Blue). The extract showed strong antioxidant activity, significant restoration of altered liver enzymes, bilirubin, renal parameters, and hematological indices, along with improvement in liver histoarchitecture. Moderate dose-dependent cytotoxic activity was also observed against cancer cells. These findings indicate that Heliotropium strigosum possesses significant antioxidant, hepatoprotective, nephroprotective, and cytotoxic properties, supporting its traditional medicinal use and potential for further pharmacological development.
	Background - 12a: Oxidative stress and toxin-induced liver injury are major contributors to hepatic dysfunction and are commonly associated with exposure to chemicals such as carbon tetrachloride (CCl₄). Medicinal plants rich in phenolics, flavonoids, terpenoids, and other phytochemicals are widely recognized for their antioxidant and hepatoprotective potential. Heliotropium strigosum is traditionally used in folk medicine for various ailments; however, its pharmacological properties have not been comprehensively validated through scientific studies. Therefore, the present study was designed to investigate the antioxidant, hepatoprotective, nephroprotective, hematological, and cytotoxic activities of Heliotropium strigosum leaf extract using integrated phytochemical analysis, in-vitro assays, and in-vivo experimentation.
	Background - 12b: Healthy adult male rabbits were selected because their size allows repeated blood sampling, reliable biochemical analysis, and easier tissue collection for histopathology. Rabbits are also commonly used in toxicological and hepatoprotective studies due to their physiological responsiveness to hepatotoxins. The CCl₄-induced hepatotoxicity model is a well-established experimental model that mimics oxidative stress, hepatic inflammation, membrane damage, and altered liver biomarkers observed in human liver injury. Therefore, this animal model was appropriate for assessing the protective effects of Heliotropium strigosum extract and provides translational relevance for potential therapeutic applications in human liver disorders.
	Objectives - 13: The primary research question of this study was whether Heliotropium strigosum leaf extract possesses significant antioxidant, hepatoprotective, nephroprotective, hematological, and cytotoxic activities. The objectives were: (1) to identify the phytochemical constituents of the extract through qualitative screening and GC-MS analysis; (2) to evaluate its antioxidant potential using the DPPH assay; (3) to assess its hepatoprotective effects against carbon tetrachloride (CCl₄)-induced liver injury in rabbits through biochemical and histopathological analyses; (4) to determine its effects on renal and hematological parameters; and (5) to investigate its cytotoxic activity using in-vitro cell viability assays. The hypothesis tested was that Heliotropium strigosum extract would significantly reduce CCl₄-induced toxicity and improve biochemical and histological outcomes due to its bioactive phytochemical constituents.
	Ethical statement - 14: The animal study protocol was reviewed and approved by the Animal Ethical Committee / Departmental Research Committee of The Islamia University of Bahawalpur, Pakistan. All experimental procedures were conducted in accordance with institutional guidelines for the care and use of laboratory animals. The approved protocol/reference number was DRC-IUB-362. In addition, animals were maintained through the Central Animal House Facility under registered animal handling procedures (CPCSEA/IUB/353, as stated in the manuscript).
	Housing and husbandry - 15: The rabbits were housed in clean, well-ventilated cages at the Central Animal House Facility, Department of Pharmacy, The Islamia University of Bahawalpur, Pakistan. Animals were maintained under standard laboratory conditions at a temperature of 25 ± 2°C, relative humidity of approximately 50–60%, and a 12-hour light/12-hour dark cycle. They were provided free access to clean drinking water and a standard pellet diet formulated according to laboratory rabbit nutritional requirements. Cages were cleaned regularly, and bedding was changed routinely to maintain hygiene. Environmental enrichment was provided through adequate space for movement, visual contact with neighboring animals, and routine handling to reduce stress during the acclimatization and experimental periods.
	Animal care and monitoring - 16a: Several measures were taken to reduce pain, suffering, and distress throughout the experiment. Animals were acclimatized before the study, handled gently, and maintained under standard housing conditions with free access to food and water. All injections and sample collection procedures were performed by trained personnel using appropriate restraint techniques. For terminal procedures, rabbits were anesthetized with ketamine (35 mg/kg, intramuscular) to minimize pain and distress, followed by humane euthanasia using an overdose of sodium pentobarbital (150 mg/kg, intravenous).
	Animal care and monitoring - 16b: Expected adverse effects in the toxic control group included reduced activity, mild anorexia, and biochemical signs of hepatotoxicity due to CCl₄ administration. No severe unexpected adverse events, accidental deaths, or treatment-related complications were observed during the study.
	Animal care and monitoring - 16c: Humane endpoints were established prior to the study. Animals were monitored daily for general appearance, body condition, food and water intake, mobility, abnormal posture, respiratory distress, persistent lethargy, severe weight loss, or signs of pain and discomfort. Any animal showing severe distress, inability to eat or drink, marked weakness, or progressive deterioration would have been immediately removed from the study and humanely euthanized. No animals reached these humane endpoints during the experiment.
	Interpretation scientific implicationsm - 17a: The findings of this study support the original hypothesis that Heliotropium strigosum leaf extract possesses significant antioxidant and protective biological activities. The extract demonstrated strong free radical scavenging activity in the DPPH assay, which is consistent with the presence of phenolics, flavonoids, terpenoids, and other phytochemicals identified during screening and GC-MS analysis. In the CCl₄-induced rabbit model, treatment with the extract significantly improved elevated liver enzymes, bilirubin, renal biomarkers, and hematological disturbances, while histopathological examination showed restoration of hepatic architecture. These effects are consistent with current theories that plant-derived antioxidants reduce oxidative stress, stabilize cellular membranes, and suppress toxin-induced inflammation. The observed results are also in agreement with previous studies reporting hepatoprotective effects of phytochemical-rich medicinal plants and related Heliotropium species. Moderate cytotoxic activity observed in vitro further suggests potential antiproliferative properties that warrant additional mechanistic studies. Overall, the results indicate that Heliotropium strigosum may serve as a promising natural source for development of supportive therapies against oxidative stress–related liver injury and other disorders.
	Interpretation scientific implications - 17b: This study has several limitations. First, the animal experiment used rabbits only, which may limit direct extrapolation of the findings to humans or other species. Second, although randomization and blinded outcome assessment were applied where feasible, some procedural stages required knowledge of group allocation, which may introduce minor performance bias. Third, the sample size was modest (n = 6/group), which may reduce statistical precision for some endpoints. Fourth, the study evaluated a crude extract rather than isolated active compounds, so the exact constituents responsible for the observed effects remain uncertain. Fifth, the CCl₄-induced hepatotoxicity model represents acute chemical liver injury and may not fully mimic chronic or multifactorial human liver diseases. Finally, confidence intervals were not originally reported for all outcomes, and some variability in biological responses is expected in animal studies. Further studies with larger sample sizes, purified compounds, mechanistic analyses, and clinical evaluation are recommended.
	Generalisability/translation - 18: The findings of this study suggest that the antioxidant, hepatoprotective, nephroprotective, and hematological effects of Heliotropium strigosum may extend beyond rabbits, as the underlying mechanisms of oxidative stress, inflammation, and toxin-induced cellular injury are broadly conserved across mammalian species. Therefore, similar protective effects may be observed in other laboratory animals under comparable experimental conditions. The CCl₄-induced hepatotoxicity model shares several pathological features with human liver injury, including elevated liver enzymes, oxidative damage, inflammation, and structural hepatic degeneration, which supports the translational relevance of the results. However, differences in metabolism, physiology, dosage response, and long-term safety between rabbits and humans must be considered. While these results provide a useful preclinical basis, further studies in additional animal models, pharmacokinetic investigations, toxicity profiling, and well-designed human clinical trials are necessary before direct therapeutic application in humans can be recommended.
	Protocol registration - 19: A written study protocol outlining the research question, experimental design, treatment groups, dosing schedule, outcome measures, and statistical analysis plan was prepared before commencement of the study and submitted as part of the ethical approval process to The Islamia University of Bahawalpur. However, the protocol was not prospectively registered in a public registry.
	Data access - 20: All data generated or analyzed during this study are included in the published article and its supplementary materials. Additional raw datasets, supporting records, and methodological details are available from the corresponding author upon reasonable request.
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