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Sub-Chronic Toxicity of Kalanchoe pinnata Leaf Extract: Effects on Haematological Indices and Hepatic Biomarkers
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ABSTRACT
This study evaluated the effects of 28-day oral administration of aqueous Kalanchoe pinnata leaf extract (KPE) on selected haematological indices and serum liver marker enzymes in male albino rats. Twenty-five male Wistar albino rats were randomly divided into five groups of five animals each. Group I served as the control and received distilled water, while Groups II–V received 100, 200, 400 and 800 mg/kg body weight of KPE, respectively, for 28 consecutive days. Haematological assessment included red blood cell (RBC) count, haemoglobin (Hb) concentration, packed cell volume (PCV), total white blood cell (WBC) count, lymphocyte and neutrophil percentages. Serum liver marker enzymes assessed were alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP). The results showed that KPE administration produced no statistically significant changes (p > 0.05) in RBC, Hb, PCV, WBC, lymphocyte or neutrophil counts across all treatment groups compared with the control. Conversely, serum ALT, AST and ALP activities showed a dose-related increase. At 100 and 200 mg/kg, the increases in enzyme activities were not statistically significant (p > 0.05). However, significant increases (p < 0.05) were observed at 400 mg/kg, while more pronounced elevations (p < 0.01) occurred at 800 mg/kg. ALT increased from 32.5 ± 1.8 U/L in the control to 52.7 ± 3.5 U/L and 89.4 ± 5.2 U/L at 400 and 800 mg/kg, respectively. AST increased from 48.3 ± 2.2 U/L in the control to 78.9 ± 4.8 U/L and 124.6 ± 7.1 U/L, while ALP increased from 118.6 ± 6.5 U/L to 167.2 ± 10.4 U/L and 245.8 ± 15.7 U/L at the corresponding doses. The findings indicate that repeated administration of KPE did not produce significant haematological toxicity during the 28-day exposure period but produced evidence of hepatic injury at 400 and 800 mg/kg, as indicated by elevations in serum ALT, AST and ALP.
Keywords: Kalanchoe pinnata; Haematological indices; Liver marker enzymes; Hepatotoxicity; Alanine aminotransferase; Aspartate aminotransferase; Alkaline phosphatase.

INTRODUCTION
Medicinal plants have remained an important source of therapeutic agents, particularly in developing countries where traditional medicine continues to contribute significantly to primary healthcare (Achika et al., 2023). The increasing use of herbal preparations has been associated with their perceived natural origin, accessibility, affordability, and reported pharmacological activities. However, the natural origin of a plant does not necessarily imply complete safety, as plant extracts contain numerous bioactive constituents that may produce beneficial or adverse effects depending on the dose, duration of exposure, method of preparation, and route of administration. Consequently, systematic toxicological evaluation of medicinal plants is necessary to establish their safety margins and identify possible target organs affected by prolonged exposure (Saravanan et al., 2021; Omoruyi et al., 2025). Kalanchoe pinnata (Lam.) Pers., belonging to the family Crassulaceae, is a succulent medicinal plant widely used in traditional medicine in several parts of Africa, Asia, and South America. The plant is commonly known as the “miracle plant” or “life plant” and has been traditionally employed in the management of inflammatory conditions, wounds, infections, diabetes, and other health disorders. Its medicinal properties have been associated with a variety of phytochemicals, including flavonoids, alkaloids, triterpenes, glycosides, and other phenolic compounds. Recent reviews have continued to highlight the broad pharmacological potential of K. pinnata, particularly its antioxidant, anti-inflammatory, antimicrobial, antidiabetic, and hepatoprotective activities (Biswas et al., 2021; Omoruyi et al., 2025). Despite its extensive traditional use, increasing scientific interest in K. pinnata has also emphasized the need for detailed safety assessment. The biological activity of the plant is dependent on its chemical constituents, some of which may produce undesirable effects at sufficiently high concentrations or following prolonged exposure. In particular, the presence of bufadienolide-type compounds in Kalanchoe species has generated toxicological interest because these compounds may possess potent biological activities. Recent literature has therefore emphasized that the therapeutic application of K. pinnata should be accompanied by appropriate toxicological evaluation and monitoring (Omoruyi et al., 2025).
Sub-chronic toxicity studies are particularly important because they provide information about the consequences of repeated exposure to a substance over an extended period. Unlike acute toxicity studies, which primarily investigate adverse effects following a single or short-term exposure, sub-chronic studies can reveal cumulative or dose-dependent effects that may not become apparent during acute exposure. Haematological and biochemical parameters are commonly used as sensitive indicators of systemic toxicity because changes in blood composition and serum biochemical markers may occur before pronounced clinical or morphological abnormalities become evident (OECD, 2025). Therefore, evaluation of haematological indices and serum liver enzymes provides useful information about the physiological effects and possible target-organ toxicity of medicinal plant extracts. Haematological indices are important indicators of the functional status of the blood and haematopoietic system. Parameters such as red blood cell count (RBC), haemoglobin concentration (Hb), packed cell volume (PCV), white blood cell count (WBC), and differential leucocyte counts can provide information about erythropoiesis, oxygen-carrying capacity, immune responses, and inflammatory processes. Alterations in these parameters following repeated administration of a plant extract may indicate effects on blood-cell production, destruction of circulating cells, immune function, or general physiological stress. Thus, assessment of haematological indices represents an important component of the safety evaluation of medicinal plant preparations. Previous experimental evidence has provided varying findings regarding the safety of K. pinnata. Saravanan et al. (2021), in a 28-day sub-acute toxicity study of ethanolic K. pinnata leaf extract in Wistar rats, reported no mortality, significant body-weight changes, or treatment-related gross pathological abnormalities at 500 and 1,000 mg/kg body weight. Histopathological examination of the liver, heart, and kidneys also showed no remarkable treatment-related lesions, and the authors reported a no-observed-adverse-effect level of 1,000 mg/kg body weight under the conditions of their study. These findings suggest a relatively wide safety margin for the particular ethanolic extract and exposure conditions investigated, but they do not eliminate the need to evaluate other extract types, doses, and experimental conditions. The liver is a major organ involved in the metabolism and detoxification of endogenous and exogenous substances, making it an important target organ in toxicological investigations. Exposure to bioactive plant constituents may affect hepatocellular membranes, intracellular metabolic processes, or biliary function. Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) are therefore commonly assessed as biochemical indicators of hepatic injury. ALT is predominantly associated with hepatocytes, and increased serum activity may reflect leakage of the enzyme following hepatocellular membrane damage. AST is also present in hepatocytes but occurs in other tissues, including skeletal and cardiac muscle, making it less liver-specific than ALT. ALP is associated with the biliary system, and increased serum activity may be associated with cholestatic or biliary injury. The relevance of liver enzyme assessment to K. pinnata safety is supported by recent experimental research. A 2025 study investigating a K. pinnata-based beverage in male Wistar rats reported reductions in serum ALT, AST, ALP, and bilirubin in rats exposed to carbon tetrachloride- and gentamicin-induced hepatotoxicity, suggesting a potential hepatoprotective effect of the preparation under those experimental conditions. However, hepatoprotective activity in a disease or chemically induced injury model should not automatically be interpreted as evidence that all doses and preparations of the plant are completely free from toxicity. More recent toxicological evidence has further demonstrated the importance of evaluating prolonged exposure to K. pinnata. Pereira et al. (2025) investigated chronic exposure to K. pinnata leaf extract using zebrafish embryos and reported developmental and behavioural alterations at higher exposure concentrations, together with changes in the expression of genes associated with protein processing, DNA replication and repair, and immune and endocrine functions. The authors emphasized the need for strict toxicological, pharmacological, and medical supervision in the use of medicinal plant extracts. Although zebrafish findings cannot be directly equated with mammalian toxicity, the study demonstrates the importance of investigating possible adverse effects associated with prolonged exposure. Also, the safety profile of K. pinnata may vary according to the extraction solvent, plant material, dose, duration of administration, and experimental model. For example, evidence from ethanolic leaf extract studies indicates relatively low toxicity under specific experimental conditions, whereas more recent investigations using other models have identified biological effects following chronic exposure. This variation makes it necessary to conduct controlled studies using clearly defined extract preparations and dose levels. Therefore, evaluation of the sub-chronic toxicity of K. pinnata leaf extract using haematological indices and liver marker enzymes is important for establishing its biological safety profile. Monitoring RBC, Hb, PCV, WBC, and differential leucocyte counts can provide information on possible effects on the haematopoietic and immune systems, while assessment of ALT, AST, and ALP can provide evidence of possible hepatocellular or biliary injury. The present study consequently focuses on the evaluation of the sub-chronic toxicity effects of Kalanchoe pinnata leaf extract on haematological indices and liver marker enzymes in male albino rats. The findings may contribute to the scientific understanding of the safety of repeated K. pinnata exposure and provide useful information for the appropriate and cautious use of the plant as a medicinal preparation.

material and methods 

Description of Study Area 
This study was conducted at the Animal Facility and Biochemistry Research Laboratories of the Department of Biochemistry, University of Cross River State, Calabar, Nigeria.
Plant Material and Collection
Fresh, fully mature leaves of Kalanchoe pinnata were the primary biological material used in this study. The leaves were harvested from a cultivated botanical garden located in the Calabar South Local Government Area of Cross River State, Nigeria, during the wet season (June 2023). Botanical authentication was performed by a qualified taxonomist at the Forest Herbarium, University of Calabar Botanical Garden, Calabar, and a voucher specimen (Voucher No.: FHI 112358) was deposited for future reference.
Chemicals and Reagents
Ethylenediaminetetraacetic acid (EDTA), Ketamine hydrochloride (75 mg/kg), Xylazine hydrochloride (10 mg/kg), Distilled water and Random test kits for liver function tests (ALT, AST, ALP). All other chemicals and reagents were obtained from certified suppliers and were of analytical grade.
Equipment/Apparatus
The equipment and materials include an Electric mechanical grinder, Rotary evaporator, Freeze-dryer (lyophilizer), Analytical balance (digital), Bench-top centrifuge, UV-Visible Spectrophotometer, Oral gavage needle, Rotary microtome, Refrigerator (4°C), Polypropylene rat cages, Haematology analyser, GraphPad Prism v9.0.
Methodology
Experimental Animals
Twenty-five (25) healthy, young adult male albino rats (Rattus norvegicus) of the Wistar strain, with body weights ranging from 150 to 200g, were procured from the Animal House Facility of the Department of Biochemistry, University of Cross River State. The use of male animals exclusively was adopted to eliminate the hormonal variability inherent to the oestrous cycle in female rats, which could confound biochemical and haematological measurements. The rats were housed in well ventilated cages under standard laboratory conditions (12-hour light/dark cycle, temperature of 25 ± 2°C, and relative humidity of 50-60%). They were fed standard rat chow and giving water ad libitum. The animals were allowed two days to acclimatize before the commencement of the experiment.
List 1 : Experimental Design
	Groups
	                           Treatment Administration

	Group I (Negative Control)
	Received 1 mL/kg body weight of distilled water (vehicle) by oral gavage daily for 28 days

	Group II (Low Dose)
	Received KPE at 100 mg/kg body weight by oral gavage daily for 28 days.


	Group III (Mid-Low Dose)
	Received KPE at 200 mg/kg body weight by oral gavage daily for 28 days.


	Group IV (Mid-High Dose)
	Received KPE at 400 mg/kg body weight by oral gavage daily for 28 days.


	Group V (High Dose)
	Received KPE at 800 mg/kg body weight by oral gavage daily for 28 days.




The dose levels were selected based on findings from a preliminary pilot acute toxicity study and a critical review of previously reported therapeutic and sub-toxic doses in rodent pharmacological literature, with the highest dose (800 mg/kg) specifically chosen to investigate potential hepatotoxic effects (Yadav & Dixit, 2008; Bopanna et al., 2020). The extract was freshly reconstituted in distilled water immediately before each administration. All administrations were performed between 08:00 am and 10:00 am daily via a standard oral gavage needle (16G × 3 in., stainless steel) for 28 consecutive days. Body weights were recorded weekly throughout the experimental period, and administered volumes were adjusted accordingly.
Preparation of Kalanchoe Pinnata Leaf Extract
[bookmark: _Hlk239906295]The collected leaves were washed thoroughly to remove dust and debris, air-dried at room temperature (25 ± 2°C) for 14 days, and pulverized into a fine powder using an electric blender.
Collection of Blood Samples
[bookmark: _Hlk239909878]At the end of the experimental period, the animals were anaesthetized with ketamine/xylazine. Blood samples were collected via cardiac puncture using sterile syringes. Samples were divided into two portions: 2.0 mL was placed in EDTA tubes for haematological analysis, and 3.0 mL was dispensed into plain sample tubes, allowed to clot at room temperature for 30 minutes, and centrifuged at 3,000 rpm for 15 minutes. The resultant clear serum was aspirated, transferred into labelled Eppendorf tubes, and stored at −80°C for subsequent biochemical assays.
Biochemical Assay
Haematological and Liver Marker Assay
Blood was collected for haematological tests and liver marker enzyme assays (ALT, AST, ALP) using the Random test kit method. 
Statistical Analysis 
All results were expressed as mean ± standard deviation (SD). Data were analyzed using one-way analysis of variance (ANOVA) for multiple comparisons. Statistical significance was set at p<0.05.
Results
[bookmark: _Hlk239953429]28-Day Repeated-dose/sub-chronic Observation
[bookmark: _Hlk239953363]An acute oral toxicity assessment of Kalanchoe pinnata leaf extract (KPE) was conducted prior to the 28-day sub-chronic study to evaluate its safety and guide dose selection. Twenty-five albino rats were randomly assigned to five groups (n = 5): Group I served as the control, while Groups II–V received 100, 200, 400, and 800 mg/kg body weight of KPE, respectively. Animals were monitored for mortality and clinical signs of toxicity, including behavioral changes, altered locomotor activity, feeding and drinking patterns, respiratory abnormalities, and other observable signs. No mortality or overt signs of toxicity were observed in any group during the observation period. Since no lethal dose was identified, Lorke’s equation could not be used to calculate a numerical LD₅₀. Thus, the LD₅₀ of KPE was estimated to be >800 mg/kg body weight, indicating low acute toxicity within the tested dose range.
[bookmark: _Hlk239954713]Table 1. 28-Day Repeated-dose/sub-chronic Observation
	Group
	Dose (mg/kg)
	No. of animals
	Number surviving
	Number dead
	Mortality (%)
	Observable signs of toxicity

	I (Control)
	0
	5
	5
	0
	0
	None observed

	II
	100
	5
	5
	0
	0
	None observed

	III
	200
	5
	5
	0
	0
	None observed

	IV
	400
	5
	5
	0
	0
	None observed

	V
	800
	5
	5
	0
	0
	None observed

	Total
	 -
	25
	25
	0
	0
	None observed



The appropriate interpretation is consequently that the LD₅₀ of the Kalanchoe pinnata leaf extract is greater than 800 mg/kg body weight. This does not mean that the exact LD₅₀ is 800 mg/kg or that 800 mg/kg represents the lethal dose. Rather, it indicates that the LD₅₀ lies above the highest dose tested in the present experiment.
Effect of Kalanchoe pinnata Leaf Extract on Haematological Indices
The haematological analysis results are presented in Table 2. Sub-chronic administration of KPE across all dose levels (100-800 mg/kg) did not induce any statistically significant (p > 0.05) alterations in any of the measured erythrocytic or leucocytic parameters compared to the control group. RBC count, Hb concentration, PCV, and total WBC count remained within established normal physiological reference ranges for adult Wistar rats throughout the study period. Differential leucocyte counts similarly showed no significant inter-group variation, indicating the absence of treatment-induced leucocytosis, leucopenia, or differential leucocytic shifts.

Table 2. Effect of Kalanchoe pinnata Leaf Extract on Haematological Indices in Albino Rats
	Parameter
	Group I (Control)
	Group II (100 mg/kg)
	Group III (200 mg/kg)
	Group IV (400 mg/kg)
	Group V (800 mg/kg)

	RBC (×10¹²/L)
	7.85 ± 0.21
	7.92 ± 0.18
	7.68 ± 0.24
	7.59 ± 0.26
	7.41 ± 0.29

	Hb (g/dL)
	14.8 ± 0.3
	15.1 ± 0.4
	14.6 ± 0.3
	14.5 ± 0.5
	14.2 ± 0.4

	PCV (%)
	44.2 ± 0.9
	44.8 ± 1.0
	43.7 ± 1.1
	43.5 ± 1.3
	42.9 ± 1.2

	WBC (×10⁹/L)
	9.2 ± 0.5
	9.5 ± 0.6
	9.8 ± 0.7
	10.1 ± 0.8
	10.5 ± 0.9

	Lymphocytes (%)
	68 ± 3
	70 ± 2
	67 ± 4
	65 ± 3
	64 ± 4

	Neutrophils (%)
	28 ± 2
	26 ± 2
	29 ± 3
	31 ± 2
	32 ± 3


Values expressed as Mean ± SEM (n = 5). No significant differences (p > 0.05) among groups (one-way ANOVA). RBC = Red Blood Cell; Hb = Haemoglobin; PCV = Packed Cell Volume; WBC = White Blood Cell. Reference: Akindele et al. (2015).
Effect of Kalanchoe pinnata Leaf Extract on Serum Liver Marker Enzymes
In marked contrast to the body weight findings, biochemical analysis of serum liver enzymes revealed significant, dose-dependent hepatotoxic effects at higher doses. As shown in the table above, oral administration of KPE at 100 and 200 mg/kg did not produce any statistically significant elevation (p > 0.05) in the activities of ALT, AST, or ALP relative to the control group. However, at 400 mg/kg, a significant increase (p < 0.05) in all three enzyme activities was observed. This effect was substantially amplified at 800 mg/kg, where enzyme activities were significantly elevated (p < 0.01) to approximately two- to three-fold the control values. Notably, ALT and AST markers specifically indicative of hepatocellular membrane integrity exhibited the most pronounced dose-dependent increases, consistent with hepatocellular cytolysis.
Table 3. Effect of Kalanchoe pinnata Leaf Extract on Serum Liver Marker Enzyme Activities in Albino Rats
	Group (Dose)
	ALT (U/L) Mean ± SEM
	AST (U/L) Mean ± SEM
	ALP (U/L) Mean ± SEM

	I (Control)
	32.5 ± 1.8
	48.3 ± 2.2
	118.6 ± 6.5

	II (100 mg/kg)
	35.2 ± 2.1
	52.7 ± 3.0
	124.3 ± 7.8

	III (200 mg/kg)
	38.9 ± 2.4
	58.4 ± 3.5
	133.5 ± 8.2

	IV (400 mg/kg)
	52.7 ± 3.5*
	78.9 ± 4.8*
	167.2 ± 10.4*

	V (800 mg/kg)
	89.4 ± 5.2**
	124.6 ± 7.1**
	245.8 ± 15.7**


SEM = Standard Error of the Mean (n = 5). *p < 0.05; **p < 0.01 vs. control group (one-way ANOVA followed by Dunnett's post-hoc test). ALT = Alanine Aminotransferase; AST = Aspartate Aminotransferase; ALP = Alkaline Phosphatase.
DISCUSSION
The present study demonstrated that 28-day oral administration of aqueous Kalanchoe pinnata leaf extract (KPE) at doses of 100, 200, 400 and 800 mg/kg did not produce statistically significant alterations in the haematological parameters evaluated. The RBC count, haemoglobin concentration, packed cell volume (PCV), total WBC count, lymphocyte percentage and neutrophil percentage remained statistically comparable with those of the control group (p > 0.05). The RBC count ranged from 7.41 to 7.92 × 10¹²/L, haemoglobin from 14.2 to 15.1 g/dL and PCV from 42.9 to 44.8%, while WBC values ranged from 9.2 to 10.5 × 10⁹/L. Similarly, the differential leucocyte counts showed no significant treatment-related alterations.
The lack of significant changes in RBC, Hb, and PCV suggests that repeated KPE administration did not substantially alter measured erythrocyte parameters or cause appreciable anaemia during the 28-day treatment period. RBC count, haemoglobin concentration, and packed cell volume are important components of the complete blood count used to assess erythrocyte mass, oxygen-carrying capacity, and overall red-cell status (Marin et al., 2024; Gibbons et al., 2024). Anaemia may result from reduced erythrocyte or haemoglobin production, increased erythrocyte destruction, or blood loss, while erythropoiesis is regulated by complex processes involving erythropoietin, iron metabolism, and erythroid-cell differentiation (Garcia-Casal et al., 2023). Therefore, the absence of significant reductions in RBC, Hb, and PCV in the KPE-treated groups suggests that the extract did not cause substantial alteration of the measured erythroid indices under the conditions of the present study. However, because definitive assessment of erythrocyte injury or haemolysis may require additional parameters such as reticulocyte count, erythrocyte morphology, bilirubin and other haemolysis-related markers, the present findings should be interpreted as evidence of preserved haematological indices rather than definitive proof that erythropoiesis or haemolysis was completely unaffected (Behling-Kelly, 2022).
The WBC and differential leucocyte findings also showed no significant treatment-related changes. Total WBC increased slightly from 9.2 × 10⁹/L in the control group to 10.5 × 10⁹/L at 800 mg/kg, but this increase was not statistically significant. Likewise, lymphocyte and neutrophil percentages remained comparable among the groups. This suggests that KPE did not induce marked leucocytosis, leucopenia or significant alteration of the cellular components of the immune system during the experimental period.
These findings are important because haematological parameters are sensitive indicators of systemic toxicity and can reflect alterations in bone marrow function, immune response and blood cell integrity. The results are consistent with the toxicological assessment in the study, which reported that KPE did not cause significant haematological toxicity despite the hepatic changes observed at higher doses. Thus, the haematopoietic system appeared to be relatively resistant to the effects of KPE within the 28-day exposure period.
However, the slight downward trend in RBC, Hb and PCV with increasing dose should not be completely disregarded. Although these changes were not statistically significant, RBC decreased from 7.85 × 10¹²/L in the control to 7.41 × 10¹²/L at 800 mg/kg, while Hb decreased from 14.8 to 14.2 g/dL and PCV from 44.2 to 42.9%. These observations may represent minor biological variations rather than treatment-related toxicity. Longer exposure periods and larger sample sizes would be required to determine whether this tendency could become biologically important with chronic administration.
In contrast to the relatively stable haematological profile, the serum liver enzyme results demonstrated a clear dose-related effect of KPE on hepatic integrity. Administration of KPE at 100 and 200 mg/kg did not produce statistically significant changes in ALT, AST or ALP compared with the control group (p > 0.05). However, significant elevations (p < 0.05) occurred at 400 mg/kg, while highly significant elevations (p < 0.01) were observed at 800 mg/kg.
ALT increased from 32.5 ± 1.8 U/L in the control group to 35.2 ± 2.1 U/L at 100 mg/kg, 38.9 ± 2.4 U/L at 200 mg/kg, 52.7 ± 3.5 U/L at 400 mg/kg, and 89.4 ± 5.2 U/L at 800 mg/kg. AST similarly increased from 48.3 ± 2.2 U/L in the control group to 52.7 ± 3.0, 58.4 ± 3.5, 78.9 ± 4.8, and 124.6 ± 7.1 U/L, respectively. ALP increased from 118.6 ± 6.5 U/L in the control to 124.3 ± 7.8, 133.5 ± 8.2, 167.2 ± 10.4, and 245.8 ± 15.7 U/L across the treatment groups.
The elevation of ALT is particularly significant in interpreting the hepatic effects of KPE because ALT is predominantly localized in hepatocytes and is released into the circulation following hepatocellular injury and disruption of cellular integrity. Consequently, increased serum ALT is widely used as a biochemical indicator of hepatocellular injury (Thakur et al., 2024). The marked increase in ALT observed at 400 and 800 mg/kg in the present study is therefore consistent with increased hepatocellular injury or membrane disruption at these higher doses. The progressive increase in ALT activity with increasing KPE dose further suggests a dose-dependent hepatic response, particularly when considered alongside the concurrent elevations in AST and the reported hepatic histological alterations. However, ALT elevation alone does not establish the precise mechanism or severity of hepatic injury and is best interpreted together with other biochemical and histopathological findings (McGill et al., 2023; Thakur et al., 2024).
AST also demonstrated a substantial increase at the higher doses. Although AST is less liver-specific than ALT because it is also present in tissues such as skeletal and cardiac muscle, its concurrent elevation with ALT strengthens the evidence of hepatic injury. The simultaneous increase in ALT and AST at 400 and 800 mg/kg therefore suggests that the observed enzyme elevations were not merely isolated biochemical fluctuations but were indicative of hepatocellular damage. The literature review in the study identifies ALT and AST as important markers of hepatocellular membrane integrity, with increases reflecting enzyme leakage following cellular injury.
The significant increase in ALP provides additional evidence of hepatic involvement. ALP is associated particularly with the biliary canalicular system, and increased serum activity may occur when there is cholestasis or impairment of bile flow. In the present study, ALP increased significantly at 400 and 800 mg/kg, suggesting that the hepatic effects of high-dose KPE may not be limited to hepatocellular injury but could also involve biliary or cholestatic processes.
The pattern observed in this study demonstrates an important dose-dependent toxicity profile. At 100 and 200 mg/kg, the enzyme activities remained statistically comparable with the control, indicating that these doses did not produce measurable biochemical evidence of significant hepatic injury. At 400 mg/kg, however, ALT, AST and ALP were significantly elevated, while the effect became much more pronounced at 800 mg/kg. This dose-response relationship supports the identification of 200 mg/kg as the No-Observed-Adverse-Effect Level (NOAEL) and 400 mg/kg as the Lowest-Observed-Adverse-Effect Level (LOAEL) under the conditions of the present study.
The findings are particularly noteworthy because Kalanchoe pinnata has traditionally been used for various medicinal purposes and has demonstrated potential hepatoprotective activity in experimental models. Recent experimental evidence showed that a K. pinnata-based beverage reduced serum ALT, AST, ALP, and bilirubin levels in Wistar rats subjected to carbon tetrachloride- and gentamicin-induced hepatotoxicity, supporting the potential hepatoprotective properties of the plant (Saeed et al., 2025). Similarly, recent reviews have documented antioxidant and organ-protective activities associated with K. pinnata extracts, while also emphasizing the need to consider their phytochemical composition and safety profile (Kolodziejczyk-Czepas et al., 2023). However, the present findings demonstrate that the biological effects of plant extracts may depend strongly on dose, duration of exposure, extraction method, and experimental context. Thus, an extract with protective effects at a particular dose or under chemically induced injury may produce adverse effects when administered repeatedly at higher doses to otherwise healthy animals. This apparent dose-dependent duality is consistent with the broader toxicological principle that the biological effects of natural products are influenced by exposure level, preparation, and experimental conditions. Recent safety studies of K. pinnata have similarly emphasized that although the plant may exhibit a relatively favourable toxicity profile at certain doses, toxicological evaluation remains necessary when higher or prolonged exposures are considered (Pavani et al., 2023; Saravanan et al., 2021).
The hepatic enzyme findings are also consistent with the broader evidence in the study. Although the haematological parameters remained stable, the higher doses were associated with biochemical and histological evidence of hepatic injury. The study reported moderate hepatic injury at 400 mg/kg and more severe hepatic alterations at 800 mg/kg, supporting the interpretation that the elevations in ALT, AST and ALP reflect genuine hepatic injury rather than isolated biochemical abnormalities.
Overall, the results indicate that the liver was a more sensitive target of repeated KPE exposure than the haematopoietic system during the 28-day treatment period. The absence of significant haematological alterations alongside significant liver enzyme elevations at higher doses suggests that KPE-induced toxicity under these experimental conditions was predominantly hepatic rather than systemic haematological toxicity.

Conclusion

Based on the haematological and serum liver enzyme findings of this study, 28-day oral administration of aqueous Kalanchoe pinnata leaf extract produced no significant adverse effects on the major haematological parameters examined. RBC count, haemoglobin concentration, PCV, total WBC count, lymphocyte percentage and neutrophil percentage remained statistically comparable with the control group across the dose range of 100-800 mg/kg. These findings indicate that repeated administration of the extract did not produce significant anaemia, haemolytic effects, leucopenia, leucocytosis, or marked alteration of the leucocyte profile during the experimental period. In contrast, the serum liver marker enzymes demonstrated a clear dose-dependent response. ALT, AST and ALP were not significantly altered at 100 and 200 mg/kg but were significantly elevated at 400 mg/kg and further increased at 800 mg/kg. The findings indicate that repeated administration of higher doses of KPE adversely affected hepatic integrity. Therefore, within the conditions of this study, the haematopoietic system appeared relatively tolerant to aqueous KPE, whereas the liver was more susceptible to repeated high-dose exposure. The results support 200 mg/kg as the No-Observed-Adverse-Effect Level (NOAEL) and 400 mg/kg as the Lowest-Observed-Adverse-Effect Level (LOAEL). Consequently, although the extract did not demonstrate significant haematological toxicity over 28 days, prolonged administration of high doses should be approached with caution because of the observed elevations in ALT, AST and ALP, which indicate potential hepatotoxicity.
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