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					ABSTRACT  

					ARTICLE INFO  

					Stress is a multifaceted psychological and physiological response triggered by internal, external,  

					or combined factors that can stimulate homeostatic adaptation or disrupt homeostatic processes,  

					thereby exerting significant effects on the body systems. The present study evaluated the impact  

					of Costus afer leaf extracts, a medicinal plant, on chronic stress-induced alterations in  

					hematological and lipid parameters in Wistar rats. 25 male rats (180-200 g) were divided into five  

					groups (n=5): control and stress groups (administered 2mL distilled water), stress plus Costus afer  

					groups (200 and 400 mg/kg, respectively), and stress plus fluoxetine group (10 mg/kg). The  

					animals were subjected to daily induction of chronic stress for 42 days. Administration across the  

					groups commenced from day 22 to day 42 via oral gavage. Animals were sacrificed after  

					administration, and blood was collected for analyses. Results from the stress group showed  

					alterations in hematological indices with significant increases (p<0.05) in RBC counts,  

					hemoglobin concentration, hematocrit, platelet count, and WBC counts compared to the control.  

					However, intervention with Costus afer was able to mitigate these effects. The lipid profile in the  

					stress group showed dyslipidemia marked by elevation in LDL, Total cholesterol, and  

					triglycerides levels and a reduction in the HDL level across the groups; however, Costus afer was  

					able to reverse the stress-induced lipid alterations. Costus afer was non-toxic even at 5000 mg/kg  

					and demonstrated comparable efficacy to fluoxetine. These findings suggest that Costus afer  

					mitigates against stress-induced hematological and lipid profile alterations and may serve as a  

					natural alternative in stressful conditions.  
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					Introduction  

					Stress is a multifaceted psychological and physiological response  

					triggered by internal, external, or combined factors that can stimulate  

					homeostatic adaptation or disrupt homeostatic processes, thereby  

					exerting significant effects on the endocrine and other body systems.  

					While acute stress reactions facilitate adaptation and survival by  

					activating neuronal, cardiovascular, autonomic, immunological, and  

					metabolic systems, chronic stress, on the other hand, aggravates disease  

					by disrupting these systems.1 Diverse health consequences that can  

					result from exposure to chronic stress include an increased risk of  

					neuropsychiatric diseases and immune system dysregulation.2  

					Chronic stress is a non-specific systemic reaction that develops when  

					different internal and external adverse factors trigger the body over  

					time, leading to chronic illnesses, such as obesity and depression, as  

					well as a worsening prognosis, quicker disease development, and lower  

					survival rates in lung pathologies, as well as hematopoietic stem cell  

					activation and weakened immunity, cardiovascular disease, and  

					cancer.1, 3, 4  

					Under stressful conditions, the hypothalamic–pituitary–adrenal axis  

					(HPA) becomes stimulated, resulting in the secretion of the  

					glucocorticoid (cortisol), which mobilizes energy by acting on muscles,  

					the liver, and adipose tissue to provide fuel for the body's stress response  

					by promoting the breaking down of fats accumulated in adipose and  

					other tissues, resulting in elevated lipid levels in the bloodstream.1, 5  

					Research indicates that stress can lead to significant alterations in the  

					hematological parameters of healthy individuals, leading to  

					abnormalities such as anemia, leukocytosis, and altered platelet  

					function, which may increase susceptibility to infections and  

					6, 7, 9, 10  

					cardiovascular complications.1,  

					These parameters which  

					comprise of red blood cell count, white blood cell count, hemoglobin  

					level, platelet count, hematocrit, mean corpuscular volume, mean  

					corpuscular hemoglobin and mean corpuscular hemoglobin  

					concentration play essential roles in the overall homeostasis of the body.  

					Lipid metabolism is one of the factors that can be significantly affected  

					by stress. A study indicated that mental stress elevates total cholesterol  
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					and low-density lipoprotein cholesterol, which predisposes a person to  

					12  

					the development of cardiovascular diseases.11,  

					Dyslipidemia,  

					characterized by altered lipid status, frequently occurs under stressful  

					conditions and is also a significant risk factor for cardiovascular  

					diseases.  

					Citation: Odu PO, Ujah GA, Uket JM, Odu VK, Inwang UA. Costus  

					afer leaves extract ameliorates stress-induced alterations in  

					hematological and lipid parameters in Wistar rats. Trop. J. Nat. Prod.  

					Res., 2025 9(6): 2821 - 2826 https://doi.org/10.26538/tjnpr/v9i6.63  

					Natural products have long been studied due to their therapeutic  

					potential. Costus afer Ker Gawl (Costus afer), belonging to the  

					Zingiberaceae family, is a medicinal plant prevalent in West Africa. It  

					is esteemed for its therapeutic influence against diabetes, inflammation,  

					and arthritis and its antioxidant and hepatoprotective properties,  

					particularly in South-East and South-West Nigeria.15, 16 It is a robust,  

					perennial, and rhizomatous herb located in the forest belt of Senegal,  

					South Africa, Guinea, Niger, Sierra Leone, and Nigeria.15, 16 The plant  
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					is called bush sugar cane or monkey sugar cane.15 In Nigeria, it is  

					referred to as okpet, okpoto, or ohia in Igbo, kakizuwa in Hausa, ireke-  

					omode in Yoruba, and mbritem in Efik.17  

					Experimental design  

					The twenty-five experimental rats were randomly assigned to five  

					groups (n = 5). Oral administrations were conducted once daily from  

					day 22 to day 42. The groups were assigned as follows:  

					Group 1 (Control): Non-stressed, administered 2 mL distilled water.  

					Group 2 (Stress): Exposed to chronic stress, administered 2 mL distilled  

					water.  

					Group 3 (CA1): Exposed to chronic stress, treated with Costus afer at  

					200 mg/kg.  

					Group 4 (CA2): Exposed to chronic stress, treated with Costus afer at  

					400 mg/kg.  

					Several bioactive compounds identified in the phytochemical analysis  

					of Costus afer leaves include flavonoids, alkaloids, and saponins, which  

					may contribute to its therapeutic effects. While research has shown that  

					extracts of Costus afer leave exert potent effects in regulating some  

					hematological indices and lipid profiles,18 studies elucidating its effects  

					on mitigating the negative impacts of chronic stress on these parameters  

					are lacking, thus prompting the current study. This study evaluated the  

					impact of methanolic extracts of Costus afer leaves on hematological  

					and lipid parameters in chronically stressed Wistar rats.  

					Group 5 (FX): Exposed to chronic stress, treated with fluoxetine at 10  

					mg/kg.  

					Materials and Methods  

					Stress induction  

					Chemical  

					After a one-week acclimatization period, all rats, except those in the  

					control group, were subjected to a chronic unpredictable stress (CUS)  

					protocol for 42 days. The CUS paradigm involved the random  

					application of various stressors, including tail poking for 45 minutes,  

					partial submersion in cold water (4°C) at a level that prevented sleep  

					and forced the rats to remain standing with their fur exposed, heat  

					exposure for 10 minutes, overcrowding for 4 hours, repeated cage tilting  

					for 3 hours, restricted access to food and water deprivation for 8 hours,  

					exposure to wet bedding (soaked sawdust) for 2 hours, and sleep  

					deprivation through periodic shaking and disturbance of the cages for 5  

					hours during the daytime. Each day, one stressor was administered, with  

					stressors applied randomly and at varying times to prevent the animals  

					from predicting the nature and timing of the stress exposure. Following  

					each stress session, the rats were returned to their cages and maintained  

					Fluoxetine was procured from V.S. International Pvt Ltd., Dabhel  

					(India), and was administered at a dose equivalent to the therapeutic  

					dose for humans.19  

					Plant preparation and extraction  

					Fresh Costus afer leaves were collected in March 2024 from a farmland  

					in Atimbo, Calabar Municipality, Local Government Area, Cross River  

					State, Nigeria. The plant was authenticated at the Plant and Ecological  

					Studies Department, University of Calabar, Calabar, Nigeria, by Dr.  

					Effa Effa Anobeja. A specimen number (Bot/Herb/UCC/0576) was  

					assigned. The freshly harvested Costus afer leaves were rinsed  

					thoroughly with clean water to eliminate debris, then left to air-dry at  

					ambient room temperature. Once dried, the leaves were ground into a  

					coarse powder using an electric blender. Approximately 639 g of the  

					powdered material was subjected to extraction with 80% methanol in a  

					Soxhlet extractor. The obtained extract was then concentrated by gently  

					heating it on a hot plate set at 40°C to remove the methanol. 70 g of the  

					extract obtained was stored in well-closed containers and kept further  

					refrigerated at 4ºC. A phytochemical analysis was carried out to  

					examine the chemical constituents of Costus afer using the established  

					methods.20  

					under standard housing conditions until the subsequent intervention.22,  

					23  

					Blood collection and assay  

					After 42 days of stress induction and Costus afer administration, the  

					animals were sacrificed under ketamine (80 mg/kg) anesthetia, and  

					blood samples were then collected via cardiac puncture into both  

					heparinized and plain tubes. The heparinized samples were used for  

					hematological analysis with an automated cell counter (Swelab Alfa 3-  

					part Hematology Analyzer, Boule Medicals, Spånga, Sweden).  

					Hematological parameters examined were red blood cell (RBC) count,  

					hemoglobin (Hgb), hematocrit (Hct), platelet (PLT) count, white blood  

					cell (WBC) count, mean corpuscular volume (MCV), mean corpuscular  

					hemoglobin (MCH) and mean corpuscular hemoglobin concentration  

					(MCHC). Blood samples collected in plain tubes were centrifuged at  

					3000 rpm for 10 minutes to separate the serum, which was subsequently  

					used for lipid profile analysis, including measurements of total  

					cholesterol (Tchol), triglycerides (TG), high-density lipoprotein (HDL),  

					and low-density lipoprotein (LDL) using spectrophotometric methods  

					with TECO diagnostic kits (California, USA).  

					Acute toxicity study  

					An acute toxicity study was done on Costus afer leaf extract to  

					determine its lethal dose (LD50), according to Lorke's method.21 Fifteen  

					healthy male Wistar rats, weighing between 180 and 220 g, randomly  

					distributed into five experimental groups (n=3) were used for the LD50  

					test. The use of three rats per group aligns with Lorke's recommendation  

					to minimize animal usage while ensuring sufficient sensitivity for  

					detecting acute toxicity. Group 1 received distilled water (vehicle),  

					while groups 2 to 5 received single oral doses of Costus afer (625, 1250,  

					2500, and 5000 mg/kg, respectively). The animals were observed  

					continuously for twenty-four hours post-administration to detect any  

					signs of toxicity, behavioral changes, or mortality. There was zero  

					mortality, and no signs of toxicity were recorded at any of the tested  

					doses. Consequently, the LD₅₀ of the Costus afer leaf extract was  

					estimated to exceed 5000 mg/kg in Wistar rats. Based on these findings,  

					200 mg/kg and 400 mg/kg doses were chosen for the present study.  

					Statistical analysis  

					Data were expressed as mean values ± standard error of the mean  

					(SEM). Statistical analyses were conducted using GraphPad Prism  

					software (version 8.0). Differences among groups were evaluated by  

					one-way analysis of variance (ANOVA), followed by Tukey's post hoc  

					test for multiple comparisons. A p<0.05 was considered as significant.  

					Experimental Animals  

					In this study, twenty-five (25) male Wistar rats (180–220 g) were used  

					for the chronic stress experiment. The animals were obtained from the  

					Department of Genetics and Biotechnology animal facility at the  

					University of Calabar and housed in the Faculty of Basic Medical  

					Sciences animal unit, where they were kept in clean metallic gauze  

					cages with sawdust bedding under controlled conditions (25 ± 5°C, 45–  

					50% humidity) and a 12-hour light/dark cycle. The rats underwent an  

					acclimatization period of one week with free access to standard chow  

					and water. Ethical approval (No. 404PHY1125) was obtained from the  

					Animal Research Ethics Committee, Faculty of Basic Medical  

					Sciences, University of Calabar. All procedures used for experimental  

					animals strictly adhered to the guidelines stipulated by the Ethics  

					Committee and were in compliance with the UK animal care guidelines.  

					Results and Discussion  

					This study evaluated the impact of methanolic leaf extract of Costus  

					afer on hematological indices and lipid profile in Wistar rats exposed to  

					chronic unpredictable stress. Stress induces physiological and  

					psychological changes that can significantly impact hematological  

					parameters and lipid metabolism. Natural products and plants,  

					especially those with polyphenolic-rich constituents, have become an  

					increasingly important focus of research in recent decades due to their  

					therapeutic potential, which is helpful in the treatment of various  

					diseases and in improving human life.24, 25 The leaves of Costus afer, a  

					medicinal plant with purported anti-inflammatory and antioxidant  

					properties, were explored for their potential therapeutic effects in  

					reversing stress-induced changes. Chronic stress exposure can lead to  
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					widespread health implications, including  

					a

					heightened risk of  

					individual cell morphology.35  

					developing neuropsychiatric disorders and disruption of immune  

					Platelets, or thrombocytes, play a crucial role in vascular injury. They  

					system function.2  

					are crucial for blood clotting and prevent blood loss following vessel  

					37, 38  

					The study revealed that RBC counts (Table 1) significantly increased  

					(p<0.01) in the stressed group compared to the control, which likely  

					indicates stress-induced erythropoietic stimulation. Previous research  

					demonstrated hematopoietic changes in rodents exposed to physical and  

					psychosocial stressors. During physiological states, erythrocyte  

					production occurs at a rate that effectively offsets the normal turnover  

					of red blood cells. However, under a chronically stressed state, the  

					hypothalamic-pituitary-adrenal (HPA) axis is stimulated, resulting in  

					the elevation of glucocorticoid level. Elevated glucocorticoid levels  

					trigger a rapid expansion of erythroid progenitors, leading to the  

					production of numerous young erythrocytes,26, 27, 28, 29, 30 which may be  

					responsible for the elevated RBC counts reported in this study.  

					However, following intervention with either Costus afer or fluoxetine,  

					RBC counts decreased in the CA1 (p<0.01), CA2 (p<0.05), and FX  

					(p<0.01) groups, respectively, compared with the stress group (Table  

					1). This decrease thus indicates the plant's anti-stress ability on  

					erythropoietic processes.  

					damage and tissue trauma.36,  

					The current study revealed a  

					significant increase (p<0.05) in PLT count (Table 1) in the stressed  

					group compared to the control group, which is consistent with a  

					previous study,38 but was, however, reversed following decreases in the  

					CA1 (p<0.01), and CA2 (p<0.01) intervention groups compared to the  

					stress group (Table 1). The immune system is notably affected by stress,  

					which increases susceptibility to illnesses and negatively affects overall  

					health.39, 40, 41 The WBC count serves as an indicator of overall immune  

					activity. In the current study, WBC significantly increased (p<0.05) in  

					the stress group compared to the control (Table 1), a likely indication  

					of stress-induced inflammation or immune activation. Chronic stress  

					elevates glucocorticoid levels, which can initially suppress immune  

					function but may lead to compensatory immune activation by  

					mobilizing immune cells, including white blood cells, to counter  

					42, 43  

					potential threats.39,  

					This immune activation may result in an  

					elevated WBC count, reflecting an inflammatory response to sustained  

					stress. Following interventions, WBC counts decreased significantly in  

					the CA1 (p<0.01) and FX (p<0.05) treatment groups compared to the  

					stress group (Table 1), indicating an immunomodulatory effect of the  

					treatments in mitigating stress-induced leukocytosis. Costus afer exerts  

					a potent anti-inflammatory effect, which may be due to its antioxidant  

					constituents, which have been shown in other studies to reduce  

					oxidative stress and inflammatory markers.44, 45 Investigating the lipid  

					profile under a chronically stressed state is essential in preventing  

					cardiovascular-related problems or diseases. Chronic stress has been  

					previously associated with significant alteration in lipid profile,  

					including serum LDL, TChol, TG, and HDL.8, 9 In this study, exposure  

					to various stressors resulted in significant increases (p<0.01) in LDL  

					and TChol (Figure 1A and 1B, respectively), which are known markers  

					of stress-induced dyslipidemia. Dyslipidemia disrupts lipid metabolism  

					and increases susceptibility to oxidative damage. Chronic stress has  

					been shown to activate lipolysis and increase circulating free fatty acids,  

					which can be converted to LDL in the liver, exacerbating lipid  

					imbalances.8, 9 Increased LDL and TChol levels are known to elevate  

					the risk of atherosclerosis and other lipid peroxidation diseases.  

					Treatments with either Costus afer or fluoxetine, however, ameliorated  

					LDL and TChol levels to normal levels, as seen in the control group  

					(Figure 1B and 1C, respectively). These findings suggest that the Costus  

					afer exerts substantial lipid-lowering effects.  

					Table 1: Effects of Costus afer on hematological parameters of  

					chronically stressed Wistar rats  

					Parameters  

					Groups  

					CA2  

					Control  

					Stress  

					7.7  

					CA1  

					6.6  

					FX  

					RBC count 6.9  

					±

					±

					±

					±

					±

					±

					±

					±

					7.0  

					±

					6.5  

					±

					(x 1012/L)  

					Hgb  

					0.22  

					0.18**  

					0.162b  

					12.64  

					0.31b  

					33.78  

					1.11b  

					51.26  

					0.54  

					0.08a  

					12.80  

					0.07a  

					34.88  

					0.45a  

					52.06  

					1.01  

					0.14b  

					12.62  

					0.22b  

					34.26  

					0.39b  

					51.92  

					0.53  

					19.08  

					0.43  

					36.80  

					0.49  

					865.7  

					2.47  

					4.7  

					13.0 ± 14 14.18  

					±

					±

					±

					±

					±

					±

					±

					±

					±

					±

					±

					±

					±

					±

					±

					±

					±

					±

					(g/dL)  

					HCT (%)  

					0.27*  

					34.72  

					0.31  

					51.90  

					1.26  

					19.02  

					0.27  

					37.48  

					0.51  

					±

					±

					±

					±

					±

					37.56  

					0.43*  

					49.48  

					0.81  

					18.02  

					0.07  

					MCV (fL)  

					MCH (pg)  

					18.52  

					0.43  

					36.14  

					0.47  

					18.32  

					0.17  

					35.86  

					0.32  

					779.0  

					63.36b  

					5.6  

					MCHC  

					(g/dL)  

					37.10  

					0.12  

					PLT count 852.0  

					1028.0±  

					23.08*  

					7.0  

					808.2  

					55.54b  

					4.2  

					(x 109/L)  

					WBC  

					26.72  

					4.5  

					±

					±

					±

					±

					±

					count (x 0.19  

					0.21*  

					0.38b  

					0.78  

					0.65  

					109/L)  

					Triglyceride levels significantly increased (p<0.01) in the stressed  

					group compared with the control (Figure 1C). Stress causes the release  

					of catecholamines, which activates lipolysis in adipose tissue. This  

					process involves the breakdown of stored triglycerides that produce  

					fatty acids (FA). The FA is released into the bloodstream and flows to  

					the liver, where it is used to synthesize and secrete triglycerides.46, 47  

					Hypoactivity of lipoprotein lipase in the blood vessels causes impaired  

					triglyceride metabolism and elevated serum triglyceride levels.48  

					Following treatment with Costus afer, the elevated triglyceride levels  

					were significantly reversed, with decreases in the CA1 (p<0.05), CA2  

					(p<0.01), and FX (p<0.05) groups, respectively, compared with the  

					stress group. Costus afer thus exerts a likely lipid-modulatory property,  

					which may be linked to its polyphenolic content.49 HDL is crucial in  

					reversing cholesterol transport from peripheral tissues to the liver. So,  

					while LDL carries cholesterol to peripheral tissues, with an increase in  

					LDL leading to the accumulation of cholesterol in the blood, HDL mops  

					up excess cholesterol from the blood and returns it to the liver. It further  

					prevents LDL cholesterol oxidation by reactive oxygen species (ROS)  

					and provides protection against the detrimental effects of oxidized LDL  

					(ox-LDL) on the endothelial cells.50, 51, 52 In this study, exposure to stress  

					resulted in a significant decrease (p<0.01) in the HDL level in the stress  

					group compared to the control (Figure 1D). There was, however, a  

					reversal in the HDL level with significant increases in the CA1  

					(p<0.01), CA2 (p<0.05), and FX (p<0.05) in the intervention groups  

					compared with the stress group. Costus afer leave extracts thus  

					ameliorated the adverse effects of chronic stress exposure. The  

					improvement in HDL levels following Costus afer treatment points to  

					its potential as a natural agent to combat stress-induced dyslipidemia.  

					Data are expressed as mean ± SEM. CA1 = Costus afer 200  

					mg/kg, CA2 = Costus afer 400 mg/kg, FLX = Fluoxetine 10  

					mg/kg. *p < 0.05 and **p < 0.01 versus control; ap < 0.05, and bp  

					< 0.01 versus stress group. (n=5)  

					Hemoglobin, an iron-containing respiratory pigment found in the red  

					blood cells of most vertebrates, plays a crucial role in the transport and  

					release of oxygen from the lungs to tissues.31 The hematocrit value  

					denotes the fraction of blood volume occupied by red blood cells and  

					provides insight into the number of circulating erythrocytes.32 Normal  

					hemoglobin levels often correlate with RBC counts and hematocrit  

					values, ensuring efficient oxygen delivery.31, 33 Consistent with the RBC  

					findings, Hgb and Hct levels (as seen in Table 1) were significantly  

					elevated (p<0.05) in the stressed group compared to the control,  

					reflecting increased erythropoietic activity. Treatment with either  

					Costus afer or fluoxetine, however, resulted in a significant reduction  

					in both Hgb and Hct levels evidenced by decreases in the CA1 (p<0.01),  

					CA2 (p<0.05), and FX (p<0.01) intervention groups compared with the  

					stress group (Table 1). The ability of Costus afer to reverse the Hgb and  

					Hct levels reinforces its potential to ameliorate stress-induced  

					erythropoietic dysregulation. It also indicates that Costus afer may offer  

					therapeutic value in stress-related hematological disorders.  

					MCV, MCH, and MCHC are parameters used to measure average RBC  

					size, hemoglobin content, and hemoglobin concentration per RBC,  

					respectively.33, 31, 34 There were no significant changes in MCV, MCH,  

					or MCHC indices across the groups. Stability in these parameters  

					suggests that stress promotes RBC production without altering  
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					Figure 1: Lipid profile in chronically stress-induced Wistar rats. A = LDL level, B = TChol level, C = TG level, and D = HDL level.  

					Data are expressed as mean ± SEM. CA1 = Costus afer 200 mg/kg, CA2 = Costus afer 400 mg/kg, FLX = Fluoxetine 10 mg/kg.  

					**p < 0.01 and **p < 0.01 versus control; ap < 0.05, and bp < 0.01 versus stress group.  

					Authors’ Declaration  

					Conclusion  

					The authors hereby declare that the work presented in this article is  

					original and that any liability for claims relating to the content of this  

					article will be borne by them.  

					The findings of this study show that chronic unpredictable stress  

					significantly alters hematological parameters and lipid profiles in  

					Wistar rats, evidenced by increased red blood cells, hemoglobin,  

					hematocrit, platelets, white blood cells, low-density lipoprotein, total  

					cholesterol, and Triglycerides, along with decreased high-density  

					lipoprotein levels. Treatment with Costus afer was, however, able to  

					reverse these conditions, with effects comparable to the standard drug,  

					fluoxetine. This suggests that Costus afer possesses significant potential  

					as a natural alternative to mitigate stress-related hematological and lipid  

					disorders. Further research is, however, needed to clarify its  

					mechanisms of action and assess the potential for translating these  

					effects into human stress management.  
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