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EVALUATION OF ADAPTOGENIC ACTIVITY OF ASHWAGANDHA ROOT EXTRACT ON POST-ANTIVENOM PRODUCTION AND BLEEDING STRESS IN HORSES


ABSTRACT	
	This study evaluated the adaptogenic effects of Ashwagandha root extract (ARE) on post-antivenom production and bleeding stress in horses. Twenty-four horses were randomly assigned to four groups (n=6 per group). Groups 1 and 2 received a normal diet, whereas groups 3 and 4 were supplemented with ARE at 15 mg/kg body weight for 28 days. ARE was administered orally in the form of a slurry. Horses in groups 2 and 4 were immunized on days 7, 14, and 21, followed by bleeding stress on day 28. Haematological, biochemical, hormonal, and antioxidant parameters were assessed at different intervals.
Body weight showed non-significant increase in the ARE-treated groups. Haematological analysis indicated a non-significant decline in TEC, Hb, and PCV in group 2, whereas group 4 exhibited slight increases. Group 3 showed significant (P<0.05) improvements post-stress. TLC increased significantly (P<0.05) in groups 2 and 4 on day 28. Cortisol levels significantly decreased (P<0.05) in group 3 and non-significantly in group 4, whereas group 2 exhibited significantly higher levels. Erythropoietin levels significantly increased (P<0.05) in the ARE-treated groups but decreased in group 2. The inflammatory markers IL-6 and TNF-α were significantly (P<0.05) elevated in group 2. Antioxidant profiles improved significantly (P<0.05) in group 3.These findings suggest that ARE supplementation mitigates stress-induced physiological changes and enhances antioxidant and anti-inflammatory responses in horses subjected to immunization and bleeding stress. 
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1. INTRODUCTION
Ashwagandha (Withania somnifera), often referred to as "Indian ginseng" or "winter cherry", is one of the most esteemed plants in traditional Ayurvedic medicine, celebrated for its adaptogenic properties. Adaptogens are unique substances that help the body resist physical, chemical, and biological stressors, restoring balance and enhancing overall vitality. Traditionally, ashwagandha has been used to improve endurance, increase energy, and promote mental clarity, particularly under stress. Its pharmacological effects are attributed to a unique set of bioactive compounds, such as withanolides, alkaloids, and saponins, which are primarily concentrated in the roots of the plant (Wal et al., 2019). 
Ashwagandha root extract (ARE) has been implicated in the treatment of neurological conditions and sexual disorders. Withaferin-A has been identified as a therapeutically active withanolide present in the leaves. The anti-inflammatory properties of ARE are based on naturally occurring steroids, of which withaferin-A is thought to be the most significant component and is as effective as an anti-inflammatory medication (Paul et al., 2021). 
The role of Ashwagandha in neuroprotection is attributed to its ability to alter stress related neurotransmitters and downregulate oxidative stress. It is also known to suppress the release of glucocorticoids under stress which is implicated in the treatment of neurodegenerative and oxidative conditions (Bhatnagar et al., 2009). The growing interest in ashwagandha as an adaptogen has extended beyond human medicine to potential applications in veterinary care, where animals also encounter significant stressors (Priyanka et al., 2020). Horses are highly social herd animals, implying that they feel quite at ease when they are in visual contact with other horses. Horses are highly sensitive to high-pitched noises and minimal handling procedures, and they release stress-related hormones in response. Horses play a critical role in the production of antivenoms, a process that requires them to undergo repeated exposure to venom and blood extraction, thereby experiencing substantial physiological stress, leading to immunological reactions and coagulopathies. 
This study aimed to explore the adaptogenic effects of ARE on horses subjected to the stresses owing to antivenom production, particularly focusing on how ashwagandha supplementation may influence key physiological, biochemical, and immunological markers associated with stress responses. 
2. MATERIAL AND METHODS
	Animals in the current study were divided into four groups, each with six horses. The animals in Groups I and III served as control and ARE per se, respectively, while the animals in Groups 2 and 4 were subjected to immunization on days 7, 14, and 21 with snake poly venom, and on day 28, animals were bleed for plasma harvest. Groups 1 and 2 received a normal diet, while groups 3 and 4 received Ashwagandha root extract (ARE) 15mg/Kg Bwt along a with normal diet for 28 days.
Table 1 : Grouping of animals based on treatment
	Groups
	Treatment
	No. of Animals

	Group 1
	Normal Diet
	6

	Group 2
	Normal Diet + Immunization (day 7, 14 & 21) and Bleeding (day 28)
	6

	Group 3
	ARE @15 mg/Kg
	6

	Group 4
	ARE @ 15 mg/Kg + Immunization (day 7, 14 & 21) and Bleeding (day 28)
	6


2.1 Experimental Design:
	All animals were recorded for initial body weights and haematology profiles on day 0 prior to the start of the experimental study. All animals in the study were given rest for at least one cycle prior to the experimental study. Animals in groups 2 and 4 were immunized on the 7th, 14th and 21st days and the 28th day, animals were bled for plasma harvest. The experimental protocol was accepted by the Institutional Animal Ethics Committee (IAEC) at Virchow Biotech Private Limited, Thukkuguda, Hyderabad as well as CPCSEA, New Delhi.
2.2 Immunization protocol:  
Horses in the study were randomly divided into four groups and housed in separate stables. Animals in groups 1 and 2 received a normal diet throughout the experimental study. Groups 3 and 4 received ARE @ 15 mg/kg body weight throughout the experimental period. The animals in groups 2 and 4 were immunized on days 7, 14, 21 and 28th and they were bled for plasma harvest. Bleeding was followed by separation of plasma which included centrifugation and specific filtering of red cells and reinfusion of red cells back into the donor animals.
The parameters analysed included body weights (on days 0 and 28), TEC, TLC, Hb, PCV, cortisol, erythropoietin, TNF-α, IL-6, SOD, GSH, TBARS, catalase, and serum electrolytes (Na+, K+, Cl-, and Ca+2) on days 0, 14, and 28. The parameters analysed on the 0th day were considered as pre-stress to determine the health status of horses, whereas the 14th (immunization) and 28th (bleeding) examination were considered as post-stress.
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Fig.1. Schematic diagram of the Immunization and Bleeding Protocol.
2.3 Haematology: 
The blood samples were analysed for determination of Haemoglobin (Hb), Packed cell volume (PCV), Total erythrocyte count (TEC), Total leukocyte count (TLC), Lymphocyte (%). These parameters were analysed by Hematology analyzer (DH36 VET, Dymind Biotech).
2.4 Antioxidant profile: 
The plasma was used for the determination of enzymatic oxidants such as Catalase (CAT), superoxide dismutase (SOD), Glutathione (GSH) and TBARS in accordance to procedure by De Leon and Borges, 2020. 
2.5 Serum biochemical parameters:
estimation of serum biochemical parameters, Cortisol, erythropoietin, TNF-α and IL-6 were done by using ELISA kits manufactured by Shanghai Coon Koon Pvt Ltd in accordance with their procedure.
2.6  Statistical Analysis:
 	The results of the various experiments are presented as mean ± SE values. Statistical analysis was performed by using two-way ANOVA with Graph Pad Prism version-8. Differences between means were tested using Duncan’s multiple comparison test, and the significance level was set at p<0.05.
3. RESULTS
In the present study, serum biochemistry, antioxidant profile, haematology, and serum electrolytes were analysed on the 0th, 14th, and 28th days.
3.1 Body Weights:
The mean body weights during post-stress on the 28th day in the sham group (SH) (383.8 ± 6.22), and positive control group (PC) (380.7 ± 2.70) showed no difference when compared to pre-stress period on the 0th day (380.2 ± 4.26), (378.2 ± 3.59) respectively. In the ARE-treated groups, that is ARE per se (AS) (400 ± 3.20) and ARE + Bleeding (AB) (400.3 ± 6.37), the values increased but were not significant when compared to the initial pre-stress body weights on the day 0 (380.2 ± 4.26 and 391.7 ± 6.42, respectively) (Fig 2).
Fig 2. The body weights (kg) in different groups of horses.


3.2 Total Erythrocyte Count (106/µL):
[bookmark: gjdgxs]The mean TEC concentration during post-stress on immunization and bleeding period (14th and 28th day, respectively) in group 1 (7.460 ± 0.06 and 7.990 ± 0.09, respectively) was higher compared to resting period (0th day) (7.177 ± 0.07). However, the increase on the 28th day was significant (p<0.05) in contrast to the resting period in group 1. In the ARE treated, group 3 (7.788 ± 0.11 and 8.307 ± 0.10, respectively) on 14th and 28th day were significantly higher (p<0.05) than those on the 0th day (7.102 ± 0.07). The values in group 2 were reduced non-significantly (7.005 ± 0.13 and 7.082 ± 0.11, respectively) on the 14th and 28th days compared to the 0th day (7.488 ± 0.17). TEC values in the ARE-treated group 4, were reduced non-significantly (7.317 ± 0.13) on the14th day and a non-significant increase (7.570 ± 0.11) on the 28th day compared to the 0th day (7.567 ± 0.18). TEC values in group 3 revealed a significant increase (p<0.05) compared to the other groups during different time intervals. Similarly, the values in group 4 showed a significant increase (p<0.05) on the 28th day compared to those in group 2 (Fig 3).
Fig 3. Total erythrocyte count (106/µL) in different groups of horses



3.3 Total Leucocyte Count ((103/ µl):
The values in group 2 and ARE treated, group 4 (13.31 ± 0.83 and 13.82 ±0.57, respectively) showed a significant increase (p<0.05) on day 28 and a non-significant increase (11.60 ± 0.62 and 11.62 ± 0.75, respectively) on day 14 when compared to the 0th day (10.43 ± 0.71 and 10.20 ± 0.81, respectively). Groups 2 and 4 showed non-significantly higher TLC values than groups 1 and 3 at different time intervals (Fig 4).
Fig 4. Total Leucocyte count (103/ µl) in different groups of horses.



3.4 Haemoglobin (g/dL):
The groups that were subjected to immunization i.e., groups 2 and 4, showed a non-significant decrease (10.15 ± 0.66 and 11.29 ± 0.58, respectively) in Hb levels during immunization and a non-significant increase (11.73 ± 0.55 and 13.31 ± 0.80, respectively) in Hb levels during the bleeding period compared to initial the period (12.20 ± 0.43 and 11.51 ± 0.87, respectively). However, the decrease in Hb values on day 14th was comparatively lower in group 4 than in group 2, and the increase during 28th day was comparatively higher (Fig 5).

Fig 5. Concentration of Haemoglobin (g/dL) in different groups of horses.




3.5 Packed Cell Volume (%):
In group 4, the values (29.75 ± 0.98 and 30.93 ± 1.08) on days 14 and 28 showed a non-significant change in contrast to day 0 (32.47 ± 1.72). However, group 3 demonstrated a significant (p<0.05) change when compared to groups 1 and 2 at the respective time points. The mean PCV values in group 4 were higher values but not-significant (Fig 6).
Fig 6. Concentration of Packed cell volume (%) in different groups of horses.




3.6 Cortisol (ng/mL):
The mean cortisol concentration on the 14th and 28th day in group 1 (77.64 ±2.78 and 75.82 ± 1.71, respectively) were non-significantly lower than day 0 values (78.23 ± 2.67). However, the values in group 3 were significantly (p<0.05) reduced (69.37 ± 0.89) on the 28th day and were non-significantly lowered on the 14th day when compared to day 0 (78.70 ± 3.41). Cortisol values in group 2 revealed a significant (p<0.05) increase (93.25 ± 3.72) on the 14th day and a non-significant increase (83.30 ± 0.24) on the 28th day when compared to day 0 (76.55 ± 1.80). Group 4 on days 14 and 28 showed a non-significant decrease (74.64 ± 2.41 and 69.37 ± 0.89, respectively) compared to day 0 (79.88 ± 5.64). However, the decrease in values in groups 3 and 4 was much greater than that in groups 1 and 2. During immunization (14th day), the values in group 2 were significantly (p<0.05) higher and non-significantly higher (on the 28th day) than those in groups 3 and 4 at the respective time intervals (Fig 7).
Fig 7. Concentration of Cortisol (ng/mL) in different groups of horses.



3.7 Erythropoietin (IU/L):
In group 2, the values showed a significant (p<0.05) decrease on the 28th day (1.848 ± 0.17) and a non-significantly lower value (2.841± 0.10) on the 14th day compared to the resting period (2.958 ± 0.10). In groups 3 and 4, the values were significantly (p<0.05) higher on the 28th day and not significantly different on the 14th day when compared to groups 2 and 1. The erythropoietin levels were much higher in group 3 than in group 4 at different time points (Fig 8).
Fig 8. Concentration of Erythropoietin (IU/L) in different groups of horses



3.8 Reduced Glutathione (µmol/L )
Group 4 displayed a non-significant increase on both the 14th and 28th days (3.207 ± 0.05 and 3.307 ± 0.05, respectively) compared to that on day 0 (3.011 ± 0.03). The values in group 2 exhibited a significant decrease (p<0.05) on the 14th day (2.439 ± 0.07) and a non-significant decrease on the 28th day (2.796 ± 0.07) compared to day 0 (3.103 ± 0.02). Notably, in the ARE-treated groups, group 3 demonstrated more pronounced differences than group 4 at the corresponding time intervals (Fig 9).
[bookmark: OLE_LINK1]Fig 9. Concentration of Reduced glutathione (µmol/L ) in different groups of horses.


	
3.9 Thiobarbituric Acid Reacting Substance (TBARS):
The mean concentration of TBARS (nmol MDA/mL) during the post-stress period following immunization and bleeding (14th and 28th day, respectively) showed a non-significant difference compared to the resting period in groups 1 and 2. However, the values in groups 3 (1.933 ± 0.09 and 1.456± 0.25, respectively) and 4 (1.918 ± 0.10 and 1.502 ± 0.14, respectively) on the 14th and 28th day showed a non-significant decrease compared to day 0 (2.157 ± 0.07 and 2.400 ± 0.03, respectively). In contrast, groups 3 and 4 differed significantly (p<0.05) on days 14 and 28 when compared to groups 1 and 2 (Fig 10).
Fig 10. Concentration of TBARS (nmol MDA/mL) in different groups of horses.



3.10 Superoxide dismutase (U/mL):
The mean SOD values in groups 3 and 4 were significantly (p<0.05) higher during the bleeding period than those in groups 1 and 2. During the immunization period, the values in groups 3 and 4 were lower, although non-significantly, than those in groups 1 and 2 (Fig 11).
Fig 11. Concentration of Superoxide dismutase (U/mL) in different groups of horses.


3.11 Tumor Necrosis Factor- Alpha (pg/mL):
In group 4, the values decreased non-significantly on immunization and bleeding day (3.738 ± 0.04 and 3.658 ± 0.32, respectively) compared to the resting period (4.186 ± 0.10). In group 2, there was a non-significant increase in immunization and bleeding day (4.492 ± 0.23 and 4.486 ± 0.07, respectively) in contrast to the resting period (4.082 ± 0.27). The TNF-α concentration in groups 3 and 4 was lower than that in groups 1 and 2, but the values were significantly (p<0.05) lower in group 3 (Fig 12).
Fig 12. Concentration of TNF- α (pg/mL) in different groups of horses.


3.12 Interleukin-6 (pg/mL):
The values in group 2 during immunization were non-significantly higher (3.244 ± 0.57) than those during the bleeding and resting periods (2.821 ± 0.06 and 2.454 ± 0.08, respectively). In group 3, the values during the bleeding period (1.435 ± 0.04) were significantly (p<0.05) lower and a non-significantly lower value during the immunization period (2.324 ± 0.08) compared to the resting period (2.617 ± 0.11). Similarly, in group 4, the values showed a non-significant decrease on immunization and bleeding day (2.341 ± 0.07 and 2.118 ± 0.22, respectively) when compared to the resting period (2.581 ± 0.23) (Fig 13). 
Fig 13. The concentration of IL-6 (pg/mL) in different groups of horses



4. DISCUSSION
The present investigation revealed a non-significant decrease in TEC, Hb, and PCV during the post-stress period compared to the pre-stress period in group 2. These results are similar to those of Miranda et al. (2022), who reported a decrease in TEC, Hb and PCV during immunization and bleeding. This reduction may be attributed to impaired regenerative bone marrow activity resulting from repeated immunization cycles with snake venom, bleeding procedures, and local venom effects, causing abscesses, fistulas, and fibrosis, potentially leading to secondary bacterial infections (Angulo et al., 1997). Snake venom components, including myotoxins, polypeptide cytotoxins, and thrombotic factors, can damage blood vessel endothelial cells and capillaries, resulting in tissue haemorrhage (Waghmare et al., 2014). This may explain the observed decrease in Hb, PCV, and TEC during immunization in group 2. In contrast, the ARE-treated group 3 exhibited a significant increase in TEC, Hb, and PCV values during the post-stress period (days 14 and 28) compared to the pre-stress period (day 0) values. Additionally, group 3 significantly improved these parameters compared to group 2 at the corresponding time points. This enhancement may be attributed to the iron content in ARE (Anil et al., 2018) and its haemoprotective effect, which positively influences haematopoiesis (Mishra et al., 2000). Furthermore, the increase in TEC, Hb, and PCV values could be due to the antioxidant activity of ARE, which protects red blood cells from oxidative stress and improves erythrocyte enzyme activity (Amaravathi et al., 2010). Group 4 showed a non-significant increase in these parameters at the respective time points compared to group 2. This may be due to the cytoprotective and antioxidant effects of ARE against the venom components (Jadhav, 2020). The observed stability in TEC, Hb, and PCV levels in group 4 may indicate the capacity of the extract to counteract the potential haematoxic effects of the venom components. (Gomes et al., 2019). Furthermore, repeated immunization cycles may have contributed to the development of adaptive responses, potentially enhancing the subject’s resilience to venom-induced haematological perturbations (León et al., 2011).
The total leukocyte count (TLC) significantly increased during the post-stress period in groups 2 and 4 compared to day 0. This might be due to acute phase response as the venom acts as a positive acute phase reactant, as a result of repeated immunization with venom. This could act as a defensive mechanism to combat infection and inflammation (Benjamin, 2019). Increased TLC was suggestive of leukocytosis, which might be due to adjuvants in the venom, which promote an inflammatory response, boosting the immune response and enhancing antibody titres (Waghmare et al., 2014). The results are similar to those of Miranda et al. (2022), who reported an increase in TLC during immunization and bleeding. The non-significant increase in TLC values in group 3 might be due to the immunostimulatory action of ARE due to its bioactive constituents, withaferin-A (glycowithanolides) and a mixture of Sitoindoside IX and X (Anil et al., 2019). The increase in TLC and lymphocytes in the present study might be due to the enhancement of innate immunity and immunomodulatory properties of ARE. Similar results were reported by Tripathi and Rajoria (2012).
[bookmark: _tyjcwt]The present study revealed that the mean cortisol concentration during post-stress on days 14 and 28 in group 2 was significantly increased compared to that during the pre-stress period. The significant increase in cortisol values in group 2 was influenced by repeated immunization and bleeding procedures, and the results were similar to those findings of Arias-Esquivel et al. (2024), who revealed increased serum cortisol levels in horses subjected to immunization and bleeding. The values in group 3 were significantly lower during the post-stress period than those in group 2. The cortisol concentration in group 4 was lower at different time intervals than that of group 2 which might be due to the anti-stress adaptogenic activity of glycowithanolides, withaferin-A, and sitoindosides VII-X in ARE (Archana et al., 1998). The results obtained in the present study in ARE treated groups were in agreement with those of Chandrashekar et al. (2012), who suggested a reduction in serum cortisol levels in ARE treated groups when compared to that in the control group. The values in group 1 were similar at different time periods. 
Erythropoietin (EPO), a cytokine secreted in response to hypoxic conditions, plays a pivotal role in erythropoiesis by promoting the proliferation and differentiation of erythroid precursor cells in the bone marrow. This glycoprotein hormone exerts its cytoprotective effects on erythroid progenitors, specifically at developmental stages ranging from colony-forming unit erythroid to erythroblast, by inhibiting apoptosis (Lacombe and Mayeux, 1998). In the present study, the mean concentration of erythropoietin during the post-stress period revealed a significant decrease when compared to the resting period in group 2, which might be due to the influence of proteolytic activity of venom constituents and repeated immunization and bleeding procedures which suppress the bone marrow activity. Repeated immunization procedures have also been shown to result in renal damage (Bhikane et al., 2020). Similar results were presented by Slagboom et al. (2017), who reported that hemotoxic venom proteins interfere with erythropoiesis, clotting factors, and platelets, and directly cause haemorrhage in snake bite victims.  
In contrast, in the ARE treated groups 3 and 4, the EPO concentrations increased significantly on day 28 compared to day 0 which might be due to the hematopoietic nature and iron content of ARE promoting hemopoiesis. Immunization and bleeding procedures lead to a decrease in the hemodynamic profile which is upregulated by ARE due to its bioactive constituents (Withanolides and Sitoindoside).
In the current study, the levels of inflammatory cytokines such as IL-6 and TNF- α were increased in group 2 when compared to groups 1, 3, and 4 at the respective time points. This may be due to increased cortisol production in stress thus increasing the pro-inflammatory cytokines, and also due to the presence of metalloproteases in venom and adjuvants during immunization which elevate the inflammatory response (Petricevich et al., 2000; Teixeira et al., 2005; Alley et al., 2006; Teixeira et al., 2019). The results obtained in the current study are comparable to those of findings of Miranda et al. (2023) who demonstrated increased levels of pro-inflammatory cytokines (IL-1, IL-6 and TNF-α) in horses undergoing anti-venom production against loxoscelic venom. Stress-induced inflammatory responses can lead to a pathological cascade of events that may trigger acute and chronic tissue damage (Liu et al., 2017). In the ARE-treated groups 3 and 4, the concentrations of IL-6 and TNF-α were decreased compared to groups 1 and 2 at the respective time points which might be due to lower cortisol levels. These results are in accordance with the findings of Devarasetti et al. (2024), who reported that the reduction in expression of pro-inflammatory cytokines IL-6 and TNF-α in stressed cats suggested the immunomodulatory effects of ARE. Similar results were reported by Kaur et al. (2022).
5. CONCLUSION
In conclusion, this investigation elucidates the multifaceted properties of ARE, demonstrating its potent hemopoietic, anti-stress, antioxidant, adaptogenic, and immunostimulant effects. Furthermore, ARE exhibited efficacy in scavenging free radicals released during stress and functioned as an adaptogen by regulating stress-induced hormone and cytokine levels. The safety parameters indicate that ARE is suitable for consumption. These results collectively underscore the potential therapeutic value of ARE in mitigating stress and enhancing immunological function.
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