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ABSTRACT
The present study was undertaken to diagnose systemic hypertension and evaluate the therapeutic efficacy of different antihypertensive drugs in management of systemic hypertension in dogs presented to the Veterinary Clinical Complex (VCC), College of Veterinary Science and Animal Husbandry, Nanaji Deshmukh Veterinary Science University, Jabalpur, Madhya Pradesh. A total of 2548 dogs of either sex, irrespective of breed and age, were screened over a six-month period from July to December 2025. Among these, 251 clinically suspected dogs were evaluated for hypertension using Doppler Vet BP device and 65 dogs were confirmed hypertensive, recording an overall prevalence of 25.89 per cent (65/251). Comprehensive evaluation was performed in all cases, including detailed clinical examination and recording of haematological, biochemical and lipid profile parameters for baseline assessment and therapeutic monitoring. For comparative therapeutic efficacy, 12 conifrmed hypertensive dogs were allocated into two groups (n= 6 each) and treated with ramipril in combination with amlodipine (Group 1) or telmisartan in combination with amlodipine (Group 2) and 6 dogs without systemic hypertension were kept as apparently healthy control group (Group 3) for 28 days. Both treatment protocols resulted in a progressive and statistically significant reduction in systolic arterial pressure (SAP) observed by day 3 in group 2 and by day 7 in group 1.  Haemato-biochemical, lipid and electrolyte profiles improved towards physiological limits by day 28 in both groups. The study concludes that in this 28-day evaluation, the telmisartan–amlodipine combination achieved earlier and more sustained reductions in systolic arterial pressure than ramipril–amlodipine; longer-term, larger controlled studies are warranted to confirm durability and safety.
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INTRODUCTION 
Blood pressure refers to the force exerted by circulating blood on the walls of the arterial vessels and is expressed in millimetres of mercury (mmHg). It fluctuates with each cardiac cycle, reaching a peak during systole and a minimum during diastole (Parker and Freeman, 2011). Arterial blood pressure is determined by the interaction between cardiac output and total peripheral resistance. Systemic arterial blood pressure comprises systolic, diastolic and mean arterial pressures (Skelding and Valverde, 2020). In both human and veterinary medicine, systolic blood pressure is regarded as the most critical component of arterial pressure, as its elevation plays a significant role in the development of vascular injury and hypertensive complications. The normal reference range for systolic blood pressure in healthy dogs is approximately 110 to 160 mmHg with values persistently exceeding 160 mmHg indicative of hypertension (Acierno et al., 2018).
Hypertension is often called a “silent killer” because it is frequently diagnosed only after severe end-organ damage. In humans, primary hypertension accounts for over 90% of elevated blood pressure cases, whereas secondary hypertension is more frequently observed in canine practice. In dogs, systemic hypertension primarily arises secondary to renal disease, leading to target organ damage. Clinical manifestations of hypertension include renal impairments (proteinuria, microalbuminuria, azotaemia), ocular lesions (retinopathy, hyphema), neurological signs (seizures, focal deficits) and cardiovascular changes (left ventricular hypertrophy, arrhythmias, murmurs, gallop rhythms, epistaxis), highlighting the multisystemic impact of elevated blood pressure (Brown et al., 2007; LeBlanc et al., 2011).
Successful management of hypertensive patients depends on diagnosing and treating underlying disease processes, properly selecting antihypertensive drug and monitoring a patient’s response to treatment (Acierno and Labato, 2004). Amlodipine, a calcium channel blocker (CCB), is the first-line treatment due to its strong vasodilatory effects. (Brown, 2013). Angiotensin converting enzyme (ACE) inhibitors such as enalapril and benazepril are commonly used, especially in dogs with renal disease or proteinuria, as they decrease vasoconstriction and sodium retention. Angiotensin II receptor blockers (ARBs) like telmisartan are used as alternatives or adjuncts to ACE inhibitors, promoting vasodilation and providing renal protection. However, for treating severely hypertensive dogs (SBP > 200 mm Hg) coadministration of a RAAS inhibitor and a CCB is appropriate (Acierno et al., 2018). Hypotension is one of the common complications associated with antihypertensive therapy. Whenever the BP falls below 110 mm Hg along with signs of lethargy and muscle weakness in a patient, antihypertensive therapy needs to be adjusted or discontinued (Sangwan and Saini, 2023). Hence, therapy should be tailored to each dog’s clinical condition and monitored regularly to prevent organ damage and control symptoms.
MATERIALS AND METHODS
The present study was carried out for a period of six months from July 2025 to December 2025 at the Veterinary Clinical Complex, Department of Veterinary Medicine, College of Veterinary Science and Animal Husbandry, Nanaji Deshmukh Veterinary Science University, Jabalpur, Madhya Pradesh. During the study period, dogs presented with a history of clinical conditions commonly associated with systemic hypertension, including renal and cardiac disorders, ascites, seizures, ocular abnormalities and epistaxis, were thoroughly examined. The diagnosis of systemic hypertension was established based on repeated systolic blood pressure recordings along with supportive clinical and laboratory findings.
Blood Pressure Measurements
All the dogs included in the study underwent systolic arterial blood pressure recording using a non-invasive Doppler technique. Blood pressure was measured with a Doppler Vet BP device (Sono Med MD4, Mano Medical Company) following a standardized procedure. Based on systolic blood pressure values and the associated risk of target organ damage (TOD), dogs were categorized into four groups as normotensive (<140 mmHg), prehypertensive (140–159 mmHg), hypertensive (160–179 mmHg) and severely hypertensive (≥180 mmHg) in accordance with the American College of Veterinary Internal Medicine (ACVIM) guidelines. To reduce situational hypertension, blood pressure measurements were obtained after allowing an adequate acclimatization period. An appropriately sized cuff, with a width equivalent to 30–40% of the limb circumference, was placed on the forelimb at the level of the heart following clipping of hair proximal to the palmar metacarpal pad along the course of the superficial palmar arterial arch. Ultrasonic coupling gel was applied to the Doppler transducer, which was positioned over the artery to obtain a clear audible pulse signal. The cuff was inflated until the Doppler signal disappeared and was further inflated to approximately 40 mmHg above this point, followed by gradual deflation. The pressure at which the Doppler signal reappeared was recorded as systolic arterial pressure. The initial reading was excluded and the mean of five to seven consecutive consistent measurements was calculated (Stepien, 2017). 
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Figure 02:  Measurement of blood pressure using Doppler Vet BP machine in dog
Collection of samples
	A specimen of approximately 3 ml of blood samples was aseptically drawn from each dog’s saphenous or cephalic vein and 1 ml of blood was extracted into vial containing EDTA and submitted to standard haematology testing while remaining 2 ml of the blood sample was collected into clot activator vials. In suspected cases of diabetes mellitus 1 ml of blood was collected in vial containing sodium fluoride, The serum was extracted following centrifugation (3000 rpm/minute, 5 minutes) and was kept at a temperature of -20°C until further biochemical analysis.
Treatment Groups                
In dogs with systemic hypertension (SAP ≥160 mmHg), combination therapy was preferentially instituted, with minor adjustments made according to individual clinical response. For therapeutic evaluation, 12 dogs with confirmed systemic hypertension were randomly assigned to two treatment groups (n = 6 each). Moreover, six apparently healthy dogs without systemic hypertension were kept as a healthy control group i.e., G3 (Table 01).
Table 01:	Treatment protocol in different groups of dogs with systemic hypertension
	Group
	Number of animals
	Drugs
	Dose
	Route
	Frequency and duration

	G1
	06
	Ramipril*
Amlodipine**
	@ 0.125mg/kg b. wt.
@ 0.25 mg/kg b.wt.
	P/O
P/O
	Once daily for 4 weeks

	G2
	06
	Telmisartan***
Amlodipine
	@ 1 mg/kg b. wt.
@ 0.25 mg/kg b. wt.
	P/O
P/O
	Once daily for 4 weeks

	G3
	06
	Apparently healthy control


*(Choi et al., 2022), **(Acierno et al., 2018), ***(Charitha et al., 2023)
Supportive therapy was provided to all groups as clinically indicated. This included administration of a diuretic, hydrochlorothiazide, at a dose of 2–4 mg/kg orally once daily, along with antiemetics (Ondansetron@ 0.2 mg/kg b.wt.), a proton pump inhibitor (Pantaprazole@1mg b.wt.), and multivitamin supplementation based on individual clinical presentations. Dietary modifications and fluid management were implemented as required and tailored to each dog’s underlying condition. Antihypertensive therapy was continued throughout the study period, and drug dosages were adjusted as necessary to achieve the desired therapeutic response.
Statistical analysis
· The recorded data pertaining to clinical parameters and haemato-biochemical parameters were analysed by applying two-way and mean comparisons were made by Duncan's multiple range test (DMRT) as per standard statistical procedure IBM SPSS computer software version 30.0 
· The recorded data of blood pressure was analyzed using one-way ANOVA in IBM SPSS software and mean comparisons were made by Tukey pairwise comparison based on least significant difference at 5% level of significance, as per the standard procedure (IBM Corp., 2023).
RESULTS AND DISCUSSION
During the study period, a total of 2,548 dogs were screened for systemic hypertension. Out of these, 65 dogs were confirmed to be affected, accounting for an overall prevalence of 2.55% in the screened canine population. These results suggested that focusing hemodynamic assessments on clinically suspected cases is a highly effective strategy for the detection of hypertensive animals. Age-wise analysis demonstrated highest occurrence of systemic hypertension in dogs aged 6–9 years (33.75%), followed by 1–3 years (28.20%) and >9 years (21.56%), with the lowest prevalence in dogs <1 year. A significantly greater prevalence was observed in males (76.92%) compared to females (23.08%). Breed-wise, Labrador Retrievers showed the highest occurrence, followed by small breeds, German Shepherdsand Golden Retrievers, while non-descript dogs exhibited relatively lower prevalence.
Clinical parameters
The temperature (˚F), heart rate (beats/min) and respiration rate (breaths/min) were recorded in dogs with systemic hypertension on day 0 (pre-treatment) and day 28 (post-treatment) and compared with apparently healthy control dogs. On day 0, mean temperature did not differ significantly between the treatment groups (G1 and G2) and the control group, while heart rate was significantly higher in both treatment groups. Respiration rate showed no significant difference between groups G1 and G2. Following antihypertensive therapy, a statistically significant reduction in rectal temperature, heart rate and respiration rate was observed in both treatment groups on day 28, with values approaching the normal physiological range. (Table 02).
The findings of the present study are in agreement with Beeston et al. (2022) and Charitha et al. (2023), who reported that changes in temperature, heart rate and respiration rate were generally mild and remained within normal physiological limits. The elevated heart rate and respiration rate observed at presentation are likely attributable to increased sympathetic nervous system activity, systemic stress and concurrent disease conditions commonly associated with secondary hypertension. Mild tachypnoea may also represent a compensatory response to metabolic derangements and neurohumoral activation in affected dogs. In contrast, Surman et al. (2012) reported no significant differences in heart rate between hypertensive and normotensive retired racing Greyhounds, which may be explained by the absence of underlying systemic disease and breed-specific cardiovascular adaptations. The normalization of clinical parameters following antihypertensive therapy in the present study reflects effective attenuation of systemic stress and restoration of physiological homeostasis
Table 02: Mean values of clinical parameters of dogs with hypertension in different treatment groups at different intervals
	Parameters
	Treatment groups
	Mean ± SE

	
	
	Pre-treatment
	Post-treatment

	Temperature(˚F)

	G1
	102.78 A ±0.14
	101.41 B ±0.28

	
	G2
	102.45 A ±0.37
	101.8 B ±0.27

	
	G3
	102.36 A ±0.11
	102.25 A ±0.27

	Heart rate (beats/min)
	G1
	135.50 Ab ±7.21 
	104.16 Ba ±6.13

	
	G2
	134.55 Ab ±6.48 
	117.16 Ba ±4.19

	
	G3
	112.0 Aa ±2.12
	112.67 Aa ±2.51

	Respiration rate (breath/min)
	G1
	28.67 A ±1.68
	23.67 B ±1.81

	
	G2
	31.83 A ±2.13
	25.00 B ±1.52

	
	G3
	27.17 A ±1.42
	27.00 A ±1.67


 Mean values with different superscript between groups (lowercase) and between intervals (uppercase) differ   significantly (p< 0.05)
Haematological Parameters
Haematological parameters such as haemoglobin, packed cell volume (PCV), total erythrocyte count (TEC) and total leukocyte count (TLC) in all 12 dogs were evaluated in dogs with systemic hypertension on day 0 (pre-treatment) and day 28 (post-treatment) and compared with apparently healthy controls. The mean haemoglobin, TEC and TLC values in both treatment groups (G1 and G2) were significantly higher than apparently healthy control group (G3) which were significantly improved on day 28 (post-treatment) in G2 compared to G1, indicating anaemia-associated alterations in hypertensive dogs (Table 03).
The present findings are consistent with reports by McGrotty (2008), Lee and Hyun (2009), Priyanka (2010) and Charitha et al. (2023). The observed changes may be attributed to impaired erythropoietin production due to loss otf functional renal parenchyma, reduced erythrocyte lifespan, suppressed bone marrow erythropoiesis and chronic occult blood loss. The elevated TLC at presentation likely reflects systemic inflammation and concurrent secondary disease conditions, especially renal and endocrine disorders, as reported by Beeston et al. (2022), Choi et al. (2022) and Sangwan et al. (2024). In contrast, Jose et al. (2020) observed minimal haematological changes apart from thrombocytosis. These changes may be attributed to improvement in systemic inflammation, renal perfusion and erythropoietic activity, underscoring the close interplay between systemic hypertension, renal dysfunction and haematological alterations.
Table 03: Mean value of haematological parameters of dogs with hypertension in different treatment groups at different intervals
	Parameters
	Treatment Groups
	Mean ± SE

	
	
	Pre-treatment
	Post-treatment

	Haemoglobin (g/dL)
	G1
	09.35 Bb ± 0.07
	12.18 Ab ± 0.94

	
	G2
	09.40 Bb ± 0.05
	12.78 Ab ± 0.94

	
	G3
	13.05 Aa ± 0.46
	13.22 Aa ± 0.37

	TEC (×106 /µL)
	G1
	04.46 Ab ± 0.04
	05.81 Bb ± 0.04

	
	G2
	04.45 Ab ± 0.04
	06.21 Aab ± 0.04

	
	G3
	06.60 Aa ± 0.27
	06.68 Aa ± 0.28

	PCV (%)
	G1
	29.73 Ab ± 0.20
	36.41 Bb ± 0.23

	
	G2
	29.76 Ab ± 0.14
	39.95 Ba ± 0.10

	
	G3
	39.56 Aa ± 0.98
	41.63 Aa ± 0.10

	TLC (×103 /µL)
	G1
	18.30 Aa ± 2.59
	10.21 Bb ± 0.52

	
	G2
	19.61 Aa ± 2.43
	09.28 Bb ± 0.65

	
	G3
	13.39 Ab ± 0.72
	13.17 Aa ± 0.78


Mean values with different superscript between groups (lowercase) and between intervals (uppercase) differ   significantly (p< 0.05)
Biochemical parameters
Serum biochemical parameters for hepatic biomarkers (alanine aminotransferase, total protein and albumin concentrations) were evaluated in dogs with systemic hypertension on day 0 (pre-treatment) and day 28 (post-treatment) and compared with apparently healthy controls.  The mean ALT values were significantly higher in both treatment groups (G1 and G2) while serum total protein and albumin concentrations were comparatively lower. Following antihypertensive therapy, a significant reduction in ALT activity was observed in both treatment groups on day 28, reduction was more pronounced in group G2. Concurrently, serum total protein and albumin concentrations showed a significant increase in both treatment groups, with maximum improvement recorded in group G2. Mean BUN and creatinine values were significantly higher in both treatment groups (G1 and G2) compared to the control group which were statistically significant reduced by day 28 (post-treatment). Blood glucose concentration and serum creatine kinase-MB (CK-MB) activity were evaluated on day 0 (pre-treatment) and day 28 (post-treatment) and compared with apparently healthy control dogs. However, the mean blood glucose levels and CK-MB showed a significant reduction in both treatment groups on day 28 (post-treatment) and the degree of improvement was comparatively higher in dogs of group G2 (Table 04).
The reduction in serum ALT activity following treatment in the present study is consistent with findings reported by Priyanka (2010) and Beeston et al. (2022), indicating reversible hepatocellular injury associated with systemic hypertension and renal involvement. Elevated ALT activity at presentation may reflect secondary hepatocellular damage due to reduced hepatic perfusion, hypoxic injury resulting from sustained vasoconstriction and multisystem involvement in hypertensive dogs, whereas the absence of significant ALT alterations reported by Jose et al. (2020) suggests variability based on disease severity. The decreased serum total protein and albumin concentrations observed are similar to earlier reports by Herring et al. (2014) and Cole et al. (2020), Lecavalier et al. (2021), due to proteinuria and impaired protein homeostasis secondary to glomerular damage, highlighting the role of RAAS-modulating antihypertensive treatment in reducing renal protein loss. 
The findings of the present study for mean BUN and creatinine are in agreement with earlier reports by McGrotty (2008), Lee and Hyun (2009), Priyanka (2010), Acierno et al. (2018), Devipriya et al. (2018), Beeston et al. (2022), Choi et al. (2022) and Ahmed et al. (2022). The increase in BUN observed at presentation may be due to reduced renal perfusion, haemoconcentration and decreased glomerular filtration rate, resulting in prerenal azotaemia in chronic kidney disease. Elevated creatinine concentrations reflect loss of functional renal parenchyma and impaired renal clearance capacity. In contrast, Leong et al. (2025) reported no significant alteration in serum creatinine concentration, emphasizing that systemic hypertension may occur at any stage of chronic kidney disease and that serum creatinine concentration does not always correlate directly with blood pressure levels. 
The findings of this study regarding blood glucose were consistent with those of Herring et al. (2014), Priyanka et al. (2010), Kour et al. (2020) and Charitha et al. (2023). This hyperglycaemic state may be associated with diabetes mellitus related hypertension or stress induced metabolic alterations commonly observed in chronically ill dogs, whereas the absence of significant changes reported by Jose et al. (2020) suggests that inter-study variability may be influenced by differences in concurrent metabolic disorders. In parallel, serum creatine kinase-MB (CK-MB) concentrations, corroborating findings of Priyanka (2010), Acierno et al. (2018), Beeston et al. (2022) and Tyagi et al. (2025) likely reflect subclinical myocardial injury secondary to sustained pressure overload, increased cardiac afterload and impaired myocardial perfusion, resulting in leakage of myocardial enzymes into circulation. 
Table 04:	Mean values of biochemical parameters of dogs with hypertension in different treatment groups at different intervals	
	S.No.
	Parameters
	Treatment groups
	Mean ± SE

	
	
	
	Pre-treatment
	Post-treatment

	1.
	Alanine Aminotransferase (U/L)
	G1
	104.19 Aa ± 9.72
	60.330 Ba ± 2.30

	
	
	G2
	106.48 Aa ± 7.42
	52.36 Ba ± 6.89

	
	
	G3
	51.88 Ab ± 5.58
	51.88 Aa ± 5.58

	2.
	Total protein (g/dL)
	G1
	06.23 Ba ± 0.14
	06.94 Aa ± 0.09

	
	
	G2
	05.95 Ba ± 0.19
	06.95 Aa ± 0.08

	
	
	G3
	06.31 Aa ± 0.28
	06.29 Ab ± 0.27

	3.
	Albumin (g/dL)
	G1
	02.64 A ± 0.35
	02.93 A ± 0.13

	
	
	G2
	02.34 B ± 0.22
	03.01 A ± 0.28

	
	
	G3
	02.94 A ± 0.08
	02.97 A ± 0.15

	4.
	BUN (mg/dL)
	G1
	42.97 Aab ± 8.39
	20.06 Bb ± 1.26

	
	
	G2
	44.74 Aa ± 6.59
	29.90 Ba ± 4.03

	
	
	G3
	25.05 Ab ± 1.35
	25.44 Aab ± 1.39

	5.
	Creatinine (mg/dL)
	G1
	02.34 Aa ± 0.33
	01.27 Ba ± 0.09

	
	
	G2
	02.42 Aa ± 0.5
	01.49 Ba ± 0.15

	
	
	G3
	00.98 Ab ± 0.08
	01.27 Ab ± 0.08

	6.
	Blood glucose (mg/dL)

	G1
	120.75Ab± 8.69
	107.80 Aa ± 3.47

	
	
	G2
	134.5 Aa ± 10.74
	103.37 Bab ± 2.14

	
	
	G3
	95.33 Ab ± 5.30
	95.78 Ab ± 5.14

	7.
	CK-MB (U/L)
	G1
	36.65 Aa ± 4.59
	21.66 Ba ± 0.78

	
	
	G2
	41.17 Aa ± 4.26
	22.61 Ba ± 0.82

	
	
	G3
	22.65 Ab ± 2.39
	22.19 Aa ± 2.56


Mean values with different superscript between groups (lowercase) and between intervals (uppercase) differ significantly (p<0.05)
Lipid profile
Analysis of data revealed that lipid parameters such as serum total cholesterol, triglycerides, High density lipoprotein-C (HDL-C) and Low density lipoprotein-C (LDL-C) in all 12 dogs were evaluated on day 0 (pre-treatment) and day 28 (post-treatment) and compared with apparently healthy controls. The mean serum total cholesterol, triglyceride and HDL-C values in both hypertensive treatment groups (G1 and G2) were significantly higher than those of the healthy control group (G3), whereas mean LDL-cholesterol values were comparatively lower showing non-significant difference, with overall greater improvement in G2 compared to G1(Table 05).
The variations in our study regarding lipid profile (serum total cholesterol, triglycerides, HDL-C, LDL-C) align with findings of Priyanka (2010) and Usui et al. (2015), Bala et al. (2021), Charitha et al. (2023) and Tyagi et al. (2025). Conversely, Jose et al. (2020) found no significant differences in cholesterol and triglyceride levels, indicating dyslipidaemia is not an inherent parameter associated with hypertension. Conversely, Mori et al. (2011), Nandini et al. (2012), Bala et al. (2021) and Tyagi et al. (2025), documented significant differences in LDL-C levels in overweight or metabolically compromised dogs. The observed dyslipidaemia may be attributed to altered lipid metabolism secondary to chronic systemic diseases, particularly renal and endocrine disorders (Xenoulis and Steiner, 2010). Reduced clearance of lipoproteins, insulin resistance, hepatic dysfunction and persistent activation of neurohormonal pathways such as RAAS are known to contribute to hypercholesterolemia and hypertriglyceridemia. Elevated LDL-C levels further predispose hypertensive dogs to endothelial dysfunction, vascular stiffness and progression of cardiovascular target organ damage.
Table 05: Mean values of lipid profile of dogs with hypertension in different treatment   groups at different intervals
	S.No.
	Parameters
	Treatment Groups
	Mean ± SE

	
	
	
	Pre-treatment
	Post-treatment

	1.
	Cholesterol (mg/dL)
	G1
	224.5± 14.32Aab
	187.91± 9.36Ba

	
	
	G2
	248.1± 14.23Aa
	190.88± 6.17Ba

	
	
	G3
	187.5± 13.45Ab
	187.2± 14.23Aa

	2.
	Triglycerides (mg/dL)
	G1
	116.5± 12.41Aa
	96.12± 7.45Ba

	
	
	G2
	122.08± 9.56Aa
	88.36± 5.82Aa

	
	
	G3
	66.66± 7.28Ab
	65.68± 7.48Ab

	3.
	HDL-C (mg/dL)
	G1
	135.2± 13.17A
	149.07± 9.77 A

	
	
	G2
	135.3± 10.56B
	151.63± 8.06 A

	
	
	G3
	123.4± 14.34A
	124.5± 13.96A

	4.
	LDL-C (mg/dL)
	G1
	79.67± 8.22A
	70.68± 8.17A

	
	
	G2
	82.49± 6.94A
	73.81± 6.15B

	
	
	G3
	68.68± 5.41A
	68.38± 5.39A


   Mean values with different superscript between groups (lowercase) and between intervals (uppercase) differ     significantly (p<0.05)
Electrolyte Profile
Analysis of data revealed that serum electrolyte parameters (sodium, potassium, chloride and calcium) in all 12 dogs were evaluated on day 0 (pre-treatment) and day 28 (post-treatment) and compared with apparently healthy controls. The mean values of serum sodium, chloride and calcium concentrations in showed significant improvement with overall greater improvement observed in G2 compared to G1. However, mean serum potassium concentrations did not differ significantly and the values remained within the physiological range (Table 06).
The electrolyte alterations (Sodium, chloride, calcium) observed in the present study largely corroborate with earlier reports by Priyanka (2010) and Charitha et al. (2023). Serum potassium concentrations showed a non-significant reduction, which is in agreement with findings of Acierno et al. (2018), Caro-Vadillo et al. (2018) and Charitha et al. (2023), who noted that potassium levels generally remain stable in hypertensive dogs, although on contrary reports by Lee and Hyun (2009) and Jose et al. (2020) have described significant potassium abnormalities, particularly in dogs with hypertension secondary to chronic kidney disease. Likewise, Jose et al. (2020) and Beeston et al. (2022) reported non-significant variations in sodium and chloride levels, highlighting inter-study variability. This variation may be due to underlying renal dysfunction, hormonal dysregulation and altered fluid balance. Hypokalaemia may result from enhanced aldosterone activity, increased renal potassium excretion or diuretic therapy, whereas sodium alterations reflect impaired renal handling of electrolytes and water. Changes in serum calcium levels may be associated with renal insufficiency, altered vitamin D metabolism or parathyroid hormone dysregulation. These electrolyte disturbances can further exacerbate hypertension by increasing vascular reactivity, myocardial excitability and peripheral resistance. 
  Table 06: Mean values of electrolyte profile of dogs with systemic hypertension in different treatment groups at different intervals 
	S.No.
	Parameters
	Treatment Groups
	Mean ± SE

	
	
	
	Pre-treatment
	Post-treatment

	1.
	Sodium (mEq/L)
	G1
	157.60 Aa ± 1.55
	152.20 Ba ± 1.68

	
	
	G2
	161.65 Ba ± 1.78 
	148.89 Ba ± 1.34

	
	
	G3
	147.49 Ab ± 1.34
	147.49 Aa ± 1.57

	2.
	Potassium(mEq/L)
	G1
	4.29± 0.23
	4.41± 0.17

	
	
	G2
	4.25± 0.27
	4.46± 0.14

	
	
	G3
	4.59± 0.20
	4.53± 0.20

	3.
	Chloride(mEq/L)
	G1
	129.60 Aa ± 4.6
	111.54 Ba ± 1.14

	
	
	G2
	132.77 Aa ± 4.82
	114.0 Ba ± 3.72

	
	
	G3
	117.06 Ab ± 1.92
	116.63 Aa ± 1.69

	4.
	Calcium(mg/dL)
	G1
	9.25 Bb ± 0.18
	10.03 Aa ± 0.11

	
	
	G2
	9.29 Bb ± 0.1
	10.23 Aa ± 0.16

	
	
	G3
	10.06 Aa ± 0.22
	10.07 Aa ± 0.11


Mean values with different superscript between groups (lowercase) and between intervals (uppercase) differ significantly (p<0.05)
Comparison of Pre- and Post-Treatment Systolic Arterial Pressure
The therapeutic response of hypertensive dogs to two different antihypertensive treatment protocols was evaluated by monitoring SAP values at predefined intervals (day 0, 3, 7, 14 and 28). The mean SAP on day 0 was significantly higher in both treatment groups (G1 and G2) compared to the apparently healthy control group (G3). In group G1, a statistically significant reduction in SAP was observed from day 7 onwards, whereas the change noted on day 3 was not significant compared to day 0 and the reduction remained significant on day14 and day 28 (post-treatment). In contrast, group G2 exhibited a statistically significant reduction in SAP from day 3 onwards, with the decline continuing to be significant on day 14 and day 28 (post-treatment), indicating an earlier and sustained therapeutic response. Overall, maximum restoration of systolic arterial pressure was observed in dogs of group G2 (Table 07).
Table 07:	Mean systolic arterial pressure in dogs with hypertension in different treatment groups at different intervals
	Groups
	Day 0
	Day 3
	Day 7
	Day 14
	Day 28

	Ramipril+ Amlodipine
	195.33Aa±7.17
	184.17Aa±7.46
	171.33BCa± 4.77
	151.67CDa± 4.94
	133.67Da± 3.58

	Telmisartan+ Amlodipine
	208.5Aa± 8.66
	170.67Ba±1.52
	158.67Bb± 2.11
	137.00Cb± 1.53
	119.14Db± 1.42

	Apparently healthy control
	139.17Ab±3.00
	140.0Ab±3.42
	139.17Ac±1.90
	126.67Aab±2.40
	119.17Aa±1.42


Mean values with different superscript between groups (lowercase) and between intervals (uppercase) differ significantly (p<0.05)
The findings of our study are in alignment with Priyanka et al. (2010), Caro-Vadillo et al. (2018), Miyagawa et al. (2020), Fowler et al. (2021), Choi et al. (2022) and Charitha et al. (2023). Telmisartan achieved more consistent reductions in both systolic and diastolic blood pressure compared with ramipril and subsequent findings by Bugbee et al. (2014) further confirmed its superior efficacy over ACE inhibitors in reducing proteinuria in dogs. Acierno et al. (2018) also recommended the combined administration of RAAS inhibitors and calcium channel blockers for the management of severely hypertensive dogs. The findings may be attributed as ACE inhibitors only incompletely suppress angiotensin II formation, giving rise to the phenomenon of aldosterone breakthrough, wherein angiotensin II continues to be generated via alternative pathways, thereby limiting effective BP control. In contrast, telmisartan acts through a different pharmacological pathway by selectively blocking the angiotensin II type-1 (AT1) receptor, thereby preventing angiotensin II mediated vasoconstriction. This results in vascular relaxation, reduced peripheral vascular resistance and a consequent lowering of systemic blood pressure. Additionally, telmisartan has been reported to provide prolonged 24-hour antihypertensive coverage and beneficial antiproteinuric effects, which are particularly advantageous in dogs with concurrent renal disease









Figure 03: Mean systolic arterial pressure (mmHg) in dogs with systemic hypertension in different treatment groups at different intervals
Evaluation of therapeutic response in hypertensive dogs
Among the two treatment protocols, the telmisartan and amlodipine combination consistently produced a greater magnitude of SAP reduction across the study period and demonstrated a more rapid decline in systolic pressure during the initial weeks of therapy compared to the ramipril-based regimen. Overall, G2 exhibited a greater absolute and percentage reduction in systolic arterial pressure compared to G1, indicating a superior antihypertensive efficacy of the treatment protocol used in dogs of group G2 (Table 08).
Table 08: Comparative effect of treatment on systolic arterial pressure (day 0 v/s day 28)
	Groups
	Mean day 0
	Mean day 28
	Mean difference
	Per cent (%) change *

	G1
	195.33
	133.67
	61.66
	31.56%

	G2
	208.50
	119.17
	89.33
	42.84%


* Per cent change (%) = [(Mean day 0 − Mean day 28) / Mean day 0] × 100
These findings are consistent with previous reports by Caro‑Vadillo et al. (2018), Miyagawa et al. (2020), Fowler et al. (2021) and Choi et al. (2022), who documented faster and greater blood pressure reduction with telmisartan-based combinations compared with ACE inhibitor-based regimens. In partial agreement, Geigy et al. (2011) documented that amlodipine produces a rapid reduction in systolic blood pressure in acute hypertensive states such as acute kidney injury. The greater reduction associated with telmisartan may be attributed to more effective and sustained suppression of the renin angiotensin aldosterone system along with potent peripheral vasodilation. Although ACE inhibitors such as ramipril effectively reduce systemic and intraglomerular pressures and slow the progression of renal injury, their use may be limited in dehydrated or hypovolaemic animals due to the risk of a further decline in glomerular filtration rate. In contrast, telmisartan not only lowers systolic blood pressure but also exerts antiproteinuric effects and provides consistent 24-hour blood pressure control, thereby reducing cardiac afterload and limiting hypertension-induced cardiac remodelling
Limitations and Future Research
This study has several limitations. First, the sample size was small (n=6 per treatment group), limiting statistical power and increasing susceptibility to baseline imbalances. Second, the follow-up period was short (28 days), which restricts inference about long-term blood pressure control, renal/cardiovascular protection, and adverse effects. Third, the study population likely included heterogeneous underlying causes of hypertension; without stratification by primary disease (e.g., chronic kidney disease, endocrinopathies), treatment responses may be confounded. Fourth, use of concomitant/supportive therapies and variable clinical management could have influenced biochemical and electrolyte outcomes. Finally, the absence of blinding and limited reporting on randomization procedures may introduce measurement and allocation bias, particularly for Doppler blood pressure assessments.

Future studies should include larger, stratified cohorts with standardized co-therapies, longer follow-up, and prespecified endpoints (including proteinuria/UPC, target-organ damage, and safety monitoring), ideally using randomized, blinded, repeated-measures analytical frameworks.
CONCLUSION 
The present study concludes that systemic hypertension in dogs can be effectively managed using combination antihypertensive therapy. Treatment with combination therapy of ramipril with amlodipine (G1) and telmisartan with amlodipine (G2) over a 28-day period resulted in significant improvement in clinical parameters, haematological indices and biochemical profiles compared with apparently healthy controls, indicating reversal of multisystem alterations associated with hypertension. Both treatment protocols produced a progressive and statistically significant reduction in systolic arterial pressure. However, the telmisartan and amlodipine combination achieved a faster onset of action and a greater magnitude of blood pressure control, as evidenced by a higher mean percentage reduction in systolic arterial pressure in G2 (42.84%) compared to G1 (31.56%). This greater percentage change reflects a superior recovery rate in Group G2, with a larger proportion of dogs attaining near-normotensive systolic pressure values by day 28 (post-treatment). Overall, the telmisartan and amlodipine combination provided superior, earlier and more sustained antihypertensive efficacy along with better clinicopathological recovery, supporting its advantage as a long-term therapeutic strategy for the management of systemic hypertension in dogs.
Consent
Informed consent was obtained from all pet owners prior to inclusion of their animals in the study. Owners were informed about the nature of the clinical examination and diagnostic procedures, and consent was obtained for the use of clinical data for research and publication purposes.
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