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Alpinia officinarum Hance (Zingiberaceae) has been used widely in traditional Chinese and Ayurvedic medicines. Its folkloric uses include relieving stomach ache, treating cold, improving the circulatory system, and reducing swelling. Its effectiveness and mechanism of antihypertension in obesity-induced hypertensive rats have not been studied yet as per our knowledge. This study has been designed to provide evidence of underlying mechanisms to the medicinal use of A. officinarum as a cardiotonic using an obesity-induced hypertension model in rats. Chronic administration of A. officinarum caused a marked reduction in the body weight gain and Lee index of rats compared to the obesogenic diet-fed rats. Its administration also caused attenuation in blood pressure (systolic, diastolic, and mean), serum total cholesterol, triglyceride, and leptin, while an increase in serum HDL and adiponectin levels was noticed. The catalase and superoxide dismutase enzymatic activities were found to be remarkable in the serum of A. officinarum-treated animal groups. A. officinarum showed mild to moderate diuretic, hepatoprotective, and reno-protective effects. The A. officinarum-treated group showed less mRNA expression of 3-hydroxy-3-methylglutaryl-CoA reductase while the mRNA expression of peroxisome proliferator-activated receptor and mRNA expression of cholesterol 7 alpha-hydroxylase were raised in comparison to the hypertensive group of rats evaluated by quantitative real-time polymerase chain reaction. These findings show that A. officinarum possesses antihypertensive and diuretic activities, thus providing a rationale to the medicinal use of A. officinarum in cardiovascular ailments.
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INTRODUCTION
Obesity is a chronic metabolism-related disorder and it is correlated with various pathological conditions including hypertension, atherosclerosis, cardiovascular disease, hyperlipidemia, and diabetes mellitus (Férézou-Viala et al., 2007). In a community irrespective of gender differences, there are equal rising rates of hypertension which are strongly associated with the growing number of obese people in the population (Faulkner and Belin de Chantemèle, 2018). The exact pathway of obesity-induced hypertension is still unclear. However, many studies have revealed that derivatives of adipose tissues, metabolic system, and modulation of presser and depressor are involved. Obesity-induced hypertension is thought to be the result of intermixing of the aforementioned factors (Kotsis et al., 2010). Ingestion of a high amount of sugar and fat may also be linked with an enhanced amount of reactive species which in turn impairs the endothelium. The resultant oxidative stress is known to develop arterial high blood pressure (Parik et al., 1996; Roberts et al., 2000; Sharma et al., 2007). While, the best-known mechanisms for salt intake-associated hypertension models after 7 days are altered hemodynamics, vascular injury, impaired Na+ homeostasis, and inflammation (Yan et al., 2019). A survey from the Framingham Heart Study reported that obesity is the interlinking of multifactorial morbidities which is highly associated with essential hypertension (Wilson et al., 2002). Chronic obesity leads to an increase in blood pressure then it becomes difficult to control by mere intervention of antihypertensive drugs (Modan et al., 1991). However, a decrease in body weight is more important in the prevention and treatment of obesity-related hypertension (Neter et al., 2003).
Traditional medicinal plants are used in major developing countries for the maintenance of better health. In Europe and China, the Alpinia officinarum (AO) rhizome has been used traditionally for the improvement of the circulatory system, relieving diabetes, stomach ache, swelling, and colds (Basri et al., 2017). The rhizome of AO has been reported for its anti-obesity, hypolipidemic, anticoagulation, anti-oxidant, antidiabetic, anti-ulcer, antidiarrheal, anti-emetic, analgesic, anti-inflammatory, anticancer, antipsychotic, and antibacterial activities in various studies (Abubakar et al., 2018). Among various biologically active phytochemicals, flavonoids and natural phenolic compounds act as powerful antioxidants in the body. Fruits and vegetables that have a high amount of flavonoids and can prevent the development of cardiovascular disease (Horáková, 2011). Polyphenolic compounds such as catechins have many physiological roles in the body, particularly protecting the cardiovascular system from various diseases (Chen et al., 2016). Kaempferol is majorly obtained from fruits, vegetables, and tea that may have cardioprotective action (Dabeek and Marra, 2019). The mixture of the high amounts of fat, sucrose, and salt in a diet has been used to mimic obesity-induced hypertension in a rat model (Dobrian et al., 2003; Sharma et al., 2007). AO has activity against obesity and hyperlipidemia (Xia et al., 2010) but to date, no scientific validation is available for the effect of AO on obesity-induced hypertension. The purpose of this study was to provide scientific evidence to back up the vernacular claim that AO invigorates the circulatory system using obesity-induced hypertension and diuresis in rats due to its active constituents such as phenolic compounds and flavonoids.
Novelty

• It is the pioneer study highlighting the antihypertensive effect of Alpinia officinarum in obesity-induced hypertension.
• An innovative diet model was developed containing high fat (beef tallow), salt and sugar. Such a diet has been used for the first time to develop obesity-induced hypertension.
• A. officinarum showed its diuretic potential which could be considered as an add-on effect contributing to its antihypertensive effect.
• The higher the dose, the higher the response was observed.
MATERIAL AND METHOD
Chemicals
The crude extract of Alpinia officinarum Hance (Zingiberaceae) (AO) was provided by Salus Company, China. Analytic reports for batch number 180720 (A. officinarum) are available for the extract. The analytic reports, as well as a portion of the extract used, were as stipulated, stored at the Department of Pharmacology, Faculty of Pharmaceutical Sciences, Government College University, Faisalabad, Pakistan. Other ingredients including powdered milk (Nido, Nestle Pakistan Limited, Lahore, Pak), Table salt, vegetable oil (Sufi oil, Lahore, Pakistan), and nutrivet-L were obtained from the commercial supplier. While chokar, wheat flour, fishmeal, molasses, 10% formalin, and potassium metabisulfite were purchased from the local market. Atorvastatin (Brand Aotrva, Pharmatec, Pakistan) and Furosemide (Lasix, Sanofi Aventis, Karachi, Pakistan) were obtained from the local pharmacy.
Animals
All experiments of the study were performed on rats obtained from the Faculty of Pharmaceutical Sciences, Government College University, Faisalabad (GCUF). This study is a portion of the main project, submitted to comply with the requirements for the degree of Doctor of Philosophy in Pharmacology. This study was approved by the Board of Advanced Studies and Research, GCUF. The study was performed on female Wistar albino rats (155–220 g). They were accommodated at the animal house at GCUF where the surrounding temperature was controlled to be between 23 and 25°C. Water and food were made freely available to all the animals. Animal ethical protocols were followed as per the institutional guidelines and approved by the institutional review board (IRB 761).
High-Performance Liquid Chromatographic Evaluation
A high-performance liquid chromatographic (HPLC) system (Shimadzu, Japan) was provided with the LC 10AT pump, bipolar column heater, and gradient detector (UV-Visible, SPD-10AV). Separation was done on the C18 guard column and the mobile phase used was methanol: water: phosphoric acid (60:38:2, v/v/v, isocratically) (Tao et al., 2006). The rate of flow was constantly maintained at 0.8 ml per minute and the peaks that appeared were recognized with the help of UV at 280 nm absorbance. The column temperature was kept at 40°C during analysis.
A UV-visible-type detector was used for the segregation of flavonoids and phenolic compounds. The identification of these flavonoids and phenolic compounds was done by comparing the retention time and UV-visible spectra of the peaks, with the spectral peaks previously obtained by the injection of standards. The calculation for their quantification was performed by external calibration.
Composition of Animal Diets
Two different types of diets were used.
Standard Diet (SD)
The standard diet was prepared at the GCUF. It was comprised of 2 kg of dried powdered milk, 5 kg of chokar, 5 kg of wheat flour, 2.25 kg of fishmeal, 75 g of table salt, 150 g of molasses, 15 g of potassium metabisulfite, 500 g of vegetable oil, and 33 g of nutrivet-L. The solid ingredients were ground until powdered and then made into a smooth mixture that formed an amount of almost 15 kg. Some water was mixed into the powder mixture to make a soft mixture out of which a lump of 300 g was prepared (Harkness et al., 2010).
High Fat Sugar Salt (HFSS) Diet
An earlier protocol (Ragab et al., 2015) was followed with some amendments. A total of 55% of the standard diet was supplemented with 10% sugar, 2% salt, and 33% beef tallow (wt/wt). They were mixed with powdered components of SD until semisolid so that all parts were mixed equally in the diet.
Hypertension Experimental Design
After the one week of acclimatization, the two main groups of rats were decided: one group contained normotensive rats (n = 6) fed on an SD and the other group (n = 30 rats) was fed the HFSS diet (SD 55%, beef tallow 30%, sucrose 10%, and NaCl 2%) for 6 weeks (induction period). The rats fed on the HFSS diet were screened at the end of 6 weeks for the development of hypertension and only 24 hypertensive rats were subdivided into the following four groups for the next 6 weeks as detailed below.
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[image: ]All of these were orally administered SD, HFSS diet. and plant extracts every day for a further 6 weeks (treatment period).
Noninvasive Blood Pressure Measurement (NIBP) Method
To assess the onset and development of hypertension, the NIBP (ML125, NI-0541, AD instrument, Sydney, Australia) apparatus was used by employing the tail-cuff method. During the use of NIBP, the temperature of rats was maintained at 35°C. The cuff sensor was set up on their tail while keeping the rat in a restrainer of appropriate size. The tail cuff was distended by pressing the start button, after then the cuff slowly released the pressure. The PowerLab data acquisition system with Lab Chart 7.0 software (Ad Instruments, Sydney, Australia) was used for recording pulses. Direct pulse tracing was done for interpretation of systolic blood pressure (SBP), mean blood pressure (MBP), and heart rate (HR). However, diastolic blood pressure (DBP) was estimated by the following equation:
DBP = (3MBP − SBP)/2 (Ayele et al., 2010).
Parameters of blood pressure were measured under a conscious state at 1, 3, 6, 8, 10 and 12 weeks into the diet. For each measurement, the average of three pressure readings was recorded.
Body Weight, Body Length, Lee Index, and Weight of Different Body Organs
Individual body weight (g) and naso-anal length (cm) were recorded at 1, 3, 6, 8, 10 and 12 weeks into the diet. The Lee index (obesity index) was obtained after dividing the cube root of body weight (g) by naso-anal length (cm) and multiplying the result by 1,000. To estimate obesity, the Lee index in rats, described by Lee in 1929, is comparable to body mass index in humans (Lee, 1929). Since then many investigators have utilized it to estimate the level of obesity in rats. In a few studies, a reliable relation between adipose tissue and Lee index of the body was found (Li et al., 1997; Zhi et al., 2002).
Biochemical Analysis
After 12 weeks of the experiment, the animals were starved for 16–18 h and euthanized by anesthesia with chloroform by inhalation in a closed chamber. The blood was obtained via cardiac puncture from every rat in the vacutainer. All vacutainers were placed in an upright position for 45 min at room temperature. The collected blood was then centrifuged at 400 × g for 5 min to obtain serum and stored at −80°C.
Determination of Lipid Profile Indices
The amount of total cholesterol (TC), total glycerides (TG), and high-density lipoprotein cholesterol (HDL-C) were obtained from serum samples. Standardized enzymatic procedures were followed using commercial kits (Germany). The low-density lipoprotein fraction of the cholesterol (LDL-C) was obtained by subtracting HDL-C from TC.
Estimation of Liver Profile Indices and Renal Profile Indices
Liver profile indices (alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), total protein and globulin) and renal profile indices (creatinine and urea) were measured from isolated serum samples. Results were shown as IU/L and mg per deciliter of serum at the pathological laboratory of the University of Veterinary and Animal Sciences, Lahore.
Estimation of Leptin and Adiponectin in Serum
The serum biomarkers of obesity, leptin (E-EL-R0329), and adiponectin levels (E-EL-R0329) were measured through an ELISA kit (Elab science, United States) by following the manufacturer’s protocol. The reaction mixture was provided with serum (100 ul) in already coated wells and kept at 37° in the ELISA plate reader (DIA source, Germany). The reaction was monitored at a wavelength of 450 nm. Serum leptin and adiponectin levels were expressed as ng/ml and pg/ml, respectively.
Histopathological Analysis
The heart, kidney, and liver of rats were dissected and then placed in formalin (10%) for 3 days. The small parts of these organs were dehydrated and fixed in paraffin wax. A microtome (Leica, Germany) was used to collect thin sections of the left ventricle (5 mm), kidney (5 μm), and liver (5 μm). Finally, these sections were dyed with histological stains (hematoxylin and eosin) and examined under a light microscope.
Antioxidant Study on Tissue Homogenate
The antioxidant activities were analyzed by measuring the amount of CAT and SOD on the tissue homogenate. All animals were anaesthetized and sacrificed by cervical dislocation. The organs (liver, kidney, heart, and aorta) were removed and washed with normal saline and stored at −80°C. The experiments were performed by following earlier practiced methods (Aebi, 1974; Kakkar et al., 1984).
Estimation of Diuretic Activity
One week before the terminal day of the study, rats were kept in separate metabolic cages for acclimatization. At 14–16 h before starting the diuresis experiment, animals were not given food but had full access to drinking water. At the end of the model, urine samples were measured twice, at the 5th and 24th h after administration of the doses of plant extract. All urine samples were collected in the container, strained to separate the fecal contents, and preserved at −20°C to assess the excretion of electrolytes. All drugs were administered orally.
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[image: ]Assessment of Urine Parameters
The total urine volume of all animals was measured at the 5th and 24th h after the last administration of the test dose of the extract. An electrical conductivity meter and a digital pH meter were used to measure urinary conductivity and pH, respectively, immediately after collecting urine. To assess the actual amount of urinary ions (as Na+, K+, and Cl−), the samples of total urine were mixed with demineralized water (1:1,000) (Hailu and Engidawork, 2014).
Assessment of Diuretic Action and Diuretic Activity
The ratio of urine output in the treated group and normotensive groups was considered as diuretic action. The diuretic activity was calculated from the ratio between the test group and hypertensive groups. Before the commencement of the experiment, it was decided that diuretic activity will be assumed good (>1.50), moderate (1.00–1.50), little (0.72–1.00), and nil (<0.72) (Hailu and Engidawork, 2014).
Assessment of Saluretic, Natriuretic, and Carbonic Anhydrase Inhibition
Saluretic activity was obtained by adding sodium ions and chloride ions excreted in the urine. The ratio of sodium and chloride ions was employed as natriuretic activity. The ratio between chloride ions and Na+ + K+ was used for the calculation of carbonic anhydrase inhibition (Somova et al., 2003).
Quantitative Reverse Transcription Polymerase Chain Reaction (qRT-PCR)
Estimation of mRNA expression of peroxisome receiver activator alpha (PPARα), 3-hydroxy-3methyl-glutaryl-coenzyme A reductase (HMGR), 7α-hydroxylase (CYP7A1), and β-Actin was done by qRT-PCR. Frozen liver tissues were homogenized by using Trizol reagent (Invitrogen, Thermo Fisher Scientific) and total RNA was extracted by following protocols by Thermo Fisher Scientific. Approximately 2 µg of the total RNA from each sample was used for cDNA synthesis using a high capacity cDNA reverse transcriptase kit (Molecular Biology, Thermoscientific). The cDNA was subsequently amplified using Syber Green PCR (Molecular Biology, Thermoscientific). Primers’ stock solutions were used according to the supplier’s protocol (e-Oligos, Newyork, United States). PCR for PPARα, HMGR, and CYP7A1 was performed in a final volume of 15 µL in the presence of 1 µL of cDNA as a template, 7.5 µL of Sybergreen, 5.9 µL of RNAase Free water, 0.3 µL of primer(f), and 0.3 µL of primer (r) into each of the following sets of primers. 5’-TCA​CAC​AAT​GCA​ATC​CGT​TT-3’ (sense) and 5’-GGC​CTT​GAC​CTT​GTT​CAT​GT-3’ (antisense) for PPARα, product size: 177 bp; 5’- TGC​TGC​TTT​GGC​TGT​ATG​TC -3’ (sense) and 5’- CCC​TTT​GGG​TTA​CTG​GGT​TT-3’ (antisense) for HMGR, product size: 187 bp; 5’-CAC​CAT​TCC​TGC​AAC​CTT​TT-3’ (sense) and 5′- GTA​CCG​GCA​GGT​CAT​TCA​GT-3’ (antisense) for CYP7A1, product size: 170 bp; and 5’- GTC​GTA​CCA​CTG​GCA​TTG​TG-3’ (sense) and 5’-CTC​TCA​GCT​GTG​GTG​GTG​AA-3’ (antisense) for β-Actin, product size: 181 bp. Annealing temperature for all primers was 60°C for 60−s. Cycle threshold (CT) values were normalized to the internal β-Actin control and ratios were detected using the CT method.
Statistical Analysis
GraphPad Prism 7.0 software was employed for calculation and statistics. All values were presented as mean ± standard error of the mean (SEM). The values were statistically analyzed with the help of one-way analysis of variance (ANOVA) followed by Bonferroni test for bar charts and two-way analysis of variance (ANOVA) followed by Bonferroni test for multiple comparisons for tabulated data. Values with p < 0.05 were considered statistically significant.
RESULTS
High-Performance Liquid Chromatographic (HPLC) Analysis
HPLC analysis of A. officinarum was performed for the assessment of compounds present in the hydroethanolic extract of the A. officinarum rhizome. The achieved chromatographs of the test material were compared with the standards. The identified compounds with retention time and area are shown in Figure 1. The HPLC chromatogram of the hydroethanolic extract of the A. officinarum rhizome found gallic acid (40 ppm), catechin (105.97 ppm), ferulic acid (10.37 ppm), kaempferol (194.71 ppm), and quercetin (26.64 ppm) present in the plant as active constituents (Figure 1).
[image: Figure 1]FIGURE 1 | HPLC chromatogram of aqueous ethanolic extract of A. officinarum.
Effect of A. officinarum on Body Weight, Lee Index, and Weights of Different Body Organs
Weight gain (%) was calculated periodically for 12 weeks during the study. The animals of the hypertensive group were fed a HFSSD for an initial 6 weeks which caused a significant (p < 0.001) increase in weight gain and Lee index of rats compared to normotensive rats on SDs. Administration of AO (250 and 500 mg/kg) or atorvastatin (10 mg/kg) for the next 6 weeks significantly (p < 0.001) suppressed the rise in weight gain and Lee index when compared to hypertensive rats as seen in Table 1 and Table 2.
TABLE 1 | Effect of chronic administration of Alpinia officinarum on weight gain (g) in obesogenic diet-fed hypertensive rats.
[image: Table 1]TABLE 2 | Effect of administration of Alpinia officinarum (AO) on Lee index in chronic obesogenic diet-fed hypertensive rats.
[image: Table 2]After 6 weeks of treatment, no significant change was seen in organ weight (left ventricle, heart/body weight, kidney) among animals of the treatment groups (AO, 250 and 500 mg/kg and atorvastatin) when compared to their respective normotensive and hypertensive rats. Concerning the weight of the heart and liver, a marked decrease (p < 0.001) was noticed in all treated groups compared to hypertensive rats (Table 3).
TABLE 3 | Effect of administration of Alpinia officinarum on weight of various organs in chronic obesogenic diet-fed hypertensive rats.
[image: Table 3]Hypotensive Effect of the Extract of A. officinarum
Systolic blood pressure (SBP), diastolic blood pressure (DBP), mean blood pressure (MBP), and heart rate (HR) were assessed over the entire period of study. During the induction period, a noticeable rise (p < 0.001) in the SBP, DBP, MBP, and HR in all groups was observed compared to normotensive rats. After 6 weeks of treatment, relative to hypertensive rats, all treatment groups showed a significant decrease (p < 0.001) in SBP, DBP, MBP, and HR as detailed in Table 4 and Table 5
TABLE 4 | Effect of administration of Alpinia officinarum on systolic blood pressure, diastolic blood pressure, and mean blood pressure in obesogenic diet-fed hypertensive rats.
[image: Table 4]TABLE 5 | Effect of administration of Alpinia officinarum on heart rate (HR) beats per minute in chronic obesogenic diet-fed hypertensive rats.
[image: Table 5]Effect of A. officinarum on Serum Biochemical Parameters
The effects of AO extract on the biochemical lipid profile of treated rats are presented in Table 6. The hypertensive control group displayed a significant increase in serum TC, LDL-C, and TG except for HDL-C, while all treated groups (AO 250 and 500 mg/kg) showed an insignificant variation when compared to normotensive rats. In treated obese hypertensive rats, the administration of AO (both doses) exhibited a significant reduction (p < 0.001) in the serum lipid components (TC, LDL-C, TG) when compared to the hypertensive control data, while HDL-C was found slight raised; similar effects were observed on the part of atorvastatin (10 mg/kg) as seen in Table 6.
TABLE 6 | Effect of administration of Alpinia officinarum on serum biochemical parameters in chronic obesogenic diet-fed hypertensive rats.
[image: Table 6]The treatment groups (AO, 250 and 500 mg/kg) also revealed a marked reduction of ALT, AST, ALP, and bilirubin compared to that of hypertensive obese animals. An increase in serum albumin and total protein was observed at tested doses of the plant extract (AO, 250 and 500 mg/kg) and atorvastatin in comparison with hypertensive obese rats. AO (250 and 500 mg/kg) administration to rats exerted a noticeable (p < 0.001) decrease in serum urea and creatinine levels compared to hypertensive rats (Table 6).
The hypertensive group showed a high (p < 0.01) amount of serum leptin compared to normotensive rats. In the treated groups, AO extract (250 and 500 mg/kg) and atorvastatin (10 mg/kg) brought down (p < 0.01) the serum leptin levels towards normal after 6 weeks of treatment vs. hypertensive rats (Figure 2A). However, a significant decrease (p < 0.001) in adiponectin levels was observed in the hypertensive rats vs normotensive rats. AO extract (250 and 500 mg/kg) or atorvastatin (10 mg/kg) treatment elevated (p < 0.001) the reduced levels of adiponectin compared to hypertensive rats (Figure 2B).
[image: Figure 2]FIGURE 2 | Effect of administration of A. officinarum (AO) on obesity biomarkers, (A) leptin and (B) adiponectin in chronic obesogenic diet-fed hypertensive rats. Normotensive group = Standard diet, hypertensive group = High fat, sucrose, and salt (HFSS) diet, atorvastatin group = HFSS + atorvastatin (10 mg/kg/day in normal saline, per oral), AO (250 mg/kg, per oral) group = HFSS + AO (500 mg/kg, per oral) and AO (500mg/kg) group = HFSS + AO (500mg/kg). The results are stated as means ± S.E.M (n = 6). b=p < 0.01 and c=p < 0.001 vs normotensive rats. α=p < 0.05, β=p < 0.01, and ɣ=p < 0.001 vs hypertensive rats.
Effect of A. officinarum on Oxidative Stress
Figure 3 represents the oxidative stress marker in tissues of the heart, liver, kidney, and aorta. A marked decrease (p < 0.001) of production of antioxidant enzyme (CAT and SOD) status was observed in the tissues of hypertensive vs normotensive rats. The groups treated with extracts of AO and atorvastatin raised (p < 0.001) the antioxidant enzyme (CAT and SOD) activity compared to hypertensive rats (Figure 3).
[image: Figure 3]FIGURE 3 | Effect of administration of A. officinarum (AO) on (A) catalase (CAT) and (B) superoxide dismutase (SOD) enzyme in various organs of chronic obesogenic diet-fed hypertensive rats. The results are stated as means ± S.E.M (n = 6), where a=p < 0.05, b=p < 0.01, and c=p < 0.001 vs normotensive rats. α=p < 0.05, β=p < 0.01, and ɣ=p < 0.001 vs hypertensive rats.
Effect on Histopathology of Organs
The histopathological analysis of the liver of all groups of rats showed normal anatomical features including the normal form of liver lobules and the central vein with a smaller number of food vacuoles in treated groups compared to hypertensive rats. Rat hearts in the treated groups showed normal myocytes and minimal to no inflammation compared to hypertensive rats. Whereas, the renal tubules of all treated rats showed minimal to no inflammation (Figure 4).
[image: Figure 4]FIGURE 4 | Photomicrographs H & E stained tissue sections of heart, kidney, and liver showing the effect of (A. officinarum) AO treatment in chronic obesogenic diet-fed hypertensive rats. (A, F, K) Normotensive rats, (B, G, and I) hypertensive rats = high fat, sucrose, and salt (HFSS) diet, (C, H, and M) HFSS + atorvastatin (10 mg/kg, per oral)-treated rats, (D, I, and N) HFSS + AO (250 mg/kg, per oral)-treated rats (E, J, and O) HFSS + AO (500 mg/kg, per oral) treated rats. 400 X, scale bar displays 50 μm.
Effect of A. officinarum on Diuresis
The extract of AO depicted dose-dependent diuretic activity at both tested doses compared to the hypertensive group at the 5th and 24th h. The aggregate of urinary output at the 5th and 24th h was noted for the normotensive, hypertensive, and treatment groups (furosemide, at 10 mg/kg and hydroethanolic A. officinarum ethanolic extracts at 250 and 500 mg/kg). Treatment with A. officinarum enhanced (p < 0.05) diuresis similar to the effect of furosemide. The diuretic activity of A. officinarum extract was mild because it ranged from 0.72 to 1 (Table 7).
TABLE 7 | Effect of administration of Alpinia officinarum on urine volume of chronic obesogenic diet-fed hypertensive rats at 5 and 24 h intervals on the last day of the model.
[image: Table 7]Effect of A. officinarum on pH and Conductivity of Urine
The pH and conductivity of urine samples of normotensive (pH: 6.5 ± 0.1, conductivity: 14.0 ± 1.2, n = 6) vs hypertensive (6.2 ± 1.1, 9.3 + 1.1, n = 6) rats showed a significant (p < 0.05) difference in only conductivity values. Furosemide (10 mg/kg, p. o) and AO (250 and 500 mg/kg) treatment to rats caused a significant rise in pH and conductivity compared to hypertensive rats with respective values of 7.4 ± 0.1, 32.0 + 0.7 vs 6.2 ± 1.1, 9.3 + 1.1, (p < 0.001), 7.0 ± 0.1, 17.0 + 2.7 vs 6.2 ± 1.1, 9.3 + 1.1, (p < 0.01), and 7.3 ± 0.1, 27.6 + 2.1 vs 6.2 ± 1.1, 9.3 + 1.1, (p < 0.001), respectively, thus shifting the pH of urine to slightly alkaline.
Effect of A. officinarum on Urinary Electrolyte Content
The urinary electrolyte contents of the hydroethanolic A. officinarum extract- and furosemide-treated groups were higher (p < 0.05) than hypertensive rats. The AO extract at low and high doses revealed an increment in urinary Na+, K+, and Cl− ion excretion, similar to the effect of furosemide-treated rats (Table 8).
TABLE 8 | Effect of administration of Alpinia officinarum on urinary electrolytes of chronic obesogenic diet-fed hypertensive rats at 24 h on the last day of the model.
[image: Table 8]Natriuretic (Na+/K+), Saluretic (Na++Cl−), and Carbonic Anhydrase Inhibition (CAI) Effects of A. officinarum
The hydroethanolic extract of A. officinarum at 250 and 500 mg/kg depicted high (p < 0.05) saluretic activity and natriuretic response and strong CAI activity compared to hypertensive rats, similar to the effect of furosemide-treated animals (Table 9).
TABLE 9 | Effect of administration of Alpinia officinarum on saluretic effect, natriuretic effect, and carbonic anhydrase inhibition of chronic obesogenic diet-fed hypertensive rats at 24 h on the last day of the model.
[image: Table 9]Gene Expression Alterations
The triplicate samples from each group produced reproducible results. Relative to the normotensive group, the hypertensive group significantly decreased the expression of genes encoding peroxisome proliferator-activated receptor (PPAR)-alpha (0.15 ± 0.03 folds vs 1.00 ± 0.00 normotensive) and cholesterol 7 alpha-hydroxylase (CYP7A1) (0.20 ± 0.05 folds vs 1.00 ± 0.00 normotensive) while increased the expression of gene encoding 3-hydroxy-3-methylglutaryl-CoA reductase (HMGR) (6.83 ± 0.45 folds vs 1.00 ± 0.00 normotensive) (p < 0.001, Figure 5). However, administration of atorvastatin and AO (HFSS + atorvastatin and HFSS + AO 250 mg/kg, HFSS + AO 500 mg/kg) significantly increased the gene expression of PPAR-alpha (0.72 ± 0.02 folds, 0.57 ± 0.02 folds, and 0.66 ± 0.01 folds, respectively) and CYP7A1 (0.72 ± 0.05 folds, 0.43 ± 0.03 folds, and 0.84 ± 0.06 folds, respectively) while decreased the mRNA expression of HMGR (1.73 ± 0.31 folds, 5.41 ± 0.14 folds, and 2.93 ± 0.14 folds, respectively) when compared to obesity-induced hypertensive rats (HFSS group) (p < 0.001, Figure 5).
[image: Figure 5]FIGURE 5 | Effect of administration of A. officinarum (AO) on mRNA expression of (A) 7α-hydroxylase (CYP7A1), (B) 3-hydroxy-3methyl-glutaryl-coenzyme A reductase (HMGR), and (C) peroxisome receiver activator alpha (PPAR-α) performed by qRT-PCR in the liver of chronic obesogenic diet-fed hypertensive rats. The results are stated as means ± S.E.M (n = 6), where a=p < 0.05, b=p < 0.01, and c=p < 0.001 vs normotensive rats. α=p < 0.05, β=p < 0.01, and ɣ=p < 0.001 vs hypertensive rats.
DISCUSSION
Hypertension influences 40% of people in the world and is considered a major health issue (Feng et al., 2013). A. officinarum is used for the improvement of the cardiovascular system and the genus is famous for a significant reduction in blood pressure (Victório, 2011; Manosroi et al., 2013). In this study, we evaluated the antihypertensive, antihyperlipidemic, biomarkers of obesity (leptin and adiponectin), and diuretic effects of the hydroethanolic extract of A. officinarum in obesogenic feed-induced hypertensive rats. After the induction period of the first 6 weeks, the results revealed a significant increase in blood pressure and weight gain compared to normotensive rats.
The high caloric model was designed to imitate third-world diets that usually depict excessive carbohydrate, fat, and salt consumption. The hyper-caloric diet used in the project was of an adequate intensity and period to stimulate obesity in rats. Ingestion of high caloric feed has been linked with various feed-induced issues such as obesity, oxidative stress, hyperlipidemia, and hypertension (Huang et al., 2011; Ragab et al., 2015). Anthropometric factors comprise important markers for the diagnosis of obesity. Among these factors, body weight, Lee index, and weight of various organs (heart, left ventricle, liver, and kidney) were assessed. In the last week of the induction period (first 6 weeks of the model), increment in the mass of the body was seen in all groups compared to normotensive rats. It has also been documented in many articles that a high caloric diet causes a rapid increase in weight gain. While at the end of treatment (at the 12th week), the data revealed that, oral administration of AO (250 and 500 mg/kg) significantly reduced weight gain, the weight of various organs, and the Lee index in the experimental rats compared to the hypertensive group. This reduction was comparable to atorvastatin, as the statin family is known to induce weight loss in obese subjects via inhibition of gastric and pancreatic lipase, and reduction in the absorption of dietary fat (Xia et al., 2010; Garg and Singh, 2015). The hypertensive group showed the highest weight gain throughout the model which is also supported by an earlier study (Xia et al., 2010; Yao et al., 2015).
The significant reduction in Lee index was seen in atorvastatin- and AO- (250 and 500 mg/kg) treated rats and it could be related to the loss in body weight gain of AO-treated rats, which is also similar to earlier reports in the literature (Xia et al., 2010; Cavagni et al., 2013). The presence of galangin, kaempferol, kaempferide, and quercetin as active constituents have earlier been documented (Matsuda et al., 2009; Zhang et al., 2015) where the flavonoids are known to cause a slimming effect (F. Chen et al., 2013).
There is increasing evidence supporting the fact that diet induces obesity which in turn causes hypertension. Resultant hypercholesterolemia, vascular endothelial dysfunction, and visceral fats deposition are said to be the indices of inflammation, cardiac hypertrophy, and cardiac fibrosis (Dobrian et al., 2000; V.; Kotsis et al., 2010; Panchal and Brown, 2010). However, this is the first study reporting the blood pressure lowering efficacy of A. officinarum in obesity-induced hypertensive rats. In the termination of the induction period, SBP, MBP, DBP, and HR were significantly raised in the rats of all groups except in normotensive rats, while at the 12th week, the treatment groups showed comparable values to the normotensive rats except the animals of the hypertensive group. The reduction in SBP, MBP, DBP, and HR with hydroethanolic extract of AO indicates it may be a potential candidate in the management of obesity-induced cardiac complications. These findings also provide a rationale for the medicinal use of A. officinarum as a cardiotonic or hypotensive agent (Basri et al., 2017). The blood pressure lowering effects are also in agreement with the prior findings related to vasorelaxant effects of Alpinia zerumbet (Lahlou et al., 2003), which might play a pivotal role in the overall effectiveness of this plant in hypertension.
HFSS feed administration-developed dyslipidemia showed a high amount of TG, TC, and LDL-C, while there was a decreased level of HDL-C in rats compared to normotensive animals. These results may be due to the increased amount of fat (obtained from beef tallow) which induced hypercholesterolemia (Cho et al., 2010; Kelany et al., 2017). An increase in total cholesterol or LDL-C is a predisposing condition for the development of cardiovascular complications including hypertension (Yang et al., 2006). However, the intake of dietary polyphenols efficiently decreases the amount of triglyceride-rich lipoprotein and is linked to oxidative stress in fasting and postprandial conditions (Annuzzi et al., 2014).
In this study, the treatment groups showed appreciable catalase and superoxide dismutase enzymatic activities compared to hypertensive rats. Catalase is an enzyme with ferric heme and contributes to lower the amount of hydrogen peroxide by converting it into water and molecular oxygen. So in the case of a decrease in the amount of catalase, hydrogen peroxide can accumulate which in turn forms highly reactive hydroxyl free radicals. In this study, the high amount of the enzyme in the treated groups can be attributed to antioxidants in the plant extract. These results are also similar to another study (Zhan et al., 2004). Nitric oxide (NO) plays an important role in the stabilization of blood pressure. Free radicals like superoxide quickly react with NO and in turn produce highly reactive and cytotoxic compounds like peroxynitrite and peroxynitrous acid. Furthermore, peroxynitrite changes many compounds including lipids, deoxyribonucleic acid, and proteins. It also reacts with amino acids such as tyrosine and cysteine to form nitrotyrosine and nitrocystein, causing the deactivation of superoxide dismutase (Alvarez et al., 2004). The presence of important dietary polyphenol and flavonoids such as gallic acid, quercetin, and kaempferol were confirmed as plant constituents by performing HPLC. The presence of such valuable constituents also contributes to the assessed beneficial effects of A. officinarum in obesity-related cardiac issues.
Leptin and adiponectin are biologically active secretions from an important endocrine gland in adipose tissue. Leptin plays a cardinal role in balancing feed intake and weight of the body while its level is majorly affected by dietary fat (Kim et al., 2007). A high amount of leptin is released from large sized adipose tissue of obese rats that act as an indicator to the central nervous system revealing the volume of power reserves (Nagao et al., 2003). The recent finding suggested that endothelial dysfunction is linked with hypoadiponectinemia and causes diet-induced hypertension (Ouchi et al., 2003). The hydroethanolic extract of A. officinarum ameliorated the lipid contents by decreasing serum TC, TG, LDL-C, and leptin contents, while serum adiponectin and HDL-C concentrations were found to increase when compared with the hypertensive rats. These results suggested that A. officinarum possesses the potential to protect against hypertension in obese rats.
Followed by an injury to the hepatic cells, the permeability of the plasma membrane is enhanced which in turn causes the release of enzymes from hepatic cells. The level of aminotransferase, ALP, and bilirubin are raised in the serum in case of liver injury. Biliary tract obstruction is indicated by the high amount of ALP and bilirubin in serum while the increased amounts of ALT and aspartate aminotransferase are characteristic indicators of liver injury (Saleem et al., 2014). The hydroethanolic extract of A. officinarum improved the liver and kidney indices of toxicity such as ALT, AST, ALP, bilirubin, total protein, albumin, creatinine, and urea levels.
The histopathological data revealed that the hearts of the hypotensive group of rats showed an abnormal texture of myocytes and blood perfusion. While AO extract- and atorvastatin-treated rats showed the normal appearance of myocytes with no blood perfusion. Histograms of the liver sections of hypertensive rats indicated degenerated hepatocytes and many vacuoles, while AO extract treatment showed normal hepatocytes and less vacuolation compared to hypertensive rats. In the case of kidney tissue sections, the hypertensive group showed degenerated renal tubules and inflammation, while AO treatment showed a revived (similar to normal) form of renal tubules.
The diuretic response of A. officinarum was assessed and findings showed that A. officinarum (250 and 500 mg/kg) enhanced urine volume over a time period of 5 and 24 h. The diuretic activity of the AO extract was comparable to the furosemide group. The data revealed that the AO extract exerted time- and dose-dependent diuretic effects. It has earlier been known that the increase in the volume of urine of rodents may have resulted from the increased amount of K+ ions in the plant (Nilvises et al., 1989). The pH of animals administered with AO extract was alkaline when compared with the hypertensive group. However, the pH of the treatment groups (AO extract) was comparable to the furosemide-treated group. The AO extract (250 and 500 mg/kg) enhanced the excretion of ions (Na+, K+, and Cl−) in urine than in the hypertensive group. This activity might be due to the combined effect of the (HCO3_/Cl−) (HCO3+/H+), and the (Na+/H+) antiporter, causing diuresis. This is a cardinal feature of loop diuretics. Furosemide shows its effect by decreasing ion reabsorption in the thick loop of Henle (Al-Saikhan and Ansari, 2016). While the hypertensive group showed the least urinary output and it is supported by a study in which obese rats showed less urinary output compared to normal rats (Ansari, 2015). A high amount of body fat stimulates the synthesis of angiotensinogen and angiotensinogen is then converted into angiotensin II in the presence of renin. This high amount of angiotensin II is responsible for less water excretion and more tubular reabsorption of electrolytes (sodium and chloride ions) (Kotsis et al., 2010). After oral administration of AO extract, there was increased excretion of water from obese hypertensive rats. This increase could be justified by the active constituent of the AO extract (almost 90 ethno-medicinal ingredients have been obtained from the AO extract). Phenolics are majorly identified, particularly diarylheptanoids separated from the rhizome of A. officinarum, and are supposed to be the most effective biologically active constituents (Abubakar et al., 2018). There is a need to check the effect of isolated components of AO on diuresis.
The ratio between sodium and potassium ions is the measure of natriuretic activity. If the ratio is greater than 2.0, it indicates a high natriuretic effect and if the ratio becomes 10.0, it represents a potassium-sparing effect (Vogel and Vogel, 2013). In this study, Na+/K+ values of the AO extract were calculated. It indicated a natriuretic effect of more than two that supported the strong natriuretic effect of the AO extract at a high dose. A value of more than two indicated that there was more sodium excretion than potassium in the AO extract-treated group (500 mg/kg), which confers a diuretic effect with a satisfactory safety profile. Mostly synthetic diuretics cause the adverse effect of severe hypokalemia.
The Cl−/(Na++K+) ratio revealed the level of carbonic anhydrase inhibition (CAI) response; CAI effect is considered negligible at ratios between 1.0 and 0.8, while a ratio less than 0.8 indicates CAI activity in the test material (Vogel and Vogel, 2013). The amount of CAI was calculated for low and high doses of AO extract and they showed a ratio less than 0.8 at 0.28 and 0.27, respectively. It showed the strongest CA inhibitory effect of AO. There is the possibility that the most effective pathway for diuresis of the AO extract could be due to CA inhibition.
The protein, peroxisome receiver activator alpha (PPAR-α), has an important role in energy metabolism (hence its role as a therapeutic target for dyslipidemia) and is currently known as a modulator of inflammation. However, the exact role of PPAR-α in cholesterol metabolism is yet unclear, although some studies have proposed its role in reverse cholesterol transport and regulation of HDL metabolism. According to the studies, fibrate (agonist of PPAR) causes an increase in the level of HDL, decreases triglycerides, and minimally reduces the amount of LDL (de Miranda et al., 2017). The level of PPAR-α mRNA was lower in obese hypertensive rats when compared to normotensive rats. While treatment with AO and atorvastatin showed a significant increase in the level of PPAR-α mRNA in liver tissue which is in accordance with a previous study (Stec et al., 2019). For endogenous cholesterol biosynthesis, HMGR is considered as a rate-limiting enzyme and it catalyzes conversion of the HMG-CoA into mevalonate. HMG-CoA reductase inhibitors (a class of drugs) and statins are used clinically as the first line of treatment for the reduction in the level of mevalonate (metabolite) in serum (J. Chen et al., 2012). In our project, an increase was observed in the liver HMGR mRNA level in the HFSS diet-fed group of rats, supporting the fact that obesity is concomitant to increasing total cholesterol balance and increasing synthesis of cholesterol, majorly in the liver (Kalaivani et al., 2019). The expression level of HMGR in the HFSSD group was considerably downregulated by AO or atorvastatin administration and hence synthesis of cholesterol was highly decreased by reducing total cholesterol and LDL-C in plasma. Many drugs that have the potential to lower the total cholesterol level in the plasma block the functional site of the HMGR enzyme (Istvan, 2002). Compounds or protein in AO may inhibit the HMGR enzyme for the synthesis of cholesterol by binding at its active site and another study showed that medicinally active plants, containing flavonoids, have also been seen to decrease the activity of HMGR (Xie et al., 2007). The result suggested that AO has a similar pathway to that of statins. 7α-hydroxylase (Cyp7a1) plays a key role in the synthesis of bile acids (chenodeoxycholic acid and cholic acid). An enhanced level of mRNA Cyp7a1 is responsible for the conversion of cholesterol to bile acids and hence, decreases hepatic free cholesterol and oxidative stress. Some studies reported that Cyp7a1 causes a very high bile acid pool but lacks triglycerides so protects against diet-induced obesity (Ferrell et al., 2019).
Many studies showed that the phytoconstituents of A. officinarum, phenolics (diarylheptanoids), flavonoids (3- methylethergalangin), coumaryl alcohol, and phenylpropanoids, are accountable for its multiple therapeutic activities (Abubakar et al., 2018). Flavonoids and phenolic compounds have the potential of many biological activities due to their antioxidant and free radical scavenging properties (Selamoglu, 2017). Furthermore, it is unclear which constituent is responsible for the blood pressure lowering and diuretic effect of A. officinarum. Hence, further investigations are needed to determine the biologically active constituent responsible for the hypotensive and diuretic activities of A. officinarum.
CONCLUSION
This study shows that A. officinarum possesses antihypertensive and diuretic effects possibly mediated through attenuation of obesity markers (weight gain, leptin, and adiponectin), lipid parameters and appreciable diuretic, catalase, and superoxide dismutase activities. These data provide evidence to the conventional use of its decoction as an antihypertensive and diuretic agent.
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Effect of administration of Alpinia officinarum on urinary electrolytes of chronic obesogenic diet-fed hypertensive rats at 24 h on the last day of the model. Na* = sodlium; K* = potassium; Ck
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Effect of administration of Alpinia officinarum on urine volume of chronic obesogenic diet-fed hypertensive rats at 5 and 24 h intervals on the last day of the model, Diuretic action = urine
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Effect of administration of Alpinia officinarum on saluretic effect, natriuretic effect, and carbonic anhydrase inhibition of chronic obesogenic diiet-fed hypertensive rats at 24 h on the last day
of the model. Na* = sodium; K* = potassium; Cl-= chioride. The results are stated as means +S.EM (n=6), "* = non-significant, *p < 0.05, °"p < 0.01, and “’p < 0.001 vs normotensive
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Effect of administration of A. officinarum (AO) on systolic blood pressure, diastolic biood pressure, and mean blood pressure in abesogenic diet-fed hypertensive rats. The results are stated

as means + S.EM (n = 6), where 2p < 0.05, °"p < 0.01, and °“p < 0.001 vs normotensive rats. “p < 0.05, #p < 0.01, and ¥°p < 0.007 vs hypertensive rats.
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5). °p < 0.05, °p < 0.01, and <=p < 0.007 vs nommotensive rats. “p < 0.05, #p < 0.01, and ¥°p < 0.001 vs hypertensive rats.
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Effect of administration of A. officinarum (AO) on weight of various organs in chronic obesogenic diet-fed hypertensive rats. The results are stated as means + SEM (0 = 6). “'p < 0.05,
b=y < 0.01, and S°p < 0.001 vs normotensive rats. “p < 0.05, #p < 0.01, and ¥"p < 0.007 vs hypertensive rats.
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