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Abstract
Introduction and Objective. High blood pressure is an important risk factor for heart-related disease. Combining dietary 
adjustments with standard drugs in the therapy of heart diseases have gained attention. Genistein, a soy isoflavone, has 
many biological effects but its role in blood pressure is inconclusive. The aim of the study was to investigate the effect of 
genistein on blood pressure in normotensive rats pre-treated with standard drugs.   
Materials and method. Twenty healthy adult male Sprague Dawley rats (body weight 160–180g) were administered with 
genistein, and SBP, DBP, PP, MABP and HR were recorded. Subsequently, the rats (5 each) were treated with Indomethacin, 
a non-steroidal, anti-inflammatory and a cyclooxygenase (COX-2) enzyme inhibitor (5 mg/kg subcutaneously), methylene 
blue,an inhibitor of nitric oxide synthase and guanylate cyclase (7.5 mg/kg, by infusion), nifedipine,a calcium channel blocker 
(0.75  mg/kg intravenously), and tetraethylammonium, a voltage-gated K+ channels blocker (60 mg/kg intravenously). 
Genistein was administered intravenously in graded doses after the administration of these blockers. SPB, DBP, PP and MABP 
were significantly increased following genistein administration only, as well as in the methylene blue and tetraethylammonium 
groups each.  
Results. Higher doses of genistein significantly decreased SBP, DBP and PP after indomethacin treatment. Falling DBP and 
MABP were reversed in the nifedipine group.  
Conclusions. Results suggests that genistein elevates blood pressure in experimental normotensive male rats. This has 
implications for alternative therapy in the management of hypertension, and implications for blood pressure in cardiovascular 
related diseases
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INTRODUCTION

Blood pressure is an important parameter used in the 
assessment of the cardiovascular functions and health status 
in mammals [1]. Environmental factors can influence blood 
pressure and notable among such factors are stress, life style, 
drugs and diet [2]. Consumption of a diet rich in fat and 
energy without corresponding energy burn-out, will lead 
to obesity and consequently hypertension [3]. Previous 
studies have documented that people who are known to go 
on diet rich in legumes and soya meals were found to have 
consistently low blood pressure [4]. Genistein and daidzein 
are the major isoflavones constituents of soya, [5]. As a 
phytoestrogen, genistein has been found to be an oestrogen 
agonist, having a structural similarity to oestradiol with 
higher affinity for beta oestrogen receptor [6].

Genistein has drawn wide attention due to its potential 
health benefits in preventing chronic diseases such as 
cardiovascular diseases [7], obesity [8]. Genistein possesses 
beneficial effects on serum lipids [7], but its mechanism 
of action on the cardiovascular system are still not fully 
explained. This study was aimed at investigating the effect 

of genistein on blood pressure in normotensive male rats 
pre-treated with Indomethacin, Methylene Blue, Nifedipine 
and Tetraethylammonium.

MATERIALS AND METHOD

Animals and preparation for blood pressure measurement. 
A total of 20 healthy adult male Sprague Dawley rats (body 
weight 160–180g) were used for the study, obtained from 
the animal house of the college of Medicine, University of 
Lagos. The rats were housed in a standard experimental 
animal laboratory and placed on phytoestrogen free diet 
and water ad-libitum. Room temperature was maintained at 
28 ± 1 °C with the aid of an air conditioner throughout the 
period of the experiment. All procedures, including extract 
preparation and drug administration, as well as housing and 
euthanasia, were in accordance with the Helsinki guidelines 
for the care and use of experimental animals [8], as approved 
by the Institutional Health Research and Ethics Committee, 
College of Medicine, University of Lagos, Nigeria (Approval 
No. CM/HREC/010/16/064).

Animal grouping and experimental procedures. The 
animals were divided into 4 groups of 5 animals each. Group-1 
served as the Indomethacin (5  mg/kg subcutaneously) 
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group, group-2 served as Methylene-blue (7.5  mg/kg, 
by intravenous) group, group-3 served as while group-4 
served as the Nifedipine (0.75  mg/kg intravenous) group 
and Tetraethylammonium (60 mg/kg intravenous) group. 
The animals were fasted overnight prior to the day of the 
experiment. On that day, the rats were anesthetized with a 
solution of 25% (w/v) urethane and 1% (w/v) α-chloralose 
injected intraperitoneally at a dose of 5 ml/kg body weight. 
Loss of consciousness and pain sensation was confirmed 
in each rat with the loss of response to pricking the limb 
paw with a sharp needle, after which the rat was placed in a 
supine position and fastened onto a warm surgical dissecting 
table. The trachea was cannulated and trachea tube PE250 
was inserted and tied with a sterilized tread to open up the 
airways, and to prevent possible congestion of the airway due 
to the effect of the anesthetic agent administered. The right 
femoral vein and arteries were carefully cannulated using a 
10–15 cm cannula. The drugs and the graded concentrations 
of genistein used in this study were administered via the 
cannulated vein while the femoral artery was connected 
to the blood pressure transducer which was connected to 
the power lab acquisition system (ADInstruments, USA) 
to record the continuous blood pressure before and during 
the drug and genistein administration. The cannulation was 
flushed with heparinized saline to prevent blood clotting [9]. 
The whole set-up was allowed to stabilize for 30 minutes and 
the baseline blood pressure recording after administration 
of the graded doses of genistein had been recorded. Blood 
pressure parameters, including systolic blood pressure (SBP), 
diastolic blood pressure (DBP), pulse pressure (PP) and heart 
rate (HR), were all recorded while the rate pressure product 
(RPP) was also calculated from the above parameters. A 
schematic diagram of the experimental design is provided 
in Figure 1.

Preparation and administration of Genistein and different 
drugs. Genistein was prepared from a stock solution of 
0.025 mg/ml of distilled water and injected intravenously 
after being sonicated via the femoral vein in graded doses 
of 0.008, 0.016, 0.032, 0.064, 0.128, and 0.256 mg/kg body 
weight on the day of the experiment. These doses were less 
than doses of genistein used in the work of O’Connor et al., 

(2002) [10]. In the first part of the study, after the initial 
administration of genistein at different doses, basal blood 
pressure recordings were obtained and the blood pressure 
allowed to return to baseline and to stabilize. Thereafter, a one-
time dose of the drug was administered either intravenously 
or subcutaneously, as applicable, and allowed to circulate for 
60 seconds after which the graded concentration of genistein 
were re-administered and new blood pressure readings 
were recorded for each animal set-up. This procedure was 
repeated for each of the drugs in the different groups. The 
drugs administered include Indomethacin, a non-steroidal 
anti-inflammatory and a cyclooxygenase (COX-2) enzyme 
inhibitor (5  mg/kg subcutaneously), methylene blue, an 
inhibitor of nitric oxide synthase and guanylate cyclase 
(7.5 mg/kg, by infusion), nifedipine,a calcium channel blocker 
(0.75  mg/kg intravenously), and tetraethylammonium a 
voltage-gated K+ channels blocker (60 mg/kg intravenously) 
[11–14]. Genistein was administered in graded doses of 0.008, 
0.016, 0.032, 0.064, 0.128, and 0.256  mg/kg body weight 
intravenously [10], after the administration of the drugs to 
determine the effect and possible mechanism of actions of 
genistein on the blood pressure.

Statistical analysis and result presentation. Data acquired 
with the ADPower Lab acquisition system were subjected to 
one-way Analysis of Variance (ANOVA) and paired T-test 
using Graph pad software. Differences were considered 
significant when P<0.05. Results were presented as mean ± 
SEM. Tables and Figures were used for the presentation of 
all results.

RESULTS

Intravenous administration of graded doses of genistein. 
Blood pressure changes after administration of graded 
doses of genistein (0.008mg/kg, 0.016 mg/kg, 0.032 mg/kg, 
0.064 mg/kg, 0.128 mg/kg, and 0.256 mg/kg) is shown in 
Table 1.

Intravenous administration of genistein at graded doses 
of 0.064 mg/kg, 0.128mg/kg and 0.256mg/kg significantly 
increased SBP (p<0.05), compared to baseline (Fig. 2, Plate A). 

 Figure 1. A Schematic diagram of the Experimental design

20 Sprague Dawley rats
weighting 160–180 g

Initial Genistein administration
in graded doses of: 0.008, 0.016, 0.032, 0.064, 0.128, 0.256

mg/kg body weight intravenously

Baseline data recording at each dose of genistein
(SBP, DBP, PP, HR, RPP, MABP)

Tetraethylammonium
60 mg/kg (intravenous)

Nifedipine
0.75 mg/kg (intravenous)

Methylene Blue
7.5 mg/kg (infusion)

Indomethacin
5 mg/kg (subcutaneous

Final Genistein administration
in graded dose 0.008, 0.016, 0.032, 0.064, 0.128, 0.256 mg/kg

body weight intravenously

Results Obtained

Observation of pre-treated group for 60 seconds
SBP, DBP, PP, HR, RPP, MABP
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PP recorded a significant increase following administration 
of graded doses of 0.016mg/kg, 0.032mg/kg, 0.128mg/kg and 
0.256mg/kg, in comparison with that of 0.08mg/kg of genistein 

(p<0.05) (Fig. 2, Plate C). There was a significant rise in MABP 
when the graded doses were compared to baseline (p<0.05) 
(Fig. 2, Plate D). Graded doses of 0.008mg/kg, 0.016mg/kg, 

Figure 2:Comparison of blood pressure parameters in response to intravenous administration of graded concentration of genistein after the administration of 
indomethacin, methylene blue, nifedipine, and tetraethylammonium separately Plate A-Systolic blood pressure; Plate B-Diastolic pressure; Place C-Pulse pressure; Plate 
D-Mean arterial pressure; Plate E-Heart rate; Plate F- Rate pressure product

Table 1. Blood pressure responses to intravenous administration of graded concentration of genistein

Parameters Genistein concentration (mg/kg body wt.) n=4

0.000 0.008 0.016 0.032 0.064 0.128 0.256 

SBP (mmHg) 127.33 ± 1.25 129.18 ± 0.09 130.07 ± 0.16 131.08 ± 0.47 134.83 ± 0.23 138.03 ± 0.97 141.62 ± 1.41

DBP (mmHg) 91.60 ± 4.06 73.57 ± 5.81 105.76 ± 7.83 107.48 ± 6.58 98.89 ± 3.04abc 104.78 ± 0.38abcd 101.96 ± 1.45abcde

PP (mmHg) 19.73 ± 1.51 37.00 ± 0.21 35.55 ± 2.15b 37.44 ± 0.66b 38.98 ± 0.05 37.16 ± 2.57b 41.56 ± 1.93b

MABP (mmHg) 91.76 ± 2.90 113.26 ± 5.11a 113.86 ± 5.27a 115.35 ± 4.26a 110.94 ± 2.09a 123.03 ± 0.92a 117.46 ± 0.85a

HR (beat/min) 453.50 ± 3.50 452.85 ± 5.85a 453.85 ± 6.25a 454.35 ± 6.15a 456.00 ± 6.00 456.66 ± 6.06a 453.30 ± 12.30a

RPP (mmHg.beat/min) 46721.30  
± 213.89

58233.15  
± 978.66

59265.40  
± 653.45

58578.43  
± 1567.28

60948.23  
± 1151.51

63288.15  
± 130.52

62351.49  
± 328.00

SBP – Systolic Blood Pressure (mmHg); MABP – Mean Arterial Blood Pressure (mmHg); DBP – Diastolic Blood Pressure (mmHg); HR – Heart Rate (b/min); PP – Pulse Pressure (mmHg); RPP – Rate 
Pressure Product (dimensionless).
a – significant when compared to baseline; b – significant when compared to 0.008mg/kg; c – significant when compared to 0.016mg/kg; d – significant when compared to 0.032mg/kg; e – 
significant when compared to 0.064mg/kg; f – significant when compared to 0.128mg/kg

Table 2. Blood pressure responses to intravenous administration of graded concentration of genistein after administration of indomethacin 
(cyclooxygenase (COX) inhibitor

Parameters Genistein concentration (mg/kg body wt.) administered after indomethacin (n=4)

0.000 0.008 0.016 0.032 0.064 0.128 0.256 

SBP (mmHg) 145.90 ± 6.08 171.39 ± 1.66a 112.58 ±0.39ab 114.67 ± 1.15ab 110.38 ± 0.46ab 108.90 ± 3.17ab 100.96 ± 0.73abcde

DBP (mmHg) 90.27 ± 3.71 102.88 ± 1.40a 87.88 ± 0.34b 86.27 ± 0.99b 79.94 ± 0.94abc 76.59 ± 1.93abcd 63.41 ± 1.90abcdef

PP (mmHg) 55.63 ± 2.37 68.52 ± 1.25a 24.70 ± 0.54ab 28.40 ± 1.90ab 30.45 ± 1.81ab 32.30 ± 1.81abc 36.26 ± 0.70abcd

MABP (mmHg) 108.81 ± 4.50 125.72 ± 1.37a 96.12 ± 0.25ab 95.73 ± 0.54ab 90.08 ± 0.75abd 87.36 ± 2.26abcd 75.93 ± 1.45abcdef

HR (beat/min) 168.00 ± 0.00 180.00 ± 0.00 228.00 ± 0.00ab 282.00 ± 6.00ab 267.00 ± 3.00abd 276.00 ± 0.00ab 264.00 ± 0.00abd

RPP (mmHg.beat/min) 24510.36 ±  
1020.60

31044.60 ± 
214.20a

25749.18 ±  
119.70ab

32798.40 ±  
318.72ab

29583.96 ±  
364.44ab

30958.92 ±  
1656.00abcd

26673.24 ±  
336.60abcdef

SBP – Systolic Blood Pressure (mmHg); MABP – Mean Arterial Blood Pressure (mmHg); DBP – Diastolic Blood Pressure (mmHg); HR – Heart Rate (b/min); PP – Pulse Pressure (mmHg); RPP – Rate 
Pressure Product (dimensionless).
a – significant when compared to baseline; b – significant when compared to 0.008mg/kg; c – significant when compared to 0.016mg/kg; d – significant when compared to 0.032mg/kg; e – 
significant when compared to 0.064mg/kg; f – significant when compared to 0.128mg/kg
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0.032mg/kg, 0.128mg/kg, 0.256mg/kg significantly increased 
the HR when compared to baseline (p<0.05) (Fig. 2, plate E).

Changes to blood pressure parameter after administration 
of Indomethacin (cyclooxygenase (cox) inhibitor) and 
genistein. Changes to blood pressure after the administration 
of indomethacin and genistein are presented in Table 2. SBP 
was significantly increased (p<0.05) at 0.008 mg/kg compared 
to baseline. SBP was significantly decreased at genistein doses 
above 0.008 mg/kg, compared to values recorded at baseline. 
SBP was significantly decreased at 0.256 mg/kg compared with 
values recorded with 0.016mg/kg, 0.032mg/kg, 0.064mg/kg 

(Fig. 2, plate A) There was a significant increase in DBP 
when 0.008mg/kg was compared to baseline (p<0.05). There 
was also a significant decrease in DBP when graded doses 
0.064mg/kg, 0.128mg/kg, and 0.256mg/kg were compared 
to values at baseline (Fig. 2, plate B). PP was significantly 
increased at 0.08mg/kg and significantly decreased in graded 
doses 0.016mg/kg, 0.032mg/kg, 0.064mg/kg, 0.128mg/kg, 
and 0.256mg/kg when compared to baseline (p<0.05). PP 
was significantly decreased at 0.016mg/kg, 0.032mg/kg, 
0.064mg/kg, 0.128mg/kg and 0.256mg/kg compared to 
values at baseline (Fig. 2, plate C). MABP was significantly 
increased with all other doses of genistein compared to the 

Table 5. Blood pressure responses to intravenous administration of graded concentration of genistein after administration of tetraethylammonium 
(potassium channel blocker)

Parameters Genistein concentration (mg/kg body wt.) administered after Tetraethylammonium (n=4)

0.000 0.008 0.016 0.032 0.064 0.128 0.256 

SBP (mmHg) 125.56 ± 2.44 131.03 ± 2.57 137.22 ± 1.85 145.02 ± 0.46 154.51 ± 4.11 162.29 ± 3.60 150.54 ± 13.61

DBP (mmHg) 103.25 ± 1.32 108.09 ± 0.74 110.13 ± 0.96 114.07 ± 1.39 115.65 ± 1.64a 115.93 ± 0.67ab 111.39 ± 1.25a

PP (mmHg) 22.31 ± 1.44 22.94 ± 3.31 27.09 ± 0.89a 30.95 ± 1.85a 38.86 ± 5.75ab 46.36 ± 4.27ab 39.16 ± 12.37a

MABP (mmHg) 110.68 ± 1.64 115.74 ± 0.36 119.16 ± 1.26 124.38 ± 0.77 128.60 ± 0.28 131.38 ± 0.75a 124.44 ± 5.37

HR (beat/min) 444.00 ± 0.00 435.00 ± 9.00 439.20 ± 7.20 436.80 ± 7.20a 428.40 ± 6.00ab 420.00 ± 12.00abc 414.00 ± 6.00a

RPP (mmHg.beat/min) 55804.14 ± 
1702.74

56974.92 ±  
61.32

60251.54 ±  
177.62

63339.20 ± 
 841.00

66167.42 ±  
833.66

68116.56 ±  
437.52

62405.22 ±  
6537.78

SBP – Systolic Blood Pressure (mmHg); MABP – Mean Arterial Blood Pressure (mmHg); DBP – Diastolic Blood Pressure (mmHg); HR – Heart Rate (b/min); PP – Pulse Pressure (mmHg); RPP – Rate 
Pressure Product (dimensionless).
a – significant when compared to baseline; b – significant when compared to 0.008mg/kg; c – significant when compared to 0.016mg/kg; d – significant when compared to 0.032mg/kg; e – 
significant when compared to 0.064mg/kg; f – significant when compared to 0.128mg/kg

Table 4. Blood pressure responses to intravenous administration of graded concentration of genistein after administration of Nifedipine (calcium 
channel blocker)

Parameters Genistein concentration (mg/kg body wt.) administered after nifedipine (n=4)

Baseline 0.008 0.016 0.032 0.064 0.128 0.256 

SBP (mmHg) 87.86 ± 1.30 88.85 ± 0.79 89.35 ± 1.02 95.49 ± 1.79 97.21 ± 1.48 101.16 ± 0.72 100.44 ± 0.82

DBP (mmHg) 39.55 ± 0.63 39.99 ± 0.34 40.76 ± 0.43 40.37 ± 1.31abc 43.99 ± 0.87abc 45.21 ± 1.36abcd 44.36 ± 0.67abc

PP (mmHg) 48.31 ± 0.85 48.86 ± 0.46 48.59 ± 1.37 55.12 ± 1.55 53.21 ± 1.97a 55.95 ± 1.07abcd 56.08 ± 0.68ab

MABP (mmHg) 55.65 ± 0.82 56.28 ± 0.49 59.95 ± 0.23 58.74 ± 1.30abc 61.73 ± 0.61 63.86 ± 1.08abc 63.06 ± 0.65abc

HR (beat/min) 372.00 ± 0.00 373.20 ± 1.20 370.20 ± 1.80 363.00 ± 3.00 361.20 ± 1.20abc 358.80 ± 1.20abcd 348.00 ± 0.00abcd

RPP (mmHg.beat/min) 32877.36 ± 
1134.60

32782.48 ±  
288.28

33062.08  ± 
318.64

34797.30 ± 
1235.10ab

35464.92 ± 
819.48abc

36026.93 ± 
66.67abc

35031.42 ± 
523.74abcdef

SBP – Systolic Blood Pressure (mmHg); MABP – Mean Arterial Blood Pressure (mmHg); DBP – Diastolic Blood Pressure (mmHg); HR – Heart Rate (b/min); PP – Pulse Pressure (mmHg); RPP – Rate 
Pressure Product (dimensionless).
a – significant when compared to baseline; b – significant when compared to 0.008mg/kg; c – significant when compared to 0.016mg/kg; d – significant when compared to 0.032mg/kg; e – 
significant when compared to 0.064mg/kg; f – significant when compared to 0.128mg/kg

Table 3. Blood pressure responses to intravenous administration of graded concentration of genistein after administration of methylene blue 
(monoamine oxidase inhibitor (MAOI)

Parameters Genistein concentration (mg/kg body wt.) administered after methylene blue (n=4)

0.000 0.008 0.016 0.032 0.064 0.128 0.256 

SBP (mmHg) 130.78 ± 0.93 130.91 ± 4.81a 132.37 ± 4.35b 134.76 ± 4.63ac 141.13 ± 6.95a 144.12 ± 10.81ac 156.05 ± 0.18bd

DBP (mmHg) 94.62 ± 3.14 95.10 ± 3.32 96.17 ± 2.85 97.38 ± 2.67 102.56 ± 2.40 102.29 ± 4.10 107.85 ± 0.06

PP (mmHg) 35.99 ± 2.03 35.82 ± 1.50 36.20 ± 1.50 37.39 ± 1.97 38.58 ± 4.54 41.84 ± 6.72 48.20 ± 0.24

MABP (mmHg) 106.79 ± 2.28 107.03 ± 3.81 108.22 ± 3.35 109.84 ± 3.32 115.41 ± 3.92 116.23 ± 6.33 123.92 ± 0.02

HR (beat/min) 417.00 ± 9.00 408.00 ± 0.00 408.00 ± 6.00 414.00 ± 6.00 423.00 ± 9.00 417.00 ± 9.00 408.00 ± 12.00

RPP (mmHg.beat/min) 54543.63 ±  
1564.83

53411.28 ±  
1962.48

54030.99 ±  
2566.95

55818.42 ± 
2725.38

59635.44 ± 
1669.68

60000.75 ± 
3210.69

63664.14 ± 
1797.06

SBP – Systolic Blood Pressure (mmHg); MABP – Mean Arterial Blood Pressure (mmHg); DBP – Diastolic Blood Pressure (mmHg); HR – Heart Rate (b/min); PP – Pulse Pressure (mmHg); RPP – Rate 
Pressure Product (dimensionless).
a – significant when compared to baseline; b – significant when compared to  0.008mg/kg; c – significant when compared to 0.016mg/kg; d – significant when compared to 0.032mg/kg; e – 
significant when compared to 0.064mg/kg; f – significant when compared to 0.128mg/kg
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derived values at baseline (p<0.05) (Fig. 2, plate D). HR was 
significantly decreased with all higher doses of genistein 
above 0.08 mg/kg compared to values recorded at baseline 
(Fig. 2, plate F). RPP was significantly increased at all doses 
of genistein compared to the derived values at baseline (Fig. 2, 
plate F).

Changes in blood pressure after administration of 
methylene blue (monoamine oxidase and guanylate 
cyclase (cGMP) inhibitor) and genistein. Changesino blood 
pressure after the administration of methylene blue and 
genistein are presented in Table 3. SBP was significantly 
increased(p<0.05) at 0.008 mg/kg, compared to baseline. SBP 
was significantly increased(p<0.05) at genistein doses above 
0.008 mg/kg, compared to baseline, except for 0.016 mg/kg 
and 0.0256 mg/kg doses. Significant increase in SBP occurred 
at 0.016mg/kg and 0.256mg/kg were compared to 0.008mg/kg. 
Similar response was recorded at 032mg/kg and 0.128mg/kg 
compared to 0.016mg/kg (p<0.05). 0.256mg/kg response 
was significantly increased when compared to 0.032mg/kg 
(p<0.05) (Fig. 2, plate A).

Changes in blood pressure after administration of 
nifedipine (calcium channel blocker) and genistein. Changes 
to blood pressure after the administration of nifedipine and 
genistein are presented in Table 4. DBP was significantly 
increased (p<0.05) at genistein doses above 0.016 mg/kg when 
compared to baseline, 0.008 mg/kg and 0.016 mg/kg doses. 
Similarly, 0.0128  mg/kg genistein significantly increased 
DBP when compared to the 0.032 mg/kg dose (Fig. 2, Plate 
B). The PP was significantly increased when 0.064mg/kg, 
0.128mg/kg and 0.256mg/kg were compared to baseline 
(p<0.05). PP was significantly increased when 0.128mg/kg 
and 0.256mg/kg were compared to 0.008mg/kg (p<0.05); 
there was also a significant increase when 0.128mg/kg was 
compared to 0.016mg/kg and 0.032mg/kg (p<0.05) (Fig.2, 
Plate C). MABP was significantly increased at doses above 
0.016 mg/kg, excluding 0.064 mg/kg, compared to baseline, 
0.008mg/kg, and 0.016mg/kg (p<0.05) (Fig. 2, Plate D). HR 
was significantly increased when 0.064mg/kg, 0.128mg/kg, 
and 0.256mg/kg were compared to baseline, 0.008mg/kg, 
and 0.016mg/kg (p<0.05); there was a significantly increase 
when 0.128mg/kg and 0.256mg/kg were compared to 
0.032mg/kg (p<0.05) (Fig. 2, Plate F). RPP was significantly 
increased at doses above 0.016  mg/kg compared to 
baseline,0.008mg/kg and 0.016 mg/kg doses (p<0.05). RPP 
was significantly increased when 0.064mg/kg, 0.125mg/kg, 
and 0.256mg/kg were compared to 0.016mg/kg (p<0.05). RPP 
was also significantly increased at doses above 0.016 mg/kg 
compared to baseline, 0.008  mg/kg and 0.016  mg/kg. A 
0.256 mg/kg dose recorded a significant rise in RPP when 
compared to doses above 0.016 mg/kg. These RPP changes 
are illustrated in Figure 2, Plate F.

Changes in blood pressure after administration of 
tetraethylammonium (potassium channel blocker) and 
genistein. Changes to blood pressure after the administration 
of tetraethylammonium and genistein are presented in Table 
5.There was a significant increase in DBP when genistein 
doses above 0.016 mg/kg were compared to baseline, and 
when 0.128mg/kg was compared to 0.008mg/kg (p<0.05) 
(Fig. 2, Plate B). PP was significantly increased when doses 
above 0.08mg/kg were compared to baseline (p<0.05). 

PP was also significantly increased when 0.064mg/kg 
and 0.128mg/kg were compared to 0.008mg/kg (p<0.05) 
(Fig. 2, Plate C). MABP was significantly increased when 
0.128mg/kg is compared to baseline (p<0.05) (Fig. 2, Plate 
D). HR was significantly decreased when doses above 
0.016 mg/kg is compared to baseline (p<0.05). 0.064mg/kg 
and 0.128mg/kg significantly decreased. HR compared to 
0.008mg/kg and 0.128mg/kg when compared to 0.016mg/kg 
(Fig. 2, Plate E).

DISCUSSION

While high blood pressure is an important risk factor for 
heart-related diseases [1], studies have shown that combining 
pharmacological therapy with dietary adjustment and regular 
exercise are more effective in the management of hypertension 
than pharmacotherapy alone [15,16]. In the present study, 
intravenous administration of genistein increased blood 
pressure at doses above 0.016  mg/kg when compared to 
baseline contrary to many of the previous reports [17]. In 
previous reports, either from human or animal experiments 
in which genistein lowered blood pressure, the route of 
genistein administration was the oral route. It thus appears 
from this study, and with recourse to previous studies by 
other authors, that the route of administration of genistein 
significantly affects the effect produced on blood pressure. 
It has been reported that the route of administration of 
genistein determines its bioavailability in the blood [18–
20]. The report showed that about 80% of genistein was 
converted into glucoronides and sulphates, rendering the 
absolute bioavailability as being very low (<15% – 23.4%) 
when administered orally, while the bioavailability of 
the total genistein remain very high (>55 – 90 %) [18, 19]. 
Genistein was also reported to express a longer half-life when 
administered orally [19]. The bioavailability of genistein 
therefore may have contributed to the disparity recorded 
in the effect of genistein on blood pressure between the 
intravenous route, as recorded in this study, and that of the 
oral route as reported by other authors [17, 21].

A reduction in blood pressure was recorded, however, 
in animals pre-treated with indomethacin before the 
administration of genistein, corroborating the findings 
of Antoni et  al., (2017) [22] that genistein relaxation of 
indomethacin constricted rat aorta and main pulmonary 
artery was via the endothelium dependent mechanism. On the 
other hand, genistein significantly raised the blood pressure 
in animals pre-treated with methylene blue (a monoamine 
oxidase and cGMP inhibitor), Tetraethylammonium (a 
potassium channel blocker) and Nifedipine (a calcium channel 
inhibitor). Although Tetraethylammonium, methylene blue 
and nifedipine are known blood pressure lowering drugs that 
produce a reduction in blood pressure via blockade of K+, 
cGMP induced pressure natriuresis and calcium channels 
respectively [11, 13, 14], intravenous genistein administration 
attenuated these blood pressure lowering effects of the drugs. 
Richardson et al., (2016) [23] reported that methylene blue 
had no effect on relaxation induced by genistein. This may 
be a result of possible decrease in the total bioavailability 
of genistein when administered intravenously [22], or as a 
result of the well- established dual effects of phytoestrogen, 
depending of in-vivo concentrations and the greater affinity 
for the β-estrogen receptor [6].
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The Rate pressure product was significantly increased 
in all genistein groups compared to the values obtained at 
baseline, and this increase is equally as a result of the increase 
in blood pressure recorded after intravenous infusion of 
genistein. There will be a need to evaluate the bioavailability 
of genistein when administered through routes apart from 
the usual oral route, and to further determine the reasons 
behind the change in pressure response when administered 
intravenously compared with the oral route.

CONCLUSION

The results of this study indicated that intravenous 
administration of genestein precipitated an increase in 
blood pressure in experimental normotensive male rats, 
and also attenuated the blood pressure lowering effects of 
indomethacin, Tetraethyylammonium, methyline blue and 
nifedipine in normotensive rats.
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