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 Prehypertension is a warning sign that blood pressure is trending towards 
unhealthy levels, with a three- to six-fold risk of developing hypertension. It is 
concerning that most incidents are undiagnosed and rarely the subject of clinical 
research. Substantial efforts are therefore needed to identify functional foods that 
effectively control blood pressure from progressing to hypertension. Thus, using 
prehypertensive rats induced with NaCl, this study explores the possibility of 
Lactobacillus rhamnosus (LGG) (ATCC 53103) having antihypertensive effects. 
Eighteen rats were divided equally into three groups and given three different 
diets: a normal diet (ND), a high-salt diet (HSD) supplemented with 4% NaCl, 
and a high-salt diet with LGG at a dosage of 1 x 109 CFU daily for eight weeks. 
The rats were acclimatized to a normal diet for two weeks before being subjected 
to eight weeks of dietary and probiotic treatments. The three blood pressure 
metrics, diastolic blood pressure (DBP), systolic blood pressure (SBP), and mean 
arterial pressure (MAP), were measured once a week using the tail-cuff method. 
The levels of DBP (93.4 ± 1.27 mmHg), SBP (134.1 ± 1.97 mmHg), and MAP 
(104.3 ± 1.03 mmHg) in HSD groups were statistically significantly higher after 
following the 4% NaCl diet, which successfully mimicked the prehypertension 
state in humans. No reduction trends were observed on the weekly DBP, SBP, and 
MAP readings during the eight weeks of LGG treatment. Though still adhering to 
a high-salt diet, the treated LGG group's average levels of DBP (87.7 ± 0.69 
mmHg), SBP (124.5 ± 1.23 mmHg), and MAP (99.3 ± 0.71 mmHg) were 
significantly lower than those of the HSD group. This suggests that probiotic LGG 
may have antihypertensive effects. This emphasizes LGG's antihypertensive 
qualities and suggests that it may be used therapeutically to treat prehypertension 
and delay the onset of hypertension.     
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INTRODUCTION 

Hypertension is one of the global health concerns, a major cause of premature death, and the most 

significant modifiable risk factor for the development of cardiovascular disease [1-3]. According to WHO 

health statistics from 2023, 1.28 billion adults globally between the ages of 30 and 79 are estimated to have 

hypertension. Most of these individuals are from low- and middle-income nations [3]. Alarmingly, 46% of 

adult hypertensive individuals are not aware of their blood pressure status. Only 42% of adult patients with 

hypertension receive a diagnosis and course of treatment. Of the adult population with hypertension, only 

one in five has their blood pressure under control [3]. One of the global targets for non-communicable 

diseases is reducing hypertension prevalence by 33% between 2010 and 2030. In Malaysia, the National 

Health and Morbidity Survey (NHMS) reported that the prevalence rate for hypertension was 30% in 2019 

[4]. 

The abnormal and persistent elevation of arterial blood pressure is the hallmark of hypertension. 

Prehypertension is a critical blood pressure state that can lead to changes in vascular structure, metabolic 

function, and myocardial remodeling if it persists [5, 6]. One recent cohort study conducted by Ismail et al. 

[2] reported that the prevalence rate of prehypertension was 40.7% among the 7585 Malaysian adults. 

According to clinical studies, people with prehypertension have a three- to six-fold higher risk of 

developing hypertension within two years compared to people with normal blood pressure. This increased 

risk also corresponds with a higher risk of developing cardiovascular diseases [6, 7].  

Hypertension and prehypertension are multifactorial, non-communicable diseases in which prolonged 

poor dietary habits with high salt intake are one of the causative factors [8, 9]. One of the strategies is using 

functional foods such as probiotics for the management of hypertension and prehypertension. Probiotics 
may be utilized as an adjunctive treatment for high blood pressure management, according to a recent 

comprehensive meta-analysis report by Zarezadeh et al. [10] that examined the effects of probiotic 

supplementation on blood pressure from 21 randomized controlled trials and 14 additional meta-analysis 

studies. According to Zarezadeh et al. [10], well-known bacteria that are beneficial to metabolic health, 

including Lactobacillus, Bifidobacterium, Streptococcus, Bacillus, Enterococcus, and Saccharomyces, can 

confer antihypertensive effects in both human and animal models. Lactobacillus rhamnosus strain GG 

(ATCC 53103) (LGG) is one of the potential probiotics to manage prehypertension. Lactobacillus 

rhamnosus is a strain of beneficial bacteria commonly found in probiotic supplements and some fermented 

foods. Jiang and colleagues [11] reported the antihypertensive effects of L. rhamnosus CP658 extracted 

from conventional Daqu in spontaneously hypertensive rats (SHR). However, probiotics are known to have 

strain-specific health effects that may confer different mechanisms of action and target different aspects of 
health, as reported in cases of gastroenteritis, anxiety, depression, and obesity [12-15]. Therefore, the 

health-promoting effect of LGG on elevated blood pressure could be investigated to confirm its 

antihypertensive effect. 

Thus, prehypertension needs to be managed early to combat the progression of hypertension, as the 

majority of cases were those with unknown prehypertension. Currently, clinical research primarily focuses 

on the health management of diagnosed hypertensive patients, with limited attention given to the health 

management of prehypertensive patients [10]. The emphasis on health management for individuals in the 

prehypertensive phase needs to be heightened, as some patients progress to hypertension due to a lack of 

effective health management, resulting in irreversible consequences. In order to address this gap, this study 

investigates the antihypertensive effects of L. rhamnosus strain GG (ATCC 53103) in managing 

prehypertension using high-salt diet-induced rats as an animal model.  
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EXPERIMENTAL 

Animals and Study Design   

For this investigation, twenty-four male, eight-week-old Sprague Dawley rats weighing between 200 

and 250 g were used as animal models. The rats were housed in a controlled environment with free food 

and water throughout the experiment. The temperature was kept at 23 ± 3 °C, the relative humidity was 55 

± 5%, and the light/dark cycle was 12/12 h. The rats were kept separately and allowed to adapt to their new 

surroundings for two weeks to prevent the effects of the cage. During the acclimatization weeks (AC 1 and 

AC 2), all the rats were fed with the standard normal diet pellets (ND) (Gold Coin, Selangor, Malaysia). 

The rats were then randomized into three groups (n = 8 per group) with respective treatments as described 

in Table 1. The UiTM Research Ethics Committee approved the experimental design (UiTM CARE: 
343/2021). The rats were sacrificed for blood collection at the end of the experiment by terminal cardiac 

puncture.   

Table 1. The treatment groups in the present study 

HSD, a high salt diet with 4 % sodium chloride (NaCl); ND, normal diet; LGG, PBS, phosphate-buffered saline; Lactobacillus 

rhamnosus strain GG ATCC 53103 (LACTOGG®, Malaysia)  

Preparation and Oral Supplementation of the Probiotic   

LGG was obtained commercially in freeze-dried form, with each capsule dose containing a minimum 

of 20 billion live L. rhamnosus GG (ATCC 53103) LACTOGGⓇ (USA). Using a sterile phosphate-buffered 

saline (PBS), LGG was suspended and diluted to produce a concentration of 109 CFU day−1 in 1 mL. Every 

dosage was prepared fresh to maintain the viability of the probiotics. HSD and normal ND groups were 

only provided with 1 mL of PBS as the vehicles. 

Diets 

The standard normal diet pellets (ND) (Gold Coin, Selangor, Malaysia) comprise 14% fat, 25% protein, 

and 61% carbohydrates. The high salt diet (HSD) was formulated by adding 4% sodium chloride (NaCl) to 

the standard diet. The rats were given water ad libitum to avoid hyperkalemia.   

 

Measurement of Diastolic, Systolic, and Mean Arterial Pressures  

We used the non-invasive tail-cuff approach (CODA® High Throughput System) to measure blood 

pressure following the manufacturer's instructions. The rats were acclimated to the non-invasive tail-cuff 

approach before the actual blood pressure (BP) measurement. Every week throughout the treatment, each 

rat's blood pressure was taken. To minimize experimental errors, the diastolic blood pressure (DBP), 

Groups Rats (n) Descriptions  Treatments (8 weeks) 

HSD 8 HSD and prehypertensive control group  fed with HSD and 1 ml of sterilized PBS 

ND  8 ND and Normotensive control group  fed with ND and 1 ml of sterilized PBS 

LGG 8 HSD and probiotic LGG group  fed with HSD and 1 ml of LGG 109 CFU daily 
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systolic blood pressure (SBP), and mean arterial pressure (MAP) were measured at predefined intervals 

between 1200 and 1700. Five measurements were made in each rat to determine the mean value. 

Statistical Analysis 

GraphPad Prism version 8 (GraphPad Software Inc.; San Diego, CA, USA) was used to analyze the 

experimental data. The results were displayed as the mean and mean standard error of the mean (SEM). A 

two-way ANOVA was used to compare all the data between the intervention groups, and Tukey's multiple 

comparisons test was then performed. Significant statistical results in this study were defined as P < 0.05.  

RESULTS 

Effects of Probiotic LGG on DBP   

The weekly changes in diastolic blood pressure (DBP), systolic blood pressure (SBP), and mean arterial 
pressure (MAP) throughout the experiment were presented in Fig. 1, Fig. 2, and Fig. 3, respectively. During 

the eight weeks of the diet regimen, HSD with 4% NaCl significantly increased the levels of DBP, SBP, 

and MAP in comparison to the control ND group (Fig. 1, Fig. 2, and Fig. 3). The effects of 4% HSD on the 

three blood pressure parameters were significantly apparent after one week of diet treatment, starting from 

week two until week eight (Fig. 1, Fig. 2, and Fig. 3). 

The mean levels of DBP for the HSD group steadily increased from 90.5 ± 3.26 mmHg in week 1 to 

94.7 ± 4.25 mmHg in week 8 (Fig. 1). Within the treatment week (Fig. 1), the mean levels of DBP in the 

HSD group were statistically significantly higher than those in the ND group for almost every week except 

in the first and fourth weeks. There is a trend towards well-controlled DBP levels for the LGG group 

(between 87.0 ± 1.24 mmHg and 89.0 ± 1.85 mmHg) compared to HSD (between 83.8 ± 2.57 mmHg and 

94.7 ± 4.25 mmHg) after eight weeks of oral LGG supplementation (Fig. 1). However, no statistically 
significant difference was found. The same goes for the ND group, whose DBP levels were kept stable 

throughout the treatment period of eight weeks (Fig. 1).  
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Fig. 1. Changes in DBP of the ND, LC, and HSD animal models throughout the experiment, starting with two weeks of acclimatization 

period (A1 and AC2) and continuing with eight weeks of dietary and probiotic supplementation (W1 to W8). Each value provided is 

the mean ± standard error of the mean (SEM). Values with different superscript letters significantly differ (P < 0.05) by two-way 

ANOVA followed by the Tukey post hoc test. The letter 'a' indicates significant differences between HSD and ND; 'b' indicates 

differences between LGG and ND; 'c' indicates differences between HSD and LGG. AC, acclimatization; DBP, diastolic blood 

pressure; HSD, high salt diet (4% NaCl); ND, normal diet; LGG, HSD plus probiotic Lactobacillus rhamnosus strain GG at 109 CFU 

day−1 for eight weeks. 

Effects of Probiotic LGG on the SBP 

The level of SBP increased from 121.5 ± 3.06 mmHg in week 1 to 139.3 ± 5.77 mmHg in week 8. 

From week 2 onward, the HSD group's weekly SBP level was significantly higher than the ND group (Fig. 

2). Compared to the HSD group, the LGG group's SBP level significantly decreased in week 4 (124.1 ± 

2.89 mmHg). The SBP level then stayed steady for the remaining weeks until the end of the experiment at 

week 8 (126.0 ± 3.59 mmHg). In contrast, the ND group had stable SBP levels from the start of the study 

until the end. The lowest reading was observed in week 3 (112.1 ± 1.40 mmHg), and the highest level was 

noted in week 8 (116.0 ± 1.66 mmHg) for the ND group (Fig. 2). 
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Fig. 2. Changes in SBP of the ND, LC, and HSD animal models throughout the experiment, starting with two weeks of acclimatization 

period (A1 and AC2) and continuing with eight weeks of dietary and probiotic supplementation (W1 to W8). Each value provided is 

the mean ± standard error of the mean (SEM). Values with different superscript letters significantly differ (P < 0.05) by two-way 

ANOVA followed by the Tukey post hoc test. The letter 'a' indicates significant differences between HSD and ND; 'b' indicates 

differences between LGG and ND; 'c' indicates differences between HSD and LGG. AC, acclimatization; HSD, high salt diet (4% 

NaCl); ND, normal diet; SBP, systolic blood pressure; LGG, HSD plus probiotic Lactobacillus rhamnosus strain GG at 109 CFU day−1 

for eight weeks.  

Effects of LGG on the MAP 

The weekly levels of MAP were significantly increased in the HSD group compared to the ND group 

(Fig. 3). Starting in week 2 (104.9 ± 2.45 mmHg) and continuing until week 8 (109.3 ± 4.71 mmHg), the 

differences were deemed statistically significant as compared to the ND groups (between 90.4 ± 2.60 mmHg 

and 91.6 ± 1.19 mmHg). A trend of stable weekly MAP levels was observed in the LGG group after four 

weeks of oral probiotic supplementation. The recorded reading of MAP on week 4 was 99.1 ± 2.90 mmHg 

and 101.0 ± 2.37 mmHg at the end of the experiment in week 8 (Fig. 3). Despite a trend towards lower 

readings in the LGG group, the difference in MAP reading between HSD and LGG was not statistically 

significant. The ND group also had a stable reading for the weekly MAP throughout the study (Fig. 3).  
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Fig. 3. Changes in MAP of the ND, LC, and HSD animal models throughout the experiment, starting with two weeks of acclimatization 

period (A1 and AC2) and continuing with eight weeks of dietary and probiotic supplementation (W1 to W8). Each value provided is 

the mean ± standard error of the mean (SEM). Values with different superscript letters significantly differ (P < 0.05) by two-way 

ANOVA followed by the Tukey post hoc test. The letter 'a' indicates significant differences between HSD and ND; 'b' indicates 

differences between LGG and ND; 'c' indicates differences between HSD and LGG. AC, acclimatization; HSD, high salt diet (4% 

NaCl); MAP, mean arterial pressure; ND, normal diet; LGG, HSD plus probiotic Lactobacillus rhamnosus strain GG at 109 CFU 

day−1 for eight weeks. 

Therapeutic Potential of LGG on Prehypertension 

Overall, there were statistically significant differences in the average blood pressure readings between 

the groups when comparing the eight weeks of dietary and probiotic treatments (Fig. 4). Figures 4A, 4B, 

and 4C show that the 4% NaCl diet regimen statistically significantly increased the levels of DBP (93.4 ± 

1.27 mmHg), SBP (134.1 ± 1.97 mmHg), and MAP (104.3 ± 1.03 mmHg) in HSD groups. The 4% NaCl 

diet for eight weeks resulted in diastolic and systolic prehypertension, according to DBP and SBP readings 

greater than 90 mmHg and 130 mmHg, respectively (Fig. 4A and 4B). When compared to the HSD group, 

the LGG group exhibited significantly lower average levels of DBP (87.7 ± 0.69 mmHg), SBP (124.5 ± 

1.23 mmHg), and MAP (99.3 ± 0.71 mmHg), indicating the therapeutic potential of probiotic LGG. In 

contrast to the ND group, the LGG group's DBP, SBP, and MAP levels were still noticeably greater. The 

ND group had the lowest DBP (80.5 ± 0.40 mmHg), SBP (114.5 ± 0.49 mmHg), and MAP (91.5 ± 0.36 

mmHg) than the HSD and LGG groups statistically significantly (Fig. 4).  
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Fig. 4. The effect of LGG on (A) DBP, (B) SBP, and (C) MAP levels after eight weeks of oral supplementation. DBP, diastolic blood 

pressure; HSD, high salt diet; MAP, mean arterial pressure; ND, normal diet; SBP, systolic blood pressure. Each value provided is 

the mean ± standard error of the mean (SEM) from eight weeks of treatment. *P < 0.05 shows significant differences between groups 

tested with two-way ANOVA followed by the Tukey post hoc test. HSD, high salt diet (4% NaCl); MAP, mean arterial pressure; ND, 

normal diet; LGG, HSD + probiotic Lactobacillus rhamnosus strain GG at 109 CFU day−1 for eight weeks. 

DISCUSSION 

Sprague-Dawley rats fed a high-salt diet containing 4% NaCl were used to successfully create a 

prehypertensive animal model over eight weeks of a diet regime based on the average DBP (93.4 ± 1.27 

mmHg) and SBP (134.1 ± 1.97 mmHg) readings as described in Fig. 4. Blood pressure that is higher than 

normal but not high enough to be categorized as hypertension is known as prehypertension [2, 16]. High 

NaCl intake, as high as 4%, is associated with an increased risk of elevated blood pressure in susceptible 
individuals and animal models, such as rats. The mechanisms underlying this phenomenon are similar 

between humans and animals [1, 17, 18]. Because of this, when probiotic LGG supplementation is given at 

109 CFU daily for eight weeks, the current prehypertension animal model may represent a similar metabolic 

condition in humans. Prehypertension is one of the health conditions that has recently become alarming 

worldwide, including in Malaysia [2, 16].  

The DBP, SBP, and MAP were the three blood pressure measurements used in this study. Monitoring 

systolic and diastolic blood pressure readings is important for assessing overall cardiovascular health and 

managing hypertension [6, 19]. The lowest number in a blood pressure reading, the DBP, represents the 

pressure in the arteries during the period between heartbeats. A normal diastolic blood pressure reading is 

usually less than 80 mmHg. High diastolic blood pressure, known as diastolic hypertension, is a reading 

consistently at or above 90 mmHg and can indicate an increased risk of heart disease, stroke, and other 

health problems. A DBP reading between 80 mmHg and 90 mmHg is considered prehypertension [2, 16]. 

In contrast, SBP is the top number in a blood pressure reading and represents the pressure in the arteries 

when the heart beats and pumps blood out. A systolic blood pressure measurement of less than 120 mmHg 

is typically considered normal. A reading consistently at or above 140 mmHg is referred to as high systolic 

blood pressure or systolic hypertension, indicating an increased risk of heart disease [6]. A reading of SBP 
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between 120 mmHg and 140 mmHg can be considered prehypertension [2, 16]. Therefore, SBP and DBP 

readings greater than 120 over 80 and less than 140 over 90 (120/80–140/90) indicate prehypertension. The 

SBP and DBP readings of 140 over 90 (140/90) or higher indicate hypertension [2, 6, 16]. The present study 

shows that the 4% high-salt diet during the eight-week study led to prehypertension in the Sprague-Dawley 

rats in the HSD and LGG groups.  

According to Dobrian et al. [18], feeding with the 4% high-salt diet for a longer period, for ten weeks 

or longer, may cause hypertension. For this reason, the 4% high-salt diet treatment in this study was only 

administered for eight weeks to raise the prehypertensive state's DBP and SBP levels. Rats were also 

acclimated over two weeks to verify the direct impact of the oral probiotic LGG supplementation and the 
4% high-salt diet on blood pressure during the eight-week treatment period. During this time, they were fed 

a standard diet to normalize the diet regime before further experiments.  

Conversely, the MAP is a computed value representing the average arterial pressure within a single 

cardiac cycle. It is calculated from systolic and diastolic blood pressure readings, representing the perfusion 

pressure in the organs, which is essential for sufficient blood flow and oxygen delivery. The MAP readings 

can serve as an alternative index that effectively captures the individual's total exposure to elevated blood 

pressure [19]. Normal mean arterial pressure typically falls between 70 mmHg and 110 mmHg. According 

to preliminary findings reported by Kandil et al. [19], MAP would be more useful and accurate than simply 

using systolic or diastolic blood pressure measurements (accuracy up to 89.3% and 88.9%, respectively) in 

determining the cerebrovascular impact of hypertension (accuracy up to 95.2%). This finding highlights 

the pathophysiological relevance of MAP and validates earlier theories that suggested this straightforward 

metric might be a better indicator for defining hypertension and conducting hypertension research.  

Based on the present study, HSD impacted DBP, SBP, and MAP beginning in week two and increasing 

throughout the experiment for eight weeks. On the other hand, LGG did not appear to differ significantly 

in DBP and SBP at week 1 between the ND and HSD groups. For SBP, this pattern continued until the end 

of the experimental period. However, weeks 7 and 8 saw a noticeable increase in DBP readings. However, 

distinct patterns were noted in every group, with the blood pressure readings in the LGG group consistently 

being lower than those in the HD group, suggesting the underlying effects of LGG. The reduction in blood 

pressure observed with LGG is consistent with the other documented antihypertensive effects of 

Lactobacillus rhamnosus CP658 extracted from conventional Daqu on spontaneously hypertensive rats 

(SHR) [11]. Although both strains differ, they are from the same genus and species group. Therefore, these 

results validate L. rhamnosus's antihypertensive properties, necessitating a human clinical trial to verify 

their beneficial effects on prehypertension and hypertension.  

The treated LGG group did not show a significant drop in weekly blood pressure. However, the weekly 

SBP, DBP, and MAP levels were more stable and under control, even though they were still following a 

high-salt diet. In addition, the present study shows that the average SBP, DBP, and MAP over the eight 

weeks of treatment in the treated LGG group are significantly lower than the control HSD group. More 

statistically significant antihypertensive effects of LGG could be obtained if a higher dosage and longer 

treatment period are carried out. To significantly reduce the inflammatory response and both DBP and SBP, 

a higher dosage (2 × 109 CFU daily) and a minimum of 10 weeks of oral supplementation were 

recommended by a recent umbrella meta-analysis report on the effects of probiotic supplementation on 

blood pressure from 21 randomized controlled trials and 14 other meta-analysis studies [10].  

The modulation and reduction of inflammation is one potential mechanism through which the LGG 

confers antihypertensive effects on the DBP and SBP [5, 20]. In one study, Ferrian et al. [21] found that 
single-cell imaging maps inflammatory cell subsets to pulmonary arterial hypertension vasculopathy, 

https://doi.org/10.24191/


Zaharuddin et al. / Science Letters, June (2024) Vol. 18, No. 2 

53 

https://doi.org/10.24191/sl.v18i2.26289 

supporting the theory that chronic inflammation plays a role in the pathophysiology of pulmonary arterial 

hypertension. In a different investigation, Nenu et al. [22] demonstrated how a probiotic supplement 

containing L. rhamnosus alters the inflammatory pathways in the liver and gut of a mouse model of 

hepatocellular carcinoma. This indicates that LGG potentially exerts antihypertensive effects by reducing 

inflammation in high blood pressure cases. Further research is needed to fully understand this concept to 

manage prehypertension and prevent the development of hypertension.  

CONCLUSION 

This study shows that LGG has therapeutic potential in an animal model of prehypertension caused by 

a high-salt diet. Even with a high-salt diet, the SBP, DBP, and MAP levels could be stabilized with an oral 
supplement of LGG for eight weeks at a dosage of 1 × 109 CFU daily. To further elucidate the 

antihypertensive effects of LGG, profiling of the gut microbiome and the metabolic changes associated 

with the probiotic treatment could be carried out using metagenomic and metabolomics studies. Thus, it 

highlights the antihypertensive properties of LGG and raises the possibility of using them therapeutically 

to treat prehypertension and prevent the onset of hypertension, supporting the WHO's 2030 target of a 33% 

decrease in occurrences.  
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