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Introduction
Excessive salt intake has been reported to increase blood
pressure and plays a role in damaging cardiovascular
structure and causing dysfunctions such as endothelial
dysfunction and kidney disease progression.[1,2] It is also
associated with greater risk of cardiovascular and cere-
brovascular diseases including atherosclerosis and
stroke.[3,4] These pathological processes increase risk of
cardiovascular morbidity and mortality.[5,6] Direct
anatomical implications of high sodium consumption in
particular result in vascular hypertrophy and collagen
deposition and increased carotid intima-media thickness
(CIMT).[7] CIMT is a good surrogate marker of subclin-
ical atherosclerosis and progressive cardiovascular dis-
ease.[8] There is considerable high-salt intake and burden
of cardiovascular disease morbidity and mortality world-
wide, especially in middle and low-income countries.[5,9]

Despite this, adherence to conventional treatment regi-

mens such as elective dietary salt restriction has faced
difficulties. With more than 50% non-compliance rates,
the emergence of alternative therapies creates more
attractive treatment options.[10]

Hibiscus sabdariffa extract reduces blood pressure in a
dose dependent manner[11,12] and has possible therapeutic
effects on oxidative stress, lipid profile and atherosclero-
sis.[13] It is used primarily as a traditional remedy for hyper-
tension.[10] Furthermore, because of the reported safety for
long term administration of Hibiscus sabdariffa extract
(HSE) as an antihypertensive,[14,15] it provides an effective-
ly manageable diet-imposed therapy that is low on cost
and easily available. Among the salt-induced structural
changes, CIMT is a particularly potent indicator of vascu-
lar disease with predictive staging, diagnostic and follow
up prognostic value.[16,17] It could as well be used to evalu-
ate the therapeutic effectiveness of HSE in partly reducing
cardiovascular disease risk.[18]
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Abstract

Objectives: The carotid intima-media thickness (CIMT) is a known biomarker of clinical and subclinical cardiovascular events
and evaluation of therapeutic action. Excessive salt directly causes changes in the common carotid intima and media layers
and has been linked to hypertensive disease resulting to changes on vascular structure. Hibiscus sabdariffa is a traditional
herbal drink with antihypertensive effects. The anatomical aspects of its effects however, are largely unknown. This study
therefore, investigated the effects of hibiscus extract on CIMT in rats fed with a high-salt diet. 

Methods: Young albino rats (Rattus norvegicus) were divided into three groups: (A) high-salt diet alone, (B) high-salt diet and
Hibiscus sabdariffa extract and (C) control group fed a normal diet for 8 weeks. Specimens from carotid arteries of rats were fix-
ated and processed for paraffin embedding. Seven-micrometer thick sections were stained with Hematoxylin and Eosin stain and
examined under light microscopy. Morphometric measurements were taken to determine the CIMT.  

Results: High-salt diet increased CIMT from 497.86 μm to 697.85 μm in 8 weeks. In Hibiscus sabdariffa extract fed rats, the
CIMT decreased to 542.85 μm (p<0.05) by week 8. 

Conclusion: Hibiscus sabdariffa extract ameliorates salt-induced increase in CIMT in rats in a time-dependent manner. This
implies that Hibiscus sabdariffa products may have therapeutic value in salt-induced vascular morbidity. 
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Data on structural effects of Hibiscus sabdariffa on blood
vessels is critical in elaborating the mechanisms. However,
the effect of HSE on salt-induced changes in CIMT has
not been reported before. This study therefore examined
the effects of HSE on salt-induced changes in CIMT. 

Materials and Methods
This study was performed on 24 two-month old albino
rats (Rattus norvegicus) obtained from the Department of
Biochemistry of University of Nairobi. Ethical approval
for the study was obtained from the Bio-Safety, Animal
Use and Ethics Committee, Faculty of Veterinary
Medicine, University of Nairobi, approval number:
FVB/BAUE/ 2017/130. The rats were randomly selected
by simple random sampling and marked 1-24. The num-
bers were then fed into a random number generating soft-
ware. From this, 8 random numbers were obtained for
each of the 3 groups (A–C). The rats were randomly
assigned into baseline (n=2), experimental (n=16) and con-
trol (n=8) groups. At experiment weeks 2, 5 and 8, six rats
from the two experimental group and two rats from the
control group were euthanized. Group A was fed a diet
containing 8% sodium chloride, Group B 8% sodium
chloride and HSE by gavage and Group C (control group)
was fed on standard pellets. Feeding was evaluated by a
feed efficiency ratio to determine how much food each rat
consumed. Water was provided ad libitum. 

Dry dark-red calyces of Hibiscus sabdariffa were pur-
chased from the local market. The technicians at the
Herbarium of the Department of Botany, University of
Nairobi, facilitated identification of the plant material.
Thirty grams of the calyces were brewed in 200 ml of
boiled water and allowed to stand for 30 minutes. The
resulting mixture of calyces and brewed extract was then
filtered and the solution evaporated to dryness giving a
dark red powder (yield: 55%). The dry extract was stored
at 4°C to keep it from growing mould[12] and dissolved in
distilled water at room temperature and administered
orally by gavage.

Standard iodized salt (sodium chloride) was purchased
from the local supermarket. Seventy-seven grams of sodi-
um chloride (NaCl) were added to 923 g of standard rat
chow. One kilogram of standard rat chow contained 0.3%
NaCl. The standard rat chow and NaCl were then mixed
thoroughly to get an 8% NaCl diet.[19]

On tissue harvesting, the animals were anaesthetized
by halothane and perfused with 10% formalin solution.
After perfusion, the common carotid arteries (CCAs) were
harvested by extending the midline body incision up to the
neck region and reflecting the skin flaps laterally. The

right CCA was identified at its junction with the brachio-
cephalic trunk and the right subclavian artery and the left
were identified branching from the arch of the aorta. The
whole length of the artery was harvested on both sides up
to just before the bifurcation into internal and external
carotid arteries.

Whole CCAs were fixed in 10% formal saline for at
least 24 hours. 1 mm long samples obtained from the
middle of the specimen were dehydrated in increasing
grades of alcohol, cleared in toluene and embedded in
paraffin wax. Seven-micrometer thick sections were
deparaffinized in xylene, rehydrated and stained with
Hematoxylin and Eosin. The slides were examined with
a light microscope.

Photomicrographs of the sections were taken using a
Canon digital camera (12 megapixels) mounted on a pho-
tomicroscope. These photographs were processed using
the Fiji-ImageJ (NIH, Bethesda, MD, USA) software for
morphometric and stereological analysis. The c-IMT was
determined through four random points. Five different 7
μm sections were sampled from each animal by simple
random sampling. Photomicrographs were taken from
each section and examined at a magnification of ×400.
Four random points were traced on the wall of the CCA
over the intimal-media zone in the photomicrograph of
each section (Figure 1). The average measure of CIMT
was then calculated from the four points as shown follows: 

IMT= (IMTa+IMTb+IMTc+IMTd)/4

Results
The CCA displayed three distinct histological layers char-
acteristic of a typical elastic artery: an innermost tunica
intima, tunica media and an outermost tunica adventitia
The CIMT was 282.26 μm at week 0. It increased in all
the groups across the total duration of the study (Figure
2). The increase was a statistically significant from week 2
to week 8 (Figure 3a) in the control group, being 368.23
μm at week 2 and 512.98 μm at week 8. A similar statisti-
cally significant increase was observed in the experimental
groups. In the high-salt group, the mean CIMT increased
from 497.86 μm in week 2 to 697.85 μm in week 8 (Figure
3b), whereas in the high-salt with HSE group it increased
to 542.85 μm by the 8th week (Figure 3c). The CIMT
was most marked by the 8th week. Concurrent adminis-
tration of HSE with high-salt loading led to a less pro-
nounced increase in CIMT compared to the high-salt
group alone during the entire study period (Figure 3c). At
the 8th week, the difference among the three groups was
statistically significant (Figure 2). 
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Discussion 
High dietary salt intake induced notable increase in
CIMT, similar to that reported in earlier studies.[20,21]

Safar et al.[20] demonstrated an increase in CIMT along-
side the arterial wall in rats fed a high-salt diet. It was
also suggested that high urinary sodium levels resulted
from high-salt diets such as from processed foods.
Similarly, a positive correlation between urinary sodium
levels and CIMT was established.[7,21,22]

The potential blood pressure independent cardiovas-
cular disease risk under a high-salt diet may be related to
cardiovascular functional and structural changes. This
could be through alterations in shear stress and endothe-
lial function.[23,24] Such alterations can cause vascular
hypertrophy and collagen accumulation[23] which increase
CIMT. Vascular smooth muscle cells undergo modula-
tion of growth, proliferation, hypertrophy and even
apoptosis through effects of various isoforms of TGF-
β.[25] In addition, TGF-β down regulates proteolytic
extracellular matrix (ECM) molecules such as matrix
metalloproteinases (MMPs). In particular, MMP-2 and -
9 are thought to be specifically involved in collagen
breakdown in the CCA[22] and their hindrance by TGF-β
could contribute immensely to increased collagen depo-
sition in the tunica media. These findings are consistent
with the association of high sodium intake with greater
presence of carotid atherosclerosis.[21]

On the contrary, when HSE was concurrently
administered with a high-salt diet, it decreased the
amount of intima-media thickening. Attenuation of
high-salt-induced thickening in the intima and media of
the aorta was similarly demonstrated using garlic
extract.[26] Like garlic, a variety of plant extracts show
potential to reduce intima-media thickening[27] particu-
larly via inhibition of angiotensin converting enzyme
(ACE). Hibiscus sabdariffa, similarly, has been reported to
demonstrate ACE inhibiting properties.[10] This reduces
release of angiotensin II which plays a major role in vas-
cular smooth muscle cells hypertrophy. Previous
histopathological experiments reveal that HSE reduces
foam cell formation and inhibits vascular smooth muscle
cell migration and calcification in blood vessels of rab-
bits.[28] Hibiscus significantly reduced severe atheroscle-
rosis in the aorta of the rabbits and thus, showing anti-
atherosclerotic activity.

In vitro, in vivo and clinical studies have provided evi-
dence of hypolipidemic and anti-hypertensive effects of
HSE which are linked to its antioxidant activities, inhibi-
tion of ACE, vaso-relaxant, antiatherogenic, anti-inflam-
matory and endothelial stabilizing properties.[11,29–31] Its

potent antioxidant properties[32] include scavenging reac-
tive oxygen species and stimulating nitric oxide synthase
(NOS) as described by Olalye and Rocha.[33] The reverse
is seen in endothelial dysfunction where nitric oxide
reduction and reactive oxygen species production con-
tribute to intima media changes.[34] The lesser collagen

Figure 1. Estimation of common carotid wall thickness. AT: adventitia
thickness; IMT: intima-media thickness. [Color figure can be viewed in the
online issue, which is available at www.anatomy.org.tr]

Figure 2. Line graph showing trends in intima-medial thickness in control
and experimental groups. 
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deposition and lower intima-medial thickness demon-
strated in the current study therefore could be attributed
to these antioxidant and other properties. 

Experimental work shows that HSE has a huge
potential for pharmaceutical and nutraceutical applica-
tion.[35] Hibiscus polyphenolic isolate (HPI) has been
shown to suppress proliferating cell nuclear antigen
(PCNA) level and MMP-2 activation. In addition,
expression of connective tissue growth factor (CTGF)
was prominently suppressed by HPI.[36] Hibiscus also
inhibits neointimal formation by suppressing cell prolif-
eration, migration, apoptosis and oxidation. Accordingly,

this further demonstrates the utility of HSE in reducing
CIMT and therefore reducing the risk of cardiovascular
disease. Moreover, attenuation of carotid intima-media
thickening as well can be a good indicator for treat-
ment.[17]

Conclusion
This study reveals that the Hibiscus sabdariffa extract
ameliorates salt-induced increase in carotid intima–
media thickness in rats in a time-dependent manner.
This implies that hibiscus products may have therapeu-
tic value in salt-induced vascular morbidity. We recom-

Figure 3. Photomicrographs showing the intima-media thickness of
the common carotid artery in control and experimental groups at the
end of the study. (a) Control group at week 8 of the study. (b) High-
salt group at week 8 of the study representing an increase in IMT when
compared to Figure 3a. (c) HSE fed group at week 8. Please note that
the IMT is reduced when compared to the high-salt group at week 8
in Figure 3b, but is similar to normal in Figure 3a. Haematoxylin and
Eosin Stain (×400); IMT: intima-media thickness; HSE: Hibiscus sabdar-
iffa extract. [Color figure can be viewed in the online issue, which is
available at www.anatomy.org.tr]
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mend further studies on isolation of various components
of hibiscus to elucidate the role in cardiovascular protec-
tion further. 
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