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Hypertension, commonly known as high blood
pressure, is a chronic medical condition in which the
blood pressure in the arteries is consistently elevate.
This condition affects millions of people worldwide and
is a major risk factor for heart disease, stroke, and
other cardiovascular diseases. Combination therapy
with two or more antihypertensive drugs aims to
reduce blood pressure levels and prevent the
development of associated complications. There is
limited research on the combination of nifedipine and
piperine. The current studies discuss the potential
therapeutic benefits of combining nifedipine and
piperine for the treatment of hypertension. The aim of
this study is to utilize a cutting-edge bioactive self-
nanoemulsifying drug delivery systems (Bio-SNEDDS)
technology to develop a novel combination therapy of
nifedipine and piperine for the treatment of
hypertension.

Bio-SNEDDS nanoformulations were developed by
incorporating black seed oil (BSO), Moringa seed oil
and grape seed oil as excipients with non-ionic
surfactant in the formulations. Characterization studies
were performed of the self-nanoemulsifying systems in
terms of their appearance, particle size, polydispersity
index (PDI) zeta potential, anti-oxidant tests [by the
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging
assay] and transmission electron microscopic (TEM)
analysis. Equilibrium solubility studies were conducted
to estimate the drug encapsulation and oral
absorption. The optimized Bio-SNEDDS were
investigated for the antihypertensive effects
(behavioral Y-Maze Test) of combining nifedipine and
piperine using mice model.

Table 1: The mean particle size, polydispersity index (PDI)
and zeta potential of Bio-SNEDDS formulations

Compositions (% W/W) Particle size Zeta potential
(nm) (mV)

BSO/I988/PEG400/KH515 35.1240.17  0.23+0.01  -3.55+0.25
(25/20/15/40)

E MSO/1988/PEGA00/KHS15.  205.90+3.95 0.39+0.01 -14.1+0.91
(25/20/15/40)

H GSO/1988/PEG400/KHS15. 158.63+20.40 0.32+0.05  -5.69+0.30
(25/20/15/40)

21 Bs0/1988/T85. (35/15/50) 355.23+48.57 0.5540.13  -46.443.10

IE Ms0/1988/T85. (35/15/50) 424.43+77.90 0.70+0.10  -33.4%2.22

A Gso/1988/T85.(35/15/50) 363.07423.63 0.61#0.07 -34.7+0.88

Figure 1: Appearance of the drug-loaded anhydrous Bio-
SNEDDS Formulations (Top) and dispersed in water at 1 in
1000 dilution (Bottom) [F1 produced transparent and low
viscous solution].

Figure 2:
TEM images
of F1
(BSO/1988/
PEG400/KH
S15) Bio-
SNEDDS
formulation
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Figure 3: Equilibrium solubility of Nifedipine (NIF) and
Piperine (PP) in Bio-SNEDDS formulations

Table 2: DPPH Scavenging activities (Antioxidant) of the
representative Bio-SNEDDS formulations [The results showed
that F1 (drug free) & F1D (drug loaded) had the smallest IC50
values and highest antioxidant activities compared to the
other samples

2221.59 + 673.78 pg/ml
13.17 £ 2.35 pg/ml
52.85% 5.25 +0.44 uml/ml
58.33% 8.63 £ 0.13 uml/ml
73.90% 6.92 +0.53 pg/ml
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Figure 4: A quantitative analysis of spontaneous
alternation behaviors (%SAP) on a Y-maze reveals
adverse effects of acute social isolation on spatial
working memory

Bio-SNEDDS formulations were successfully prepared
and the optimized formulation comprised BSO,
Imwitor 988 (mixed mono & diglycerides), PEG 400
(refined) and Kolliphor HS15 (Non-ionic surfactant).
Bio-SNEDDS produced around 35.12 nm droplet size
with 0.23 PDI upon aqueous dispersion. The zeta
potential value of Nifedipine (NIF) and piperine (PP)
loaded Bio-SNEDDS suggest that the formulation was
stable in anhydrous form. TEM images also confirmed
the droplet size of 35.12 nm which was obtained from
the particle size analysis. The anti-hypertensive studies
in mice model further confirmed the efficacy of the
combined NIF and PP loaded Bio-SNEDDS for the
effective treatment for hypertension.
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