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Abstract

Cancer is the second leading cause of death worldwide, and due to the emergence of 
resistance to synthetic drugs in different cancers, developing new green drugs have be-
come crucial. In this study, chitosan nanoparticles containing Cinnamomum verum J.Presl 
essential oil and cinnamaldehyde (major ingredient) were first prepared. The obtained 
nanoparticles were then characterized using Dynamic Light Scattering (DLS), Transmis-
sion electron microscopy (TEM), and Attenuated Total Reflection-Fourier Transform In-
fraRed (ATR-FTIR). After that, anticancer effects of the as-prepared nanoparticles were 
investigated. IC50 values of chitosan nanoparticles containing the essential oil were ob-
served at 79 and 112 µg/mL against A-375 and MDA-MB-468 cells, respectively. These 
values for chitosan nanoparticles containing cinnamaldehyde were obtained at 135 and 
166 µg/mL. The results of the current study indicated that chitosan nanoparticles contain-
ing C. verum essential oil can inhibit the growth of human melanoma (A-375) and breast 
cancer (MDA-MB-468) cells.
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Abstract
The function of bitter taste due to the existence of too much of its receptor on many extra-oral tissues is not only related to the oral 
cavity, but is effective in many physiological functions. More than ten centuries ago, Avicenna (980–1032 CE), a Persian physician, 
pointed to the effects and functions of various tastes in the body. In this research, we examined the heart medicines mentioned by 
Avicenna, relying on their taste, especially the bitter taste.  The books used in the case of Persian Medicine included the following: 
Qanun Fi al-Teb (Canon of Medicine), Manafe-al-Aghzieh va Daf-e-Mazareha and Treatise on Cardiac Drugs. In addition, articles 
published in English in the last 10 years were searched in PubMed, Google Scholar, Scopus and Embase. Vasodilation, inotropic 
effects, cardio-protection, digital like effect, reducing the accumulation of calcium and nitric oxide in the heart, antioxidant activity, 
improving heart metabolism and preserving mitochondrial function after MI are some of the cardiovascular effects of Avicenna`s 
bitter tasting heart medicines, which are also confirmed by clinical evidences in modern investigations. The findings of this research 
show that the function of bitter-tasting herbal drugs in the body can have beneficial cardiovascular effects, some of which  have 
been proven in studies, and more researches is needed in this field.
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Introduction   
Sense of taste is one of the important senses in humans. 
Current evidence show that taste receptors are also pres-
ent in extra-oral tissues. This issue is especially related to 
three tastes, bitter, sweet and umami, whose receptors are 
G-Protein-Coupled Receptors (GPCRs), due to the exis-
tence of too much of them on extra-oral tissues such as 
skin, brain, heart, reproduction organs, urinary tract, pan-
creas and blood cells are more obvious [1]. Accordingly, 
it can be said that the function of taste is not only related 
to the oral cavity, but is effective in many physiological 
functions.
More than ten centuries ago, Avicenna (980–1032 CE), 
a Persian physician, pointed to the effects and functions 
of various tastes in the body [2]. According to his com-
prehensive medical textbook, the Canon of Medicine 
(Al-Qanun Fi al-Teb), humans are able to identify nine 
tastes: sweetness, bitterness, saltiness, pungency, sour-
ness, fat, tightness, astringent and tastelessness [2].
In this manuscript, we explain the functions of bitter taste 
and the relationship between cardiovascular system and 
these functions based on Traditional Persian Medicine. In 
addition, we have stated the clinical evidence about the 
effects of bitter-tasting drugs on cardiovascular diseases 
based on new researches.

Methods
Articles published in English in the last 10 years were 
searched in PubMed, Google Scholar, Scopus and Em-
base with the following keywords in the article title: bitter 
taste receptor, (bitter taste and effects), (bitter taste and 
cardiovascular system), (bitter taste and heart). The next 
step was to examine the approach of Traditional Persian 
Medicine regarding the effect of bitter taste on cardio-
vascular system. The books used in this section included 
the following: Al-Qanun Fi al-Teb (Canon of Medicine), 
Manafe-al-Aghzieh va Daf-e-Mazareha and Kitab al-Ad-
viyat ol-Qalbiye (Treatise on Cardiac Drugs).

Results
Among the different tastes, especially bitterness can be 
used for therapeutic issues; and new findings also show 
the role of Taste Receptors (T2Rs) in the production and 
function of thyroid hormones, glucose homeostasis, en-
docrine hormones and contraction and expansion of 
smooth muscles [3].
The identification of these receptors on cardiomyocytes 
[4], as well as the smooth muscles of blood vessels has 
attracted the attention of researchers. It has been observed 
that in laboratory conditions, the stimulation of these re-
ceptors causes strong vasodilation, which is dependent 
on the concentration and independent of the endotheli-
um that can be used in the treatment of hypertension [4]. 
There is also the possibility of inotropic effects of T2Rs 
agonists on cardiomyocytes and their use for the treat-
ment of ventricular tachycardia [4].

According to Traditional Persian Medicine, some parts 
of the body are interested in a certain taste, for example, 
sweetness is the favorite taste of the liver; while the heart 
has no desire for this taste. According to Avicenna, bit-
terness removes the harm of sweets [5]. Studies have also 
shown that the in vitro exposure of enteroendocrine cells 
to bitter substances stimulates the secretion of Gluca-
gon-like peptide 1 (GLP-1) and this shows that the func-
tion of T2Rs may be useful in diabetes. In addition, the 
combination of bitterness with astringent taste will relieve 
the narrowness and blockage of the ducts [2], which is 
very important in the treatment of diseases such as isch-
emic heart disease. Avicenna in his “Treatise on Cardiac 
Drugs”, mentions herbal medicines that affect the heart 
which more than half of them have a bitter taste [6].
Avicenna also recommended the use of bitter-tasting 
plants such as Bitter orange (blossom, fruit and peel), 
Mint (Mentha spp.), Saffron (Crocus sativus L.), and lav-
ender (Lavandula stoechas L.) as treatment and even pre-
vention in the diet of people suffering from cardiovascular 
diseases [7].
Avicenna believes that most drugs that are used in heart 
diseases exert their therapeutic effect on the body by cre-
ating two important actions, which called condense (Gh-
abz) and sweep (Jalaa) in Traditional Persian Medicine. 
Among these two actions, Jalaa is one of the most im-
portant functions of bitter taste in the body; which in Tra-
ditional Persian Medicine means to move the substances 
stuck to the walls of the arteries. This feature can be use-
ful in people with atherosclerosis and for the people suf-
fering from ischemic heart disease. Moreover, Avicenna 
points out that one of the effects of Jalaa is facilitating 
drug delivery of the heart drugs.
Also, many bitter-tasting drugs mentioned in Treatise on 
Cardiac Drugs, have condense (Ghabz) action and are 
called astringent (Ghabez) drugs. It was believed that 
these drugs strengthen the organ by compressing tissue 
components and preventing harmful substances to enter 
into the tissue. They are also used as heart tonics [6].
Another effect that can be seen in many of bitter-tasting 
drugs, as has stated in the articles, is their effect on ven-
tricular tachycardia that is called (Khafaghan) in Tradi-
tional Persian Medicine. In the case of chicory, even its 
topical use as a poultice on the heart is also effective to 
relieve tachycardia. In a study that was conducted on 
obese people suffering from anxiety, the electrocardio-
gram symptoms were significantly improved in people 
who used a mixture of several plants, including chicory, 
to reduce anxiety symptoms [8].
In table 1, the cardiotonic drugs mentioned in Treatise on 
Cardiac Drugs that have bitter taste are shown along with 
their effect on the cardiovascular system. In this table, 
related articles obtained by searching PubMed, Google 
Scholar and Scopus databases are also collected, which 
show the cardiac effects of bitter-tasting drugs.
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In the review of the drugs mentioned in Treatise on Car-
diac Drugs, it was evident that the vast majority of these 
drugs exert their cardiac effects through blood dilution; 
and since dilution is one of the important actions of bitter 
taste in the body, paying attention to the taste of the drug 
can play a role in choosing the more effective drug on the 
cardiovascular system. 

Discussion
Due to the importance of prevention and treatment of 
cardiovascular diseases, paying attention to the effects of 
bitter taste on the cardiovascular system and herbal medi-
cines that exert their cardiovascular activity with minimal 
side effects by stimulating the bitter taste receptor can be 
considered in future studies. Still, some functions of bitter 
taste mentioned in Traditional Persian Medicine have not 
been considered by researchers. Also, the cardiac effects 
of some drugs mentioned in Treatise on Cardiac Drugs, 
which had a bitter taste, have not been clinically tested. 
On the other hand, natural components that cause bit-
terness in plants can be used as more effective medicines 
in the treatment of cardiovascular diseases. Some of the 
natural extracted components that are responsible for the 
bitter taste are cyanogenic glucoside amygdalin in the 
kernels of apricots [9], amygdalin in almond and peach 
kernel [10] and solanidine, amygdalin, salicin, and arbu-
tin in bamboo [11]. 
 
Conclusion
According to the evidence about the presence of bit-
ter taste receptors (T2Rs) on cardiomyocytes and their 
effects on the heart physiology and presence of a large 
number of bitter-tasting drugs in Avicenna's book (Trea-
tise on Cardiac Drugs); these natural drugs can be used in 
order to collect more scientific evidence about the effects 
of bitter taste on the heart.
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