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Many studies have proven atherosclerosis is an inflammatory immune disease. The spleen plays an important
immune role in the human body. Splenectomy is often used in several clinical disorders; but recent studies
have shown that splenectomy may be effective in the development of atheroma lesions. Ibn Sina or Avicenna
was known as one of the greatest philosopher and physician in Islam and in Medicine. He is remembered for

his masterpiece, The “Al-Qanun fi al-Tibb” or “Qanun of medicine”. According to the “Al-Qanun fi al-Tibb",
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spleen as storage organ plays an important role in absorption and secretion of the black bile in the human
body. Therefore any disruption in the function of the spleen can lead to various diseases such as atherosclerosis.
Based on his description, it is clear that Ibn Sina first described the role of spleen in prevention of atherosclero-
sis. In this review, we discuss the Avicenna (Ibn Sina) aspect of atheroprotector role of the spleen.

© 2012 Elsevier Ireland Ltd. All rights reserved..

1. Introduction

Ibn Sina in his famous book, the Al- Qanun fi al-Tibb [1,2], has
expressed different functions of the spleen, the types of its diseases
and their signs and symptoms [3]. Based on the Qanun of medicine
there are four humours in the body. Equilibrium quantity and quality
of these humours are important for maintaining the optimum human
health [4]. He noted that the spleen is the most important organ to
store and regulate black bile in the human body [3]. Any dysfunction
of this organ can lead to some diseases such as atherosclerosis [5].
Based on his description, it is clear that Ibn Sina first described the
role of spleen in prevention of atherosclerosis. In this article we pres-
ented a brief account of atherosclerosis, Ibn Sina's works and discuss
his description of the atheroprotector role of the spleen.

2. Splenectomy accelerates atherosclerosis

Up to a few decades ago the spleen, for most scholars, has always
been considered a mysterious organ that is possible to live without it
[6]. Because its long-term safety has been not well elucidated, splenec-
tomy has been often used for therapeutic and diagnostic purposes in
several clinical disorders such as trauma and several hematologic dis-
eases [7,8]. The spleen plays an important immune role in the human
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body by trapping and processing antigens, homing, transforming and
proliferating lymphocytes, and activating macrophages [8-10].
Atherosclerosis is a multifactorial [11,12] and progressive disor-
der causally related to multiple cardiovascular diseases [13,14].
Many different factors play important roles in the development of
atherosclerotic lesions [15]. Several studies have shown that athero-
sclerosis is an inflammatory immune disease [16-20]. However, the
main factors responsible for the maintenance of immune regulation
in a proinflammatory situation are poorly understood [21]. Athero-
sclerosis is identified by vascular inflammation and associated
with local and systemic immune responses to oxidized LDL and
other antigens [16]. The oxidative theory suggests that the athero-
sclerotic process could be initiated by damage to the vascular endo-
thelium, formed by deposit of oxidative modifications in the LDL
molecule. It is stated that the progression of the disease is preserved
by the interaction between the modified lipoproteins, such as oxi-
dized LDL, and T cells, B cells, macrophages and normal cellular con-
stituents of the arterial wall [8,17]. Spleen hosts a pool of B cells and
plays an important role in B cell maturation [16,22,23]. B cell activa-
tion has been related with protection against atherosclerosis [24,25]
and the spleen hosts regulatory T cells, which are reported to have a
protective role in atherosclerotic lesion formation. According to
these issues, the spleen is the principal organ responding to blood
antigens such as oxidized LDL [8]. Splenectomy eliminates the valu-
able ability of the immune role of this organ. In addition, it should be
emphasized that recent studies have shown that spleen-associated
immune activity protects against atherosclerosis [7,16,17,26,27].

(2012), doi:10.1016/j.ijcard.2012.06.020

Please cite this article as: Emtiazy M, et al, Atheroprotector role of the spleen based on the teaching of Avicenna (Ibn Sina), Int J Cardiol



http://dx.doi.org/10.1016/j.ijcard.2012.06.020
mailto:emtiazy@razi.tums.ac.ir
http://dx.doi.org/10.1016/j.ijcard.2012.06.020
http://www.sciencedirect.com/science/journal/01675273
http://dx.doi.org/10.1016/j.ijcard.2012.06.020
https://www.researchgate.net/publication/14097853_Inflammatory_and_immunological_nature_of_atherosclerosis?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/14097852_Atheroarteritis_A_combined_immunological_and_lipid_imbalance?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/13595370_Watanabe_rabbits_with_heritable_hypercholesterolaemia_A_model_of_atherosclerosis?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/13558763_Immunoglobulin_treatment_reduces_atherosclerosis_in_apo_E_knockout_mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/13558763_Immunoglobulin_treatment_reduces_atherosclerosis_in_apo_E_knockout_mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/13558763_Immunoglobulin_treatment_reduces_atherosclerosis_in_apo_E_knockout_mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/11463086_Splenic_immunity_and_atherosclerosis_A_glimpse_into_a_novel_paradigm?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/11463089_Protective_immunity_against_atherosclerosis_carried_by_B_cells_of_hypercholesterolemic_mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/11463089_Protective_immunity_against_atherosclerosis_carried_by_B_cells_of_hypercholesterolemic_mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/11463089_Protective_immunity_against_atherosclerosis_carried_by_B_cells_of_hypercholesterolemic_mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/11463089_Protective_immunity_against_atherosclerosis_carried_by_B_cells_of_hypercholesterolemic_mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/11351095_Functional_inhibition_of_Ras_by_S-transtrans-farnesyl_thiosalicylic_acid_attenuates_atherosclerosis_in_apolipoprotein_E_knockout_mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/11041031_B-Lymphocyte_Deficiency_Increases_Atherosclerosis_in_LDL_Receptor-Null_Mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/10672347_History_of_headache_in_medieval_Persian_medicine?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/5577447_Molecular_mechanisms_guiding_late_stages_of_B-cell_development?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/6403077_Lactadherin_Deficiency_Leads_to_Apoptotic_Cell_Accumulation_and_Accelerated_Atherosclerosis_in_Mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/6326077_Lipidic_profile_among_rats_submitted_to_total_splenectomy_isolated_or_combined_with_splenic_autotransplant?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/6366075_Premature_myocardial_infarction_Clinical_profile_and_angiographic_findings?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/5928083_Characterization_of_splenic_CD21hi_T2_B_cells?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/5584196_IL-33_Reduces_the_Development_of_Atherosclerosis?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/5518519_Increased_procoagulant_cell-derived_microparticles_C-MP_in_splenectomized_patients_with_ITP?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/5518519_Increased_procoagulant_cell-derived_microparticles_C-MP_in_splenectomized_patients_with_ITP?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/38098758_Inflammatory_characteristics_of_premature_coronary_artery_disease?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/47370285_Oral_Administration_of_an_Active_Form_of_Vitamin_D-3_Calcitriol_Decreases_Atherosclerosis_in_Mice_by_Inducing_Regulatory_T_Cells_and_Immature_Dendritic_Cells_With_Tolerogenic_Functions?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/49667170_The_spleen_Between_mysteries_and_discoveries?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/51703098_Therapeutic_siRNA_silencing_in_inflammatory_monocytes?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/51684885_Splenectomy_Increases_Atherosclerotic_Lesions_in_Apolipoprotein_E_Deficient_Mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/51684885_Splenectomy_Increases_Atherosclerotic_Lesions_in_Apolipoprotein_E_Deficient_Mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/51684885_Splenectomy_Increases_Atherosclerotic_Lesions_in_Apolipoprotein_E_Deficient_Mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/51684885_Splenectomy_Increases_Atherosclerotic_Lesions_in_Apolipoprotein_E_Deficient_Mice?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/publication/221854072_Avicenna_Ibn_Sina_aspect_of_atherosclerosis?el=1_x_8&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/profile/Mojgan_Tansaz?el=1_x_100&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==
https://www.researchgate.net/profile/Rasool_Choopani?el=1_x_100&enrichId=rgreq-d0d712ff59c200e577a1e521fd48121c-XXX&enrichSource=Y292ZXJQYWdlOzIyODA2MDUwNTtBUzoxMTExNDY0NjM5MjgzMjBAMTQwMzUxMDc5MDU4NQ==

2 M. Emtiazy et al. / International Journal of Cardiology xxx (2012) XxXX-XxX

Moreover, observations on the increase of plasma lipids and the
frequency of ischemic coronary diseases after splenectomy for trauma
in patients, led to the hypothesis that the spleen participates in lipid
metabolism and atherosclerosis [28,29]. In addition, some studies
proved that lipid metabolism suffers influence of the spleen, observ-
ing an increase on serum levels of cholesterol after spleen removal
in animals [9]. Research carried out in apolipoprotein E deficient
mice, indicated that after splenectomy lesions in the aortic root
were significantly larger in splenectomized mice [8]. These researches
and other similar studies suggest a possible role for the spleen in lipid
metabolism and may therefore influence atherosclerosis [10,28-32].

3. Avicenna's works and his Qanun of medicine

“Ibn Sina” or “Avicenna” as known in the west (980-1037) was a
foremost Iranian physician [33-35]. He is regarded as the father of
modern medicine and clinical pharmacology [5]. Ibn Sina was the au-
thor of almost 276 books on medicine, philosophy, physics, theology,
psychology, mathematics, logic, love, music, some stories and Holy
Koran interpretation. All of them were written in Arabic except for
very few books written in Persian (his mother tongue). His master-
piece the “Al-Qanun fi al-Tibb”, which is written in Arabic, is the
most famous medical textbook ever written [33,36-38]. “Al-Qanun
fi al-Tibb” which is very close to the modern medical texts follows re-
garding classification, causes of diseases, epidemiology, symptoms
and signs, treatment and prognosis [36]. Ibn Sina in the Qanun, simi-
lar to scientists in the modern era, discusses on human body and its
disorders based practical experiences and experimental methods
[39]. He as a meticulous clinical observer, examined patients carefully
and wrote of their signs and symptoms in detail [37]. “Al-Qanun fi al-
Tibb” as an essential medical encyclopedia containing all medical
knowledge for scholars in the Islamic territories and Europe for al-
most a millennium [40].

The “Al-Qanun fi al-Tibb” consists of five books [41,42]; the first
book concerned with general anatomy and principles of medicine
(Kolliat). The second is about materia medica (Mofradat). The third
is about diseases occurring in a special organ. The fourth is about dis-
eases not specific to one bodily part (such as fevers) and traumatic
injuries (such as dislocations of bones and fractures). The fifth book
is about compound drugs (Qarabadin) and their uses [33,42]. Al-
Qanun fi al-Tibb begins by a definition of medicine: Medicine is a sci-
ence, from which one learns the states of the human body; health
and disease and what causes them, in order to preserve good health
when it exists, and restore it when it is lacking [36,43]. In summary
about Ibn Sina's role in medicine and his valuable works can be
said: Medicine was absent till Hypocrites created it, dead till Galen
revived it, dispersed till Rhazes collected it, deficient till Avicenna
completed it [36].

4. Humours

The Iranian traditional medicine system makes effort to propose
the best possible ways by which a person can lead an optimum
healthy life with least illness.

“Humour” or “Khelt” as called in the traditional medicine text-
books, is a wet and fluid substance which foodstuffs in the first
stage of permutation become it. Normally there are four humours in
the human body: “Phlegm or Balgham, Blood or Dam, Yellow bile or
Safra and Black bile or Sauda”. Each of them; is related with a pair
of qualities: cold and wet, hot and wet, hot and dry and cold and
dry, respectively [4,34]. In the Qanun of medicine, majority of the dis-
eases are caused by the endogenous factors by excessive accumula-
tion of blood and superfluous or abnormal humours [4].

Based on the Al-Qanun fi al-Tibb, there are special organs in the
human body to store some of humours [4]. The most important role

of these storage organs is preventing entry of high volume of hu-
mours into the blood circulation [3].

5. Spleen function and atherosclerosis based on Avicenna's
view point

The discussion of the spleen and its important roles in the human
body appeared in the fifteenth chapter of book 3 of the Qanun, which
was dedicated to “spleen functions, diseases and its anatomy” [3].
Spleen or “Tahal” as called in the Qanun of medicine, is a special
place to store and secretion of black bile in the blood circulation
[3,4]. After splenectomy there is no place to store black bile and re-
mains large volume of black bile in the blood circulation [4]. The cor-
nerstone of health in the Al-Qanun fi al-Tibb and Iranian traditional
medicine system is the right ratio and specific balance of humors
based on their quality and quantity. This means that disequilibrium
of humours quantitatively or qualitatively causes diseases [5,34]. On
the contrary of normal condition, black bile because of its quantity
imbalance loses its normal functions and gets abnormal characteris-
tics; in other words, in any cases the function of “Tahal” get impaired;
black bile removed of its normal conditions and gets abnormal [3].
Abnormal black bile because of its characteristics has affinity to de-
posit in any tissue in the body. Any reason which increases abnormal
black bile deposition in tissues, will result in “sclerosis”. For instance
deposition of abnormal black bile in wall of artery causes “atheroscle-
rosis” [5].

According to the Iranian traditional medicine, there are several
distinct strategies for prevention and treatment of spleen disorders
that may lead to new methods to prevention and treatment of
atherosclerosis.

6. Conclusion

This review presents the relation between atherosclerosis and
spleen function from the view point of Ibn Sina. The accurate observa-
tions of the most famous medieval Iranian traditional physician, “Ibn
Sina” [2] provide a precise and comprehensive description of the
atheroprotector role of the spleen in the human body [5]. On the
basis of clinical presentation and its apparent causes, this pioneer tra-
ditional practitioner could reveal the cause of this relation based on
the principles of Iranian traditional medicine [3]. This finding was
an important element in designing the treatment plan. The data pres-
ented here provide an overview of the knowledge of the spleen roles
in the human body at the time. This information helps us to under-
stand the development of medical sciences in the middle ages.
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