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Background: The molecular approach of millenary notion about hot and cold temperaments (mizaj) in plants according to Avicenna concepts is not
investigated. The aim of this study is to analyze the correlation between mizaj property of plants from the Tajikistan area and their amount/quality of
metal.

Methods: We analyzed the presence of several metals that implicated in body’s homeostasis integrity, such as sodium, potassium, calcium, and
magnesium, in several edible plants (n=23) from different regions in Tajikistan. Samples (n=43) of plant’s parts including seeds, flower, leaf, stem and
root were analyzed for their elements’ composition using Energy Dispersive X-Ray Analysis (EDX) which incorporates Scanning Electron Microscopy
(SEM).

Results: We didn’t find any correlation between the area of the collected samples and the amount of metal absorbance by the plants. The metals
distributions of plant’s parts varied from one to the other. In this study, we found strict correlation between the amount of magnesium and the
temperament properties of the plants reported by Avicenna. The magnesium was detected in high amount in Achillea millefolium L., Rosa canina L.,
Coriandrum sativum L., Foeniculum vulgare Mill. and Nigella sativa L.

Conclusions: The presence of high concentration of magnesium in the edible plants can be considered as a metal contribution (factor) in hot mizaj
property and may lead to energy regeneration and wellbeing after consumption.
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MOZEKY ASIPHBIN [TOAXO0A B OIPEAEAEHNY «TOPSTYEN» U «<XOA0AHOW» HATYP PACTEHUN
B COOTBETCTBUM C KOHIEMLIVISIMU ABULTEHHBI, POAb MATHVSI

M. ITAPOPOBA'"?, V1. AAAVIBUAT?, 1. CATAVIEBA!, H. BYPXOHOBAY, 10. HYPAAMEB**, . PAXVIMI!, M. MUPIITAXI1"?

1 VlccaepoBaTeabcKuii 1IeHTP MHHOBAI[MOHHBIX TeXHOAOTUII Tpu AkageMun Hayk Pecriybanku Taasxukncran, Jdymanoe, Pecrrybanka Tagxukucran
MuctutyT Meaunynbl AsuiieHHs! u papmaxoaoruy, Aymante, Pecriybanka TaaXukucran
3 VYuusepcnutet Iapux Copbonna, ['ocrinraas Aapubyassep, [apik, Opannms
LlentpaapHas HayuHO-UCCAEAOBaTeAbCKast AabopaTopusi, Taa>XMKCKMIT TOCYyAapCTBEHHBbIN MeAUIIMHCKII yHuBepcuTeT uM. ADyaan nonn Cuno, Aymante,
Pecriybanxa Tagxxukucran

MoneKynspHbI NOAXOA K KOHLENLMU ABULLEHHBI O KTOPAYEMY U KXONOAHOM» MU3aAKaX PAaCTEHUN TbicAYeNeTHel AaBHOCTU BCE eLUE He UCCNIEA0BaH.
Llenb: aHa/M3 B3aMMOCBA3EN MEXKAY «MU3aLKaMM» PaCTEHMWI, NPOMU3PACTAIOLLMX HA TEPPUTOPUM TafKMKUCTaHa, U CoaepKaHuem (Konndectsom/
KauecTBOM) MeTan/os.

Marepuan ¥ MeToAbl: NPOAHANN3MPOBAHbI NPUCYTCTBUE HECKO/IbKMUX SNEMEHTOB, TAKMX KaK HAaTPUIA, Kaini, KanbLyil U MarHuii, KOTOpbIe NPUHUMAIOT
y4yacTve B npoLeccax roMeocTasa OpraHM3ma, B COCTaBe HECKO/IbKMX IEKapCTBEHHO-MULLEBbIX PAacTeHWI (N=23) U3 pa3HbIX PermoHoB TafKMKUCTaHa.
B 06pasuax (n=43) oTaenbHbIX YacTel pacTeHuit (ceMeHa, LBETKU, INCTbSA, CTEGAN U KOPHU) bl U3yUYeH COCTaB 3IEMEHTOB C UCMO/Ib30BaHUEM SHEP-
roAUCcnepcMoHHOTO PEHTTEHOBCKOTO aHaNM3a Ha CKaHWPYHOLLLEM 3/IEKTPOHHOM MUKpPOCKONE.

Pe3ynbTaTbl: He 06HAPYKEHO HUKAKOM KOPPENALMM MEXAY PErMoHOM cbopa 1 KOJIMYEeCTBOM METANIO0B, NOMIOLWEHHbIX pacTeHnamu. Pacnpegenerue
METa/N0B B Pa3/INYHbIX YaCTAX PacTeHUI BapbupoBano. B aTom uccnefoBaHum 0bHapyKeHa CTPorasn KOPPENALUA MEX Y KOMYECTBOM MarHus 1 0co-
6EeHHOCTAMM HaTypPbl PACTEHUIA, ONUCaHHbIX ABULEHHOMW. MarHuii 6b11 06HapyKeH B 6onbwom Konuuectse B Achillea millefolium L. (TbicA4enncTHUK),
Rosa canina L. (wunoBHuK), Coriandrum sativum L. (kopuaHgp), Foeniculum vulgare Mill. (deHxenb) u Nigella sativa L. (4epHyLwwka).

3aKnoueHne: BbICOKAA KOHLEHTPALMA MarH1sa B 1EKapCTBEHHO-MMLLEBbIX PACTEHWUAX MOXKET 6bITb XapaKTEPHbIM CBOMCTBOM «TOPAYEro» MU3aaKa, v
npu ux ynotpebaeHnm cnocobcTBOBaTb BOCCTAHOBIEHMIO SHEPTETUYECKOTO NOTEHLIMANA U 0340POBEHUIO OPraHU3Ma.

KnioueBble cnosa: memaris, 20pA4aA U X0N00HAA HAMYpPA, pacmeHue, AsuyeHHa, mazHull, TaOHUKUCMaH.

Ana yntuposaHusa: Sharofova M, Aldybiat I, Sagdieva Sh, Burkhonova N, Nuraliev Yu, Rahimi F, Mirshahi M. Molecular approach to determine the hot and
cold temperaments in plants according Avicenna concepts, the role of magnesium. Vestnik Avitsenny [Avicenna Bulletin]. 2018;20(4):421-6. Available from:
http://dx.doi.org/10.25005/2074-0581-2018-20-4-421-426

INTRODUCTION kinds of cold and hot properties. The balance of cold/hot was
According to Avicenna, the internal properties of the presented as a biological law in the Canon of medicine [1]. Disruption

alimentations varied in temperaments and corresponded to both  of this balance may stimulate metabolic syndrome [2]. There is little
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information about molecular as well as physiological basis of these
concepts. We are interested in investigating the role of metals in
some plants identified as hot or cold according to Avicenna.

Certain elements have long been recognized (known) to
have important biological functions primarily as a consequence
of nutritional investigations [3-5]. Thus, the absence of a specific,
essential mineral from the diet of an organism invariably leads to
a deficiency state characterized by metabolic abnormalities with
altered body homeostasis. Because such metals are usually present in
tissues in very small amounts, it was reasonable to suspect that they
might play an important role as catalyst via participating in enzymatic
reactions. The discovery of metallo-enzymes, however, required the
availability of accurate, sensitive and analytical methodology. As a
consequence, the unequivocal demonstration of a role for metals, in
enzyme action, is of relatively recent vintage.

At present, reliable measurements of small concentrations
of metals in tissues, cells, subcellular particles, body fluids and
bio macromolecules can be performed among other methods by
colorimetry, fluorimetry, polarography, emission spectrometry
with spark, flame or plasma excitation sources, x-ray and atomic
fluorescence, atomic absorption and neutron activation analysis.
Metals that have been detected by such techniques and currently
known to be components of metalloenzymes include manganese and
zinc in various enzyme activity, cobalt (carboxylation), copper (oxido-
reduction), iron (oxido-reduction), molybdenum (oxido-reduction),

Table Hot* and cold** temperament plants reported by Avicenna***

Regions of

nickel (urease), selenium (peroxidase). Among these metals, over
300 enzymes require the presence of magnesium ions for their
catalytic action [6], including all enzymes utilizing or synthesizing ATP
[7] or those that use nucleotides to synthesize DNA and RNA [8, 9].

In central Asia, habitually, the medical properties of the plants
or their fruits were also classed in the two temperaments (mizaj) cold
and hot. Based on the Canon of Avicenna, several local investigations
allowed identifying the medical possession of regional plants as well
as their categories [10]. In recent study, we reported the presence
of first main series of transition elements from atomic number of
22 to 29 such as titanium, vanadium, chromium, manganese, iron,
cobalt, nickel and copper in the plants from Tajikistan areas [11]
and observed that the majority of plants with hot mizaj property
accumulate more metals when they compared with cold mizaj
plants. Over all, the molecular approach of this milliner notion is not
investigated.

The aim of this study is to analyze the correlation between mizaj
property of plants and their amount of metal quality in medicinal
plants.

MATERIAL AND METHODS
Plants diversity and regions of collect

23 different plants according to their cold and hot properties
were collected in several regions in Tajikistan. Their classification
and distribution in Tajikistan area is presented in table.

Ne Plants Date of collect Altitude (m)
collect
. glfg:;oir:gi‘;lft')’s L* Nourabad July, 2017 800-1800
Anethum graveolens L. (seeds) Faizabad August — September, 2016 1500-1630
2 Thymus seravshanicus Klok.* Nourabad July, 2017 1700-3600
3 Achillea millefolium L.* Nourabad July, 2017 1800-2400
4 Tanacetum pseudoachillea C. Winkl.* Nourabad July, 2017 1600-3000
5 Peganum harmala L.* Nourabad July, 2017 450-3700
6  Origanum tyttanthum Gontsch.* Nourabad July, 2017 800-2700
7  Hypericum perforatum L.* Nourabad July, 2017 700-3000
8  Ribes meyeri Maxim.* Rasht 2016 2000-4300
9  Matricaria recutita L.* Ramit June, 2017 400-1500
10 Mentha arvensis L.* Ramit June, 2017 850-2000
11  Prunus armeniaca L.** Gonchi June, 2017 800-2480
12 Prunus cerasifera Ehrh.** Gonchi June, 2017 400-2600
13  Berberis nummularia Bunge.** Condara 2016 1500-2500
14  Rhus coriaria L.** Ramit 2016 1000-1800
15 Rheum maximoviczii Losinsk. ** Varzob 2016 1100-3900
16  Rosa canina L*. Varzob 2016 1000-2200
17  Glycyrrhiza glabra L.* Shahritous 2016 350-1600
18  Coriandrum sativum L. * Faizabad 2016 400-1200
19 Plantago lanceolata L.** Ramit 2016 600-3400
20 Nigella sativa L.* Zafarabad 2016 1200-2000
21  Foeniculum vulgare Mill.* Varzob 2016 900-2000
22 Helichrysum thianschanicum Regel.* Varzob 2016 1800-3100
23 Citrus limon (Citrus Meyeri Yu.Tanaka)** Dushanbe 2017 400-1200

***Avicenna «Works». Volume 13. Canon of medical science: The second book. Dushanbe: Donish; 2012. 958 p. Note: The numbers 8, 15 and 22 are not noted in the
Avicenna’s works. In the same book of Avicenna page 418-420, Coriandrum sativum L. was classed among of cold temperament plants, and explain that Claudius Galenus

considered this plant as hot temperament.
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I Plant collection and extraction

All collected plants’ parts such as flower, leaf, stem and root
were collected and delicately washed by abundant distilled water
and were dried in the dark for five weeks. The dried plant parts were
grounded using a blender apparatus. The powders were kept in a
special dish and sent for extraction to the University of Sorbonne
Paris Cité-Paris 7, Lariboisiere Hospital, INSERM U965, 75010 Paris,
France.

Plant extraction was performed using 10 gr. of plant powder in
100 ml ethanol solution 70% diluted in distilled water and incubated
in obscurity condition for 3 weeks under mixture apparatus
(agitation). The plant powder solutions were centrifuged (5000 T/
min for 30 minutes) and the supernatants were collected. The
soluble plant extracts were dried and used for metal analysis.

B Metal analysis

Multi-walls slide (Fig. 1a) was used to deposit 10 to 20ul of
each sample. Slide then left to dry and prepared for analysis. Slide
was coated by carbon layer to avoid the overcharge of the image
(Fig. 1b) then EDX spectrum (Zeiss Ultra 55 FEG SEM with GEMIN,
$260 CAMBRIDGE scanning electron microscopy) was used (Fig. 1c)
to read the continent of the sample. For each sample, two to three
zones were measured. The final of 2 to 3 data was expressed as the
atomic and mass percent.

Energy Dispersive X-Ray Analysis (EDX) is an x-ray technique
used to identify the elemental composition of materials. Applications
include materials and product research, troubleshooting,
deformulation, and more. For this study, EDX system was attached
to Electron Microscopy instruments (Scanning Electron Microscopy
(SEM). Energy Dispersive X-ray Spectroscopy is based on the
detection of characteristic x-rays emitted of an element as a result
of the de-excitation of core electron holes created by a high energy
electron beam. An electron from a higher binding energy electron
level falls into the core hole and an x-ray with the energy of the
difference of the electron level binding energies is emitted. Due to
the quantization of electron energy levels, the emitted characteristic
x-ray energies for elements will generally be different from one
element to another with only a few spectral peaks overlapping. The
normal electron beam of a scanning electron microscope is used as
the excitation source. The addition of an energy measuring x-ray
detector with a thin, low mass element window on a SEM enables
EDX for all elements from carbon on up in atomic mass. A spectrum
consists of all x-rays characteristic emitted by the present elementsin

Fig. 1 Samples preparation for scanning electronical microscopy
SEM: multi-wall slide form (a); carbon layer coating the samples (b);
scanning electronical microscopy machine (c).

the sample on a continuous background due to Bremsstrahlung x-ray
emission caused by the deceleration of the high energy electrons of
the electron beam in the sample.

RESULTS AND DISCUSSION

Thymus seravshanicus Klok. was an illustrative example from
all studied plants presented for flowers (Fig. 2a), roots (Fig. 2b) and
stems (Fig. 2c). The three-wire specimen shown (a) was created to
illustrate specific capabilities of the combined SEM/EDX system. This
includes SEM imaging by secondary electrons and backscattered electrons

Fig. 2 Thymus seravshanicus Klok. The highlighted rectangles in the
inset image show the selected EDX inspection field (a). The detected
spectrum and tabulated results revealed that Na, Mg, Al, K, and Ca
are the main elements present with a variation of Mg and K amounts
in each part of Thymus seravshanicus Klok. In this sample C, O, S,
and Cl also presented. The relative amount of each detected metal is
presented in a table in corresponding to the samples. In this study 15
KeV (in X axe) was used for detection of mineral composition in each
simple and the % of minerals for different atom in each rectangle were
expressed.
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in combination with compositional analysis and elemental
mapping using EDX. Three parts of each sample were
presented here and in each part, the semi-quantitative
elemental composition information was performed for
several metals that were found in 2-3x1000 nm depth.
X-rays that have sufficient energy to escape the material
surface can be detected as resulting in a spectrum of
peaks with characteristic energies. The elements present
in each zone showed in (1-3) and the amount of detected
elements are presented in Fig. 2b. Na, Mg, Al, K, and Ca
are the main metals and also C, O, Si and Cl elements
were found. In this study, we focused on the presence of
magnesium in the plants.

The amount of the metals Mg* detected for 43
parts from 23 plants collected from different regions in
Tajikistan presented in Fig. 3.

The findings indicated that the amount of metals
are varied according to plant’s parts. In our example
(Thymus seravshanicus Klok.), the analysis showed
that the amount of the elements was not the same in
roots compared to the flowers and stems. The first five
plants with high amount of magnesium such as Achillea
millefolium L., Rosa canina L., Coriandrum sativum L.,
Foeniculum vulgare Mill., Nigella sativa L. exhibited low
amount of potassium and vice-versa for magnesium.

In this study, we found strict correlation between
the amount of magnesium and temperament properties
of the plants. In parallel, in other study, we analyzed
the presence of copper and zinc and we did not find
any correlation between amount of these metals and
temperament properties (results not shown).

Mg?* is the fourth-most-abundant metal ion in
cells and the most abundant free divalent cation. As a
result, it is deeply and intrinsically woven into cellular
metabolism. Indeed, Mg*-dependent enzymes appears
in virtually every metabolic pathway: specific binding
of Mg?* to biological membranes is frequently observed.
Mg? is also used as a signaling molecule, and much of nucleic acid
biochemistry requires Mg, including all reactions that require release of
energy from ATP [12-14], which is called ATP and is often actually Mg-ATP.
In nucleotides, the triple-phosphate moiety of the compound is invariably
stabilized by association with Mg?* in all enzymatic processes [15].

Our results demonstrated that magnesium can be a candidate for hot
temperaments of plants used currently as edible vegetable. The human
body contains around 25 gr. of magnesium, 50 to 60 percent of which is
stored in the skeletal system. The rest is present in muscle, soft tissues,
and bodily fluids. Magnesium plays a role in over 300 enzymatic reactions
within the body [16-21], including the metabolism of food, synthesis of fatty
acids and proteins, and the transmission of nerve impulses. Magnesium is
important for bone formation. It helps assimilate calcium into the bone
and plays a role in activating vitamin D in the kidneys. Vitamin D is also
essential for healthy bones [22]. Optimal magnesium intake is associated
with greater bone density, improved bone crystal formation, and a lower
risk of osteoporosis in women after menopause. Without magnesium,
a high intake of calcium can increase the risk of arterial calcification
and cardiovascular disease, as well as kidney stones. Thus, taking
calcium supplements should also take magnesium to ensure their
calcium intake is properly metabolized.

Magnesium plays an important role in carbohydrate and
glucose metabolism, so magnesium status can also impact the risk
of diabetes [23]. Several studies have associated a higher intake
of magnesium with a lower risk of diabetes. For every 100 mg
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Fig. 3 The relative distribution of magnesium (a) and potassium (b) in different
plant’s parts (mass percent).

per day increase in magnesium intake, up to a point, the risk of
developing type 2 diabetes decreases by approximately 15 percent.
Low magnesium levels were linked to impaired insulin secretion
and lower insulin sensitivity. According to the National Institutes of
Health (NIH), the American Diabetes Association notes that further
evidence is needed before magnesium can be routinely used for
glycemic control in patients with diabetes. In previous study, we
reported the influence of cold temperament diet on metabolic
disorders and diabetes induction in animal models [24]. In parallel,
magnesium is necessary to maintain the health of muscles, including
the heart, and for the transmission of electrical signals in the body.
These observations suggest the crucial role of magnesium in human
body homeostasis especially in energy production processes.
Presence of high concentration of magnesium in the edible plants
with hot mizaj properties may contribute to energy regeneration and
wellbeing after their consumption.

Deficiency of magnesium is linked with the symptom as
numbness and tingling, muscle cramps, seizures, personality
changes, heart rhythm changes and spasms. Deficiency also is
associated with insulin resistance, metabolic syndrome, coronary
heart disease, and osteoporosis. It can lead to low calcium or low
potassium levels in the blood. The use of the plants with hot mizaj
property can be interesting for treated magnesium deficiency as a
traditional medication.
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(i) CBEAEHMA OB ABTOPAX

LWapodosa MuKroHa, KaHAMAAT MEAULMHCKUX HaYK, 3aBeaytolasn nabopa-
Topuelt broTexHoNorMi MccnenoBaTenbekoro LEHTPa MHHOBALIMOHHbIX TEXHO-
norvit npu Akagemun Hayk Pecnybinku TagsKMKUCTaH; aupeKTop UHCTUTYTa
MeANLMHbI ABULEHHBI M GapMaKonornm

Angmnbuat UmaH, PhD, HayuHblIii cOTpyaHMK, YHuBepcuTeT Mapuk CopboHHa,
lTocnutans Jlapubyasbep

Carguesa LUloncra, KaHAWMAAT MESVLMHCKMX HAYK, CTAPLUMIA HAY4HbIA COTPYA-
HUK NabopaTopum BUONOTMYECKMX HaYK McCIea0BaTeNbCKOrO LIEHTPA MHHOBA-
LLMOHHBIX TEXHONOMMIA NP1 AKaZemum Hayk Pecnybamkn TagmuKMCTaH

BypxoHoBa Huropa, MaaaLwmit HayuHbIl COTPYAHWK nabopaTopun bUOTEXHO-
norui UccnefoBaTenbeKoro LIEHTPa MHHOBALWMOHHbIX TEXHOOTWIA Npu AKagae-
MUK HayK Pecnybamkm TafKMKUCTaH

Hypanues tOcyd, LOKTOP MEAMUMHCKMX HayK, MOYETHbIN npodeccop LleH-
TPaNbHOW Hay4HO-WUCCNEeA0BaTeNbCKOW NabopaTopuu, TafgKUKCKMIA rocyaap-
CTBEHHbIN MeAULMHCKWIA yHUBEpCUTET UM. AByanu nbHU CMHO; KO-AMpPEKTOp
MHCTUTYTa MeAnLMHbI ABULIEHHDI U hapMaKkonormn

Paxumm dapxopa, LOKTOP GU3MKO-MaTeMaTMUECKMX HayK, npodeccop, akaae-
MUK AKaZeMumn Hayk Pecnybamku TagKukucTaH, NpesnaeHT AKagemMmun Hayk
Pecnybaunkun TagsKUKUCTaH

Mupuwaxu Macya, MD, PhD, npodeccop, YHusepcutet Mapuk CopboHHa, Mo-
cnutanb flapnbyasbep

425



M. Sharofova at al. Magnesium and plant’s temperament according Avicenna

UHdopmauma 06 UCTOUHMKE NOASEPIKKU B BUAE rPaHTOB, 060pya0BaHMsS,
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