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ABSTRACT

In this study, 120 bioecotype seeds of Artemisiauarnwere collected from different sites in Iran. drder to
characterize elite Artemisia annua bioecotypes witih artemisinin producibility, the bioecotypesrev@nalyzed
via the HPLC method. Among the 120 bioecotypegdatel, 5 bioecotypes (S4, M9, Gul7, M33 and M4¥nhdt
have any artemisinin content, while 12 bioecoty(@s3, Gu5, Gu7, Gul9, M26, M29, M35, M36, M41, MM3,1
and M53) had higher artemisinin than other bioepaty. From 53 bioecotypes available in the proviote
Mazandaran, 35 bioecotypes had more than 0.4% asteim and thus were high artemisinin. Also, biogypes
collected from moderate and rainfall provinces ofnl (Mazandaran and Guilan) had highest mean of the
artemisinin content (9.5648.02 mg/1 g of plant ané5+3.06 mg/1 g of plant, respectively) among @vpices.
Thus, climate conditions affect on the growth aegelopment of the Artemisia annua plants and thpgession
level of artemisinin in Artemisia plants. Also, &imtype Gu5 of Artemisia annua can be an ideal cghdor
industrial production of this medicine becausedhtined the highest artemisinin level (about 30Ingyof plant)
among all bioecotypes studied.

Key words: Artemisia annuaMalaria, Artemisinin, Bioecotypes, HPLC

Abbreviations: A: Ardabil province, EA: East Azerbaijan provin€y: Guilan province, Go: Golestan province, M: Magaran province,
S: Semnan province, T: Tehran province, S.D:Stah@mviation. HPLC: High Pressure Liquid Chromatoghgy. ATC: Artemisinin
Combination Therapy. DAD: Diode Array Detector.

INTRODUCTION

In spite of all advances in medical sciences, raliar still a global health problem causing deathabout one
million people annually [1]. At the end of 2004,716ountries and colonies with approximately 3.2dyl people
lived in areas where transmission of the parasita danger [2]. Two hundred and forty three milliases of
malaria were identified in the world in 2008, caugsB63,000 deaths, mostly in African children [B]st like other
moist places in the world, this disease is a problesoutheast and south of Iran.

As artemisinin cannot be synthesized chemicallany economically feasible wayrtemisia annuas the only
practical source of this multifunctional drug [#lso, artemisinin is a sesquiterpene lactone, doimg an unusual
endoperoxide group. However, artemisinin combimatierapy (ACT) is currently the most effective me#o treat
and reduce the transmission rate of malaria [A&fmisinin has also been characterized in beifigcgfe against
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other Parasites includingeishmanig[10-12], Schistosom#l1], Toxoplasmg13] andTrypanomosd14-15]. It can
be applied in the treatment of hepatitis [16] sorimases [17-18] and a range of cancer cell linesluiding breast
cancer, prostate, human leukemia, colon, melanavwarian, renal and small-cell lung carcinomas [DP-2n
addition, Hirtet al (2008) suggested that artemisinin could proted&t pisitive people from Kaposi's sarcoma [21].
Artemisinin is a relatively safe drug with no obw# serious side effects [22]. In 2005, the worldltie
Organization declared that the request level gnemftwo million therapeutic periods in 2003 to 3@lion in
2004, 70 million in 2005 and 130 million in 2006ni¥ development was resulted in a correspondingeéase in
artemisinin requests and the need for rapid andiderable increase in the amount of artemisiniorder to supply
the growing demand [23]. The cost of the artemispiants for ACT is $4.20 for any therapeutic pérad adult (4
tablets, two times per day during 3 days) [24]. &tfnately, Artemisinin supply available in the Wbcan't meet
future requirements [25-26] and these results innadequate supply of artemisinin in internatiomelrkets [27].
Artemisinin is extracted from a medicinal hektiemisia annud.., a member of th&steraceadamily [28].

The relatively low yield (0.01 to 0.5%, DW) of amésinin in native grownA. annua greatly limits the
commercialization of this medicine [27]. In Irarhete are various species #ftemisia and also, different
bioecotypes ofA. annua.The goal of the current study was to explore Fglemisinin yield bioecotypes from new
sources and to compare artemisinin concentratiordifierent bioecotypes ofrtemisia annudound in different
areas of Iran.

MATERIALS AND METHODS

Extraction, purification and analysis of artemisifiiom bioecotypes ofirtemisia annuawas carried out using
method described by Mannaat al. (2010) with some modifications [29]. HPLC of sanspleere performed in
triplicate. One hundred twenty bioecotype seedartdmisia annuavere collected from a variety of sites in Iran
(fig 1). In order to characterize elifgtemisia annuaioecotypes with high artemisinin yield, the biogpes were
analyzed via HPLC method. Bioecotypes were giverbdreum numbers and were deposited in the herbarium
collection of Genetic and Biologic Resources Naid@enter of Iran. Theskrtemisiabioecotypes were screened to
measure the artemisinin concentration in theirdsa¥or analysis and quantification of artemisifive plants per
Artemisia bioecotypes were harvested at any given locatBafore HPLC, seeds of bioecotypes were cultured
separately in any distinct pertri dish. annuaseed was germinated in a photoperiod of 16 h atetngerature
regiment of 28C/20°C. After 48 h, germinated seeds were transferratistinct pots containing special soil. Then,
the pots were put in a growth chamber with enoigjit lnd humidity and temperature regiment di230d°C [28].
Plantlets were kept up to seedling stage. Samfiarg all 120 bioecotypes was done.

Artemisinin available in the leaves of each of thptants was analyzed by HPLC. One gram each dir¢ise leaf
parts of evenArtemisiabioecotype was taken and placed in an oven aC&@rthree days. Leaves included whole
leaves with short stalks inclusive and plucked fridma upper surface of the seedlings, which wereimmelky
exposed to light. Their dry weights were measutied;tissues were ground with mortar and pestlepartdn 5 ml

of HPLC grade toluene (Sigma) to make a homogenoixure. These mixtures were placed in a sonicator
(Elma™, Germany) for 30 min.

During sonication, artemisinin was released intodne, which was separated from cellular debrisdmtrifugation
at 2000xg and -8°C for 20 minutes (Eppendorf clrgei, model 5810R). Supernatant was decanted art sa
dram vials. Pellets were re-suspended in 5ml t@ueortexed, sonicated again for 30 minutes, deigied and
decanted as before. The pellets were discardedathdsupernatants were pooled; extracts for egulicate were
air dried before storing at -20°C for further asédy The dried extracts and dilutions of standatdnaisinin were
converted to a Q260 derivative of artemisinin do¥es: each extract was solubilized in 400 pl ofthaaol (Sigma)
and 1600 pul of 0.2% (w/v) NaOH; then hydrolyzed4&rmin at 50 °C. The reaction was stopped by adtg®d0 pl
of 0.2 M acetic acid (Merck) and placing the tediet on ice. To make a final volume of 4 ml, 40®fimethanol
was added. Samples at this stage contained a Q28@tive of artemisinin, and were filtered througt0.45 m
filter before injecting into HPLC for analysis. Aamples were hydrolyzed just before use. For HRhalysis, the
mobile phase was prepared by combining 45% (v/vharel (Sigma) and 55% 0.01M sodium phosphate buffe
(pH7.0). All samples were analyzed with a Zorbax SB3 column (150 x 4.6 mm) 5um; Agilent Technolsgie
USA). Flow of the mobile phase through the colustationary phase) was optimized to 1 ml/min. Ar@mn was
detected by using a Diode Array Detector (G1315BEDAt 258 nm absorbance and its retention time Masin.
Artemisinin concentration was calculated as a peege of dry weight. As 120 bioecotypes afteinisia annua
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available in Iran were diverse in artemisinin conten different ecosystems, it was necessary tosicen the

significance of differences between bioecotypes.thia basis, statistical analysis was done by SB&8vare

version 16.0. In this analysis, Mean, Mean of sgquand standard deviations of the artemisinin amonnt
bioecotypes of different ecosystems was calculated.

RESULTAS AND DISCUSSION

Studies of other researchers in the world indicatighificant differences in artemisinin content different

Artemisia species [28, 30]. Heidarzadeh al. (2012) showed that species Aftemisiavulgaris had the highest
content of artemisinin, followed brtemisia dracunculusand Artemisia absinthium while Artemisia biennis

artemisinin showed the lowest content [30]. Alsor esults showed that there are considerablerdiftes, even
between bioecotypes dfrtemisia annuaHowever, artemisinin found in this species was/\ew [31]. Artemisia

annuasamples from China were differed in artemisininteat and were reported to contain only 0.01% 5%

artemisinin dry weight [32] whereas the samplesioletd from other European origins indicated arteririscontent

in range from 0.03% to 0.22% dry weight [33].

The Artemisinin amount in studied bioecotypes @ tiesearch, was very variable and in a range leztWe30 mg
(Tablel and Figure2Artemisiaplants that produce more than 0.4% artemisinirevidentified as plants with high
artemisinin yield [34]. Over half of the bioecoggphad more than 0.4% artemisinin in their leasesong the 120
bioecotypes collected, 12 bioecotypes (Gu3, Gu%,, @ul9, M26, M29, M35, M36, M41, M43, M51 and M53)
had much higher artemisinin pharmaceutical levahtbther bioecotypes. They had over 20 mg artemigig of
plant material. Conversely, 5 bioecotypes (S4, K917, M33 and M47) did not have any artemisinirthirir
leaves. The variation in the content of artemismight be having various reasons. In addition,ube of diverse
methods for extraction and analysis dependsoomuch to the variation among different samples, time of
collection and the preparation of samples [38%0, environmental factors, such as light, terapee and
availability of nutrients (salt, water and etc)infall, and types of soil, harvesting time, diffateseasons, altitude
and geographic locations were reported to alterattemisinin yield [31, 36-39]. However, previougservation
indicates that the growth of th&rtemisia annuaplants and the variations in artemisinin conteetevattributed
more strongly to environmental factors than to ¢jeneariations [40]. As shown, bioecotype Gu5 hhd highest
artemisinin level (about 30 mg artemisinin/1 g ¢dm) (3%) in all of bioecotypes and this was foundGuilan
province. The highest standard deviation of the MMe# the artemisinin content in bioecotypes of efiént
ecosystems was found in the province of MazandaBaparately, the highest of mean of square andiatdn
deviation within an ecosystem was found in the prow of Guilan. Also, in the Mazandaran, Golest@nijlan,
Ardabil, East Azerbaijan and Ardabil provinces, rthavere 27, 12, 11, 4 and 2 bioecotypes with 4-2 m
artemisinin/1 g of plant (0.4-2%), respectively if&2). From the above 12 bioecotypes, there Bdymecotypes
in the province of Mazandaran and 4 bioecotypesh province of Guilan. Our results indicated digaint
differences between Mazandaran and Tehran, Semr@inges in artemisinin content of bioecotypes. dAls
statistical analysis revealed no significant défeges in artemisinin content of bioecotypes avhilabMazandaran,
Guilan, Golestan, East Azerbaijan and Ardabil pnoes (p< 0.05). Highest and lowest mean of themdsirin
content were observed in Mazandaran and Tehrannmwes; respectively (Table 3). Also, bioecotypeliected
from moderate and rainfall provinces of Iran (Mataran and Guilan) had highest mean of the artemisiontent
(9.56+8.02 mg/1 g of plant and 7.65+8.06 mg/1 glaht, respectively) among 7 provinces (Table 2]J8province
studies, statistical analysis indicated no sigaificdifferences (p<0.05) between bioecotypes A2ABih Ardabil
province. However, there were significant diffezes between bioecotypes Al, A4 and A5. Analysisasfance
represented significant differences between akdtmtypes in East Azerbaijan. In the Guilan provjhoeest mean
of the artemisinin content was observed in biogoetyul?. Also, bioecotypes Gu6 and Gu8 did notediff
significantly (p<0.05) with bioecotype Gul6. Stttial analysis revealed significant differences wmsn
bioecotypes Gu2, Gu3, Gu4, Gu5, Gu6, Gu7, Gu8, @0, Gull, Gul2, Gul4, Guls, Gul6, Gul7, Guls,
Gul9, Gu20, Gu2l, Gu22, Gu23, Gu24, Gu25, Gu267GB228 and Gu29 with bioecotype Gul (2.96+0.061mg/
g of plant). Bioecotype Gul had no significant elifihce only with bioecotype Gu2. In the Golesteovipce,
bioecotypes Go9, Gol4, Gol8 and Go21 had significkswer artemisinin content than the bioecoty@mb, Go6
and Go7. There were 6.85+0.3 mg/1 g of plant aii8#).25 mg artemisinin/1 g of plant in bioecotyfgs2 and
G010, respectively. In the Mazandaran provincehésfy mean of the artemisinin content was obserwved i
bioecotypes M35 and M44. Statistical analysis iatid no significant differences between bioecotyyés, M47,
M46, M38, M36, M33, M32, M25, M23, M20, M17, M12, M, M9, M8, M5 and M3. In the Semnan province,
highest and lowest mean of the artemisinin conteare observed in bioecotypes S5 and S4, respectival this
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province, statistical analysis revealed that there significant difference (p< 0.05) between bmgpes S3 and S5
and also, S1 and S2 (Table 2). Overall, MazandBramince is a favorable environment for the cutiwa of this
medicine plant. Among the 53 bioecotypes availablethis province, 35 bioecotypes had more than 0.4%
artemisinin and were high artemisinin (Table 2)sdl bioecotype Gu5 oArtemisia annuahad the highest
artemisinin level (about 30 mg artemisinin/1 g i) (3%) of all the bioecotypes. On obtainediltss it can be
found that weather and climate have consideraliéetedn the expression level of artemisininAirtemisiaplants.
These provinces have moderate weather with higtialai Klayman (1989) demonstrated that extra dityiof the
tropics was not suitable for the cultivationArtemisia annug32].
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Tablel- Artemisinin amount in Artemisia annua bioecotypes available in different sites of Iran

Mean of Mean of
. L . artemisinin . artemisinin
Bioecotype Sampling site Mgan of artemisinin amount Bioecotype Sampling site amount in Bioecotype Sampling site amount in
No. in 1g of plant (mg)+S.D No. No.
1g of plant 1g of plant
(mg)£S.D (mg)+S.D
AL Ardebil- first of osalom road towarc 14.1+0.21 Goa Golestan-  Gorgan-Aliabac 8.69+0.01 M21 Mazandaran: Chamestat 10.50+40.32
Khalkhal road, near Fazelabad Kiala
Golestan- Namteloo  tc Mazandaran: Chamesta
A2 Ardebil- 5km after Esalm to Khalkha 2.21+0.01 Go5 Azadshahr, near to Emamiy 15.34+0.19 M22 toward Amol, 6.16+0.16
vilage Abdollahdeh
. . Mazandaran-
Ardebil- 20km after Heyran gardant Golestan- 8 Km. before
A3 toward Astara 4.51+0.09 Go6 Azadshar from Aliabad 13.85+0.15 M23 Chamestan toward Amol 3.52+0.02
10km to Amol
. . Golestan- 22 km from Mazandaran: Amol towarc
A4 Ardebil- 10 km to Astara of Ardebil. 13.3740.11 Go7 Azadshahr towards Shahroa 14.7740.13 M24 Babolsar, 25km to Babol 2.093+0.004
Ardebil- entrance of Germi fron Golestan- 5 km. before Mazandaran: 15 km befor:
AS Ardebil 554:0.08 Go8 Gonbad from Azadshahr 9.51x1.2 M25 Amol from Babol 0.92+0.07
- Golestan-  after  Gonba
Eawy  EastAzerbaijan- 22 km after Oskan 10.2340.25 Go9  towards Kalaleh Opposite ¢ 0.61#0.02 ~ M26  Mazandaran- Babol 5 31403
towards Khodaafarn . Babolsar, exit of Babol
Asbdivan square
EA2 East Azerbaljan—‘ Oskolo towar 0.21+0.04 Gol0 Golestan- 25 Km before 6.75+0.25 M27 Mazar)_daran— Babolsar 1.89+0.17
Aynalo, Kolasofla villag Kolaleh from Gonba Behmiz
- . Golestan- 10 Km before -
EA3 (EAaSSg . hﬁ)ﬁrba“a”' Khoda-Afarir 11.2140.35 Goll  Kalaleh from Gonbad, befor 9.01:0.09  M28 L\{')@Z?gds"";ﬁ”kiakogehm" 15.920.6
9 Kalaler-Mashhad junctio '
Golestan- Kalaleh, befort Mazandaran: Ghaemshal
Gu**1 Guilan- 35km to Deilaman. 2.96+0.06 Gol2 Sofian ' 2.93+0.07 M29 toward Sari, first of 24.27+0.2
Pashakola
Guilan- Siahkol toward Lahijan, 5kn Golestan- Kalaleh, before Mazandaran- Sari towart
Gu2 to Lahijan 3.98:0.14 Gols Haji-Beig village 2.28+0.18 M30 Kiasar, 68km to Kiasar 17.64x0.31
Guilan- midlle of Lahijan & Amlash, Golestan- first of Goli-dagh Mazandaran- Sari towart
Gu3 10km to Amlash 22.81+0.0 Gol4 and Moraveh-Tapeh junctior 0.79:0.13 M31 Kiasar, 50km to Kiasar 14.67+0.6
Golestan-  after Goledag Mazandaran- Sari toward
Gu4 Guilan- Otaghvar 11.09+0.09 Gol5 2way & Maravetape, 20kn 7.32+0.06 M32 Kiasar 0.45+0.03
after Gholaf village
. . Golestan- Kalaleh toward: Mazandaran- Kiasal
Gus Guilan- Khorma village 30.06+0.05 Gol6 Maraveh-tapeh, After Chatal 5.59+0.24 M33 toward Sari, exit of Sari 0
Guilan-  Siahrostagh, middle ¢ Golestan- Kalaleh toward: Mazandaran- Takan
Gué Roodsar & Rahimabad. 0.48x0.07 Gol7 Maravehtapeh, 20 km 4.69:0.14 M34 towards Farim 21.4120.24
Guilan- middle of Rahimabad & )
Gu7  Garmabad dasht, 10km to Garmab 21.1540.15 Go18 GO'eséa”' Skm after hesarct  g1,004 M35~ Mazandaran- Saritoward o, 55,4 4
dasht. toward Raz Farim
Guilan- Roodsar, before Saron Golestan- 2 Km after Mazandaran- Sari towart
Gus Bargadasht village. 0.5420.04 Gol9 ashkhane towards Kalaleh 2.78+0.09 M36 Farahabad 1.160.08
Golestan- Ashkhane towarc
Gu9 Guilan- after Kolachay towarc 13.6740.02 G020 Kalaleh, middle Tangethﬂ 0.94+0.06 M37 Mazand_aran— Formabac 12.98+0.02
Chaboksar. and Tangehrah, nee Soote village
Madarsoo River
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Gul10

Gull

Guil2

Gul3

Gui4

Gul5

Gul6

Gul7

Guls8

Gui19

Gu20

Gu21l

Gu22

Gu23

Gu24

Gu25

Gu26

Guz27

Mohammad Taher Hallajian et al

Guilan- Loshan toward jirand, Losha
bala

Guilan- in jirand, rand of line ol
water.

Guilan- after Roodbar towar
Rostamabad

Guilan- after jibabad

Guilan- Rasht toward Qazvin, 10kr
after Rasht.

Guilan- after Aghaseyed sharif 3 wa

Guilan- 20km to Masoole of Fooman

Guilan- 10km to Masoole of Fooman

Guilan: entrance of Masuleh villag
from Fooman

Guilan- in Some'esara
Guilan- Some'esara toward Tales
Ziabar, Nopashan

Guilan- some'esara, rezvansha
changarian village

Guilan- middle of Rezvanshahr ¢
Talesh

Guilan- Talesh towards Astara, Lisai

Guilan- Talesh toward Astara, Chob

Guilan- shopping center towar
Astara beach

Guilan- hadigh, keshabil, in village

Guilan- Hadigh, village

Annals of Biological Research, 2014, 5 (1):88-99

3.91+0.01

0.84+0.06

7.33+0.33

3.47+0.07

7.59+0.08

7.18+0.09

0.64+0.09

9.32+0.21

7.07+0.17

25.09+0.07

7.35+0.34

10.31+0.25

0.26+0.01

2.08+0.06

1.89+0.09

8.27+0.09

10.5+0.54

Go21

Go22

Go23

M**1

M2

M3

M4

M5

M6

M7

M8

M9

M10

M11

M12

M13

M14

M15

Golestan- Kalaleh junctior
towards Tangeh-Rah, befor
Darabad

Golestan-  Galikesh  roa
toward Tangrah, nea
Tangrah

Golestan-  Galikesh  roa
toward Tangrah, first of
Tangrah

Mazandaran- Orym toward
Pole-sefid, between Orin
and Sorkhab

Mazandaran- 5 km afte
Pole-sefid, before Zirab

Mazandaran- the first road c
Amol Towards Tehran

Mazandaran- Ramsar, 7ki
to Javaherdeh.

Mazandaran- Ramsar, 5ki
to Javaherdeh.

Mazandaran- Ramsal
Katalm  toward Galest
mahale.

Mazandaran- Ramsal
Katalm toward Jannatrodbar

Mazandaran- Ramsar, katall
toward Jannatrodbar.
Mazandaran- Rramsar, 5ki
to Jannatrodbar

Mazandaran- Ramsar towai
Tonekabon, Shirood

Mazandaran: Tonekabor
Formabad toward Dohezar

Mazandaran- Tonekabor

Dohezar village

Mazandaran- Tonekabon

Mazandaran- Abasabac
Siahmahale
Mazandaran- Kelardast

toward Marzanabad

Scholars Research Library

0.90+0.08

3.49+0.01

1.52+0.31

14.90+0.4

15.84+0.14

0.75+0.13

15.76+0.27

4.97+0.05

6.20+0.2

9.24+0.22

3.40+0.3

0

10.99+0.01

0.65+0.04

0.80+0.07

12.16+0.1

6.78+0.13

8.05+0.2

M38

M39

M40

M41

M42

M43

M44

M45

M46

M47

M48

M49

M50

M51

M52

M53

S**1

S2

Mazandaran- Neka, nee

the Niroogah 4.6520.25
Mazandarn- Neka,

Zaghmarz 11.00+0.65
Mazandaran- Neka towar:

Behshabhr, exit of Neka 9.03£0.06
Mazandaran- Behshah

toward Galoogah, 7km tc¢ 20.33+0.3
Galoogah

Mazandaran-  Galoogal

toward Bandar gaz, 5kn 11.11+0.1
to Bandar gaz

Mazandaran-  Galoogal

toward Dibaj, 7km to 16.38+0.02
Galoogah

Mazandarn- Galoogat

toward Dibaj, 20km after 27.65+0.5
Galoogah

Mazandaran- Ghaemshal

toward Firoozkoh, 25km 12.52+0.18
after Ghaemshahr

Mazandaran- Ghaemshal

toward Firoozkoh, 5km 0.56+0.05
before Zirab

Mazandaran- Ghaemshal

towards Firoozkooh 5 Km 0
after Zirab

Mazandaran- 30km befor

Alasht from Pole-sefid 0.840.37
Mazandaran- Alasht 1.3740.21
Mazandaran- Polsefic

toward Alasht, 10km to 24.03+0.24
Alashi

Mazandaran-

Ghaemshahrtoward babo 7.46+0.37
before Dorikond

Mazandaran- Aamol

toward Mahmoodabad  22+0.62
before Kohlarke
Mazandaran- befor
Balade, Taker village
Semnan- Azadshahr roa
toward shahrood, 42 km tc  1.40+0.6

15.51+0.06

khosh yilagh

Semnan- 115 Km aftel

Azad-Shar towards /201
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Gu28

Gu29

Go**1

Go2

Go3

Mohammad Taher Hallajian

Guilan- Anzali toward Rasht, befo
Khamam, Zirdeh.

Guilan- Sangar

Golestan- 37 Km from Gorgal
towards Bandare-gaz

Golestan- after jalin toward Aliabad

Golestan- Gorgan towards Aliaba
before Ganareh, opposite of gi
station

et
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0.89+0.15

0.92+0.08

10.21+0.21

6.85+0.3

1.58+0.06

M16

M17

M18

M19

M20

Mazandaran-  Marzanaba
toward Gachsar, 5-10km ti
Gachsar

Mazandarn- Noshahr towar
Noor, exit of Noshahr

Mazandaran- Noshah
toward noor, Malekar

Mazandaran: middle o
Sisangan & Noor, Sibor
towny, Vazivar

Mazandaran: Chamesta

toward Raeeskola

12.20+0.1

4.32+0.07

6.55+0.4

2.87+0.09

3.56+0.15

S3

S4

S5

1

T2

Shahrod

Semnan- after Minoodast
toward Azadshahr

Semnan- before
Azadshahr, Minoodash
road to Azadshahr
Semnan- after Varsak
Khatirkoh toward
Mazandaran

Tehran: Qazvin- Rash
road, Gonbad

Tehran: Qazvin- Rash
road, after police way, first
of Fooman

5.23+0.11

5.26+0.06

0.60+0.07

0.35+0.05

"Bold numbers indicate bioecotypes with over 2%rais@in. ** A, EA, Gu, Go, M, S and T are abbreigatto Ardabil, East Azerbaijan, Guilan, Golestatazandaran, Semnan and Tehran
provinces, respectively. S.D is abbreviation oh8tad Deviation.
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Table2- Mean and standard deviation of artemisinirmmount in Artemisia annua bioecotypes of different provinces of Iran

- Standard
; . Mean of _artemlsmm Number of bioecotypes in Mean of Mean of S_tar_1da|_'d Deviation
province name Bioecotype No. amountin 1 g plant . Deviation inter
(mg) Ecosystem population square province betvs_/een
provinces
A*1 14.10
A2 2.21°
Ardabil A3 451 5 7.95 30.22 5.03 52.01
Ad 13.37
A5 5.54
EA*1 10.23
i;"ztrbaijan EA2 0.21 3 7.22 36.93 527 51.87
EA3 11.2F
Gu*l 2.96'
Guz 3.98'
Gu3 22.8F
Gu4 11.09
Gus 30.06
Gué 0.48"
Gu7 21.1%
Gug 0.54"
Gu9 13.67
Gul0 3.91m
Gull 0.84
Gul2 7.33%
Gul: 3.47"
Guls 7.59
Guilan Guils 7.18 29 7.64 64.95 7.97 58.46
Gul6 0.64¢
Gul? 0.00
Guils 9.32
Gul¢ 7.07'
Gu2( 25.0¢
Gu21 7.35k
Gu22 10.3P
Gu23 0.26°
Gu24 2.08°
Gu25 1.89
Gu26 8.27
Gu27 10.50°
Gu28 0.89
Gu29 0.92°
Go*1 10.21°
Go2 6.85%"
Go3 1.58"
Go4 8.69
Go5 15.34°
Go6 13.85°
Go7 1477
Go8 9.51°
Go9 0.61°
Go10 6.75"
Goll 9.01f
Golestan Golz 2.9¢' 23 5.72 22.20 4.64 32.61
Go13 2.39"
Gol4 0.79°
Gol5 7.329
Gol6 572
Gol7 4.69
Golg 0.91°
Go19 2.78™
Go20 0.94°
Go21 0.88°
Go22 3.49¢
Go23 1.52"
M*1 14,90 53 9.5€ 64.3¢ 7.97 91.47
95
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M2 15.84°f"
M3 0.75°
M4 15.76'*"
M5 4.97mn°
M6 6.20Kmn
M7 9.244
M8 3.40™¢
M9 0.00°
M10 10.99"k
M11 0.65°
M12 0.80°
M13 12.16%
M14 6.811™
M15 8.05MM
M16 12.20eN
Mazandaran M17 4.32me
M18 6.55Km™
M19 2.87™
M20 3.56™
M21 10.50%
M22 6.16<™
M23 3.52mn¢
M24 2.09™
M25 0.92°
M26 21.37
M27 1.8¢™
M28 15,97
M29 2427
M30 17.64%
M31 14.67"
M32 0.4£°
M33 0.00°
M34 21.58¢
M35 27.52
M36 1.14°
M37 12.9gen
M38 4 gEmne
M39 11.00"
M40 9.03%
M41 20.33
M42 11.12"k
M43 16.38"%
M44 27.62
M45 12.528N
M46 0.56°
M47 0.00°
M48 0.62°
M49 1.37¢
M50 24.03%
M51 7.469M
M52 220
M53 15.5F0"
S*1 1.40
S2 1.72
Semnan S3 5.23 5 2.72 5.71 2.23 7.39
s4 0.00
S5 5.26
T*1 0.60
Tehran T 0.35 2 0.475 0.03 0.1473 0.22

*A, EA, Gu, Go, M, S and T are abbreviation to AifleEast Azerbaijan, Guilan, Golestan, Mazandar@emnan and Tehran provinces,
respectively. Different letters in the column (Medartemisinin amount in 1 g plant (mg)) represtenbe significant (p> 0.05) differences

between means.
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Table 3- Artemisinin content comparison of IranianArtemisia annua bioecotypes

Province name Mean of artemisinin amount in 1g of plant (mg)+S.D Number of bioecotypes in any province

Ardabil 7.9545.08 5
East Azerbaijan  7.22+5.27% 3
Guilan 7.64+7.97 29
Golestan 5.72+4.64 23
Mazandaran 9.57+7.98 53
Semnar 2.7242.2% 5
Tehran 0.48+0.15 2

Different letters in the column (Mean of artemisiaimount in 1 g plant (mg)) represent to be sigaift (p> 0.05) differences between means.
S.D is abbreviation of Standard Deviation.
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North of Iran
Figurel- Geographical distribution map of Artemisia annua bioecotypes available in Iran. Red dots represesampling sites ofArtemisia
annua bioecotypes in northern provinces of Iran

70 A

60 -

40 -

Number of bioecotypein any group

0 0-0.4 0.4-30

Artemisinin amount(mmg/ 1 g Leaves)

Figure2. Classification ofArtemisia annua bioecotypes on artemisinin amounts. Bioecotypes tliartemisinin amount (0.4-30, 0-0.4 and O
mg/1g leaves) indicate High artemisinin bioecotypetow artemisinin bioecotypes and bioecotypes withw artemisinin, respectively. 70,
45 and 5 represent abundance of bioecotypes in agyoup
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CONCLUSION

Statistical analysis indicated significant diffeces in mean of artemisinin content of bioecotypesilable in
Mazandaran and two provinces Tehran and Semnaf.(2y. HPLC report represented the bioecotype (Guith)
highest artemisinin produciblity about 30 mg / bfgplant medicine among all of studied bioecotygesother
words, this bioecotype produces 3% artemisinin tndf plant leaves. Moreover, 12 bioecotypes predonver 2%
artemisinin (20 mg artemisinin /1 g of plant legve&3ur results indicated that climate conditionasiderable effect
on the growth and development of tAegemisia annuglants and the expression level of artemisiniditemisia
plants. On obtained results, the bioecotype GuAmémisia annuacan be an ideal choice for the industrial
production of this Medicine.
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