Introduction Chapter one

INTRODUCTION

Plants have been used as medicinemilennia. Out of estimated

250 000 to 350 000 plant species identified so &out 35 000 are used
worldwide for medicinal purposes. It has been coméid by WHO that herbal
medicines serve the health needs of about 80 percent of the world’s population;
especially for millions of people in the vast ruaakas of developing countries.
The use of plants as medicine goes back to earty E@dences of this early
association have been found in the grave of a Neréimal man buried 60 000
years ago. Pollen analysis indicated that the nouseplants buried with the
corpse were all of medicinal value . The earliestwin medical document is a
4000-year-old Sumerian clay tablet that recordezhtpfemedies for various
ilinesses. By the time of the ancient Egyptian l@ation, a great wealth of
information already existed on medicinal plants. ohig the many remedies
prescribed were mandrake for pain relief, and gddr the treatment of heart
and circulatory disorders. This information, aloagth hundreds of other
remedies, was preserved in the Ebers papyrus 8600tyears ago (Kong al.
2003).

There have been about 60 new herb-derivagsddeveloped by Chinese
scientists over the past four decades. An illustagxample is the discovery of
artemisinin (Konget a |, 2003). Chemical studies on many specie8rtémisia

have been carried out in many places since the$9B0t China was the first to
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discover its antimalarial activity and this yielded a new amaiarial drug
in1972 (Evanst al.,1996).

Artemisinin is quite different from thedofjeneration of antimalarial drugs
because of its novel bioactive peroxide group, which is effeetin treating
chloroquine-resistant and severe cases without sfteets, which is also a
common feature of many Chinese herbal medicinesdlebal ., 2003).

There are many herbal extracts and conawtamd plant products used to
treat cancer. These includértemisia, also known as wormwood is being
researched as a safe, non-toxic, and inexpengiemailive for cancer patients
(internet 20).

The clinical applications of artemisinin, the treatment of malaria and
cancer, could be one of the most important disdesein the 21 century.
Further research could lead to an effective, a#blel, non-surgery and non-
toxic treatment for cancer, malaria and other deddleases (internet 8).

Artemisinin had been analyzed fasitctivity against 55 cancer cell lines.
It was most active against leukemia and colon caoek lines and active for
melanomas, breast, ovarian, prostate, CNS, andl remacer cell lines.
Importantly, a comparison of artemisinin’s cytotw#® with those of other
standard cytostatic drugs showed that it was aativeaolar ranges comparable
to those of established anti-tumor drugs. Theselteeand known low toxicity
of artemisinin and is derivatives make them a promising novel candiflate
cancer chemotherapy (Efferth, 2001).

In 2001, a WHO report concluded that artemisinid #rvs derivatives do

not exhibit mutagenic or teratogenic activity.
Artemisinin enhances macrophage phagocytasismice. The herb
Artemisia also is very effective against worms with reduct@ih- 90% within a

week (internet 30).
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Grendelmeieret al., (2003), showed that the Artemisinin increased IgE-

binding capacity were able to induce T-cell prahfeon.

On the strength of those investigations, shisly was proposed for: -
* Preparation of diethyl ether extract froArtemisia herba-alba to study the
cytotoxic effect of extract on normal and tumor dek.
* Evaluation the effect of extract in botlm vivo and in vitro experiments
including (transformation, phagocytosis and mitpsis

* Study the effect of extract on visceral organs.
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LITERATURE REVIEW

2.1: The plant Artemisia herba-alba (wor mwood)

charactristics:

Artemisia hreba-albas from the family compositae (Heinricét al,
1998). It is local name desert wormwood (Husse@85). This plant is usually
grown and widly spread in south East Asia and irstnawea of North Africa,
Syria, Iran, Saudi Arabia and Arab Gulf (Al — Khajzr1991).

The silvery green leaves of this compdautuls give it a distinctive
appearance when the rest of the vegetation isltdis/unlike many members of
the native flora, wormwood flowers in the middletb& summer. In addition to
it s medicinal value, it is a valuable fodder plamd &n some areas wormwood
Is severely over grazed (internet 12).

Artemisia herba-albas widely used in Iraq folk medicine for the treint
of diabetes mellitus (Al-khazraji, 1993), liver diders, lowers fever, antiulcer
(University of Arab countries for agriculture deepiment, 1988), anti-bacterial,
checks bleeding, anti-malarial, and the leaves am8periodic, antiseptic,
digestive, febrifuge, while an infusion of the leavis used internally to treat
fevers, colds, diarrhea etc. Externally, the leaarespoultice on to nose bleeds,

boils and abscesses (Pittler and Ernst, 1999).
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Al-khazraji suggested that the aqueextsact of the leaves or barks
produced a significant reduction in blood glucaseel, while aqueous extract of
root and methanolic extract of the aerial partshef plants produce almost no
reduction in blood glucose level (Akazraji, 1993; and Al-waili, 1986).

There are many speciesfsfemisiain addition toArtemisia herba — alba,
such as:Artemisia cinae , Artemisia camphorata , Artemisiasinthiumor
Artemisia absentium , Artemisia vulgaris , Artemisnaritima , Artemisia
dracunculus , Artemisia chamissiparaissusitemisia glacialis, Artemisia
mutellina, Artemisia spicata and Artemisia judiac@keel, 2003; Giuseppe,
1993).

2.2: Historical studies of Artemisia plant and it:: s

active compounds:

The fascination of natural products, mosthed as a preparation from a
plant with known medicinal properties, goes back atacient times. The
discovery of pure compounds as active principlgdamts was first described at
the beginning of the 19th century, and the artxpi@ting natural products has
become part of the molecular sciences (Keyenl, 2003; and Tang and
Eisenbrand, 1992). Until the beginning of the twetht century, virtually all
medicines were derived from natural sources, eoeiayt, at the start of the
twenty-first century, 80% of the world’s populatistill uses plants and plant
extracts as their primary source of drugs and megli@agents. There had been
about 60 new herb-derived drugs developed by Chisegntists over the past
four decades, an illustrative example is the discpwf artemisinin (Kongt al,
2002).
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Artemisia plant was first mentioned in 168 BC as a treatmfamt
hemorrhoids (internet 2). In 341 AD was the firstolwn description of
Artemisiausefulness against malaria (Klayman, 1985; Greenberg, 1995; Hien
andWhite, 1993; Khaw; De Smet, 1994nd Panosian, 1995), and then in 1596
AD was found that the use éirtemisiafor chills and fevers, and it appears in
other Chinese Materia Medica texts as a treatmentfdbrile illnesses, in
addition, recent studies also indicate that somtemasinin derivatives have
other bioactivities, including antiparasitic (aggtirSchistosoma japonicum
Toxoplasma gondird so on) and anticancer activities (internet 2; and Lefévre
et al, 2001).

Since the 1930’s chemical studies onymspecies ofArtemisia have
been carried out in many places (Kogigal, 2002). But in the middle of this
century and especially since the 1960s and 1970se€e scientists have put
considerable effort and resources into the seamh rfew antimalarial
compounds extracted from Chinese traditional hefvshaeological findings
indicate that ginghadAftemisia annua ) has been used as a traditional remedy
in China for over two thousand years*f:s I6 antimalarial principle was finally
isolated in 1971 and named artemisinin or ginghdosaning the principle of
ginghao in Chinese),e:fi:?ts rapid action, low toxicity and powerful effegjaanst
Falciparummalaria(Li and Wu, 1998; Verpoorte, 1989 and 2000; Sidhuet al.,
1998; and Greenberg 1995).

In 1976, the unique structure of the moleccharacterized by an
endoperoxide and an alternative O-C-O-C segmentideaified. The specific
lactone reduction discovered during the deternomatf the structure opened
the way for the synthesis of artemisinin derivadivand thereafter a series of

more active and more oil or water soluble derivegiwas developed.
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Artemisinin derivatives are artemether and arte®jnare rapid acting
antimalarials, effective against multidrug resistanfalciparum that have been
used to treat over 3 million cases in South East Asia (Meshnick, 1998; Li and
Wu, 1998; and Keyser et al, 2003). Other indications for malaria for the
artemisinin drugs are currently under investigagidVithout a final proof, other
erythrocyte persisting parasites lilBabesiaare may be another interesting
target parasite. But alsboxoplasma gondiiPneumocystis carininfections in
mice have been treated successfully with artermiginigs (Keyseet al, 2003).

Artemisinin is quite different from thedofjeneration of antimalarial drugs
because of it s novel bioactive peroxide group, which is effegetin treating

chloroquine-resistant and severe cases without sfteets, which is also a
common feature of many Chinese herbal medicinesdkebal., 2002).

In China in 1979, where in 2,099 patieinfgected withP. viva andP.
falciparum, artemisinin had good therapeutic effects and imgdoor cured all
patients. Furthermore, the treatment with artenmsias without any obvious
side effects. Body temperature of patients norredlizvithin 72 hours, and
asexual parasites were eliminated within 72 hours. (Rowen, 2002; Tawfiq et al.,
1989 and China Cooperative Research Group, 1982).

In 1992, artemisinin has demonstratedayt®toxicity against tumor cells
(Sunet al., 1992; Efferth et al.,2001).

For the past ten years, Hoang (2002)wsagg artemisinin in combination
with several other herbs to treat cancer, and eétei necrosis material from the
body; for example, from wounds, from intestinegpebple who have ulcerative
colitis, and from Crohn’s disease. The efficacytid artemisinin compound is
very impressive for the treatment of breast caraset possibly to prevent it
because of direct anticancer activity, but also doehormonal balancing

properties of the artemisinin.
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Rowen (2004) was used artemisinin tottcaacer for years. For over 400
patients treated in the past ten years, using &t@m they realized a 50 to 60
percent long-term remission rate. Artemisinin has/pn itself to be nontoxic at
the required dosage level for long periods of tiraad that no significant

toxicity in short-term use for malaria and at hagse has been reported either.

2.3. The active compounds of Artemisia herba-alba: -

The major chemical compounds of this pkne santonin, stigasteral, B-
sitosterol (Khafagy,et al, 1971), camphor (Chakravarty, 1976), alkaloids,
saponin, tannins, coumarin, flavonoid and arterms{Al-Khazraji, 1991). It is

also have volatile oil such as thyjone and absmnfhi-zubadi,et al.,, 1996).

2.4. The chemical propertiesof artemisinin;

Artemisinin is the natural extract of thetige principle from the plant
Artemisig or wormwood. It has a background of use datingklihousands of
years in Traditional Chinese Medicine (internet R)is not water-soluble,
quickly absorbed and reaches it's peak concentratiothe blood within 40
minutes. This form is broken down very quickly iftd s metabolites in the
liver and excreted some what quickly, but still same metabolic effects for as
long as four hours absorption (Christina and WIdG8)2; and Lt al.,1998).

Artemisinin is a sesquiterpene lactone that begmsraxide group with five
oxygen atoms and unlike most other antimalariabdrthat lacks a nitrogen-
containing heterocyclic ring syste(Rosenthal, 2003; Jiangt al., 1997; and
Ames, 1985). It has endoperoxide linkage; this yie bridge is the key to
artemisinin's antimalarial activity (Meshnick, 1994nd Navaratnanet al.,
2000).
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The peroxide bridge, two of them in a perexiidge system over a seven-
member ring and two others in a lactone ring stmggtwhich it is responsible
for artemisinin's powerful activity againBtasmodium falciparumthe malaria
parasite, including some chemo-resistant strainterfiet 2 and Burlet al.,
2003). It is poorly soluble in water and decomposesther protic solvents,
probably by opening of the lactone ring, it is daafed by them up to 150 C°
and it is poorly soluble in oil, and it shows a exkable thermal stability (Ziffer
et al, 1997; internet 12; and internet 8).

The peroxide moiety of artemisinin appeaos bie indispensable for
chemotherapeutic activity. When artemisinin treatgth borohydride to give
dihydroartemisinin, a lactol is formed in which theegrity of the peroxide
group retained and the schizonticidal activity endsal ten fold. Although it is
desirable that a single epimer is used, there s&zbes no evidence that the
a- and RR-epimers differ greatly in antimalarialiatt (Zhang, 1992; Burk et
al.,2003; Posner 2000; Posnetet al, 1999 and internet 8) .

Artemisinin is described as a white crysatall powder. The chemical
structure of artemisinin is C15H2205 and & chemical name is (3R, 5aS, 6R,
8aS, 9R, 12S, 12aR)-Octahydro-3, 6, 9-trimethylB3epoxy-12H-pyrano [4.3-
-1, 2-benzodioxepin-10 (3H)-one. Artemisinin moldéar weight is 282.3,it s
melt at the range 150-153°Cand it is soluble in ethanol diethel ether and

hexane (internet 13).
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Artemisinin structure is:-

Christina and White (2002) deg:ribed tthet artemisinin have several
other derivatives available, the three forms that presently being used by
physicians will be discussed: artemisinin, arteseiaad artemether. All three of
the forms are broken down at various rates in tigylinto several metabolites,
the principal one being DHA. All three forms aresafbed fairly quickly after
oral intake, but each reaches a peak concentratiohhas effects that last
different lengths of time.

2.5: Artemisinin derivatives:-

2.5.1: Artesunate:-

It is a semi-synthetic form that is more water-bduand may be the most
active and the least toxic, but it has the shotfifestvithin the body (internet
14).
Van Agtmaelet al (1999) found that the artesunate synthesized by
reacting DHA and succinic acid anhydride in an lleamedium. This type of
reaction yields an ester linkage in alpha configora This form tends to break

down easily when being stored in hot climates, Wisccertainly a

10
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consideration for treating malaria (Borstr@kal, 2002; and internet 14) and it
is also cytotoxic to cancer cell lines (Woerdenleaal, 1993; Effreth et al,
2003; and internet 14).

The study of Olliaret al (2001) described that when the pH (acid or
alkaline state) of the stomach was more acid the o& conversion of oral
artesunate into it s metabolite DHA was increased. This study inéidahat
some portion of the DHA that is formed within miastin an acidic stomach
environment is absorbed directly. The remaining @amhoof the parent
compound artesunate that makes it to the bloodrstreill be converted to
DHA and other metabolites more slowly in the mdkaline environment of the
blood plasma. One study reported that the absorpfi@rtesunate is about 61%,

and it has the shortest activity period in the bofighe three forms.

Artesunate structure is:-
CH3

It is molecular weight 38.4, Cheminame (3R, 5aS, 6R, 8aS, 9R, 10S,
12R, 12aR)-Decahydro-3, 6,9-trimethyl-3, 12-epo®y4ipyrano [4,3-]] 1,2-
benzodioxepin-1®l, hydrogen succinate; Melting point is 144 °C, and it is very
slightly soluble in water, very soluble in dichlonethane R, freely soluble in

ethanol and acetone (internet 15).

11
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2.5.2: Artemether: -

Artemether is a white anhydrous crystalpowder, is a derivative of
artemisinin and is more chemically active than # parent. Technically, it's
chemical name is: [3R-(3a, 5aB, 6B, 8aB, 9a, 128, 112aR)]-Decahydro-10-
methoxy-3, 6, 9-trimethyl-3, 12-epoxy-12H-pyranqQ34l-1, 2-benzodioxepin,
and in most pharmacopoeias in which it is now distés pharmacological class
Is "antimalarial." (It's molecular formula is C1&8B-05, and it has a molecular
weight of 298.38 (Internet 8). practically it is insoluble in water; very soluble in
dichloromethane R and acetone R; freely solubleetimyl acetate R and
dehydrated ethanol R. Melting range 86 °C.

Artemether structure is:-

H-C

Artemether is synthesized from DHA usingtmamol and a catalyst in
acidic medium. This results in the production cdgwminantly beta-artemether.
The alpha-epimer is also present and causes autiffpurification of the
product.

The pure alpha product behaves differentld has a melting point of
100 C° whereas the béta-epimer has a melting paht 84-86°C.
Both the alpha and the beta-epimers are activenat@rials. It is the purification

12



Literature review Chapter two

and separation of alpha from beta that leads to yelds and hence this
increases the costprice of artemether significaintkgrnet 15).

Artemether is a semi-synthetic from morésf@uble form that is the
longest lasting in the blood stream. Due to thes&dtible nature of this
compound, it passes more readily through the blodn barrier to reach
cancers in the nervous system. It also has the toxisity (but this is related to
rather high dosages, which are not necessary)mitabolized fairly rapidly to
DHA, and blood tests show that after 6 hours theADhetabolite has higher
plasma concentrations than the parent compoundnetier (Rowen, 2002,
2004; internet14; and White, 2002).

White (2002) showed that artemether is longer gatmmpounds and may
be better for cancer treatment, because that theecaells in a tumor do not
divide all at the same time; therefore he beliavés best to have some of the
compound in the blood stream for longer periodsnoé.

The presence of it's endoperoxide bridgesgeatial for it s function. This

generates a single oxygen molecule and leads tothrilation of free radicals.
While it does not last very long in the body, itnetabolised in the liver to a
demethylated derivative DHA, which has a half-Igerviving 10 hours more
than artemether. As a result of free radicals, DH@érphologically changes the
parasites’ membranes. Artemether has no clinicafatexicity and no major
side effects. However, monotherapy often resultglapse and coma resolution
time is significantly delayed. On rare occasioreeré can be a decrease in
reticulocyte count and changes in ECG patterns Agmaelet al, 1999; and
Karbwanget al.,1999.

13
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2.6. The chemical properties of terpenes.

Terpenoids are widely distributed in nature, mostty the plant
kingdom. They may be regarded as derivatives ofoofiers of isoprene,
CH2= (l:_ CH= CH, usually joined head to tail. Terpene hydrocarbaes a

Ch

Classified as the follows:
Monotepenes {0Hi16
Sesquiterpenesi€Hz4
Diterpenes £0H32
Triterpenes  €Ha4s
Tetraterpenes 40He4
Polyterpenes (§Hs) n
Abundant sources of terpenoids are tlserdgl oils. They consist of a

complex mixture of terpenes or sesquiterpenes,halsp aldehydes, ketones,
acids, and esters. There are four general metloydbd extraction of essential
oil:

1- Expression.

2- Steam distillation.

3- Extraction with volatile solvents.

4- Resorption in purified fats.

The separation of individual componentsascomplished by vacum
fractionation and by chromatographic methods. Theaturated hydrocarbons
are conveniently separated as their crystalline iti@tdd products with
hydrochloric acid, hydrobromic acid, or nitrosyla@tde (Ikan, 1969).

14
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Chemically, terpenoids are generally hpaluble and are located in the
cytoplasm of the plant cell. Essential oils somesnoaccur in special glandular
cells on the leaf surface, while carotenoids arpeeslly associated with
chloroplasts in the leaf and with chromoplast i® tbetal. Terpenoids are
normally extracted from plant tissues with lightnpéeum, ether or chloroform
and can be separated by chromatography on silicar gdumina using the same
solvents. Aconsiderable numbers of quite differénbctions have been
described to plant terpenoids. Their growth regdaproperties are very well
documented; two of the major classes of growth letgts are the
sesquiterpenoid abscisins and the diterpenoid-bgibderellins. The important
contribution of carotenoids to plant color is wiatiown and it is almost certain
that these @ terpenoids are also involved as accessory pigmemts
photosynthesis. The important of mono- and sesguatess in providing plants
with many of their distinctive smells and odorslso familiar to most scientists.
Less is generally known of the role of terpenoids the more suitable
interactions between plants and animals, e.g. aatagf communication and
defense among insects, but this is now an areatofearesearch. Finally, it
should be mentioned that certain non- volatilegamds have been implicated

as sex hormones among the fungi (Harb@tnal., 1973).

2.7. Artemisinin cytotoxicity on different tumor cell

lines: -
Artemesiahas been used by Rowen (2002) in the past toitresstinal
parasites. It is also considered a saédaria treatment. When Rowen discovered

a report by Drs. Lai and Singh, which indicatect tifi@ herb "might provide a

safe, non-toxic, and inexpensive alternative forcea patients”, he started using

15



Literature review Chapter two

it with cancer patients. Lai and Singh (1995), ladind it's use dramatically
killed breast-cancer cells and leukemia cells whekving normal breast cells
and white blood cells unscathed. Rowen (2002) aisported that the
artemisinin have anticancer activity in a wide egriof laboratory cultured
cancer cells. Cancers resistant to common chenaghedrugs showed no
resistance to artemisinin (internet 17 and intet/®at

Mooreet al (1995) found that oral administration of an angmn
analog and ferrous sulfate retarded the growtimpfanted fibrosarcoma tumors
in the rat (several patients with different typésancers have begun treatment
with artemisinin and it's analogs with promisingsuéis. Singh and Verma
(2002) feel that this emerging newtherapy has psentd prevent and treat
different types of cancers since it works via a@enmechanism which is
common to all cancer cells (i.e. an increase in indlux).

Hoang (2002) reports that 50-60 percend@) cancer patients have
achieved long-term remission utilizing artemisinitogether with a
comprehensive integrative cancer strategy. Amoegéilpatients is a 47 -year-
old female who, presented with terminal liver canftem hepatitis B and
abdominal ascites (massive swelling from liverues)), was just days or weeks
from death. Today; two-and-a-half years later, shalive and well with no
signs of any disease. Singh and Verma (2002) anemly following many
cancer patients. While not reporting remission@jgparent cures, he says all
patients are responding and have at least stadilide has found no type of
cancer unresponsive to artemisinin derivativessrstudies.

The cytotoxic activity of nine terpenoidad flavonoids isolated from
Artemisia annuavas tested in vitro on several human tumor ce#idi These
compounds are artemisinin, deoxyartemisinin, adanau acid, arteannuin-B,

stigmasterol, friedelin, friedelan-3 beta-ol, arétim, and

16
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guercetagetin  6,7,3',4'-tetramethyl ether. Fremgeltype triterpenoids were
isolated for the first time from this plant. Artesmin and quercetagetin 6,7,3',4'-
tetramethyl ether showed significant cytotoxiciyaast P-388, A-549, HT-29,

MCF-7, and KB tumor cells (Zheng, 1994).

Cancer could be like the malaria parasitgjst one cell remains, it can
find it's way back. Thus, as in malaria, althoubk parasite is cleared in a few
days, prolonged treatment best prevents rel@pgrnet 19; and Hoang 2002).

In another study, Lai and Singh (1995)edoéven more amazing results
involving leukemia cells. They mentioned that tlamaer cells were destroyed
very quickly within a few hours when exposed todti@nsferrin (which binds
with transferring receptors to transport iron intls) and DHA (a more water-
soluble form of artemisinin). They further expladnhat it might be because of
the high concentration of iron in the leukemiaell

An earlier study with human leukemia celdsnonstrated 100% cancer cell
destruction in half the time (8 hours) as the Wdreasacer cells, probably due to
the rapid cell division and higher iron concentratof leukemia cells (internet
22; Ingels2001; and Efferthet al.,2001).

This amazing herb was also examined ff’arsitactivity against 55 cancer

cell lines. It was found to be the most active agarcolon cancer and active
against melanomas, breast cancer, prostate cdmores, marrowCNS, ovarian,
and renal cancer, gastro-intestinal carcinoma,of@rcoma and peritoneal
carcinosislt was also reported that artemisinin's effectissneras comparable
with other standard drugs used to combat cancesuBb, these results and the
low toxicity of artemisinin had made this herb te b potential for cancer
chemotherapy (Efferth, 2001; Giuseppe1993; Beekmanet al.1998; Mooreet
al., 1995 and Odeat al.,2004).

17
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The studies on artemisinin and his derivgighow their effectiveness on
other different types cancer such as pancreaticecatorain tumors, tumor of
tongue and lymphoma (internetDhingra et al.,2000; Efferth et al.2002 ;Li
et al.,2001; and Beekmaet al.,1997).

Compared to normal cells, cancer cellsisstgr relatively large amount of
iron mainly in the form of holotransferrin .Artesmin has been shown to cause
rapid and extensive damage and death in cancex etl have relatively low
toxicity to normal cells. Importantly, a comparisohartemisinin’s cytotoxicity
with those of other standard cytostatic drugs shibtlat it was active in molar
ranges comparable to those of established antiftuinogs. In one study
regarding the activity of 22 drugs on leukemia CGSEEM cells lines,
artemisinin showed both antileukemia activity ifpapd alone and modulation
activity in combination with daunorubicin in multiey-resistant (MDR) cells.
Artemisinin and it's derivatives have been foundrthibit the proliferation of
cancer cells and increased cytotoxicity of perarimband doxorubicin in P-
glycoprotein-overexpressing and in MRP1-overexpngssbut not in their
corresponding drug-sensitive cell lines (intern@f Rfferth et al, 2002 and
Reungpatthanaphonet al., 2002).

Junget al. (1994) found that the artemisininin is virtuallpmtoxic
(LD50 = 4228 mg/kg orally administered to mice) anithout carcinogenicity.

A cancer treatment method of inhibiting or Killimgncer cells has been
disclosed where in compounds having an endoperaxmiety that is reactive
with iron are administered under conditions whicthance intracellullar iron
concentrations. Representative endoperoxide congsoare artemisinin and it's
analogs (internet 8). DHA and a rapid cell deathe@denced by a decrease in

cell counts, were observed (Lai and Singh, 1995).

18
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Singh and Lai (2001) showed that the artemmdecomes cytotoxic in the
presence of ferrous iron. Since iron influx is higltancer cells, artemisinin and
it's analogs selective kill cancer cells under dbads that increase intracellular
iron concentrations. Artemisinin analog effectivekifled radiation-resistant
human breast cancer cells vitro. The same treatment had considerably less
effect on normal human breast cells. Administratodrartemisinin like drugs
may be a simple, effective, and economical treatdoarcancer.

Also the breast cancer cell research reduh a 28% reduction of breast
cancer cells treated only with artemisinin, andtaggering 98% decrease in
breast cancer cells that were treated with artemisand an iron-enhancing
molecule, transferrin, within 16 hours. The saneatiments had no significant
effect on normal human breast cells (internet 24).

Small-cell Lung Carcinoma Cells (SCLC). értisinin was tested for the
effects on drug-sensitive (H69) and multi-drug sesit (H69VP) SCLC cells,
pretreated with transferrin to increase the intitatae iron level. Low doses of
artemisinin were cytotoxic to SCLC cells. The cgtatity of artemisinin for
H69VP cells was ten-fold lower than for H69 celiglicating that artemisinin is
part of the drug resistance phenotype. Pretreatofdd69 did not alter the I
for artemisinin, however, in the artemisinin-resrgtH69VP cells, pretreatment
with transferrin lowered the artemisinin s§do0 near drug-sensitive levels.
Desferrioxamine inhibited the effect of transferoim the 1G, for artemisinin in
drug-resistant cells but did not have an effectastiemisinin cytotoxicity in
drug-sensitive cells. These data indicate the pialense of artemisinin and
transferrin in drug-resistant SCLC. (Sadaval, 2003.

Yinget al. (2001) found a modification of artemisinin struetued to

discovery of a novel class of antitumor compouridhe artemisinin derivatives
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containing cyano and aryl groups showed potenpeoiiierative effectn vitro
against leukemia and human lung carcinoma celgline

A protocol clinic trials for 50 canines drabsed with metastatic
osteosarcoma to the lungs is being consideredwollp in vitro testing at
Georgetown University and Washington Cancer In&itdoxicity data do not
suggest that systemic toxicity occurs at therapediisages. It is believed that
the use of oral artemisinin protocol will produdmically measurable cytotoxic
effects in the tumor cells of canines with metastdisease. (Krutet al, 2002).

A series of artemisinin-related endoperoxides watetl for cytotoxicity to
Ehrlich ascites tumor cells (EAT). Artemisinin shexavcytotoxicity to the EAT

cells and if: s derivatives exhibited a somewhat more potendtoyicity at

higher concentrations than those needed iforvitro antimalaria activity
(Woerdenbaget al.,1993; and Beekmaet al.1997 )

Heo and Jun (2003) described that the bBmainh Barrier (BBB) &
Alzheimer’s disease (AD) were affected by methanektract fromArtemisia
which showed a highest inhibitory effect on acdiglmesterasén vitro. The
study demonstrated that an alkaloidAotemisia asiaticametabolized to small
molecule in digestive tract and passed through tBBB, be an
acetylcholinesterase inhibitor with a blocker otiroxicity induced by a beta
in human brain causing AD.

AIDS and HIV a series of artemisinin tethtrioxanes has been prepared
and assayed in vitro for anti-HIV activity. One tifese compounds, 12-n-
butyldeoxoartemisinin shows a good antiviral atyivagainst HIV-1. (Junget
al., 1994).

The researches was also found that the mitemused in the treatment of
hepatitis B and lyme disease, 320 cases of chrmpatitis B were treated with

artemisinin derivatives resulted in the recoveryivar function (internet 22).
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Singh and Verma (2002) have been destribat the treatment of a
laryngeal squamous cell carcinoma case with theemsluble artemisinin
analog (artesunate).

Artemisinin is a novel anti-cancer drugthwdemonstrated results in
killing cancer cells. While artesunate injectiomsl arally were administered to
the patient over a period of nine months. The tumas significantly reduced
(by approximately 70%) after two months of treatméwerall, the artesunate
treatment of the patient was beneficial in prologgand improving the quality

of life, so artemisinin andit s analogs offer promise for cancer therapy (Singh

and Verma, 2002; and Beekmeainal.,1998).

2.8: The effect of Artemisia extract on immune

system:

Grendelmeieret al. (2003), showed that artemisinin increased |gEHbig
capacity and were able to induce T-cell prolifenati
Artemisinin enhances macrophage phagocytosis ite.mThe herb
Artemisiaalso is very effective against worms with reduct@ih- 90% within a
week (internet 27).

Artemisia vulgarigias found to be affective in different human lenke
antigen (HLA) class Il alleles. The results revehlat the DRB1*01-
DQB1*0501 genotype is strongly associated with &sitp@ response to
Artemisiain the population studied (Torgt al.,2003).

The ethanolic extract ofArtemisia incultahas been screened for anti-
inflammatory, analgesic and antipyretic activitiea suitable experimental

models. It decreased the prothrombin time in tafailed to produce any
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analgesic or antipyretic activity on the hot plegaction time and yeast induced
hyperexia tests in mice. It also didn't produce affect on the platelet
aggregation and fibrinogen level in the rats. Anginthe phytoconstituents
detected in this plant, flavonoids may be respdesibr the observed anti-
inflammatory effect of the ethanolic extract (Mass al.,1987).

MaxicanArtemisiaspecies, which was used in folk medicine, have ant
inflammatory properties, analgestic and anti-migeaactivities (Heinriclet al,
1998).

The aerial part oArtemisia capillaris showed antiplatelet aggregation
activity and have a significant activity against WHireplication in H9
lymphocytic cells (Wet al, 2001).

In 2001, a WHO report concluded that artemisinid #ft s derivatives do
not exhibit mutagenic or teratogenic activity.

The polysaccharide fraction of the leaveAdemisia princepsvas had
antithrombin activity. In human plasma, the pobdearide accelerated the
formation of thrombin-HC II complex. The stimulagineffect on HC II-
dependent antithrombin activity was almost totalbplished by treatment with
chondroitinase AC |, heparinase or heparitinasalendhondroitinase ABC or
chondroitinase AC Il had little or no effect. Thesssults suggest that the
polysaccharide is a glycosaminoglycan-like matew#h properties that are
guite distinct from heparin or dermatan sulfateaygkawaet al, 1995; Yamada
et al, 1991; and Zhao et al., 1994).
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2.9. Histological studies: -

Spleen-The spleen is enclosed by a dense connective tisapsulg

from which extend connective tissue trabeculae de&p the interior of the
spleen. The main trabeculae enter the spleen dtiline branch throughout the
organ, and carry with them trabecular arteries\aids. Trabeculae that are cut
in transverse section have a round or nodular appee.

The spleen is characterized by lymphaticutes] these constitute the white
pulp of the organ. The lymphatic nodules contaimngeal centers, which
progressively decrease in the number as the ingiidges. Passing through
each lymphatic nodule is central artery, which Uguhsplaced to one side, thus
losing the central position . Central arteries lar@ches of trabecular arteries
which become ensheathed with lymphatic tissue ag kave the trabeculae.
This sheath also forms the lymphatic nodules thbettulae. This sheath also
forms the lymphatic nodules, which then constithewhite pulp of the spleen.

Surrounding the lymphatic nodules and meshed with the trabeculae is a
diffuse cellular meshwork, which collectively forthe red or splenic pulp; it
exhibits a red color in fresh preparation. Red prdpmins venous sinuses and
splenic cords; these appear as diffuse standsnagbHgtic tissue between the
venous sinuses. The cords form a spongy meshwonetmular connective
tissue, which is usually obscured by the densitgtbér tissue.

The spleen does not exhibit a cortex andedulla, as seen in lymph
nodes; however, lymphatic nodules are found througkhe spleen. The spleen
contains venous sinuses, in contrast to lymphaticses seen in lymph nodes,
but the spleen does not have subcapsular or trivesiouses. The capsule and
trabeculae in the spleen are thicker than thogeanymph nodes and contain

some smooth muscle cells.
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Liver-In the primate or humane liver, the connectiveutissepta between
individual hepatic lobules are not as conspicuausdhe pig’s liver. The liver
sinusoids are continuous from one lobule to thd.r@gspite these differences,
portal areas containing the interlobular branchieshe portal veins, hepatic
arteries, and bile ducts are visible around theperies of different lobules.

In the center of each hepatic lobule isadetral vein. The hepatic sinusoid
are seen between the hepatic plates the radiateth® central veins toward the
periphery of the hepatic lobule. Numerous brandfasterlobular vessels and

bile ducte are seen within the portal areas ovarghepatic lobule.

Kidney-The kidney is subdivided into an outer region, ¢tbetex and an inner
region, the medulla. Externally, the cortex is gedewith a connective tissue
capsule and the perirenal connective and adipsseds.

In the cortex are found convoluted tubutgemeruli, strainght tubules and
medullary rays. The cortex also contains renal wscfes (glomerular or
Bowman’s capsules and glomeruli), adjacent proxiarad distal convoluted
tubules of the nephrons, and the interlobular e$esind veins. The medullary
rays contain straight portions of nephrons ancectithg tubules. Medullary rays
do not extend to the kidney capsule because ofr@wazone of convoluted
tubules.

The medulla is composed of a number of r@ysimids. Each pyramid is
situated with it s base adjacent to the cortex andstapex directed inward
.The apices of renal pyramids form the papilla,chiproject into a minor calyx.
The
medulla also contains the loops of Henle (straightdescending proximal

tubules, thin segments, and straight or ascendstgldubules) and collecting
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tubules. The collecting tubules join each othertha medulla to form large
papillary ducts.

The papilla is usually covered with a simptdumnar epithelium. As this
epithelium reflects on to the outer wall of theyzalit becomes transitional
epithelium. A thin layer of connective tissue amtbsth muscle is found under
this epithelium, which then merges with the conmvectissue of the renal sinus.

In the renal sinus, between the pyramids,b@anches of the renal artery
and vein, the interlobar vessels. These vessets #&m¢ kidney and then arch
over the base of the pyramid at the corticomedgljanction as the arcuate
vessels. The arcuate vessels given rise to smatfitarlobular arteries and
veins. The arcuate arterier pass radially into kitmey cortex and given off

numerous afferent glomerular arteries to the gloner

Testis-The testis is enclosed in a thick, connective @ssapsule, the tunica
albuginea. Internal to this capsule is a vasc@ager of loose connective tissue,
the tunica vasculosa. This layer merges with thenst of the testis, the
interstitiall connective tissue, which is also richblood vessels. The fibers of
the interstitial connective tissue bind and suppwegtseminiferous tubules.

The seminiferous tubules are long, highlpwauted tubules in the testis
that are normally observed cut in various planeseations. These tubules are
lined with a specialized stratified epithelium edllthe germinal epithelium,
which consist of the spermatognic and supportiv&entoli cells. These cells
rest on a thin basement membrane.

Located in the interstitial connective tisghat surrounds the seminiferous
tubules are groups of endocrine cells, the inteabttells (of Leydig). These

cells secrete the male sex hormone, testoster@aedhd Febiger, 1993).
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2.10. The effect of Artemisia extract on visceral

organs: -

Penissi and Piezzi (1999) have demomsirghat dehydroleucodine
(DhL), a lactone isolated fromArtemisia douglasianaBesser, prevents
gastroduodenal damage they observed an increabe iadherent mucus layer
thickness in the experimental samples. This corsfitimt one of the main
mechanisms involved in the cytoprotective actiothefdrug is mucus secretion.

The aqueous-methanolic extract Artemisia maritimahave been used
against liver damage (Janbaz and Gilani, 1995y@athl., 1998).

Shiratoret al(1994) found that the artemisinin could preventrégmurrence
of LN and protect kidney function.

Properties of artemisinin are bitter antticentering the kidney, liver, and
gallbladder channels. It is noted for clearing swenimeat, clearing fevers from
deficiency, cooling blood and stopping nosebleedasl for checking malarial
disorders and relieving heat (Zhoaial.,2002).
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MATERIAL AND METHODS

3.1. Materials and solutions

3.1.1. The experimental instruments: -
The instruments that used in the experimearts as the

following list:

Instrument Company

Autoclave Tomy, Japan

Centrifuge Griffin and George, Britan

Hood Heraeus, Germany

ELISA reader Organon Teknika, Austria

Inverted microscope Leitz, Wetzlar, Swizerland

Incubator Memert , Germany

Light microscope Lomo, Russia

Magnetic stirrer Stuard Scientific, Germany

Routary Bachi, Swizerland

Shaxulat Labconco, U.S.A
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3.1.2. Sort of plant: -
The plantArtemisia herba-albeobtained from Dr. Raad Al-Maula

private herbarium.

3.1.3. Stock solutions for cell cultures: -

* Antibiotics
Penicillin crystalline G (Sigma chemical Ci5A) 1000000 U
Streptomycin (Sigma chemical Co. USA) 1gm
D. W. 100 mi

Thesolution sterilized by filtration through millipore filte®.22 pum,

dispensed in aliquots and stored at -20 C

* DMSO solutions
|- For in vivo study: -

Iml from DMSO diluted with 1ml PBS, thé&b5 ml from diluted
DMSO was adding to 4.5 ml PBS, 0.2 ml from the @i&ition of DMSO
added to 9.8 ml PBS, finally 0.2 ml used for injectafter adjacent pH to 7

and sterilized by 0.2@m millipore filter.

lI- For in vitro study: -

2 ml DMSO diluted with 1 ml PBS, then 1 frdim diluted DMSO
added to 4 ml PBS, 0.4 ml from last dilution of D®3vas adding to 9.6 ml
PBS, finally 0.1 ml used for culture after adjacphtto 7 and sterilized by
0.22um millipore filte
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* Extract stock solution

1.5 gm from the plant extractAftemisia herba-albg dissolved in
2.5 ml DMSO, mixed continuously until the extracbompletely dissolved
with DMSO.

I- For in vivo study: -

1 ml from stock solution diluted with 1 ®ABS, then 0.5 ml from the
diluted extract added to 4.5 ml PBS, finally 0.2 fndm the last dilution
dissolved in 9.8 ml PBS. Adjacent pH to 7 and Beed with 0.22um

millipore filter, and then 0.2 ml (0.2 mg / ml) wased for injection.

lI- For in vitro study: -

2 ml from stock solution diluted with 1 mBB , then 1 ml from the
diluted extract added to 4 ml PBS , finally 0.4 imdm the last dilution
dissolved in 9.6 ml PBS . Adjucent pH to 7 andikzed with 0.22um

millipore filter , and then 0.1 ml (0.2 mg / mb$ed for culture .

* Heparin (Rotex Medica , Germany)

20 IU per / ml have been used used .

* L — Glutamin (Sigma chemical company, Germany)
2 gm of L — glutamin dissolved in 100 M. W. and 1.5 ml used for

100 ml tissue culture medium .
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* PHA

Crude PHA obtained from Iraqgi center forncar and medical
cytogenetic research. Dispensed in to 2 ml aligantsstored at -206C

* Serum (Sigma chemical company, Germany)
Fetal calf serum (F.C. S) inactivated bgthrgy at 56 €for 30 minutes
in a water bath, then dispensed in to 20 ml alisjaotd stored at -26C

* Tissue culture medium pH 7.2

RPMI (Sigma chemical company, Germany) 10 gm
Hepes (Sigma chemical company, Germany) 3gm
Sodium bicarbonate 2 gm
Antibiotic 10 ml
F.C.S 10 ml

D. D. W .eqiuvalent to 1000 ml

Mixed well , sterilized by filteration through.22 um millipore filter.

Dispensed in to 20 ml aliquots and stored at -20 C

* Trypsin(Sigma chmical company, Germany)

Trypsin solution prepared by dissolving 1 g@ftrypsin powder in
100 ml of PBS and sterilised by filtration, dispetsn to 20 ml aliquots and
stored at -20 €.
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* Versen (BDH chemicals LTD . England)

A 0.05 % solution of EDTA (ethylene diamine tetraetc acid,
disodium saft) prepared by adding 0.2 gm EDTA ir0 4@l of PBS.

sterilized by autoclaving for 10 minutes . The sol dispensed in 20 ml

aliguots in to universal containers and stored @t 4

* Trypsin — Versen solution

Trysin solution

0.05 % Versene solution

Mixed thoroughly and used.

* PBS
NaCl
KCI
KH,PO,
Na,HPO,
D.D.W

Sterilized by autoclaving.

10 ml
10 ml

8 gm
0.2 gm
0.2 gm
0.15gm
1000 ml
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3.1.4. Stock solutions for lymphocyte transformatio assay and

cytogenetic assay: -

* Hypotonic solution
Hypotonic solution (0.075 M KCI) prepd by dissolving 0.575 gm
of KCl'in 100 ml D. W. The stoke solution storec4at”.

* Fixative

The fixative employed for transformatistudies was a freshly made
mixture of absolute methanol and glacial aceticdaiti the ratio of
3:1 (VIV).

* Sorenson buffer
Sorenson buffer prepared by dissolvirly @§m of NaHPO, and 9.8
gm of KH,PQ, in to 1000 ml D. D. W. The stock solution storeédta.

* Giemsa stain (BDH chemical LTD .England)

It prepared by adding 2 gm of Giemsa powiderl00 ml absolute
methanol , stirring for 2 hrs. at 5¢° Cincubated at 37 Tlor 24 hrs. ,and
filtered before use .

One ml of filtered stain diluted in #l of sorenson’s buffer
immediately used in staining for 2-5 minutes . Wihstained slide by the

same bhuffer also.
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* Colcimid (Sigma chemical company. Germany)

Colcimid (N - methyl — N — deathly colchics)eas sterile lyophilized
powder prepared at a concentration of 0.1% W/Vtgmiuhe stock solution
stored at 4 €

3.1.5. Stock solutions for phagocytosis test: -

* Staphylococcus aureaus suspension
Pure bacterial culture harvested withrilste saline, bacterial
suspension made in concentration e1@ bacterial cell per ml. Dispensed

in to 0.5 ml aliquots, store in — 20.C

* Normal salin

NacCl 8.5gm
D.W 1000 mi

3.1.6. Stock solutions for cytotoxicity tests: -

* Neutral red stain (BDH chemical LTD. England)

Neutral red 10 gm
PBS 100 ml
Mixed thoroughly and used.

* Eluant solution

0.1 M from NaH,PO, dissolved in absolute ethanol 1:1 volume.
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3.1.7. Stock solution for vaginal smear test: -

* Methylen blue
5 gm methylene blue dissolved in 100 nWD.

3.1.8. Stock solutions for histology procedure: -

* Haematoxilin stain

haematoxilin (panreac quimica SA ( Barcelona )pdig) 1mg

Absolute ethanol 10 ml
K,SOy. AL, (SQy) 3 20 gm
Hg.O 0.5gm
Acetic acid 8 ml
D. W. equivalent to 200 ml

KSO.AL, (SQ) 3 dissolved with D.W on a flame, on the other wise
the haemotoxilin stain dissolved with the absolatBanol, then mixed
together by boiling and added }yto the mixture. The mixture left boiling
until it becomes dark purple, cold and added aaatid. The stain filtered

with Whitman filter paper (number 1) before used.

* Eosin stain (BDH chemical LTD. England)
Eosin 1gm
D.W 99 ml
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Mixed thoroughly until the stain completeligsolved and then filtered

with Whitman filter paper (number 1).

*Egg-albumin
1 thymol: 1 glycerol: 1 albumin

* Acid — alcohol
Ethanol 70 %
HCI 1%

3.1.9. Stock solution for testis cytogenetic test:

* Colcimide
0.5 gm of colcimide dissolved in 0.5 ml PBSxead thoroughly until it
completely dissolved and then used directly.

3.1.10. Experimental animals: -

Male (8-10 weeks old, 20-25 g in weight) BALB/c miased in this
study supplied by Biotechnology Research Centeesé&lanimals housed in
plastic cages and maintained in hygienic conditiohise animals were
feeding on special formula food pellets and suppligth water by special

bottles.
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The components of mice food were as the following:

Product Percentage
%

Crushed barley 24.50
Crushed wheat 30.00
Crushed yellow corn 22.50
Soya bean 15.20
Nacl 0.45
Calce stone 0.20
Animal protein 7.15
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3.2. Methods

3.2.1 Animals administration: -
A total 112 male BALB/c mice have been used in #giiedy. These
mice divided in two groups used fior vivo andin vitro experiments.
- In vivo assessment: -

In this experiment 92 mice have based. The mice divided in
to 3 groups, first group has 34 mice that injedigavith 0.2 mg /ml of
extract for 10 days. While the second group hasmiZ® injected Ip with
DMSO for 10 days as a control 1. The third grou wantrol 2 that has

29 non-treated mice.

[I-  Invitro assessment: -
Total 20 mice used in this experiment that dividetb 3 groups.
The first group has 10 mice treated with 0.2 mdhonin extract. The second
group was control 2 that has 5 mice treated withgaM While the third
group has 5 non-treated mice that used as a cdéhtrol

3.2.2. Plant extraction procedure: -

Artemisinin extracted from the plaairtemisia harba — albaby
shaxulat at low temperature (Keystal., 2003) as following: -

5 gm from the plant weighted for each thien(4 thimbles used in
each run) , 25 ml from diethyl ether solvent putdach beaker. The
extraction have been done at 40f@ 4 hrs.each run, when the extraction
finished, the extract solution filtered at Whitmidter paper (hnumberl) and

then evaporated by the rotary to remove undesisdiieent. The residual
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powder have been weighted and dissolved with alsleitsolvent (DMSO).
Mixed thoroughly until the extract completely diksmd, and then diluted
the solution with PBS to obtain the required comicion for used, adjacent
pH at 7, sterilized with 0.22 nm millipore filtend kept in 4 € ready for

used.

3.2.3. Determination the effective dose of the exct: -

Injected 10 mice with five concentratiamfsxtract (0.1, 0.2, 0.4, 0.8,
1.6 mg/ml), 2 mice injected for each concentratidrmice were Injecting
with DMSO as control 1 and 5 non-treated mice wsedontrol 2. After 24

hrs. the mice killed and lymphocyte transformat@ssay has been done.

3.2.4. Lymphocyte transformation and cytogenetic aay: -

This procedure was done according to the methddddscribed by
Alex and Leonard (1980) and Verma and Babu (1988) modifications.

I- In vivo assessment: -

Cell culture: -

Blood samples were taking by insulin sgg coated with heparin
from treated mouse heart before cervical dislocatid\fter cervical
dislocation each mouse washed with 70% ethanotlendpleen removed by
using sterile technique. Single spleen cell suspassprepared by fine
mincing of spleen in 2ml of tissue culture mediuRRMI 1640
supplemented with 10 % F.C.S), wait for few minutesallow large
particles to be settled and take the supernate2fin) have been taken from

spleen cells suspension and 0.25ml from blood sanapich sample cultured
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in a test tube contain 2.5ml tissue culture medigRPMI 1640
supplemented with 10% F.C.S) with 0.3 ml PHA anakeotest tube for the
same sample with out PHA. Incubated ac37or 72 hours.

Harvesting: -

After 71 hours and 30 mins. from incubation 0.1yhtolcemid was
adding for each test tube and incubated for 30 temat 3C°, centrifuged
at 2000 rpm for 10 minutes, resuspended the cellstpgn few drops from
prewarmed hypotonic solution (0.075 M kcl) at & with continuous
shaking, then the volume completed to 5ml by addimye prewarmed
(0.075 M kcl) gradually with constant shaking. Thkells suspension
incubated at 37Z°for 30 minutes with occasional shaking. The celsen
been collected by centrifugation at 2000 rpm fomdi@utes, discarded the
supernatant and take the pellet. Cells pellet fimgéddding drop wise from
freshly made cold fixative (methanol and glaciagtac acid, 3:1 v/v) with
continuous agitation until the volume complete&nd, then cell suspension
was left for 30 minutes in the refrigerator. Caltdlected by centrifugation
and added another freshly made fixative as aboxegj\fe changed 3 times ,
and after final change , the cells resuspendedninoB freshly made fixative
and stored in the refrigerator before spreadingliies .

The cells suspension removed from refrigeratut eentrifuged at
2000 rpm for 10 minutes. Discarded the supernat@md the cells
resuspended in appropriate amount of freshly maddivie to make the
suspension thinly cloudy. With a Pasteur pipetteto23 drops of cells
suspension dropped from 30 cm on to wet, chilledase — free slides and

allowed to dry at room temperature.
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Slides were stained with freshly made giemzas gthipart giemazs
stain to 4 parts Sorenson’s buffer) for 5-10 misufgEhe slides washed by
Sorenson’s buffer, allowed to air dry at room terapgre and examined
under light microscope by oil immersion lens, aodrd at least 1000 cells
both transformed and non — transformed lymphocyta@gtic and non —
mitotic lymphocytes.

Control 1 made by using mice treated with DMSO. iM/Ithe

control 2 made by using normal mice.

To calculate the percentage of transformeld &§l using the formula: -
Tshormed cells
% Transformed cells = x 100
Total

To calculate the percentage of mitotic cells byngshe formula: -

Miiotells
% Mitotic index = x 100
Total
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lI- In vitro assessment-

Blood samples were taken and spleen siogllesuspension prepared
by the same method of vivowhich described before.

0.25 ml was taken from spleen cells suspensionGa28 ml from
blood sample, each sample cultured in a test tumam 2.5 ml tissue
cultured medium (RPMI 1460 supplemented with 10 %.8) with 0.3 ml
from PHA and 0.1 ml (2 mg/ml) from the extract, g@ne sample cultured
in another test tube without PHA and incubatedr@®hours at 3Z°.

control 1 samples made by adding 0.1 ml fidoMSO. While the
control 2 samples made by using normal mice.

After incubation used the samme vivo harvesting procedure that

described before.

To calculate the percentage of the transtdrieells on the basis of the

formula; -

Tréorsned cells
% Transformed cells = x 100
Total

To calculate the percentage of the mitotic scalh the basis of the

formula: -

Mitotcells
% Mitotic index = x 100
otal
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3.2.5. Testis Cytogenetic study: -

This done according to the method iadpby Evanst al, (1964)
with modifications.

Treated mice injected IP with 0.25fréshly prepared colcimid
solution. After 2 — 3 hr. from injection the micéléd and put the testis in a
petri dish, mince the testis gently with 5 ml PB8ntrifuged forl0 minuets
at 2000 rpm, resuspanded the pellet with 3j@warmed 0.075 M KCL
solution by gradual drops with shaking until it queted to 5 ml, then
incubated for 15 minuets at 37 @ith shaking.

After that completed the same steps of blood anléesp cytogenetic

procedure which described above.

3.2.6. Phagocytosis procedure: -

I-1n vivo assessment: -

0.25 ml blood sample obtained from treated mouesthby insulin
syringe coated with heparin. Blood sample colleated sterile test tube and
added 0.25 ml fronstaphylococcus aureusixed gently then incubated at
37c’ for 30 minutes (Furthet al.,1985).

After incubation blood smears made, teftlry, fixed with methanol
by dropping 3-5 drops to cover the smear and ¢eftiry. Before staining,
immerse the fixed cells in Sorenson’s buffer fominutes, left to dry,
stained with freshly made giemsa stain (1 part geerstain to 4 part
Sorenson’s buffer) for 5-10 minutes, rinse theediavith Sorenson’s buffer
and left to dry (Hudson and hay, 1989).
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The slides examined under light microscbpeusing oil. Immersion
lens and count 100 cell phagocytic and non — phagocells.

control 1 samples made by using mice treated theghDMSO. While
the control 2 samples made by using normal mice.

I- In vitro assessment: -

0.25 ml blood sample obtained from normal mousarthiey insulin
syringe coated with heparin, blood sample colledted sterile test tube,
added 0.1 ml (2mg / ml) from extraction, mixed dgnincubated at
37 c® for 30 minutes, after that added 0.25 ml frst@phylococcus aurous
mix gently, reincubated at &7 for 30 minutes, blood smears were made,
left to dry, stained with giemsa stain as in thevivo procedure which

described before.

3.2.7:Cytotoxicity assay: -
A- Cytotoxic effect of extract on mouse embryo fibrolast

cells: -
| — Fibroblast cells preparation: -

In this experiment pregnant mouse 11-13 dagsl fisr preparation
of fibroblast primary culture. To determine the dagro of pregnancy
vaginal smears was done. This test was done dslibeing: -

One drop of sterile normal saline placed by theplin the vagina,
aspirated this loop several times, transformedntheéure of sterile normal

slain and scraping vaginal cells on to a cleareslified in the air, stained
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with methylene blue for 3- 5 minutes, washed withViD, dried in the air,
and then examined under the light microscope (40 X)

Presence of large cornfield cells and ramia of epithelial cells
considered that this female within estrus stageraating with active male
should be taking place. Vaginal plug is resultedhimi 16 — 24 hours.
Occurrence of vaginal plug considered the first dhgestation (Fakhrildin
et al, 2003).

At 11-13 days of pregnancy the mouse killgaervical dislocation and
swab the ventral surface liberally with 70 % aldorenoved the Utri that
filled with embryos by sterile technique and pladeda sterile Petri dish
contain 10 — 20 ml PBS and washed with PBS 2 -m&dito remove the
blood. Take the intact Uteri and transfer to anotPetri dish, dissected out
the embryos by treated the uterus with sterile éjpscand scissors, the
embryos freed from the membranes and placentagghlace side of the dish
to bleed, then transferred to another Petri disigha2 — 3 times with PBS to
remove the blood, chopped finely, placed the pianea universal with
10 — 20 ml PBS, allowed the pieces to be settlehored the supernatant
fluid, repeated the washing 2 — 3 times. Trandfergieces to trypsinization
flask that contain magnetic bar and 50 ml of trgp$0.25 % trypsin), stir at
about 200 rpm for 15 min at 87, allow pieces to be settled, collected
supernatant, centrifuged at 2000 rpm for 10 minuesuspened the pellet in
to 10 ml tissue culture medium (RPMI 1640 supplem@eénwith 10 %
F.C.S), added fresh trypsin to pieces and contioustir and repeated the

steps until no further disaggregating apparent.
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Primary Culture: -

Collected the cells suspension that centrifugetilapt in RPMI with
10 % F. C. S cultured the cells on tissue cultlasks and incubated at 37
c°for 4 days.

Harvesting: -

After 4 days of incubation the cells grew as a atayer. To remove
monolayer detachment, discarded the medium, adB&A®ml / 25cm?®) to
the side of the flask opposite the cells, rinse dbks and discarded PBS.
Added trypsin versen (3ml / 28M?®) to the side of the flask opposite the
cells, turned the flask over to cover the monolagnpletely, leave 15 — 30
second and made sure that the monolayer has rexttel@t cells round up
and the monolayer should slide down the surfacde@d®RPMI medium
(0.1 - 0.2 ml £m?) supplemented with 10 % F.C. S, supplemented with
10 % F. C. S dispersed cells by repeated pipetiuey the surface bearing
the monolayer. Finally, pipette the cell suspensipnand down for a few
times and then collected the cell suspension terdesuniversals.

[I- Cytotoxicity test: -

In this test micro titer plates (96 wells flat twvh) have been used.
For plant extract and control 1 (DMSO) and theplicative lines, started
with column 2 to column 12, added 50 medium (RPMI 1640
supplemented with 10 % F.C.S) while control 2 lamel it:s replication 50
ul medium added from column 1 to 12. 50 pl frormplextract was adding

to column 1 and 2, and to all:& replicative lines, then from column 2

45



Materialand Methodse______________  Chapter Three

double fold dilutions have been made, the sames steed to make control 1

lines

but 50 pul from DMSO was adding instead of plantraott and then made
dilution by the same way. Finally 150 pl from fibtast cells suspension

was adding to all wells, incubation at 87for 4 days.

Reading the results: -

After 4 days incubation, 50 pl was added from radtved stain to
each well and reincubated at@&7for 2 hours, discarded the stain, gently
washed with PBS and discarded gently, added 20fiopi the eleunate
solution to each well, red by ELISA reader at O2 48n which record the
results.

This procedure done according to the methatl applied by Freshney
(1994).

B- Cytotoxic Effect of extract on S.U.99 plasmacytoa cell
line: -

S.U.99 plasmacytoma cell line that usedhis study supplied by
biotechnology research center.

This done according to the method agblby Naradra and Henry
(2001) with modifications.

Removed the S.U.99 attachment to tlaskflsurface by gently
pipeiting with sterile technique. Added 12 puM (1m@/ from human
halotransferrin and incubated at 37@r 2 hrs. After incubation cultured the

S.U.99 cells with extract as in the fibroblast glfocedure that described
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before.

The control 1 was done by culture the $9tells with halotransferrin
and DMSO while the control 2 was done by cultureel $.U.99 cells with

halotransferrin only.

3.2.8: Histological examination: -

This test was done according to the method adopyeBancroft
and Stevens (1982).
Samples (spleen, kidney, liver and testis) obthiinem treated mice

that prepared for histological studies by the feilng steps: -

Il — Fixation: -
Samples fixed in 10 % formalin for 24 hours afteat exchanged with

new one.

Il — Dehydration: -
The samples placed in 70 % ethanol over nightyDedtion was done
by four changes of (80 %, 90 %, 100 %, 100 %) ethfor 2 hours for each

concentration.

[Il — Clearing: -

Samples placed in toluene for 2 — 4 hours to dleatissue.
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IV - Embedding: -
Sample embedded in melting paraffin (melting pahparaffin was
58 C°) for 4 hours at 60 — 70 C° in oven.

Samples blocked in paraffin wax, sections werérayty microtome
4- 5 um in thickness, placed in water bath at 37 c fer feinutes and then
covered a clean slide with egg- aloumin by findpat imake the section stick

on the slide surface.

V — Haematoxiline — Eosin staining -

Tissue section on slides dewaxed by toluene fomBlutes, washed
by 3 changed (90 %, 80 %, 70 %) of absolute eth&omolO minutes for
each concentration, washed in D.W. for 5 minutegined with
haematoxylin for 5 — 10 minutes, washed with D.\Wd avashed with acid
alcohol for few minutes until the sections becarghtly red, washed with
tap water for 5 minutes, the slides then place@asin for 2-5 minutes,
washed with tap water for 2 — 3 minutes.

After staining the sections dehydrate@/id % for 1 minute, 80 %
for 2 minutes, 90 % for 5 minutes, first 100 % fidr minutes and second
100 % for 10 minutes) of absolute ethanol, putdiides in first toluene for
10 minutes and then put in the second toluenerfotreer 10 minutes finally
leave the slides to be dried, and then covereddwercslip with Canada

balsam put in incubator over night at 37 C°.

3.2.9: Statistical analysis: -
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The obtained data were statistically analyzed bgguanalysis of
variance (ANOVA) test to compare between differpatcentages of each
experiment to observe the level of significance (0.05) (Gill, 1978; Steel and
Torrie, 1980).
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RESULTS: - 4

4.1. Extract effective dose assay:-

The appendix (1) showed no effect of extract atrgiml on the
spleenocyte blastogenic response percentage Wlbge, the concentrations
(0.2, 0.4, 0.8 and 1.6 mg/ml) descrided an increpsi the blastogenic response
percentage value have been detacted in comparestbncontrol 1 and 2
(b<0.05) (appendix 1).

4.2. Immunological study: -

4.2.1. Lymphocyte transfor mation assay
[-I'n vivo assesment:-

Figures 2 and 3 illustrate the reactiat spleenocyte transfomation with
and without PHA. The results cleared that the plextract increased the
blastogenic response in both stimulated and nomssdited splenocyte cells
compared with control 1 and 2 (b<0.05) (appendi¥@ile the
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results of blood lymphocyte transformation was desnating in the figure 6
and 7 that showed the extract also have been sexidhe blastogenic response
in stimulated and non-stimulated cells comparedh wdntrol 1 and 2 (b<0.05)
(appendix 3).

|- In vitro assesment:-

The resulte of this expariment represénh the figers (4, 5, 8 and 9).
The reactivity of norml spleenocyte cultures indedawith extract showed an
increasing in the blastogenic response in bothuwated and non-stimulated
cells in comparesion with control 1 and 2 (b<0.0&t showed in the figures (4
and 5) (appendix 8).Also, the plant extract resulie an effect on blood
lymphocyte cells by increasing the blastogenic easp in stimulated and non-
stimulated cells compared with control 1 and 2 staiwed in the figure (8 and
9) (b<0.05) (appendix 9).

Figure 1. - Cytosmear of lymphocyte culture (three days in culture).
Showing large pale cells are blastogenic lymphocytes and small dark are
original lymphocytes. Giemsa stain, 100 X.
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O sample
E Control 1
Control 2

4%

5 days 10 days

Hsample
E Controll
AT @ Control2

i

5days 10days

Figure 3: The effect of extract on spleen lymphedqyt
transformationwithou tPHA (invivo).
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Sample Control 1 Control 2

Figure 4: The effect of extract on spleen lymphedyansformatio
with PHA (in vitro).

Sample Control 1 Control 2

Figure 5: The effect of extract on spleen lymphedyansformatio
without PHA {n vitro).
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Osample
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i Control 2

80+

70|
60-
50
40
30
20|

44 A7

104

5 days 10 days

Figure 6: The effect of extract on blood lymphocyte
transformation with PHAI( vivo).

Hsample
B Control 1
Control 2

5 days 10 days

Figure 7: The effect of extract on blood lymphocyte
transformation without PHAI1G vivo).
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Sample Control 1 Control 2

Figure 8: The effect of extract on blood lymphodytnsformation
with PHA (in vitro).

Sample Control 1 Control 2

Figure 9: The effect of extract on blood lymphodytasformation
without PHA {n vitro).
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4.2.2. Phagocytosis assay :-

|- I'n vivo assesment :-

Figure (11) illuminate the phagocyfunction of blood phagocytic
cells toward bacterial cells. The results showecrease in the phagocytic
percentage value compared with control 1 and B.0% (appendix 7).

|1-1n vitro assesment :-

The results of phagocytic function of blood phagdmcyells toward
bacterial cells described an increasing in the pbwic percentage value that
showed in the figure (12) compared with controlrd 2 (b<0.05) (appendix
12).

Figure 10 :- Bloob film of phagocytosistest samples showing:
1- phagocytic cells engulfed bacterial cells (Staph. aureus).
2- Non phagocytic cells.
Giemsa stain, 100 X.
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HOsample

A A B Controll
Control2

7

%

5 days 10days

“ Figure 11: The effect of extract on blood phagacgglls {n vivo). “

Sample Controll Control2

Figure 12: The effect of extract on blood phagaxrytells (n
vitro).
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4.3. Cytogenetic study: -

|- I'n vivo assesment: -

The results of this experiment was represent infithees (13,14,17
and 18) . Figures 13 and 14 was described thetresudpleen lymphocyte
mitosis with PHA and without PHA . It showed thaetplant extract increased
the mitotic response percentage value in stimulaed non — stimulated
spleenocyte compared with the control 1 and 2 @0(appendix 4) .

Depending on the result of blood lymphecyhitosis with PHA and
without PHA . Also, there was an increasing in thiéotic response percentage
value of the stimulated and non — stimulated blgatphocyte cells that showed
in the figures (17 and 18) compared with confr@nd 2 (b<0.05) (appendix
5).

Figure 21 reveald the effect of the ecttran spermatogenesis of mice
testis. The results were showing an increase imtiatic response percentage

value of cells compared with control 1 and 2 (b4 @ppendix 6).

I1- In vitro assesment:-

The figures ( 15,16, 19 and 20) descrifbedresults of the mitosis test.
The figures 15 and 16 showed increasing in the sisitoesponse percentage
value of the splenocyte of stimulated and non dated cells compared with
control 1 and 2 (b<0.05) (appendix 10).While thgufes 19 and 20 were
describing the results of the plant extract effent blood lymphocyte cells
mitosis that showed increasing in the mitotic rew®o percentage value in
stimulated and non —stimulated blood lymphocytésa@mpared with control 1
and 2 (b<0.05) (appendix 11) .

57



Results __________________________ Chapter four

Figure 13:- Cell chromosomes at metaphase stage .
Giemsa stain, 100 X.
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Esample
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5 days 10 days

Figure 14: The effect of extraoch spleen lymphocyte
mitosis with PHA (n vivo).
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Control2

7
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Figure 15: The effect of extract on spleen lymphe
mitosis without PHA {n vivo).
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Figure 16: The effect of extract on spleen lymphec
mitosis with PHA (n vitro).
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Hsample
14~ E Control 1
A Control 2
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5 days 10 days

Figure 18: The effect of extract on blood lymphec
mitosis with PHA {n vivo).
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Figure 19: The effect okextract on bloodlymphocyte
mitosis withoutPHA (in vivo).
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Sample Control 1 Control 2

Figure 20: The effect of extract on blood lymphecyt
mitosis with PHA {n vitro).

Sample Control 1 Control 2

Figure 21: The effect of extract on blood lymphec
mitosis without PHAif vitro).
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25 dsample
B Control 1
Control 2

77

7

5 days 10 days

Figure 22: The effect of extract otestis cells
mitosis (n vivo).
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4.4. Cytotoxicity assay: -
|- Fibroblast cells assay

The results of this expirement cleared tihna&t extract has a stimulatory
effect on fibroblast cells growth rate at the Iagb concentrations (60 and 45
ug/well), while in the other concentrations no effed extract on the cells
growth rate have been detected in comparsion vatitral 1 and 2 (b<0.05),

that showed in the figure (22).

I1- Plasmacytoma cell line procedure

The resultes indicated that the fpétract has an inhibitory effect
on S.U.99 cell line growth rate in all differemnes ( after 24 hrs., 48 hrs.,
72 hrs. and four days ) of incubation that showethe figures (23, 24 25
and 26) compared with control 1 and 2 (b<0.05) .
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Figure 23: Cytotoxic effects of extract on micerdiblast cells after 4

days of incubation.
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Figure 24: Cytotoxic effects of extract on S.U.®l tine after 24 hourg

of incubation.

66



Results_______________________ Chapter four

0.8

0.6 -

o
[6)
\

Optical density at 492 nm
o o
w EEN

0.2 -
0.17 —e— Sample
——Control 1
—a— Control 2
O I I I I I I I I I I I 1

0.05 0.11 0.23 0.46 0.93 1.87 3.75 7.5 15 30 45 60

Concentration pg/well

Figure 25: Cytotoxic effects of extract on S.U.@ tine after 48 hourg

of incubation.
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Figure26: Cytotoxic effects of extract on S.U.949 tee after 72 hourg

of incubation.
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Figure 27: Cytotoxic effects of extract on S.U.@d tne after 4 days o

incubation.
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4.5. Hitological studies: -

This study detremined that was no damage on thel le¥/ tissues
(spleen, liver , kidney and testis )or any preeigon of the extract in side these
tissues that showed in the figures (28, 29, 30dnd 3
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A - At 40 X..

B - At 100.

Histological section of spleen staibgdH & E .

Figure 29:-
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At 40

A

Bt100 X.

Figure 30:- Histological section of liver stainegld & E.
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A- AD X..

B- At 180

Figure31:- Histological section of kidney staingdHb & E.
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A- At 40 X.

Bt100 X.

Figure 32:- Histological section of testis staitgtH & E.
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Discussion :-

The result of I.p injection of male BALBnice with Artemisia herba-
alba diethyl ether extract as a cytotoxic effect afteartel 10 days , showed that
induced T lymphocyte prolifferation ( both vivo andin vitro ) in stimulated
and non stimulated cells with mitogen ( PHA ) congglawith control land
control 2. This result was agreed with the resniit&rendelmeieet al. ( 2003 )

, that showed the artemisinin increased IgE-bipdoapacity were able to
induce T-cell proliferation .

There is substantial evidence for a role for Tscell both the development and
suppression of IgE responses. This led to a suggetttat a defect in T cells,
and in particular suppressor T cells could be medlwith any defect in IgE
response . Because , the cell mediated immunitgorselate with T cell
response , therfore we found according to theltseshiat the extract has the
ability to increased Cell mediated immune respdRsxatt et al.,1998).

While the results was disagreed witloskbet al. (1987) found that the
ethanolic extract oArtemisia inculta has been screened for anti-inflammatory,
analgesic and antipyretic activities on suitablgesimental models and he
found that the flavonoids may be responsible ferdhserved anti-inflammatory
effect of the ethanolic extract . While Heinrieh al.,(1998) found that the
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Maxican Artemisia species , which was used in folk medicine , hang- a
inflammatory properties, analgestic and anti-miggaactivities .

This disagreement was a result of usingeckffit types oArtemisia species
with different kind of extraction , so it will appee a different active compounds
which have different mechanism of action on immuaspons that different
from the curd diethyl ether extract of the locatgdi plant Artemisia herba-
alba) that used in folk medicine for many years .

The phagocytosis results also showethemease in the cells phagocytic
function in both exparimentsy vivo andin vitro . This resuts agreed with a
research puplished by (Tang 2000) which found thatartemisinin enhances
macrophage phagocytosis in mice , while Wenisc®719%ound that the effect
of DHA , artemisinin, artemether and artesunatepbagocytic function was
enhancing the reactive oxygen response of neutsodhut depress their
phagocytic ability at therapeutic blood level .

There are two mechanisims of actions ofgplgtosis which described as
that the phagocytosis is associated with markeckase in activity of hexose
monophosphate shunt providing NADPH and the cord&ahicrobe results in
activation of NADPH oxidase of plasma membraneis Tésults in formation of
superoxide ions e.g. hydrogen peroxide , singlgger hydroxyl radicals all of
which are powerful microbicidal agent. The combioat of peroxide |,
myeloperoxide and halide ions constitute potenbdpmhating system which is
bactericidal and viricidal. While these low pH ,ydosome , lactoferrin and
cationic protein which are not oxygen dependenttion as bacteriostatic or
bactericidal . The proteolytic and hydrolytic enasndigest the killed
organisms. There is also an extracellular releatelysosomes during
phagocytosis which may play an amplifying role ¢kicand Osamo , 1994 ).

So according to first mechanisim of phagosis , and according to the

mechanism of action of the extract which are depmnthcrease the secreation
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of hydrogen peroxide , singlet oxygen hydroxylicats from neutrophils which
are killing the parasites and effect on cancess¢st) increase the seacretion of
superoxide ions reffer to increase the phagocuwtiction .

The increasing in the phagocytic response ,thedred in the results, will cause
an increasing in the humaral immune respnse (Baatt,1998).

According to the results of lymphocyte tfanshation and phagocytosis
experiments, we suggestion that the extract haswanune stimulatory response
by stimulating both cell mediated immunity and fawmat immunity.

The results of mitosis (spleen , blood &uis) in bothn vivo andin vitro
experiments showed an increase in the mitotic péaige value according to the
control 1 and control 2 . The increas in mitotisukés may reffer that the plant
extract containe colchicine-like compound whichstag an increase in mitotic
activity of the treated cells (Zhuravskaia 2000)eAmisinin is not affected on
spermatogenesis (internet 18) .

In 2001, a WHO report concluded that arsémm and its derivatives do
not exhibit mutagenic or teratogenic activity.

The extract showed an control 1 effect dnolblast growth on the two first
concentrations and then the growth decreased todimeal level compared with
control 1 and control 2. Kaji (1990) showed that #htemisia leaf stimulated
endothelial cell proliferation by increasing theoghuction of basic fibroblast
growth factor (bFGF )rather than by an increasethe number of bFGF
receptors and the content of glycosaminoglycanisarcell layer .

S.U.99 cell line growth rate was affiegtwith the extract that decreased
the cells growth in the all time of incubation besa of, all cancer cells have
sequester iron , and the mechanism of action efhasinin and it's drevetives
depended on the presence of iron in cells at hogleentration ,so, according to
Lai and Singh 2002, it is believed to work becawsen artemisinin or any of

it's derivatives comes into contact with iron, aepfical reaction ensures,
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spawning charged atoms that chemists call freecaddi Cells need iron to
replicate DNA when they divide, and since cancecharacterized by out-of-
control cell division, cancer cells have much higinen concentrations than do
normal cells. What Lai did was to pump up cancés e&th even more iron and
then introduce artemisinin to selectively kill thernai theorizes that more
aggressive cancers such as pancreatic and acutenieu — which are

characterized by more rapid cell division and thigder iron concentrations —
may respond even better.

Cancer cells are notoriously deficienamntioxidant enzymes - both forms
of superoxide dismutase, the manganese form inchoiadria, and the copper
zinc form in the cell cytoplasm are generally lawdancer cells. Cancer cells
are grossly deficient in catalase and glutathioeeoxidase, both of which
degrade hydrogen peroxide. It is these deficienaesntioxidant enzymes
which lead to the use of many of the common cheearaffeutics which are
superoxide generators.

The higher iron fluxes, especially associatéth the reproductive phase of
tumor cells, should render these cells even maseegtible to oxidative damage
via hydrogen peroxide and superoxides. Normallye trofound catalase
deficiency in cancer cells is credited with cregtuulnerability to oxidants, in
relationship to IV vitamin C or IV hydrogen perogidHowever, since all of
these protective antioxidant enzymes are most afeficient in transformed
cells, the oxidant vulnerability should be enhandemimatically, and further so,
due to enhanced unbound iron during cell divisidmternet 6; and
Vattanavibooret al., 2001 ).

For histological examination also foumal effect of extract on the level
of tissues (spleen , liver , kideny and testis)l #mere were no changes or

extract priciptation inside this tissues .
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Appendix (1)

The effect of extract with different concentrationson

spleenocyte blastogenic response

l-with PHA

Mice 0.1mg/ml| 0.2mg/ml| 0.4mg/ml| 0.8mg/ml
number % % % %
M1 20. 73. 60. 55.
M2 26. 68. 67. 60.
M3 30. 63. 70. 52.
M4 32. 70. 63. 66.
M5 28. 67. 67. 57.
M6 33. 62. 65. 63.
M7 29. 65. 57. 59.
M8 22. 71. 60. 50.
M9 27. 67. 58. 51.
M10 21. 72. 64. 61. 3
c,A d,A
68. 27 63. 63 57.76
1.1 1.2 1.65
32. 28.6 19.9
34. 23.9 20. 4
28. 24. 6 27.2
23. 21.5 28.1
30. 23.6 25.3
,B a,B a,B
. 29. 84 24. 44 24.18
SE . 1.15 1.7
M1 . 28. 4 28. 4 28. 4
M2 . 30.1 30.1
M3 . 25.7 25.7

OIWIEFLINNW AW

WIN|W|N[O|O1|O1|O| &~
OO0 OW RN RF|IF~

o |o|w|hlwnN|o|o|k|o

o

Mean £
SE
M1
M2

Positive M3

Control M4
M5

N
W
® ©

N[ F
o

NN N w
NN«
o [©|oo| Mo~

Negative

control M4 . 22.9 22.9
M5 . 31 2 31 2
a,B a,B
. 27. 66 27.66
SE . . 1.5 1.5

Differences (a b, ¢ and d) are significd®(.05) to comparison rows
between different sample concentrations.
Differences (A and B) are significant (b<®).Go comparison rows

between samples, controls 1 and 2.
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[1- without PHA

Mice 0.1mg/ml| 0.2mg/ml| 0.4mg/ml| 0.8mg/ml
number % % % %
M1 13. 60. 50. 47.4
M2 18. 59. 57. 50.
M3 12. 62. 49. 43.
M4 15. 58. 53. 48.
M5 13. 65. 52. 44.
M6 17. 58. 56. 43.
M7 16. 60. 52. 41.
M8 15. 54. 55. 50.
M9 . 62. 50. 46.
M10 . 58. 51. 40.
A C,A d,
Mean * . 60. 15 53. 04 45. 68
SE . 0. 86 0. 89 1.04
M1 . 18. 3 12.5 17. 3
M2 . 11.9 13.9 13.5
Positive M3 . 16. 4 17.8 16.4
control M4 . 14. 7 18.5 15. 3
M5 . 14. 9 13.9 14. 9
a,B a,B a,B
. 15. 24 15. 32 15. 48
SE . 1.05 1.18 0. 64
M1 . 17. 8 17. 8 17. 8
M2 . 18. 6 18.6 18.6
M3 . 16. 2 16. 2 16. 2

W IOO(NFRIOIW

O OOIOFR,OI|W|IN|W
NP (NN |N|O (R 00|O(O

(=3
>|©

Negative

Control M4 . 13.9 13.9 13.9
M5 . 14.6 14.6 14.6
a,B a,B a,B
. 16. 22 16.22 | 16.22
SE . 0. 89 0. 89 0. 89

Differences (a b, ¢ and d) are significd®t(.05) to comparison rows
between different sample concentrations.
Differences (A and B) are significant (b<®).Go comparison rows

between samples, controls 1 and 2.
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Appendix (2)

The effect of extract on spleenocyte blastogenicgponse in
VivO).

After 5 days of injection

Mice Sample % Control 1 % Control 2 %
number

Without | With PHA | Without | With Without
PHA PHA | PHA PHA

60. 3 : 15.9 23. 14.6

67.1 : 12. 7 27. 17.2

67.2 : 16. 9 20. 15.6

63. 8 : 14. 7 24, 12. 8

61.2 . 18.9 28.

59.5 . 17.2

a b
63. 18 16. 05
1.38 0. 88

Diffrences (a and b) are significant (b<0.05) to compar rows
between samples, controls 1 and 2.
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After 10 days of injection

Mice Sample % Control 1 % Control 2 %
number

Without | With PHA | Without | With Without
PHA PHA PHA PHA

50. 2 : 20. 4 25.3 19.6

55.6 : 17.8 24. 7 17.8

60. 3 : 16.5 22.8 13.6

58.9 : 18.1 23. 4 15.1

59.1 : 17.7 29.3 20.1

61. 3 : 16.4 27.9 17.8
a b b b

57. 56 17.81 25. 56 17.33

1. 67 0. 59 1. 04 1.03

Differences (a and b) are significant (b$§).@0 comparison rows

between samples, controls 1 and 2.
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Appendix (3)

The effect of extract on blood lymphocytes blastogéc
response in vivo).

After 5 days of injection

Mice Sample % Control 1 % Control 2 %
number

Without | With PHA | Without | With Without
PHA PHA PHA PHA

66. 7 : 20.1 34. 30, 6

64. 2 : 17.9 32. 25.3

60. 3 iy 15.9 22. 13.6

61.9 : 18.1 21. 11.9

63. 7 : . 26. 12.9

60. 8 : . . 14. 8
a b

62. 93 . 18. 18

0.98 . 3.18

Differences (a and b) are significant (b<0.@6) comparison rows

between samples, controls 1 and 2.
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Mice
number

After 10 days of injection

Sample %

Control 1 %

Con

trol 2 %

With
PHA

Without
PHA

With
PHA

Without
PHA

With
PHA

Without
PHA

78.9

57.5

24. 7

17.2

25. 8

14.9

75.6

60. 8

23.5

15.8

26. 3

16.5

71.2

65. 8

26.1

18. 3

29.2

20.0

70.5

63. 1

23.9

17.1

31. 4

21.3

70. 2

63. 8

29.3

17.7

34.2

20.1

73.5

67.3

16.2

31.8

17.6

a
73.31
1.39

a
63. 05
1.41

b
17.05
0. 37

29.78

1.34

b b
18. 41
1.01

Differences (a and b) are significant (b<0.@6) comparison rows

between samples, controls 1 and 2.
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Appendix (4)
The effect of extract on spleenocyte mitosisn(vivo).

After 5 days of injection

Mice Sample % Control 1 % Control 2 %
number

Without | With PHA | Without | With Without
PHA PHA | PHA PHA

6.3 3.39 1.7 2.5 0.6

5.7 3.8 2.3 2.8 0.7

4.8 2.8 . 3.3 1.3

6.7 3.4 . 2.7 0.8

2.8

2.6

Differences (a and b) are significant (I#8) to comparison rows

between samples, controls 1 and 2.
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After 10 days of injection

Mice Sample % Control 1 % Control 2 %
number

Without | With PHA | Without | With Without
PHA PHA PHA PHA

10.0 . 2.2 2.8 0.8

7.1 . 1.9 3.7 1.6

7.4 . 0.8 2.5 0.6

5.5 . 1.4 2.7 0.8

2.1 . 1.8

2.3
b

Differences (a and b) are significant (©8).to comparison rows

between samples, controls 1 and 2.
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Appendix (5)

The effect of extract on blood lymphocyte mitosisif vivo).

After 5 days of injection

Sample % Control 1 % Control 2 %

Without | With PHA | Without | With Without
PHA PHA PHA PHA

11.2 . 2.1 3 2.5

8.9 . 1.6 2.2 0.8

6.5 . . 2.6 0.9

8.1 . . 2.1 0.7

1.2

0.9
b

Differences (a and b) are significant (&).to comparison rows

between samples, controls 1 and 2.
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After 10 days of injection

Mice Sample % Control 1 % Control 2 %
number

Without | With PHA | Without | With Without
PHA PHA | PHA PHA

10.1 2.9 1.2 4.1 2.1

7.5 3.6 1.9 3.8 1.6

6.4 1.8 . 2.7 1.1

7.2 2.2 . 3.1 1.4

Differences (a and b) are significant (b<().@ comparison rows

between samples, controls 1 and 2.
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Appendix (6)

The effect of extract on mice spermatogenesis(vivo).

After 5 days of injection

Sample % Control 1 % Control 2 %

Differences (a and b) are significant (©8).to comparison rows

between samples, controls 1 and 2.
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After 10 days of injection

Mice Sample % Positive control % Negative control %
number

Differences (a and b) are significant (b$).@0 comparison rows

between samples, controls 1 and 2.
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Appendix (7)

The effect of extract on phagocytic cellsi vivo).

After 5 days of injection

Sample % Control 1 % Control 2 %

Differences (a and b) are significant (b<0.@6) comparison rows

between samples, controls 1 and 2.
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After 10 days of injection

Mice Sample % Control 1 % Control 2 %
number

Differences (a and b) are significant (©&).to comparison rows

between samples, controls 1 and 2.
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Appendix (8)

The effect of extract on spleenocyte blastogenicgponse in

vitro).

Sample % Control 1 % Control 2 %

Without | WithPHA | Without | With Without
PHA PHA | PHA PHA

44. 5 . 13. 8 29.7 15. 7

59.7 . 12.4 21.5 11.3

54. 8 . 15. 4 24.5 13.5

60. 3 . 10.9 20.8 12.5

58.5 . 11.6 22.3 14.1
a b b b

55. 56 12. 82 23.76 13.42

2.92 1.24 0.72 0.74

Differences (a and b) are significant (b$§).@0 comparison rows

between samples, controls 1 and 2.
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Appendix (9)

The effect of extract on blood lymphocytes blastogéc

response in vitro).

Mice Sample % Control 1 % Control 2 %

number
Without With PHA Without | With Without
PHA PHA | PHA PHA

55.9 . 15.9 25.7 14.8

63. 6 . 14.1 26.0 15. 7

54. 8 . 11.7 24.5 13.2

58. 8

60. 2
a

58. 66
1.54

Differences (a and b) are significant (b$§).00 comparison rows

between samples, controls 1 and 2.
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Appendix (10)

The effect of extract on spleenocyte mitosisn(vitro).

Sample %

Control 1 %

Control 2 %

Without
PHA

With PHA

Without
PHA

With
PHA

Without
PHA

4.1

1.3

2.2

0.9

5.8

0.5

2.9

1.2

6.2

1.7

2.4

1.5

Differences (a and b) are significark((l®5) to comparison rows

between samples, controls 1 and 2.
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Appendix (11)

The effect of extract on blood lymphocyte mitosisi vitro).

Sample % Control 1 % Control 2 %

Without With PHA Without | With Without
PHA PHA | PHA PHA

4.8 . 1.8 3.4 1.8

4.7 . 0.5 2.5 0.8

7.6 . 0.3 1.7 0.4

Differences (a and b) are significant (I#8) to comparison rows
between samples, controls 1 and 2.
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Appendix (12)

The effect of extract on phagocytic celldif vitro).

Mice
number Sample % Control 1 % Control 2 %

Differences (a and b) are significant (b$&).@0 comparison rows

between samples, controls 1 and 2.
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Conclusions

1- The extract has immune stimulation on mice immune response in
both in vivo and in vitro study.

2- The extract has no effect on visceral organ.

3- In the cytotoxicity assays, the extract showed an inhibitory effect on
tumor cell line growth rate. While no effect was observed on normal

cells growth rate.
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Summary

o)

This study was designed to determine the biological effect of diethyl ether
extract of Artemisia herba-alba on mice immune response, normal and tumor
cell line and visceral organs. A total of 112 male BALB/c mice have been used
in this study.

In the in vivo study, 92 mice have been used. In lymphocyte
transformation assays spleen single cell suspensions have been prepared as well
as peripheral blood samples have been taken to examine the effect of extract on
lymphocyte transformation. The results were showing a significant increasing in
the percentage values of blastogenic response in comparision with control 1 and
control 2 (b<0.05). While the results of phagocytosis assay showed a significant
increasing in the percentage values of phagocytic cells in comparison with
control 1 and control 2.

The cytogenetic assay was done by using spleen and blood lymphocytes as
well as testis to study the effect of extract on cells mitosis. The results of this
test were indicating a significant increasing in mitotic index values when

compared with control 1 and control 2 (b<0.05).



Spleen, kidney, liver and testis samples have been prepared for histological
studies and the results cleared that there was no changes in the level of tissues
and no extract precipitation have been observed.

In the in vitro study. A total of 20 mice have been used. In this study three
tests have been done. The first test on studying the effect of extract on
lymphocyte transformation. The results showed a significant increasing in the
percentage values of blastogenic response in both blood and spleen lymphocytes
compared with control 1 and control 2 (b<0.05).

The second test was phagocytosis assays. The results also revealed an increase
in the percentage values of phagocytic cells in compared with control 1 and
control 2 (b<0.05). While the third test was cytogenetic study of the effect of
extract on spleen and blood lymphocytes mitosis. The results were showing a
significant increasing in the percentage of mitosis index values in compared
with control 1 and control 2 (b<0.05).

The finale experiment was applied to study the cytotoxic effect of extract
on both normal and tumor cell line. The results of the cytotoxic effect of extract
on tumor cell line showed growth inhibition of cells in different times of
incubation with extract (24, 48, 72 hr. and 4 days) in compared with control 1
and control 2. The results of cytotoxic effect of extract on normal cells pointed a

growth stimulation of cells in the last two concentrations (60 and 45 mg/well),



while no effect was detected on cells growth by other concentrations compared

with control 1 and control 2.
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Ag
D.D.W
D.W
DHA
DMSO
|.P
PBS
PHA
Tc

TH

List of Abbreviations

Antigen.

Deionised distilled water.
Distilled water.
Dihydroartemisinin.
Dimethel sulfoxide.
Intraparitonialy injection .
Phosphate buffer solutin.
Phytohemagglutinine.
T-cytotoxic lymphocyte.
T-helper lymphocyte.
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