Chapter Five

Discussion

Plants are a source of different chemical compountgch make them of
a medicinal importance. These compounds are divigkedtwo types (inert and
active constituents) depending on their activitheTinert constituents are
defined as compounds that have no medicinal or iploggcal effects; for
instance cellulose, lignin and subrine, while axtionstituents have these
effects. The active constituents in turn are diglid®to other types (alkaloids,
tannins, carbohydrates, volatile oils, saponinggrogls and flavonoids)
depending on their chemical and physical charesttesi (Hussien, 1981).
Chemical analysis of sag8. pfficinalis) extracts (aqueous and hexane) revealed
some of these constituents (steroids, tanins, glges, flavonoids, saponines
and terpens). Such findings are in agreement wighrésults of Chada (1976),
who reported that the aqueous extract of sage ic@rtaese compounds with the
exception of alkaloids. Additionally, the strongadrance of both extracts
suggests the presence of a large quantity of pleenompounds and volatile
oils in these extracts (Lu and Foo, 2000; Santos¥oand Fernandes-Ferreira,
2001). Accordingly, both extracts may serve as adgonmune modulator and
anti-mutagenic agents, especially if we considerdynergistic effects of their
compounds (Elsomt al., 1999; Derrida, 2003), and the present results can be
justified in the light of these chemical constitteen

The results demonstrated that a treatment with sagacts had no effect
on total and differential count of leucocytes witle exception of neutrophils
and eosinophils, which both showed a significantease especially in animals
treated with the agueous extract. Neutrophils catryimportant non-specific
cellular defence mechanism, which is phagocytogisb&s and Lichtman,
2003). Such activity was significantly enhancedobyh extracts, therefore the
effect was functional. Several lines of evidencevehasuggested that

phagocytosis can be modulated positively or negbtigas a result of treatment
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with different agents (Colet al., 1998 Moller and Loft, 2002). In this regards,
medicinal plants rich in flavonoids and glycosidesve caused a significant
elevation in the index of phagocytosis, for inseigella sativa, Withania
somnifera and Foeniculum vulgare (Al-Zendi, 2006). These compounds may
exert their effect on phagocytes through providihg cells with the energy
required for such process, or enhance their killbgity; however, the latter
function was not investigated in the present stlildyagreement with this scope,
it has been demonstrated that flavonoids and gigesscan modulate the
macrophage function and enhance the cellular immesgonse, in addition to
their contribution to the integrity of the immungsgem function through their
antioxidant activity (Schoenherr and Jewell, 1997; Lu and Foo, 2000; Rao et al.,
2003). Furthermore, aqueous extract of sage has &kective in stimulating
the chemotatic activity, as well as, enhancing freduction of 1L-12.
Therefore, an enhancement of anti-inflammatoryvdgtiis pictured, and an
engulfment of more yeast is then expected (Ketrg., 2000; Baricevic et al.,
2001; Gabhe et al., 2006).

In addition to the innate immunity, the adaptivemunity was also
explored in relation to treatments with aqueous hagane extracts of sage
through three assessments, which were Arthus cegctielayed type hyper
sensitivity and plaque forming cells. The first ahitd assessments aimed to
evaluate humoral immune response, which is outcamean antibody
production. Anti-SRBC antibodies were significanthcreased in the plaque
forming cell assay, and the results of Arthus rieacsupport such finding. To
explain such effects, it has been demonstratedsthge is able to increase the
vitamin E concentration in serum, which is impottatimulator of the adaptive
immune response (Benich, 1988; Moller and Loft, 2002), therefore the effect
could be indirect and as a result of vitamin E niatlon. A further vitamin can
also be involved, that is vitamin C. It has alsermdemonstrated that flavonoids
extracted from sage exerted some positive effectthasm vitamin in mice
(Manachet al., 1996; Cook and Samman, 1996). Vitamin C protects plasma

lipid and membrane lipid from the effect of oxidammpounds through either
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increase the production of cytokines or interacthwihe formation of
prostaglandins, and both consequences are in faesbummune system
enhancement, especially the antibody productiorgftds, 2001).

The delayed type hypersensitivity reaction is dhierr test to assess the
adaptive immunity with special reference to thelual immune response
(Jacayaret al., 2001). Both extracts of sage were effective nhancing the
cellular immune response against SRBCs. Fragtcad., (2002) demonstrated
that plants contain saponins can modulate the ifumaif the immune system,
due to their action in stimulating the cell-meddatenmunity and activating the
production of different cytokines, especially thoseolved in the cellular
iImmune response. Therefore the present effectgd eatracts can be explained
in this context, because sage is rich in sapoias\adiaset al., 2003).

A water-soluble polysaccharides complex fr8mfficinalis composed of
galactose, glucose mannose, xylose, and fructose have shown an
immunomodulatory activity in the comitogenic thymte test which is
interpreted as being an vitro correlate of adjuvant activity in addition to thei
mitogenic activity (Capek and Hribalova, 2004). $&éeolysaccharides from
Sofficinalis have previously shown to stimulate the immune fiemcof bone
marrow cells and in this regard several Europeamodéic herbs have been
analysed biologically for active polysaccharidesnponents and reported that
these polysaccharides are good modulators of thaume system (anti-cancer,
anti-inflamantory, anti-ulcer, complement activgtirpotency, macrophage
phagocytosis stimulation and induction of cytokin@bringeroveet al., 2003).
These augmentations of humoral and cellular immresponses involve mainly
four immune cells (neurophils, macrophages andntt B-lymphocytes), and
the effect of sage extracts on these cells nunirioa functionally can be
explained in the light of active constituents tladt either separately or
synergistically in enhancing the responsivenessthaeise cells directly or
indirectly (Gabheet al., 2006).

The function of immune system is also geneticalbtedmined, and

alternations (mutations) in the genetic make-uprafmals do have their effect
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on such function (Abbas and Lichtman, 2003). Tolaepthe effects of sage
extracts (agueous and hexane) on the genetic n@ak&-umice directly or
through interactions with the drug cytosar, twoeassments were carried out;
they were micronucleus formation in polychromtidlc®f bone marrow and
sperm-head abnormalities, which both are good patens:m of mutagenic
evaluations (Ghaskadbi and Viayda, 1991; Al-Rubaiey, 2000). The results of
genetic evaluations showed that a treatment witje &tracts was associated
with a significant reduction in micronucleus format and sperm head
abnormalities and such effect was dependent on aloddype of extract. Such
findings can be considered important, especiallyvé@ consider that most
cancers are preceded by mutations induced by eiftexgents, especially those
that have oxidant effects (Yassen, 1990; Ad’hiah et al., 2002). Numbers of
studies have been conducted in regard to the adéiokactivity of sage, and in
general their findings are in agreement with thespnt results. Wangt al
(2000) found that rosmarinic acid extracted frorgespossessed anti-oxidant
activity and was free radical scavengers, while risliat al., (2002) added
another compound isolated from the plant and hésoaiant activity that is
12-O-methyl carnosol. Mimica-Dukic (2001) demontdca that phenolic
diterpenoids extracted from the plant showed angt@nti-oxidant activity, and
Bozin et al., (2002) confirmed that, and suggested that tlvesepounds are
effective in scavenging free radicals. Such effezds be achieved through
several metabolic pathways; for instances, intifi@tformation of free radicals,
suppress chain initiation and/or breaking chairppgation reaction, increasing
the activity of detoxifying enzymes such as glutatle transferase (GST) and
superoxide dismutase (SOD) ateinovo anti-oxidant and adaptation where the
signal for the production and reaction of free cati formation and transport of
the anti-oxidant to the right site (Noguclkt al., 2000). Free radicals have the
ability to cause damage to DNA and RNA and inhdgnime enzymes from
reacting with amino acids (Salganik, 2001).

The subject of anti-oxidant activity and abilityfoge radicals scavenging

is further highlighted, if we consider other cotsnts of the plant that have
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these effects. These constituents are glycosidmgyrfoids and chlorophyills,
which possess antimutagenic activity, in additiortiteir role in detoxification
of mutagenic compounds (Kojima and Kurpd@92; Manach et al., 1996).
These finding have also been further augmentee io\wlved in increasing the
mitotic index of bone marrow and spleen cells, Wwhwas observed in the
present study (Kojima and Kurod&992; Manach et al., 1996; Cook and
Samman, 1996). Enhancement of mitosis has beenthg@xploredin vitro,
and the conclusion was in favour of that sage eaawcdnsidered as a mitogen
(Capek etl., 2003).

The flavonoid compounds, in addition to their imraunodulatory effect,
serve other bio-functions, with special referemcaritimutagenic activity. It has
been demonstrated that the flavonoid compoundsan3kerolcoumate and
luteolin, which were extracted from some plantsthad family LamiaceaeS
officinalis, Thymus wvulgaris and Mentha piperita) inhibited the mutagenic
activity of Trp-p-2, and the suggestion was thasth compounds activate the
metabolic inactivation by modifying the action bktenzyme cytochrome p450
enzyme (Samejimat al., 1995 ; Samejima et al., 1998). Such consequence can
lead to a decrease in DNA strand breaks, lipid ydedion and cellular
oxidation (Miskiet al., 1983; Kanazawa et al., 1998). By these pathways, the
present extracts of sage could exert their praiecéffect against the drug
cytosar, especially in the pre-treatment interactiBuch findings confirmed
previous demonstrations related to the antimutagefiects of sage, although
different mutagen and biological system of assessmere employed; for
instance, Vukovic-Gacic and Simic (1993) showedt th/ light-induced
mutations inEcherichia coli can be reduced to a significant level by extrats o
sage.

The integrity of genetic make-up depends on sevegair mechanisms;
such as, excision repair, photoreactivation regmist-replication repair, error-
prone repair and error-free repair, and such mashmmay be considered as a
target for medicinal plants or their products imis of enhancement. In post-

treatment interaction, both extracts showed a Bagmt efficiency in reducing
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the genetic effects of cytosar, and again theserechave been attributed to the
chemical constituents of the plant with regard ke tforthcoming repair
mechanisms. It has been found that flavonoids gk sanhances the post-
replication repair (Kourda et al., 1992), while others have demonstrated that
tannins, flavonoids and terpens stimulates the an@sm of error-free repair
(Sasaki etl., 1998). Furthermore, terpens can activate recoational repair
mechanism, beside their action in activating thexlécation enzymes (Elosn
and Yu, 1994; Burke et al., 1997).

The subject of antimutagenecity washirtexploredn vitro in blood
cultures of acute lymphoid leukemia (ALL) patierasd healthy controls
through the assay of micronucleus formation. Thsailte confirmed then vivo
findings in albino male mice, and a significantuetion in spontaneous, as well
as, cytosar-induced formations of micronuclei whsesved in a concentration-
dependent manner. Such finding may further qu#h&/aqueous extract of sage
as anti-mutagen. Again, the subject of chemicaktituent is overwhelmed to
explain such findings. In cultures, the antimutagesffect of sage's aqueous
extract has been ascribed to the low molecular-rmasgpounds contained in
this plant but in relatively large amounts (pheaolacids, glycosides,
diterpenoids and flavonoids), many of which possassariety of related
biological activities including: antioxidant, arglatelet, anti-tumor and antiviral
(Lu and Foo, 2001, 2002). Beside that, these comp®stimulate the function
of immune system, inhibit the formation of DNA adtluwith carcinogens,
inhibit hormonal action and metabolic pathways asgmn with the
development of cancer and enhance the phase | @etdixification enzymes
(Steinmetz and Potter, 1991; Caragay, 1992; Cuvelier et al., 1994; Smith and
Yang, 1996). Furthermore, investigations have shtvat terpenoids of sage
increase tumor latency and decrease tumor muitipli®earceet al., 1992;
Zhenget al., 1993; Elson and Yu, 1994).

The reduction in micronucleus formation in cultutesated with the
aqueous extract was due to the polyphenolic congmuifavonoid, present in

the extract that have the ability to inhibit thecton that induce a malignant
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mutation by damaging the mutated DNA, and indueesittivity of enzyme that
protect DNA and repair the damage in the genetiteriz (Huket al., 1998).
Also polyphenolic compounds inhibit the growth etikemic cells, and induce
apoptosis (Helerst al., 2002). Szendet al., (2000) demonstrated that these
compounds induce fast-signaling independent apgpiaoshuman monocytic
leukemia and cause arrest in the S-phase pricasisifidependent apoptosis in
acute leukemic cells and induce apoptosis in hupr@myelocytic leukemia
(Surthet al., 1999; Bernhard et al., 2000). Further investigations on phenolic
compounds showed that these compounds induce tenatation of P53 and
P21 proteins that slow down the cell cycle (TzeiCéieaal., 1999).

The results of micronucleus formation in untreatadtures of ALL
patients revealed that the genetic make-up of mEtieunderwent some
alternations (i.e. mutations), and such consequengy lead to establish the
leukemia disease. It was always augmented thaefeigk requires a mutation
before establishing a disease (Micakehl., 2001), and such mutations can be
assessed by several parameters including sistemelid exchange (SCE) and
micronucleus formation (Mertenst al., 1995). Such assessments are in
agreement with present study, although differedignancies were investigated
(Al- Amiry, 1999; Al-Abassi, 2001). In leukemic cells, these geneteraations
are outcome in loss of apoptosis and regulatiarebfcycle progression (Kastan
etal., 1995).

The present study also demonstrated that the eukemia drug cytosar
increased the frequency of micronucleus formationd asperm-head
abnormalities, in addition to the reduction of npétase index, and such findings
suggest that such drug is a mutagen, as with @hgrcancer drugs. In this
regard, McCowaget al., (1996) have demonstrated that anticancer drugs m
cause abnormalities in lymphocyte receptors inviblire mitogen recognition.
Such effect may result in an inhibition of blastogeindex, mitotic index, and
increase micronucleus formation and chromosomaitratiens. The action of
these drugs may act on the repair systems inseledhls, and as a result the

cells loss the ability to repair the damaged DNA€Iy et al., 1993).
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1: Conclusions

1- The drug cytosar was immune suppressive and mutagagent as
suggested by the results of total and differentialints of leucocytes,
phagocytosis, Arthus reaction, delayed type hymsisgity reaction,
plaque forming cells, metaphase index, micronucfeusation and sperm-
head abnormalities in mice.

2- The aqueous and hexane extracts of s&gei& officinalis) were effective
in modulating the immune suppressive and mutagefifécts of cytosann
vivo (albino male mice) anih vitro (acute lymphoid leukemia patients).

3- With respect to immunological functions and genefitects, both extracts
were effective in enhancing the immune responsel @aducing the

spontaneous formation of micronuclei and sperm-ladembrmalities.

2: Recommendations

1. The immunological effects of aqueous and hexaneetst of sage require
further investigationso determine the function of lymphocytes in termhs o
their CD markersand cytokine production. Furthermore, the functain
phagocytes should also be investigated in thisrdega

2. Further investigations are required to determireganetic effects of both
extracts, and interactions with other anti-canceugd should be
investigated with other genetic assessments, edpeeat the molecular
level.

3. Purification of the active compounds of both exisato determine their

immunological and genetic effects, as a strategw fidrug technology.
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Table 4-2: Total leucocyte count (mean * standararkein albino male mice treated with aqueous hexane extracts of

sage leavedlistilled water and sunflower oil (negative consjchnd cytosar drug (positive control).

Groups Dose Mean + Standard Error Treatment
(mg/kg) (cells/cu.mm.blood) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 7200 £ 821 a -10.6
Negative Control (Distilled Water) 0.00 8050 + 581
Negative Control (Sunflower Oil) 0.00 9900 +£208 b -
Aqueous 83.9 7050 +412 a | = -12.4 |
1% Agueous 167.8 7100 £ 551 a -11.8
§ Aqueous 251.7 7150 £ 126 a -11.2
% Hexane 83.9 8350 +550 b -15.7
5 Hexane 167.8 9650+ 96 b -2.25
Hexane 251.7 6450 + 222 a -34.8

Different letters in the same column: significaiffedence (P< 0.05) between means.



Table 4-3: Total lymphocyte count (mean * standardr) in albino male mice treated with aqueous lagxhne extracts of

sage leavedlistilled water and sunflower oil (negative consjchnd cytosar drug (positive control).

Groups Dose Mean + Standard Error Treatment
(mg/kg) (cells/cu.mm.blood) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 4629 £ 589 a -8.4
Negative Control (Distilled Water) 0.00 5054 + 385
Negative Control (Sunflower Oil) 0.00 6106 £ 164 b -
Aqueous 83.9 4134+199 a | = -182 |
1% Agueous 167.8 4089 + 274 a -19.1
g Agueous 251.7 4005+178 a -20.8
! Hexane 83.9 5722 + 386 b -6.3
5 Hexane 167.8 6512 +67 b 6.6
Hexane 251.7 3783+78 a -38.0

Different letters in the same column: significdifference (P< 0.05) between means.



Table 4-4: Total neutrophil count (mean * standardr) in albino male mice treated with aqueous laedane extracts of

sage leavedlistilled water and sunflower oil (negative consjchnd cytosar drug (positive control).

Groups Dose Mean + Standard Error Treatment
(mg/kg) (cells/cu.mm.blood) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 1520 + 12% -23.8
Negative Control (Distilled Water) 0.00 1996 + 88 a
Negative Control (Sunflower Oil) 0.00 2625 + 110b -
Aqueous 83.9 2520+147 b | = 263 |
1% Agueous 167.8 2268 +237 ab 13.6
g Agqueous 251.7 2125 + 87 a 6.5
! Hexane 83.9 1895+ 118 a -27.8
5 Hexane 167.8 2293 +110 ab -12.6
Hexane 251.7 2151 +136 ab -18.1

Different letters in the same column: significaiffedence (P< 0.05) between means.



Table 4-5: Total monocyte count (mean + standarorem albino male mice treated with aqueous aexiane extracts of

sage leavedlistilled water and sunflower oil (negative consjchnd cytosar drug (positive control).

Groups Dose Mean * Standard Error Treatment
(mg/kg) (cells/cu.mm.blood) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 784 + 134 -1.7
Negative Control (Distilled Water) 0.00 849 + 122a
Negative Control (Sunflower Oil) 0.00 968 + 104b -
Aqueous 83.9 265+49 ¢ | -68.8 |
1% Agueous 167.8 542 +90 d -36.2
g Agueous 251.7 736 £ 91 a -13.3
! Hexane 83.9 669+91 a -30.9
b,
N Hexane 167.8 797 +64 a -17.7
Hexane 251.7 455+59 d -53.0

Different letters in the same column: significaiffedence (P< 0.05) between means.



Table 4-6: Total eosinophil count (mean + standardr) in albino male mice treated with aqueous lagxane extracts of

sage leavedlistilled water and sunflower oil (negative consjchnd cytosar drug (positive control).

Groups Dose Mean + Standard Error Treatment
(mg/kg) (cells/cu.mm.blood) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 25135 a 274.6
Negative Control (Distilled Water) 0.00 6744 b
Negative Control (Sunflower Oil) 0.00 127 £49c -
Aqueous 83.9 94+37 bc | = 403 |
1% Agueous 167.8 186 +35 d 177.6
g Agueous 251.7 232+32 ad 246.3
! Hexane 83.9 43 + 25 b -66.1
» Hexane 167.8 25+25 b -80.3
Hexane 251.7 48 + 29 b -62.2

Different letters in the same column: significaiffedence (P< 0.05) between means.



Table 4-7: Total basophil count (mean * standardrein albino male mice treated with aqueous aexiahe extracts of

sage leavedlistilled water and sunflower oil (negative consjchnd cytosar drug (positive control).

Groups Dose Mean = Standard Errgr Treatment
(mg/kg) (cells/cu.mm.blood) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 18+ 18a -79.1
Negative Control (Distilled Water) 0.00 86+34 b
Negative Control (Sunflower Oil) 0.00 7625 b -
Aqueous 83.9 38+22 a | = -558 |
1%, Agueous 167.8 15+15 a -82.6
§ Aqueous 251.7 53 +18 ab -38.4
';l;i Hexane 83.9 22 £ 22 a -71.1
b,
n Hexane 167.8 25+ 25 a -67.1
Hexane 251.7 15+15 a -80.0

Different letters in the same column: significdifference (P< 0.05) between means.



Table 4-8: Phagocytic index of peritoneal cells @met standard error) in albino male mice treateth waqueous and

hexane extracts of sage leawvdistilled water and sunflower oil (negative contjiohnd cytosar drug (positive

control) after 30 minutes incubation.

Groups Dose Mean + Standard Error (%) Treatment
(mg/kg) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 36.00 +1.68 -6.5
Negative Control (Distilled Water) 0.00 38.50+3.8 a
Negative Control (Sunflower Oil) 0.00 62.30 £ 0.4&8 -
Aqueous 83.9 67.75+048 ¢ |  76.0 |
1% Agqueous 167.8 67.50+155 ¢ 75.3
§ Agueous 251.7 53.80+1.11 d 39.7
"Z;f) Hexane 83.9 66.50+1.04 ¢ 6.7
b,
N Hexane 167.8 5425+1.11 ¢ -12.9
Hexane 251.7 85.75+0.85 e 37.6

Different letters in the same column: significaritedtence (P< 0.05) between means.



Table 4-9: Phagocytic index of peritoneal cells @met standard error) in albino male mice treateth aqueous and
hexane extracts of sage leawvdistilled water and sunflower oil (negative contjiohnd cytosar drug (positive

control) after 60 minutes incubation.

Groups Dose Mean + Standard Error (%) Treatment
(mg/kg) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 40.25+2.14 -16.6
Negative Control (Distilled Water) 0.00 48.25x@.0 b
Negative Control (Sunflower Oil) 0.00 74.00 £1.6& -
Aqueous 83.9 72.00+041 c¢ | = 492 |
1% Aqueous 167.8 7425+125 ¢ 53.9
§ Agueous 251.7 62.75+1.11 d 28.5
"Z;f) Hexane 83.9 71.25+048 c -3.7
& Hexane 167.8 62.75+1.11 d -15.2
Hexane 251.7 91.75+0.85 e 24.0

Different letters in the same column: significdifterence (P< 0.05) between means.



Table 4-10: Metaphase index of bone marrow cellsafmt standard error) in albino male mice treatéd aqueous and

hexane extracts of sage leawvdistilled water and sunflower oil (negative contjiochnd cytosar drug (positive

control).
Groups Dose Mean + Standard Error (%) Treatment
(mg/kg) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 2.35+0.04 -21.7
Negative Control (Distilled Water) 0.00 3.00+£0.1%
Negative Control (Sunflower Oil) 0.00 4.33+0.2% -
Aqueous 83.9 343+092 b | = 143 |
1% Aqueous 167.8 3.84+0.16 bc 28.0
§ Agueous 251.7 580+0.15 ¢ 93.3
"Z;f) Hexane 83.9 554+0.10 d 27.9
b,
N Hexane 167.8 6.86 +0.13 e 58.4
Hexane 251.7 7.58+0.18 e 75.1

Different letters in the same column: significaritedtence (P< 0.05) between means.



Table 4-11: Metaphase index of spleen cells (meatasdard error) in albino male mice treated wgbeous and hexane

extracts of sage leavatistilled water and sunflower oil (negative consjahnd cytosar drug (positive control).

Groups Dose Mean + Standard Error (%) Treatment
(mg/kg) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 0.83 £ 0.0% -37.6
Negative Control (Distilled Water) 0.00 1.33+0.10b
Negative Control (Sunflower Oil) 0.00 256+0.23 c -
Aqueous 83.9 201009 d | 511 |
1% Aqueous 167.8 253+0.10 ¢ 90.2
§ Agueous 251.7 2.74 £0.12 Cc 106.0
"Z;f) Hexane 83.9 3.28+0.09 e 28.1
b,
N Hexane 167.8 3.76 £ 0.05 e 46.9
Hexane 251.7 441+021 e 72.3

Different letters in the same column: significdifterence (P< 0.05) between means.



Table 4-12: Micronucleus formation in bone marradl(mean + standard error) of albino male mieated with aqueous
and hexane extracts of sage leawdstilled water and sunflower oil (negative consjohnd cytosar drug

(positive control).

Groups Dose Mean + Standard Error Treatment
(mg/kg) (micronucleus/cell) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 0.0238 + 0H01a 240.0
Negative Control (Distilled Water) 0.00 0.0070 6@4 b
Negative Control (Sunflower Oil) 0.00 0.0060 +MA0 b -
Aqueous 83.9 0.0040 £ 0.0004 c| -429 |
1% Agueous 167.8 0.0023 +0.0005 ¢ -67.1
§ Agueous 251.7 0.0030 +£0.0004 ¢ -57.1
"Z;f) Hexane 83.9 0.0030 £0.0005 ¢ -50.0
b,
N Hexane 167.8 0.0050 £ 0.0003 ¢ -16.7
Hexane 251.7 0.0033 +0.0006 ¢ -45.0

Different letters in the same column: significaritedtence (P< 0.05) between means.



Table 4-13: Sperm-head abnormalities (mean + stdndeaor) in albino male mice treated with aqueansl hexane
extracts of sage leavatiistilled water and sunflower oil (negative consjahnd cytosar drug (positive control).

Groups Dose Mean + Standard Error (%) Treatment
(mg/kg) Efficiency (%)
Positive Control (Cytosar Drug) 1.54 10.20 £0.4& 70.0
Negative Control (Distilled Water) 0.00 6.00+0.63 b
Negative Control (Sunflower Oil) 0.00 505£1.12 b -
Aqueous 83.9 500 + 022 b | = -16.7 |
1% Agueous 167.8 5.50+0.17 b -8.3
g Agueous 251.7 6.20 £ 0.18 b 3.3
! Hexane 83.9 6.63+031 b 313
5 Hexane 167.8 5.35+0.13 b 5.9
Hexane 251.7 6.12 + 0.93 b 21.2

Different letters in the same column: significaritedence (P< 0.05) between means.



Table 4-14: Total leucocyte count (mean * stanéarar) in albino male mice after interactions (paae post-treatments)

between the ideal dose (83.9 mg/kg) of aqueousardne extracts of sage leaves and cytosar drug.

Mean + Standard Error Treatment Efficiency (%)
Groups (cells/cu.mm.blood)
Pre-treatment Post-treatment Pre-treatment P Gttviemt

Control I (Distilled Water-Cytosar) 8650 +430 a 10225+210 a ‘

Control Il (Sunflower Oil-Cytosar) 8150 +435 a 00D+510 b ‘

Agqueous Plant Extract (Ideal Dos¢)- 8000 £ 337 a 9100+£92 ¢ -7.5 -11.0
Cytosar

Hexane Plant Extract (Ideal Dosg)- 6600 +216 b 8550+250 d -19.0 22.1
Cytosar

Different letters in the same column: significdifterence (P< 0.05) between means.



Table 4-15: Total lymphocyte count (mean * standgirdr) in albino male mice after interactions (paed post-
treatments) between the ideal dose (83.9 mg/kgjjoéous and hexane extracts of sage leaves and

cytosar drug.

Mean + Standard Error Treatment Efficiency (%)
Groups (cells/cu.mm.blood)
Pre-treatment Post-treatmen Pre-treatment P ctiviemt
Control | (Distilled Water-Cytosar) 5586 +305 a 7643 +163 a ‘
Control 1l (Sunflower Oil-Cytosar) 6899 + 440 b 9% +373 b ‘
Aqueous Plant Extract (ldeal Dosg)-5000 £225 a 5436 £ 73 b -10.5 -28.9
Cytosar
Hexane Plant Extract (Ideal Dosg)- 4782 +137 a 6195+ 149 b -30.7 4.0
Cytosar

Different letters in the same column: significaiffedence (P< 0.05) between means.




Table 4-16: Total neutrophil count (mean + standardr) in albino male mice after interactions ¢paad post-treatments)

between the ideal dose (83.9 mg/kg) of aqueousardne extracts of sage leaves and cytosar drug.

Mean + Standard Error Treatment Efficiency (%)
Groups (cells/cu.mm.blood)
Pre-treatment Post-treatment Pre-treatment Patirient

Control | (Distilled Water-Cytosar) 2270+111 4 790+76 a ‘
Control 1l (Sunflower Oil-Cytosar) 849+33 b 61044 b ‘
Aqueous Plant Extract (ldeal Dosg)-2162 +148 a 3186+ 169 ¢ -4.8 78.0
Cytosar
Hexane Plant Extract (Ideal Dose)-Cytogar 14054 10 1759+ 208 a 65.5 188.4

Different letters in the same column: significaritedence (P< 0.05) between means.



Table 4-17: Total monocyte count (mean * standenah)ein albino male mice after interactions (paed post-treatments)

between the ideal dose (83.9 mg/kg) of aqueousardne extracts of sage leaves and cytosar drug.

Mean + Standard Error Treatment Efficiency (%)
Groups (cells/cu.mm.blood)
Pre-treatment Post-treatment Pre-treatment P aattvient

Control | (Distilled Water-Cytosar) 409+10 a 536 +45 a ‘

Control Il (Sunflower Oil-Cytosar) 343+34 a 03+ 67 ab ‘

Aqueous Plant Extract (ldeal Dosg)- 717+19 b 25043 Db 75.3 -53.4
Cytosar

Hexane Plant Extract (Ideal Dos¢)- 328+ 17 a 38676 ab -4.4 -4.7
Cytosar

Different letters in the same column: significaritedtence (P< 0.05) between means.



Table 4-18: Total eosinophil count (mean * standsardr) in albino male mice after interactions (paad postreatments)

between the ideal dose (83.9 mg/kg) of aqueouhardne extracts of sage leaves and cytosar drug.

Mean + Standard Error Treatment Efficiency (%)
Groups (cells/cu.mm.blood)
Pre-treatment Post-treatment Pre-treatment Paatient

Control I (Distilled Water-Cytosar) 280+16 4d 154.7+320 a ‘_

Control Il (Sunflower Oil-Cytosar) 38+22 b 735+348 b ‘_

Aqueous Plant Extract (Ideal Dosg)- 80 +3 b 159.3+43.2 4 -71.4

Cytosar

Hexane Plant Extract (Ideal Dosg¢)- 69 =40 b 148.5+40.3 a 81.6 102.0
Cytosar

Different letters in the same column: significaritedtence (P< 0.05) between means.



Table 4-19: Total basophil count (mean + standamein albino male mice after interactions (paed post-treatments)

between the ideal dose (83.9 mg/kg) of aqueousardne extracts of sage leaves and cytosar drug.

Mean = Standard Error

Groups (cells/cu.mm.blood)

Treatment Efficiency (%)

Pre-treatment

Post-treatmen

Pre-treatmﬁnt Paattent

Control | (Distilled Water-Cytosar) 152 +23 a 1023+21 a q‘_
Control Il (Sunflower Oil-Cytosar) 23+23 b| 57.0+396 b ‘_
Aqueous Plant Extract (Ideal Dosg)- 42 + 24 b 68.8+229 b| = -724 | = -327 |
Cytosar

Hexane Plant Extract (Ideal Dosg)- 18 £18 b 63.0+£409 b -21.7 10.5
Cytosar

Different letters in the same column: significaritedtence (P< 0.05) between means.



Table 4-20: Phagocytic index of peritoneal cell®ém £ standard error) in albino male mice afteerattions (pre- and
post-treatments) between the ideal dose (83.9 mglk@queous and hexane extracts of sage leaves and

cytosar drug after 30 minutes incubation.

Mean * Standard Error Treatment Efficiency (%)
(%)
Groups
Pre-treatment Post-treatment Pre-treatmjnt P cHiient

Control | (Distilled Water-Cytosar) 64.75+ 1.66a 25.00 + 1.08 a‘_
Control Il (Sunflower Oil-Cytosar) 36.25+ 1.49b 2350+1.44 a ‘_
Aqueous Plant Extract (Ideal Dos§)-59.25+1.11 ¢ 70.75+085 ff -85 |  180.0 |
Cytosar

Hexane Plant Extract (Ideal Dosg)-39.75+0.85 Db 40.00£1.96 ¢ 9.7 70.2
Cytosar

Different letters in the same column: significaiffedence (P< 0.05) between means.



Table 4-21: Phagocytic index of peritoneal cell®ém £ standard error) in albino male mice afteeranttions (pre- and
post-treatments) between the ideal dose (83.9 mofkggueous and hexane extracts of segyesand cytosar

drug after 60 minutes incubation.

Mean + Standard Error Treatment Efficiency (%)
Groups (%)

Pre-treatment Post-treatment Pre-treatment P cHiient

Control | (DistilledWater-Cytosar) 62.00+ 1.08a 37.50 + 2.60 a‘_

Control Il (Sunflower Oil-Cytosar) 49.00+0.41b | 4425+225 b ‘_

Aqueous Plant Extract (Ideal Dosg)-67.75£0.85 ¢ 76.00 £ 0.91 102.7
Cytosar
Hexane Plant Extract (Ideal Dos¢)-54.75+1.25 d 58.25+0.85 ¢ 11.7 31.6
Cytosar

Different letters in the same column: significaiffedence (P< 0.05) between means.



Table 4-22: Arthus reaction (mean + standard enrorlbino male mice after type |- treatment witte tideal dose of

aqueous and hexane extracts of dagees distilled water and sunflower oil (negative consjoand cytosar

drug (positive control).

Groups Dose Mean + Standard Error (mm) Treatment Efficiency (%
(mg/kg)
2 Distilled water 0.00 1.28 +0.09 a _
X
'-'UJ) Cytosar 1.54 0.64 £ 0.06 b -50.0
>
o
g Extract 83.9 1.48 £ 0.05 C 15.6
<
- Sunflower Ol 0.00 1.11 +£0.04 a
T
o Cytosar 1.54 0.64 £ 0.06 b -42.3
=
g
£ Extract 83.9 1.18 +0.03 a 6.3

Different letters in the same column: significaritedence (P< 0.05) between means.



Table 4-23: Arthus reaction (mean + standard erroalbino male mice after type Il- treatment wikie ideal dose of aqueous

and hexane extracts of sdgaves distilled water and sunflower oil (negative consjohnd cytosar drug (positive

control).
Groups Dose Mean + Standard Error (mm) Treatment Efficiency (%
(mg/kg)

2 Distilled water 0.00 1.25 +0.06 a _
=
'-'UJ) Cytosar 1.54 1.04 +0.07 ab -17.0
>
o
g Extract 83.9 1.15+0.06 ab -8.0
<
- Sunflower Oil 0.00 0.89 £0.04 b
T
o Cytosar 1.54 1.04 +0.07 ab 16.9
=
g
£ Extract 83.9 0.69 + 0.04 b 225

Different letters in the same column: significaritedence (P< 0.05) between means.



Table 4-24: Delayed type hypersensetivity (meatatidard error) in albino male mice after type ¢atment with the ideal
dose of aqueous and hexane extracts of leages distilled water and sunflower oil (negative consjoand

cytosar drug (positive control).

Groups Dose Mean + Standard Error (mm) Treatment Efficiency (%
(mg/kg)
2 Distilled water 0.00 1.43+0.13 a _
=
ou; Cytosar 1.54 0.58 £0.11 b -59.4
>
o
g Extract 83.9 1.67 £0.11 a 16.8
<
- Sunflower Oil 0.00 0.46 + 0.06 b
C
o Cytosar 1.54 0.58 £0.11 b 26.1
2
g
L Extract 83.9 0.83 +0.03 c 80.4

Different letters in the same column: significaritedence (P< 0.05) between means.



Table 4-25: Delayed type hypersensetivity (meanaxdard error) in albino male mice after type teatment with the

ideal dose of aqueous and hexane extracts oflsages distilled water and sunflower oil (negative congjol

and cytosar drug (positive control).

Groups Dose Mean + Standard Error (mm) Treatment Efficiency (%
(mg/kg)
2 Distilled water 0.00 0.55 + 0.06 a _
=
ou; Cytosar 1.54 0.89 £0.04 b 61.8
>
o
g Extract 83.9 1.20 £ 0.04 C 118.3
<
Sunflower Ol 0.00 0.58 £0.15 a

U‘>‘j Cytosar 1.54 0.89 £0.04 b 53.4
o
C
g
% Extract 83.9 1.09 £ 0.04 c 87.9

Different letters in the same column: significaiffedence (P< 0.05) between means.



Table 4-26: Plaque forming cell (mean * standardrgin albino male mice after type |- treatmenthwihe ideal dose of

aqueous and hexane extracts of dageesdistilled water and sunflower oil (negative consjohnd cytosar drug

(positive control).

Groups Dose Mean * Standard Error (mm) Treatment Efficiency (%
(mg/kg)
5 Distilled water 0.00 34.13 +0.43 a _
=
3 Cytosar 1.54 9.38 £0.63 b -72.5
>
o
g Extract 83.9 61.63 £ 2.25 C 80.6
<
- Sunflower Oil 0.00 45.38 £ 0.63 d
C
o Cytosar 1.54 9.38 £0.63 b -79.3
2
g
£ Extract 83.9 61.13 £ 0.83 c 34.7

Different letters in the same column: significaritedence (P< 0.05) between means.



Table 4-27: Plaque forming cell (mean + standardriin albino male mice after type Il- treatmenthwthe ideal dose of

aqueous and hexane extracts of dagees,distilled water and sunflower oil (negative consjond cytosar

drug (positive control).

Groups Dose Mean + Standard Error (mm) Treatment Efficiency (%
(mg/kg)
2 Distilled water 0.00 29.38 +0.85 a _
2
p Cytosar 1.54 19.38 +1.03 b -34.0
-}
o
o Extract 83.9 50.25 + 0.85 C 71.1
<
- Sunflower Oil 0.00 39.38 +0.63 d
@
o Cytosar 1.54 19.38 +1.03 b -50.8
-
g
£ Extract 83.9 53.25 + 2.29 c 35.2

Different letters in the same column: significaritedence (P< 0.05) between means.



Table 4-28: Metaphase index of bone marrow cellsap + standard error) in albino male mice afteractions (pre- and
post-treatments) between the ideal dose (83.9 mglk@queous and hexane extracts of sage leaves and

cytosar drug.

Mean + Standard Error Treatment Efficiency (%)
Groups (%)

Pre-treatment Post-treatmen

Pre-treatment pastrtent

Control | (Distilled Water-Cytosar) 2.01+0.16a 1.37+0.11 a ‘_

Control Il (Sunflower Oil-Cytosar) 234+014a | 2.11+0.08 b ‘_

Aqueous Plant Extract (Ideal Dos¢)-4.52+0.16 b 3.63x£0.30 ¢ 125.0 165.0
Cytosar
Hexane Plant Extract (Ideal Dosg)-3.60+0.09 ¢ 3.30£0.14 ¢ 53.8 56.4
Cytosar

Different letters in the same column: significaritedtence (P< 0.05) between means.



Table 4-29: Metaphase index of spleen cells (meatadard error) in albino male mice after intecas (pre- and post-

treatments) between the ideal dose (83.9 mg/kgjjo€ous and hexane extracts of sage and cytogar dru

Mean * Standard Error

Treatment Efficiency (%)

Groups (%)
Pre-treatment Post-treatment Pre-treatmfnt Paatient

Control | (Distilled Water-Cytosar) 1.08 +0.1%4 0.68+0.09 a ‘_
Control Il (Sunflower Oil-Cytosar) 1.14+005 & 147+011 b ‘_
Aqueous Plant Extract (Ideal Dos§)- 2.22 +0.16 b 1.44+011 4o 1056 |  111.8 |
Cytosar

Hexane Plant Extract (Ideal Dosg)- 2.17 £0.09 b 214+0.09 c 90.4 45.6
Cytosar

Different letters in the same column: significaritedtence (P< 0.05) between means.



Table 4-30: Micronucleus formation in ® marrow cells (mean + standard error) of albirademmice after interactions
(pre- and post-treatments) between the ideal d83® (ng/kg) of agueous and hexane extracts of leayes and

cytosar drug.

Mean + Standard Error Treatment Efficiency (%)
Groups (micronucleus/cell)
Pre- treatment Post- treatment Pre-treatment tRestiment

Control I (Distilled Water-Cytosar) 0.0073+ 0.0002. | 0.0160+ 0.0009 %_
Control Il (Sunflower Oil-Cytosar) 0.0238+0.001% | 0.0168+ 0.0011 a‘_

Aqueous Plant Extract (ldeal Dosg)0.0013+ 0.0003 c 0.0043+ 0.0005 -82.2 -73.1
Cytosar
Hexane Plant Extract (Ideal Dos¢)-0.0123+0.0011 d 0.0120+ 0.0009 |c -48.3 -28.6
Cytosar

Different letters in the same column: significaiffedence (P< 0.05) between means.



Table 4-31: Sperm-head abnormalities (mean = stdrelaor) of albino male mice after interactionsefpand post-

treatments) between the ideal dose (83.9 mg/kggokous and hexane extracts of sage and cytosar

drug.
Mean * Standard Error Treatment Efficiency (%)
Groups (%)
Pre-treatment Post—treatment‘ Pre treatment P cativiemnt
Control | (Distilled Water-Cytosar) 6.50 + 0.21a 8.15+0.35 a ‘_
Control Il (Sunflower Oil-Cytosar) 1256+0.71 B 12.00+0.53 b _
Agqueous Plant Extract (ldeal Dosg)- 5.25+0.22 a 7.65+0.25 & -19.2
Cytosar
Hexane Plant Extract (Ideal Dosg)-6.75+0.30 a 6.60 £ 0.27 ¢ -46.3 -45.0
Cytosar

Different letters in the same column: significarifedence (P< 0.05) between means.



Table (4-32): Micronucleus formation in lymphocyidtures (treated with sadgavesaqueous extract ) of acute lymphoid

leukemia patients and healthy controls.

5 Micronucleus/cell
E ﬁg‘ (Mean * Standard Error)
Groups g g’/_ Healthy Controls | Leukemia patients] Probability
S (No. = 5) (No. = 5) <
Negative Controls (Untreated) 0.0 0.0140+0.0011 ;"\ .0286+0.0023 A 0.05
Positive Controls (cytosar) 125.0 0.0180+0.0013 B .0280+0.0013 A 0.05
Sage 250 0.0104+0.0002 C 0.0144+0.0009 B 0.05
(Agqueous Extract) 500 0.0076+0.0002 D 0.0098+0.0009 C 0.05
1000 0.0038+0.0005 D 0.0062+0.0004 D 0.05
Sage 250 0.0138+0.0007 A 0.0190+0.0007 1B 0.001
(Agueous Extract) + Cytosar 500 0.0110+0.0003 C 0.0148+0.0009 B 0.05
1000 0.0086+0.0004 D 0.0108+0.0007 B 0.05

Different letters in the same column: significaritedence (P< 0.05) between means.



Chapter One: Introduction

1-1: Introduction

Herbs are plants or plant parts that are valued for their medicinal and savory
qualities. They contain and can produce a variety of chemical substances that have
different biological actions, with a special reference to their medicinal importance.
Therefore, they are employed by herbalists of different cultures, anciently and
recently, to remedy peoples of their sicknesses (Anderson, 1977). This theme has
encouraged scientists to investigate the medicinal uses of plants and their
derivatives, and their efforts have been fruitful in producing drugs to treat a wide
range of human diseases. Therefore, the list of drugs that are of aherbal originisin
an increase, and the World Health Organization.(WHO) has established that out of
119 plant-derived pharmaceutical medicines, about 74% are used in modern
medicine in ways that correlate directly with their traditional uses as plant
medicines by native peoples (Barens, 2002). In this respect, cancers are important
target for such medicines due to the facts that the incidence of these diseases is
increased in away, which is a proportional with the complications of modern life
(Sarasin, 2003).

The aetiology of cancer is multifactorial, and an interaction between genetic
and environmental factors is required to initiate the disease (Goldman et
al.,1999).The environmental factors are able to induce a mutation(s) in the genetic
material of the cell, and such event may promote the cell to undergo a carcinogenic
transformation (Ra et al., 1983). So, the mutation is a prerequisite for
carcinogenesis, and any material that can interact with the mutation-induced agent
or the genetic material may modulate the mutational effect. The medicinal plant
and/or their derivatives may act on these pathways, therefore, they have been
divided into desmutagens and bioantimutagens (Samejma et al., 1995), and their
antimutagenic effects are exerted either on the mutagens to prevent or reduce the
metabolic activation of the mutant, or the genetic material to prevent fixation of

mutation (i.e. stimulating DNA repair mechanisms) (Samgmacet al., 1998).



Saliva officinalis is one of the medicinal plants, and researches have revealed
its anti-mutagenic and anti-carcinogenic potentials, and such medicina
implications have been ascribed to more than 160 types of phenolic compounds
that have been described in different species of the plant. The plant is known as
sage in Western world, while in Arabian regions is known as Merameya. It is
shrub-like plant, which is classified under the family Lamiaceae (Lu and Foo,
2002). Sage is a further subject of medicinal plant researches, and in folkloric
medicine, the plant is advised to be used in the treatment of colds, abdominal pain
and fever, while in anti-mutagen and anti-carcinogen researches, the plant
chemical compounds have shown promising results (Gali-Muhtasib et al., 2000;
Limaet al., 2005).

1-2: Aimsof study

The present project was designed to evaluate the immunological and
cytogenic effects of two extracts (aqueous and hexane) of S. officinalis leaves in
abino male mice. Interactions between the plant extracts and cytosar (anti-
leukemia drug) were also made to evaluate their action in modulating the drug
effects. The parameters of evaluation were:

e Immunological parameters
1. Total and differential count of Leucocytes.
2. Phagocytosis.
3. Arthus reaction and Delayed type hypersensitivity.
4. Plague forming cells.
» Cytogenetic parameters
1. Metaphase index.
2. Micronucleus formation.
3. Sperm-head abnormalities.

The assay of micronucleus formation was further evaluated in cultures of

blood cells obtained from patients with acute lymphoblastic leukemia. However,

only the agueous extract was investigated in this respect.



Chapter Three

Materials and Methods

3-1: Materials

The general laboratory equipments and chemicalsgshamiere employed

in the present study, are presented in tablesr8d13&2, respectively.

Table 3-1: General laboratory equipments.

Autoclave SES little Sister / England
Centrifuge Beckman / England
incubator Memmert / Germany

Digital camera

Mercury / China

Electric balance

Sartorius / Germany

Hemocytometer

Neubauer / Germany

Laminar air flow

Napco / France

Micropipette

Gilson / France

Microscope Motic / Japan
Oven Osaw / India
pH meter Radiometer / Denmark

Rotary evaporator

Buchi / Switzerland

Soxhlet

Electrothermol / England

Vernier Japan
Vortex Griffin / England
Water bath Gallenkamp / England
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Table 3-2: Chemical materials.

[ chemicailMacefal | N Cermeany/ Cornty S|

Agarose

Sigma / USA

Ammonium chloride

BDH / England

Calcium chloride

BDH / England

Chloroform BDH / England
Citric acid BDH / England
Dextrose Fluka / Switzerland
Eosin BDH / England
Ethanol Ferak / Germany

Foetal calf serum

Sigma / USA

Giemsa stain

Fluka / Switzerland

Glacial acetic acid

Fluka / Switzerland

Glycerin Fluka / Switzerland

Heparin Leo Pharmaceutical /Denmark
Hepes Sigma / USA

Hydrochloric acid Sigma / USA

Magnesium sulfate di-hydrate

Fluka / Switzerland

Methanol Fluka / Switzerland
Penicillin and Streptromycin Sigma / USA
Potassium chloride Sigma / USA

Potassium di-hydrogen Phosphate

BDH / England

Potassium hydroxide Sigma / USA
Potassium monohydrogen phosphate = BDH / England
RPMI 1640 medium Sigma / USA
Sodium bicarbonates BDH / England
Sodium citrate Sigma / USA
Sodium hydroxide Sigma / USA
Trypan blue Sigma/USA
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3-2: The Plant Sage %alvia officinalisL.)

3-2-1: Plant Collection and Identification

Dr. Khulood W. AL-Samarraei (Biotechnology ResearCkntre, Al-
Nahrain University) supplied the aireal parts airl(leaves) as dried material,
which was imported from Jordan. She also identifted plant asSalvia

officinalis.

3-2-2: Preparation of Plant Extracts

The plant was extracted with two types of solventsich were distilled
water or hexane. In both cases, the extractedgbdie plant was leaves. The
leaves were air-dried, and then powdered usingfaegrinder. Fifty grams of
the leaf powder were extracted for three hoursHd 2l of the solvent (distilled
water or hexane) using the soxhlet apparatus amdédadhrce of heating was a
warm water bath (45°C). The leaf extract soluticaswhen evaporated at 45°C
using a rotary evaporator, and the resultant cexdeact was frozen at -20°C

until use to prepare the required doses and coratemts (Nadiret al., 1986).

3-2-3: Sage Doses and Concentrations

The plant extracts (aqueous and hexane) weresaskestwo biological
models, which were a mammalian model (albino mourseyo) and ann vitro
blood culture model (human blood cells). In the maaiian model, three doses
of the two extracts were used (83.9, 167.8 or 2%ig/kg). These doses were
correspondent to 10, 20 and 30%, respectively efLibs, dose in mice (839
mg/kg) of the same genuSa{iva) but for a different speciesS(libanctica)
(Farahatet al., 2001). To prepare these doses, the dried agueduesct was
dissolved in distilled water, while for hexane extr the plant extract was
dissolved in sunflower oil.

In human cultures, only the agqueous extract wassassl, in which, three
concentrations (250, 500 or 1000 pg/ml) of the p&tract were tested. These
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concentrations have shown immuno-modulatory aéwitusing thein vitro

mitogenic and comitogenic rat thymocyte tests (&dpgrovaet al., 2003).

3-3: Solutions

1- Colchicine
One tablet (0.5 mg) of colchicine (Ibn Hayan/Symaas dissolved in 1
ml of sterilized normal saline (Alleet al., 1977).The solution was freshly

used.

2- Potassium chloride (KCI) hypotonic solution (0.075N!

Potassium chloride (5.75g) was dissolved in 100®@idistilled water,
and then the solution was autoclaved (121°C, 1dfg / irf, 20 minutes)
and stored at 4°C (Allegt al., 1977).

3- Potassium chloride (KCI) hypotonic solution (0.1 M)

The solution was prepared by dissolving 7.45 g &fl K 1000 ml of
distilled water, and then autoclaved and storetf@tuntil used (Al-Sudany,
2005).

4. Leucocyte diluent

The solution was prepared by adding 2 nglatial acetic acid to 98 ml
of distilled water, in addition to a few drops oktthylene blue as a colour
indicator (Sood, 1986).

5. Normal saline (0.9% NacCl)

A ready prepared solution (Jadda Compaimygdom of Saudia Arabia)
was used. The solution was supplied by the Baghéadhing Hospital.
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5- Fixative solution
The solution was freshly prepared by mixinggBts of absolute methanol
with 1 part of glacial acetic acid (Patton, 1967).

6- Sodium bicarbonate
Sodium bicarbonate (7.5 g) was dissolved(f tnl of distilled water,
and the solution was stored at 4°C (Alktral., 1977).

7- Alsever’s solution
Dextrose (20 g), sodium citrate (8 g), citriada(0.55 g) and sodium
chloride (4.2 g) were dissolved in 500 ml of distl water, after adjusting
the pH to 6.1, the volume was made up to 1000hmalsblution was filter-
sterilized, and stored at 4°C (Hudson and Hay, 1989

8- Giemsa stain

Giemsa stock solution was prepared by tisgpone gram of Giemsa
powder in 33 ml glycerin using water bath (60°C)y @ hours with a
continuous shaking. After cooling the solution f80 min at room
temperature, 66 ml of absolute methanol were adsld a continuous
mixing.The solution was then kept in a dark botiteroom temperature
(Allen et al., 1977).

To prepare Giesma stain working solution, the feitgy solutions were

mixed:
» Giemsa stock solution: 1ml
* Absolute methanol 1.25ml
» Sodium bicarbonate solution 0.5 ml
» Distilled water 40 ml
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9-Eosin stain
The stain was prepared by dissolving 1gm ofregsllowish powder in
100 ml of distilled water. The stain was centrifdgé000 rpm for 10

minutes) before use (Wyrobek and Bruce, 1975).

10-Ammonium chloride (NH4CI)
Ammonium chloride (8.7 g) was dissolved in 1@0I0of distilled water,
and then the solution was autoclaved and storétGa{Ad’hiah, 1990).

11-Antibiotic Solutions

Streptomycin solution was prepared by dissg 1g of streptomycin
sulphate in 10 ml of distilled water, while benpdnicillin was prepared by
dissolving 1000000 IU in 10 ml of distilled wat&oth solutions were filter-
sterilized (Millipore filter; 0.22 um), and divided into aliquots (I ml), and
then stored at -20°C until use (Freshney, 2000).

12-RPMI — 1640 medium
RPMI-1640 medium base (10 g), sodium bicadbe (2 g) and hepes (4

g) were dissolved in 500 ml of distilled water, atin 100 ml of heat
inactivated foetal calf serum, 5 ml of penicillibO0000 IU/ml) and 5 ml of
streptomycin (100 mg/ml) were added. The volume made up to 1000 ml
with distilled water, and the pH was adjusted @ The medium was filter-
sterilized using Millipore filter (0.22 um), andeth divided into aliquots (2
ml) and stored in the freezer (4°C) until used @\Nand McCulloch, 1985).

13-Heat-killed Yeast Suspension
The yeasBacchoromyces cerevisiae (Pakmaya Company, Turkey) was
used to prepare the yeast suspension (Megtalf., 1986). The method is

outlined as follows:
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1- Ten grams of the yeast were suspended in 150 steafe normal saline.

2- The suspension was heated in a boiling water loat6d minutes.

3- After cooling the suspension at room temperaturejais filtered using
double layers of gauze.

4- The filtered cell suspension was assessed for yedisviability by dye
exclusion test (trypan blue) to assure that alscgére dead.

5- The cell suspension was divided into aliquots (» after adjusting the

cell count to 10cell / ml, and stored at -20°C until use.

14-Human Plasma

The National Blood Transfusion Centre in Baghdagdplied the human
AB plasma. The plasma was transferred to the latwyran an ice box.

In the laboratory, the plasma was divided iniquats (5 ml) in sterile
test tubes. Some of these tubes were stored ifrgaeer (-20°C) until use Iin
the phagocytosis assay (Metcetlal., 1986). The other tubes were placed in a
water bath (56°C) for 30 minutes to inactivate tteanplement, and then
stored at -20°C until use in the micronucleus agSohmid, 1976). In both

cases, the plasma was filter-sterilized.

15-Gunia Pig Serum

The blood (5 ml) was collected from gunig py heart puncture in a
sterile test tube using a disposable syringe, aficat 4°C for 30 minutes to
agglutinate. Then the tube was centrifuged (2000) for 10 minutes, and
the serum was collected and stored at -20°C us&tluOne ml of the serum
was diluted up to 10 ml with HEPES-BSS (Solution. N@) in the plaque
forming cell assay (Myres, 1995).

16-Sheep Red Blood cell (SRBC) Suspension
The procedure of Myers (1995) was followedprepare the SRBC

suspension.
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The blood (5 ml) was collected in a sterile tesietfrom the jugular vein
and diluted with an equal volume of Alsever’s smint

The diluted blood was left in the refrigerator (3 ®vernight.

The blood was centrifuged (1000 rpm) for 15 minutasd the plasma
and buffy coat were discarded.

The SRBC pellet was collected and washed with HEBES at least
three times or until the supernatant was clear, iandach wash the
centrifugation speed was 2000 rpm and for 5 minubder that, the

deposited cells were suspended in HEPES-BSS asedgand stored in
the refrigerator (4°C) until used.

17- HEPES-Buffered Balanced Salt Solution (HEPES-BSH

Six stock solutions were prepared as follows:
First solution: Phosphate buffer was made by dissolving 22.9g+HP O,
and 19.5 g of KHPQ, in 950 ml of distilled water. The pH was adjusted
7.2 with KOH, and the volume was made up to 1000 ml
Second solution HEPES buffer was prepared by dissolving 80 g of
HEPES and 13.4 g of NaOH in 950 ml of distilled evatThe pH was
adjusted to 7.2 with NaOH, and the volume was magi® 1000 ml.
Third solution: Sodium chloride (9.83 g) was dissolved in 950 ofl
distilled water and the volume was made up to 1000
Fourth solution: Potassium chloride (12.5 g) was dissolved in 88mf
distilled water and the volume was made up to 1000
Fifth solution: Calcium chloride (12.45 g) was dissolved in 950 ah
distilled water and the volume was made up to 1000
Sixth solution: Magnesium sulfate (41.3 g) was dissolved in 9300fn

distilled water and the volume was made up to 1000

The HEPES-BSS working solution was prepared byragthe above stock

solutions in the following proportions:
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10 ml of first solution

30 ml of second solution
605 ml of third solution
20 ml of fourth solution
15 ml of fifth solution

5 ml of sixth solution

The solution was filter-sterilized (Millipore filte22 pm) and stored at 4°C
(Myers, 1995).

18-Leishman Stain
The Institute of Sera and Vaccine (Baghdag)plied a ready prepared

stain kit.

19-Phytohemagglutinin (PHA)
The Iraqi Center for Cancer and GeneticeBash (Al-Mustansryiah
University) and the Agriculture Research Centrenistry of Biotechnology)

supplied the PHA as a ready solution.

20-Heparin
The Baghdad Teaching Hospital suppliedstblation of heparin (5000
IU/ml), which was the product of Leo Pharmaceut{€¢nmark).

21-Trypan blue

One gram of trypan blue powder was dissblve 100 ml of normal
saline.The stain solution was filtred (Whattmatefilpaper No.3) before use
(Ad’hiah, 1990).
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22- Dose and Concentration of the Drug Cytosar

The Baghdad Teaching Hospital supplied the drugosayt
(Cytarabine), which was the product of Pharmacien@any (Belgium).

In the mammalian model, a dose of 1.54 mg/kg wstete Such dose
Is the recommended dose in the treatment of leuk@minumans (Company
Leaflet). While in human blood cultures, a concatbn of 125 pg/ml was
used. Such concentration has been found to be gaoah human blood
cultures (Ramakers-van Woerdeh al., 2000). In both cases, the drug
solution was diluted with distilled water to prepahe required dose and

concentration.

3-4: Laboratory Animals

Albino Swiss male micéus musculs) were the laboratory animals. They
were supplied by the Biotechnology Research Ca@tk&ahrain University).
Their age at the start of experiments was 8-10 weshkd their weight was 23-
27 gram. They were divided into groups, and eacligmas kept in a separate
plastic cage (details of these groups are givethénsection of experimental
design). The animals were maintained at a temperatu23 — 25°C, and they

had free excess to food (standard pellets) anadryadéibitum).

3-5: Experimental Design

The experiments were designed to eval@atesivo) the genetic and
immunological effects of sagextracts (aqueous and hexane) in albino male
mice, as well as, their role in modulating the genand immunological effects
of the anti-leukemia drug cytosar. Therefore, serchluations were carried out

through three stages.
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3-5-1: First Stage

In this stage, the genetic and Immunoldgittects of three doses of sage

extracts (aqueous or hexane) and cytosar were tigatsd. Therefore, the

animals were divided into five groups:

Group I: The animals were treated with distilled watergateve
controls of aqueous extract = 8 animals).

Group II: The animals were treated with sunflower oil (rega
controls of hexane extract = 8 animals).

Group Il : The animals were treated with cytosar at a dbéde53@
mg/kg (positive controls = 8 animals).

Group IV: The animals were treated with three doses of the
aqueous extract (83.9, 167.8 or 251.7 mg/kg) (2<hals).

Group V: The animals were treated with three doses ohthane
extract (83.9, 167.8 or 251.7 mg/kg) (24 animals).

The tested materials were injected subcutaneowsty single dose (0.1 ml)

per a day and for 7 days. Then the mice were szaulifin day 8 for laboratory

assessments. The total number of mice in this stage72 animals.

3-5-2: Second Stage

In this stage, interactions (pre- and ficssaitments) between the ideal dose

of both extracts (83.9 mg/ kg) and cytosar (1.54kagwere carried out. The

criterion of selection for the ideal dose was basethe approximation between

the values of total leucocyte count in the exttee#ted animals and negative

controls.

In pre-treatment interaction, the plant extract (aqueous or hexane)
was given for 6 days (single dose/day), while cgtosas given in
day 7, and then animals were sacrificed in day r8ldboratory

assessments. In both cases, the material was gulmutaneously
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(0.1 ml). The total number of mice in this interant was 32
animals.

* In post-treatment interaction, the animals was given cytosar on
day one, while the plant extract (aqueous or hexesms given in
day 2 till day 7 (single dose/day), and then angnwetre sacrificed
in day 8 for laboratory assessments. In both calsespaterial was
given subcutaneously (0.1 ml). The total numbemide in this
interaction was 32 animals.

For both treatments, control groups were pardllellee two types of

interactions, in which the plant extract was repthdy either distilled water

(aqueous extract) or sunflower oil (hexane extract)

3-5-3: Third Stage

This experiment was carried out to assess thresstgp immunological
reactions (Arthus reaction, delayed type hyperseitgi reaction and plaque
forming cell assay) in mice that were immunizeddperitoneally with 0.1 ml of
10% SRBC suspension. These reactions were assesdhd animals after a
subcutaneous injection (0.1 ml) of the plant iddake (83.9 mg/kg for both
extracts), cytosar (1.54 mg/kg), distilled wated aunflower oil in two types of
Immunization-interaction regimes (type | and typdaréatments). Details of the

two types of treatments are given in tables 3-3&Adrespectively.
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Table 3-3: Immunization-interaction regimes betwS&BC and the ideal dose of
aqueous and hexane extract, cytosar, distilledrveatd sunflower oil

in albino male mice (type | treatment).

1-7 M (either aqueous extract, hexane extract seytalistilled water or
sunflower oil)
8 Sheep Red Blood Cells (SRBC)
9,10,11 No injection
12 SRBC
13,14 No injection
15 Arhtus Reaction
16 Delayed type hypersensitivity + plaque formied<c
Total number of animals = 20 mice (4 animal forreamaterial of injection)

Table 3-4: Immunization-interaction regimes betw8&BC and the ideal dose of
aqueous and hexane extracts, cytosar, distilledrveaid sunflower oll

in albino male mice (type Il treatment).

1-4 M (either aqueous extract, hexane extract seytaistilled water or
sunflower oil)
5 M + SRBC
6-8 M
9 M + SRBC
10-11 M
12 Arhtus Reaction
13 Delayed type hypersensitivity + plaque formiedsc
Total number of animals = 20 mice (4 animal forreamaterial of injection)
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3-6: Laboratory Methods

3-6-1: Chemical Analysis of Plant Extracts
The chemical analysis of plant extracts (aqueous laexane) were
carried out at the College of Pharmacology (Uniigisf Baghdad) to detect the
following compounds:
» Alkaloids, saponins, terpenes, flavonoids and gdyd®s (aqueous
extract).

« Steroids (hexane extract)

3-6-2: Total Leucocyte Count

Blood samples were collected by heart punctuiagus disposable
insulin syringe (1 ml) precoated with heparin. Thethod of Haen (1995) was
followed, in which, an aliquot of 0.02 ml blood wasxed with 0.38 ml of
leucocyte diluent in a test tube, and left at raemperature for 5 minutes. A
drop of the mixture was applied to the surface etibauer chamber under the
cover slip, and the chamber was left for 3 minuiessettle the cells. The
leucocytes were counted in 4 large squares (eathlwismall squares), and the

total count of leucocytes was obtained using tlevieng equation:

Total Count (cell/cu.mm.blood) \LN“mbemf Ze"SCOU”te

dijOxlO

3-6-3: Differential Count of Leucocytes

One drop of blood was smeared on ancélide using another slide and
left to dry at room temperature. The smear wasmstawith Leishman stain for
5 minutes and buffered for 10 minutes, and thenhe@swith tap water. The
slide was air-dried, and then examined under amharsion lens (100X) (Haen,

1995). At least 100 leucocytes were examined, hadoercentage of each type
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was recorded, while the total count of each types wétained using the

following equation:

Total Count (cell/cu.mm.blogd: [Percentagef Cellsx Total Countj

100

3-6-4: Phayocytic Index

The evaluation of phagocytosis wasied out on phagocytes obtained

from the peritoneum of mice. The procedure of Miteh al., (1986) was

followed with some modifications.

1-

The animal was anaesthetized with chloroform, ahentinjected
intraperitoneially with 3 ml of normal warm salil§@7°).After that, the
abdominal region was massaged for 3 minutes.

The animal was dissected, and the peritoneal weis collected with a
pasture pipette and transferred to a clean test tub

The tube was centrifuged (2000 rpm/minutes) foributes.

The cells were suspended in 1 ml of normal saloented and their
number was adjusted to %Il /ml. Also, the cell viability was assessed
using trypan blue stain.

To carry out phagocytosis, 0.2 ml of cell suspemsi@1 ml of heat-
killed yeast suspension and 0.1 ml of human pla&Biavere mixed in a
test tube and incubated in a shaking water batt(Q37

After 30 and 60 minute incubations, smears wereerad the slides
were air-dried, and then stained with Giemsa dtaidl5 minutes.

The slides were examined under oil immersion 1&@9X), and at least
100 yeast-phagocytic and non-phagocytic cells wanelomly counted.
The phagocytic activity was expressed as a phagoogtex, which was

calculated using the following equation:
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Phagocytic Index (%) £ Numberof PhagocyticCell
{ TotalCount

Sj x100

3-6-5: Metaphase Index Assay

Metaphase index was determined for cells abthifrom bone marrow
and spleen, following the procedure of Allehal., (1977). Each animal was
injected intraperitoneally with 0.25 ml of colcmel solution, and after 1.5 — 2
hours, the animal was sacrificed by cervical digtmn and then dissected to
obtain femur bone and spleen. The femur bone wa@m both ends, and its
cellular contents were collected in a test tubagisi disposable insulin syringe
(2 ml) and normal physiological saline (5 ml). T$@een was placed in a Petri
dish containing 5 ml normal physiological salinedahen punctured several
times with the needle of insulin syringe. The daliicontent was obtained by
repeated infusions of saline in the spleen, anthewy the cell suspension (5 ml)
was transferred to a test tube.

The cells of both organs were manipulated imralar way, and as follows:

1- The cells were gently suspended using Pasteurtejpahd the
tubes were centrifuged (2000 rpm/min) for 10 misute

2- The supernatant was discarded, and the cell depasisuspended
in 5 ml of a warm (37°C) hypotonic solution (KCl; 0.075 M). Then
the tubes were incubated in a water bath (37°CB@omin with a
gentle shaking every 5 minutes.

3- The tubes were centrifuged at 2000 rpm/min for 1@ute, and the
supernatant was discarded.

4- Five ml of the fixative solution was added a drojgewvto the cell
deposit with a gentle and a continuous mixing tokena
homogeneous cell suspension. Then, the tubes weubated in
the refrigerator (0°C) for 30 minutes,

5- The tubes were centrifuged (2000 rpm/min) for 1Gwutes, and

step 4 was repeated two times.
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6-

7-

8-

The cell deposit was well-suspended in 2 ml offtkegtive, and 4-5

drops of the cell suspension were dropped on axdede from a

height of about two feet.

The slide was air-dried at room temperature, andhley it was

stained with Giemsa stain for 15 minutes and ringgd distilled

water.

The slide was examined under oil emersion lens X),08nd at
least 1000 cells were examined. The percentage etdphase
cells (metaphase index) was recorded using theowall

equation:

Metaphase Index (%) ENumberfftMlztaphfsece”Sj x100
otalCoun

3-6-6: Micronucleus Formation Assay

To carry out the assessment of micronudieunsation, the procedure of

Schmid (1976) was followed, which is outlined i tiollowing steps:

1.

The mouse was sacrificed by cervical dislocationd ahen

dissected to obtain the femur bone. After cuttioghbends of the
bone, it was grapped from the middle with a forcepa vertical

position over the edge of a test tube, and thercéiialar content
was collected with a heat inactivated (56°C fom3@utes) human
AB plasma (2 ml) using a disposable insulin syringe

The test tube was centrifuged (1000 rpm) for 10ut@s, and the
supernatant was discarded.

The cellular deposit was gently mixed, and a timmear was made
on a clean slide, and air-dried at room temperature

The smear was fixed with absolute methanol for &uas, and
then air-dried at room temperature.

The smear was stained with Giemsa stain for 15 t@suand

rinsed with distilled water.
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6. The slides were examined under oil immersion |&@9X), and at
least 1000 polychromatic erythrocytes (PCE) weranmared for
the presence of micronucleus formation. The miccteus index

was obtained using the following equation:

Micronucleus Index (mic:ronucIeus/celI)(—'\lu'mt“?rOf Micronucld ]xlOO

TotalCountof PCE

3-6-7: Sperm-head Abnormality Assay (SHA)

The mouse was sacrificed by cervigslodation and then dissected to
obtain the epididymis, which was collected in agiRBsh containing 5 ml of
normal saline. The epididymis was dispersed wittreeps and a scalpel to free
the spermatozoa. The spermatozoa-containing salasetransferred to a test
tube, which was centrifuged (1000 rpm) for 10 masutThe supernatant was
discarded, and the spermatozoa deposit was gergheaded in 1 ml of normal
saline. A thin smear of the suspension was mada olean slide, which was
then air-dried at room temperature. The slide wased with eosin for 5
minutes, rinsed with distilled water and air-dri@tie slide was examined under
oil immersion lens (100X), and at least 1000 sp¢oa@a were inspected for the
morphology of their heads (Wyrobek and Bruce, 197H)e sperm-head
abnormality (SHA) index was scored using the folloyvequation:

SHA Index (%) =( Numberof Spermatozaewith AbnormalHead

x100
TotalCount

3-6-8: Arthus Reaction

After the immunization regimes presentedables (3-3) and (3-4), the
left foot pad was injected intradermally with 0.0% of 10% SRBC, while the
right foot pad was injected with 0.05 ml of nornsaline. After four hours, the

thickness of both pads was measured using a verared the difference
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represented Arthus reaction index, which was gimemits of millimeter (mm)
(Triolo et al., 1989).

3-6-9: Delayed Type Hypersensitivity
The index of delayed type hypersensitifiTH) was carried out as
outlined for Arthus reaction index, but the diffiece between the thicknesses of

both pads was measured after 24 hours.

3-6-10: Plaque Forming Cell Assay

The procedure of Myers (1995) was followeddetermine the plaque
forming cells (PFC). After carrying out the DTH ®x the mouse was
sacrificed, dissected and the spleen was collentad’etri-dish containing 5 ml
of HEPES-BSS. The spleen was dispersed to frelits, which were collected
in a test tube. The test tube was centrifuged (290 for 5 minutes and the
supernatant was then discarded, and the cells s@spended in 10 ml of
NH4CIl. The cell suspension was incubated in a watéh lad 37°C for 10
minutes, and then the cells were washed three twithsHEPES-BSS, and in
each wash the centrifugation speed was 2000 rpmirfbtes). After the third
wash, the cell deposit was gently suspended in df HEPES-BSS, and the cell
count was adjusted to 2.5 x 1€ell/ml. The cell suspension was kept in an ice
bath until the determination of PFC, which requiaggreparation of two agarose
solutions.

The agarose under-layer was prepared by dissolviigm of agarose in
100 ml of HEPES-BSS, using a boiling water bathehthe solution was
cooled to 45°C and divided into aliquots (2 mlxast tubes. The agarose over-
layer was prepared in a similar way, but the amofiagarose was 0.7 gm. Both
solutions were autoclaved and then kept in thegefator (4°C) until use.

To carry out the PFC assay, the tubes of botlroagalayers were
transferred to a warm water bath (45°C) to meltaparose. The agarose under-

layer was poured in a disposable Petri-dish (1.6.0¢ mm) to make a thin
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supporting layer, and then the dish was transfetwetthe refrigerator (4°C) to
solidify the agarose. While, the agarose over-layes mixed gently with 0.5 ml
of spleen cell suspension and 0.2 ml of 15% SRBpansion, and the mixture
was applied to the surface of agarose under-laytdra Petri-dish. The dish was
first incubated in the refrigerator (4°C) for 15maies, and then it was further
incubated in a water bath (37°C) for 60 minutesthgan, 2 ml of diluted Guinea
pig serum (1:10 with HEPES-BSS) were added, andirthdr 60 minutes
incubation in the water bath was carried out.

The Petri-dish was examined under a 10X immers@ms,| and an
inspection of cells that lysed SRBC was carried dhese cells were recognized
by a zone of lysis around them. At least, 100 gglith lysis zone and without)
were selected randomly for examination, and thegregage of cells that lysed
SRBC (PFC) was scored using the following equation:

PEC Index (%) :{Numberof Cellswith Lysis Zonej <100
TotalCount

3-6-11: Micronucleus Formation in the Blood of Leulemia Patients
3-6-11-1: Subjects

The subjects of this assay were patients (5 sud)j@dth acute lymphoid
leukemia (ALL), which were referred to the Baghdbelching Hospital for
diagnosis and treatment. The diagnosis was basedcbnical examination and
laboratory evaluations, which were carried outhsy ¢onsultant medical staff at
the hospital. The patients were Iraqgi Arabs, amilthge range was 25-40 years.
They were firstly diagnosed (January-April, 200&)d none of them was under
treatment. A further five healthy subjects (congmup) were also investigated.
They were university staff and students that hadlistory or signs of leukemia,

and matched with patients for ethnic backgroundayel
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Peripheral blood (5 ml) was obtained under asegiditions from each

subject by a venepuncture using a disposable sypngcoated with heparin. The

blood sample was placed in a cool box and trareddeto the laboratory.

3-6-11-2: Treated Groups

This experiment was designed to assesvitro the effects of three

concentrations of sage aqueous extract (250, 50Q000 pg/ml) and one

concentration of cytosar (125 pug/ml) in inducingcranucleus formation in the

cultured blood cells of patients and controls. Efee, eight cultures were set—up

for each subject:

Culture Number 1. The culture was treated with 250ug/ml of sage
aqueous extract.

Culture Number 2: The culture was treated with 500 pg/ml of sage
aqueous extract.

Culture Number 3: The culture was treated with 1000 pg/ml of sage
aqueous extract.

Culture Number 4: The culture was treated with 125 pg/ml of cytosar
Culture Number 5: The culture was not treated with any material
(negative control).

Culture Number 6: An interaction between sage aqueous extract (@H0
/ml) and cytosar (125 pg/ml) was made.

Culture Number 7: An interaction between sage aqueous extract (&P0
/ml) and cytosar (125 pg/ml) was made.

Culture Number 8: An interaction between sage aqueous extract

(1000pg/ml) and cytosar (125 pg/ml) was made.

3-6-11-3: Micronucleus Test Cultures

The procedure of Al-Sudany (2005) was followadwhich, 2 ml of

RPMI-1640 culture medium were supplemented with-@3L ml of PHA, and
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then 0.5 ml of blood was added to the culture t(dagtures number 4 and 5),
together with 0.1 ml of the plant extract (cultimambers 1, 2, 3, 6, 7 and 8). The
eight cultures were incubated at 37°C for 72 howtsle in cultures numbers 4,
6, 7 and 8, 0.1 of cytosar (125 pg/ml) was addedr & period of 24 hours
incubation, and, then the incubation continued w@2 hours as in the rest of
cultures.

After 72 hours incubation, the culture tubes wesetafuged (800 rpm) for
5 minutes, and then the supernatant was discarttha cell deposit was gently
suspended in 5 ml of a warm (37°C) hypotonic KAusgon (0.1M). The cell
suspension was incubated in a water bath (37°CB@Gominutes with a gentle
mixing every 5 minutes.Then, the suspension wasriteged (800 rpm) for 5
minutes, and the supernatant was discarded. Thesilepas suspended in a few
drops of a cold fixative (4°C), and the volume waade up to 5 ml with the
fixative. The fixed cell suspension was incubatedhie refrigerator (4°C) for 30
minutes, and after that, it was centrifuged (8Q@)rfor 5 minutes. The process of
fixation was repeated two times, and by then this eeas suspended in 1 ml of
the fixative.The fixed cells were smeared on arcigale, and left for air-drying.
The slide was stained with Giemsa stain for 15 meisuand then rinsed with
distilled water, and finally it was air-dried.

The slide was examined under oil immersion lenX)0 and the cells
were inspected for the formation of micronucleustotal of 1000 cells was
randomly examined, and the micronucleus index wasesl using the following

equation:

Micronucleus index (micronucleus/cell) (—Numbemf Micronucld ]xlOO

Total Countof Cells
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3-7: Statistical Analysis

The values of the investigated parameters werengiwvderms of mean +
standard error, and differences between means a&sessed by analysis of
variance (ANOVA) and Duncan test, using the compuyiegramme SPSS
version 7.5.The difference was considered sigmfieghen the probability value
was equal or less than 0.05.

A further estimation was also given; it was treatiefficiency (Perez-
Serrancet al., 1997), which was calculated according to thiefaihg equation:

A-B
B

Treatment efficiency :E jxloo

A = Treated groups (plant extracts or cytosar).
B = Negative control groups (distilled water or Sower oil).
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Chapter Two

Literature Review

2-1: Medicinal Plants
Plants are the oldest friends of mankind. Thetyamdy provided food and

shelter but also served the humanity to cure diffeailments, and according to
the world health organization (WHO), about threeugers of the world
population relies upon traditional remedies (maimybs) for the health care of
its people (Calixto, 2005). Historians from all anal the world have produced
evidence to show that apparently all primitive despused herbs, and often in a
sophisticated way. Quinine from Cinchona bark wseduto treat the symptoms
of malaria long before the disease was identifeed] the raw ingredients of a
common or garden aspirin tablets were a popularkghar for far longer than
we have had access to tablet-making machinerygiBi@nd Vlietinick, 2005).
By the middle of the nineteenth century at leas¥%86f all medicines were
derived from herbs. Even today, many pharmacolbgieases of drugs include
a natural product prototype. Aspirin, atropinejnagsinin, colchicine, digoxin,
ephedrine, morphine, physostigmine, pilocarpinenige, quinidine, reserpine,
taxol, tubocurarine, vincristine, and vinblastine & few examples of what
medicinal plants have given us in the past (GuakHf, 2005). Most of these
plant-derived drugs were originally discovered tigl the study of traditional
cures and folkloric knowledge of indigenous peapie some of these could not
be substituted despite the enormous advancemeaghthetic chemistry (Gilani
and Atta-ur-Rahman, 2005). In this regard, s&gpvia officinalis) is a further
subject of medicinal plants, and the literaturesrash in overwhelming us with
its medicinal uses (Boltat al., 2000; Ninomiya et al., 2004; Lima et al., 2005).

2-2. The Plant Sage (Salvia officinalisL.)

Numerous species of the gerfa@via have been employed since ancient

times in folkloric medicine and subjected to aneasive pharmacognostic
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research to identify their biologically active cobumds. Sage has a very long
history of effective medicinal uses and is an int@or domestic herbal remedy
for disorders of the digestive system. Its antieegualities make it an effective
gargle for the mouth where it can heal sore thr@ad ulcers. The leaves
applied to an aching tooth will often relieve thairp The whole herb is
antihydrotic, antiseptic, antispasmodic, astringeatminative, stimulant, tonic
and vasodilator. Sage is also used internally il tiieatment of excessive
lactation, night sweats, excessive salivation laBarkinson's disease), profuse
perspiration (as in tuberculosis), anxiety, depogssfemale sterility and
menopausal problems (Phillips and Foy, 1990). E=tiéy, it is used to treat
insect bite, skin, throat, mouth and gum infectiansl vaginal discharge. The
essential oil from the plant is used in small ddasegmove heavy collections of
mucous from the respiratory organs and mixed inrendiions for treating
rheumatism. In larger doses, however, it can capdeptic fits and giddiness.
The leaves make excellent tooth cleaners, havsegtit properties and can heal
diseased gums (Genders, 1994).

2-2-1: Common Names and Classification

In English literature, several common names ared use describeS.
officinalis, for instance, sage, garden sage, narrow-leaveid \whge, meadow
sage, true sage, scarlet sage, broad-leaved vagéeasd kitchen sage (Simen
al.,1984). However, from the point view of taxonorsjsthe plant follows the
following classification (Internet I):

Kingdom:

Plantae
Sub-kingdom: Tracheobionta
Superdivision: Spermatophyta
Division: Magnoliophyta
Class: Magnoliopsida

Sub-class: Asterdia



Order: Lamiales
Family: Lamiaceae (labiates)
GenusXlvia

SpeciesSalvia officinalis L.

2-2-2. Plant Description and Distribution

Sages a herbaceous annual plant with a strong roa.stém is sturdy and
branched with length between 15-30 cm. Leaves &g tp silver-green with a
velvety texture. The flowers are white, blue orper which bloom from late
winter to early summer. Each flower has four car@hd a calyx smaller than
the corolla with purple tints, while the ovary hag fusion parts and the peel
consists of four nutlets, each one contains one ¢$Emgyure 2-1) (Jones and
Luchsinger, 1987).

Figure 2-1: The plant sag8. Efficinalis) (Internet Il).

The plant is distributed in tropical regions andgitndigenous in Southern
Europe, in which it is planted for its medicinadagarden purposes. The plant is
also cultivated and collected from the wild in Afe Turkey, Italy, Greece,
Spain and the United States of America. In Irag fhant is distributed in
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different regions, but it is more common in Westeegions (Chada, 1976;
Simonet al., 1984).

2-2-3. Chemical Constituents
Chemical analyses of sage revealed that the panth in the following
constituents:

» Essential oils: The principal components are monoterpenoids) ase-
thujone, B-thujone, camphor and 1,8-cineole, together with
sesquiterpenes such ashumulene,3-caryophyllene and viridiflorol
(Pitatevicet al., 1984; Lawrence, 1992).

* Hydroxycinnamic acid derivatives. Principally, they are presented by
caffeic acid dimer rosmarinic acid. Caffeic acimnirs (melitric acid A,
methyl melitrate A, sage coumarin and salvianotid &) and a tetramer
(sagerinic acid) have also been isolated. Collettjvthese and similar
compounds are sometimes described as “tannins” eMerythey are not
genuine tannins in the sense of condensed tanprioar(thocyanidins) or
hydrolysable tannins (gallo- and ellagitannins)h&thydroxycinnamic
compounds are also present, including 6-feruloytgée and a
polyalcohol derivative of it, three hydroxycinnamiesters of
disaccharides and free caffeic acid @wal., 1999).

* Phenolic diterpenes. Carnosic acid, a tricyclic diterpene, occurs in the
fresh leaves and to some extent in the dried leamdscertain types of
extracts. However, carnosic acid is fairly unstabred readily auto-
oxidises to form lactones, especially the bittetiteg lactone carnosol. In
turn, carnosol can degrade further to produce gbthenolic diterpenes
with lactone structures, such as rosmanol, epirasima 7-
methoxyrosmanol and galdosol, which have been iftkshtin sage
leaves (Kavvadiaset al., 2003).



Triterpenes. They occur as pentacyclic triterpene acids, whica a
mainly ursolic acid and oleanolic acid, and th&etpene alcohola- and
B-amyrin (Wanget al., 2000).

Flavonoids: Principally, they are flavones and their glycesdLu and
Foo, 2000).

Phenolic glycosides: They represent a diverse range including, pi¢&in
hydroxyacetophenone glucoside), 4-hydroxyacetophede(6-apiosyl)-
glucoside, ciss and trans-p-coumaric acid 4-(Zapiosyl)-glucoside,
isolariciresinol 3-glucoside and 1-hydroxypinoresih-glucoside (Wang
et al., 2000).

Polysaccharides. Crude fractions rich in water-soluble arabinogalast
high molecular weight pectin and glucuronoxylaratetl
polysaccharides have been isolated from the geaids of sage (Capek
etal., 2003).

Other constituents include small amounts of benzoic acid derivatives
(p-hydroxybenzoic, gentisic, syringic and other agidsd phytosterols

(B-sitosterol and stigmasterol) (Kennegtyal., 2006).

2-2-4. Biological Potentials

Several biological potentials have described fffegknt extracts of sage or

its natural products. They can be summarized iricdhewing:

Antioxidant activity: The leaf extracts exhibit strong antioxidant atyivi
largely attributable to various phenolic constitisemcluding phenolic
diterpenes such as carnosol and hydroxycinnamid a@rivatives,
notably rosmarinic acid (Lamaisast al., 1991; Wang et al., 2000). In a
carotene bleaching test, the antioxidative actigitya dry acetone extract
from leaves was found to be 101-116% of that ofsyrehetic antioxidant
butylated hydroxytoluene (Dapkevicigsal., 1998). Lipid peroxidation
in both enzyme-dependent and enzyme-independentsystems were



inhibited more effectively by a dry 50%-methanodigtract from aerial
parts of leaves than bg-tocopheryl acid succinate (as a positive
control).The antioxidant activity was attributed img to phenolic
compounds, rosmarinic acid being the main contabuatue to its high
concentration in the extract (Hohmaenal., 1999; Zupko €t al., 2001).
Recently, it has been demonstrated that the lea¢@gs extract of sage
can improve the antioxidant status of livers inenand rats (Limat al.,
2005).

« Antimicrobial activity: Antiviral, antibacterial and antifungal activisie
of sage have been demonstrated. With respect teirahtpotentials,
extracts of the plant were effective in the treattrad hepatitis B virus
(Xiong, 1993), vesicular stomatitis viral infectigBivropoulouet al.,
1997) andHerpes labialis (Saller et al., 2001). As antibacterial,
different extracts of sage were effective againgfem@nt Gram-
negative, as well as, Gram-positive bacteriBac{llus subtilits,
Echerichia coli, Saphylococcus aureus, Salmonella typhimurium,
Proteus mirabilis and Morganella morganii) (Hammeret al., 1999;
Bariceviv et al., 2001; Pereira et al., 2004; Rios and Recio, 2005).
Similarly, different fungus specie8dtrytis cinerea, Ehrysanthemum
morifolium, Trichophyton mentagrophytes and Epidermophyton
floccosum) showed a sensitive response to the volatile exisacted
from sage (Catret al., 1996; Al-Khaphagi, 2000).

* Antimutagenic and antitumor activities: Salvia is considered as plant
that has chemical constituents with antimutagemd antitumour
potentials. In this regard, 18 compounds were tedlfrom the species
Salvia miltiorrhizae and tested for their cytotoxicityn vitro against
cancer cells from colon, lung, ovary and skin. Tésults revealed that
such compounds were effective in inhibiting thelifecation of these
cells (Satoet al., 1992: Ryuest al., 1997). Such findings were further

confirmed on mice with induced skin tumor, and tbenclusion
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favoured that the plant compounds are cytostatteerathan cytotoxic
(Gali-Muhtasib and Affra, 2000). However, cytotoxand DNA-
damaging effects of diterpenoid quinones from thets of sage on
cultures of colonic and hepatic human cells havenldemonstrateih
vitro (Santos-Gomest al., 2002). Furthermore, sage extracts with in
vivo antimutagenic effects have also been repofdgosevic and
Blagojevic, 2005).

 Immunological activity: Immunostimulant and anti-inflammatory
properties have been suggestadvitro andin vivo for extracts and
compounds of sage. It was demonstrated that sagacex(hexane or
chloroform) inhibit induced ear edema in mice byton oil, therefore
anti-inflammatory effects were suggested (Baricegical., 2001).
Isolated polysaccharides from sage leaves weretefein enhancing
the lymphocyte transformation (Capetkal., 2003), while Ebringerova
et al., (2003) considered the sage polysaccharides asum®
modulators with a high adjuvant activity. In a het study, the plant
aqueous extract of aerial parts showed mitogenit @mmitogenic
activities on human peripheral blood lymphocyted &t thymocytes
(Capek and Hribalova, 2004).

2-3. Leukemia

Leukemias are group of malignant disorders of thenmatopoietic tissues
that are characteristically associated with ina@dasumbers of leucocytes in
bone marrow and/or peripheral blood. The coursleutemia may vary from a

few days or weeks to many years, depending on y{the of disease (John,
2000).



2-3-1: Incidence of Leukemia

The worldwide incidence of all types of leukemiatire populations is
approximately 10 per 1000000 per year. Males dext#d more frequently than
female at ratio of 3:2 in acute leukemia and 2:Iclmonic leukemia. Acute
lymphoid leukemia accounts for 20-25% of all repdrtases of leukemia, and
60-70% of these cases occur in children, while &M% of cases occur in
adults. In contrast, acute myeloid leukemia is @ihadisease of adults (Haen,
1995; Pekham et al., 1995; Behrman €t al., 1998; Edward and Boucher, 1999).

2-3-2: Aetiology
The aetiology of leukemia is unknown but severagdi of evidence do
suggest that the disease is a result of interactetween several factors:

I: Viral infections. Virally induced tumors are well-recognized, and
shared expressed antigens by tumors induced bysdhee virus have been
documented. For instance, when mice are injectatl willed cells from a
particular polyoma-induced tumor, the recipient® grotected against a
subsequent challenge with live cells from any polgenduced tumor.
Additionally, in human Burkitts lymphoma, cells leabeen shown to express
nuclear antigen of Epstein-Barr virus (Ricard, 2000

I1: lonizing radiations. X-ray and other ionizing radiations are the first
agents, which are associated with an increased afiskukemia. This was
apparent in the survivors of atomic bomb explosioHiroshima and Nagasaki,
furthermore, an evidence of low dose irradiatioduiced leukemia has been
presented (Henshagtval., 1990). Moreover, patients who received radiatpgr
for malignant disease may have a greater changevielop leukemia (Granfield
and Bunch, 1995).

1. Chemicals: Different types of chemical have been suspected as
cause of leukemia. For instance, benzene and petrotlerivatives, alkylating
agents, paints, herbicides and pesticides have associated with increased

risks of leukemia (Freibert and Susan, 1998)



| V-Genetic factors. Family based evidences have suggested that idéntic
twins have much more chance to develope the disgase compared with the
general population (Behrmanal., 1998). In agreement with this scope, genetic
studies of several leukemias have identified a remds genes that must be
mutated in order to trigger the development of &xala or maintain the growth
of malignancy. In this regard, the term oncogerees lbeen introduced, and the
products of such mutated DNA sequence play a nolee formation and growth
of malignant tumors (Shovliet al., 1999). Proto—oncogenes are defined as
normal cellular genes that are involved in a norcedll differentiation, and have
the potential to contribute to the induction of igaant tumors when their
structure is altered due to:
1. Mutation in DNA that either induced or spontanedMsartein et al.,
1999).
2. Chromosome rearrangements like translocationsvarsmons (Croce and
klein, 1984).

3. Gene amplification that involves oncogenes (Alitetlal., 1983).

2-3-3. Classification

Leukemia is clinically classified into two categesj acute rapidly
progressing disease (the history is usually bried &fe expectancy, without
treatment, is short) and chronic slowly progressmglti-staged disease (the
patient may have been unwell for months, and sahis usually measured in
years). Undifferentiated, proliferating and immatucells characterize acute
leukemia, whereas chronic leukemia involves moftemintiated cells. Chronic
leukemia is subdivided into chronic lymphoid leukanqCLL), which results
form proliferation of non-functional lymphocytesydachronic myeloid leukemia
(CML), which is a malignant transformation of theyetoid stem cell. Neither
terms refer to severity of the disease, but dementhe type of cell involved in
the malignancy(Goldman and Tarig, 1999; McGuire and Kazakoff, 1999;
Sarasins, 2003)
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As in chronic leukemia, acute leukemia is also suddd into lymphoid
(ALL) and myeloid (AML) (Richmann, 2000). The formdeukemia was

investigated in the present study.

2-3-4. Acute Lymphoid Leukemia

Acute lymphoid leukemia (ALL) is a malignant traoshotion of
lymphoblasts, characterized by excessive accumoualabf lymphoblasts and
their progenitors in the blood. The disease is gbuo arise from a clonal
proliferation of a precursor cell that had undemangenetic alternation leading
to an unregulated growth and arrested differentia{iRichmann, 2000). The
malignant cells in ALL are lymphoid precursor cellymphoblastic) that
replace the normal marrow elements resulting inkethrdecrease of normal
blood cells, therefore, anemia, thrombocytopenid meutropenia are occurred
with varying degrees (Seiter, 2001).

2-3-4-1: Incidence

The incidence of ALL varies, and depends on age asel race; however,
it is more common in children (80% of ALL) than #3u(20% of ALL), and
boys have much more chance to develope the digkasegirls. The survival
outcome depends on race, and in this respect itbkas demonstrated that
Negro children have a lower survival rate than @atan children (Friebert and
Susan, 1998). In Iraq, it has been recorded thatiticidence of ALL is
increased during the period 1991-1998, especiallyhe ages between 1-10
years (Mukheef, 1999).

2-3-4-2: Aetiology:

There is no specific factor which can be considasdn aetiological agent
of ALL. Several observations may suggest the rblgemetics, environment or
an interaction between them. Genetically identivehs have shown much

higher concordance rate to develop leukemia thaygdtic twins (Friebert and
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Susan, 1998). Some environmental factors like mateand paternal exposure
to radiation have also been suggested (Uckenah, 1998). However, the most
accepted theory is the interaction between envieortad factors and genetic
make-up that cause new DNA sequences or rearramgerniet contribute to
the development of malignant conditions such as A(&oldman and
Tarig,1999).

2-4. Antineoplastic (Chemotherapeutic) Agents

Antineoplastic agents (cytotoxic drugs) are usedthe treatment of
malignant diseases when radiotherapy and surgermpatr possible or they are
not effective. The aim of cytotoxic therapy is tamluce a remission (absence of
any clinical conventional laboratory evidence of tlisease) and to eliminate
the hidden leukemia cell populations by coursesa afonsolidation therapy
(Reynolds, 1989)

The chemotherapeutic agents have been categonzédurance (1996)
into three groups:

1. Cycle specific agents, which kill only cells thae actively cycling such
as antimetabolite agents.

2. Phase-specific agents, which kill only cells that @ a particular phase of
the active cycle.

3. Cycle-non specific agents, which kill cells wheathesting or actively
cycling such as alkalyting agents.

In leukemia, the main treatment is chemotherapyd ane of these
therapies is the drug cytosar, which is groupeceutize antimetabolite agents.
It is a pyrmidine antagonist, which is known witther names, for instance
cytarabine and cytosine arabinoside (Naetdyl., 1999).

Cytosar is a cytotoxic agent to a wide variety gflifferating mammalian
cells in culture. It inhibits cell cycling phasesdaspecifically G1-phase to S-
phase and it has been suggested that cytosahauigh the inhibition of DNA
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polymerase. However, the balance of kinase and iteam level may be
important factors that determine the sensitivityl apsistance of the cell to
cytosar (Frei and Bodey, 1973).

Metabolically, cytosar is converted intracellularyo nucleoside
triphosphate, which is an inhibitor of DNA polymseaand is also incorporated
into DNA, where it terminates the strand elongatiknfe et al ., 1984). Such
activation is carried out by two intracellular enms; cytidine deaminase and
deoxycytidylate deaminase. The activity of cytodepends on the intracellular
phosphorylation by the enzyme cytoplasmic deoxydiyie kinase, which
affects the formation of cytosar nucleoside trigitege (Hande and Chabner,
1997; Beutler et al., 2001).

Acquired cytosar resistance in experimental leuksmesults from the loss
of deoxycytidine kinase, which is the initial a@iing enzyme in the cytosar
pathway (Owenst al., 1992). Other changes are also implicated in mxeatal
tumors including decreased drug uptake, increagadnohation and increased
pool size of competitive deoxycytidine triphosph@t@annun, 1997). Such drug-
resistance studies have paved the way to seeknatlter medicines as a
treatment of leukemia, and the medicinal plants it natural products are
candidates in this regard, which have been theestibf an intensive research,
moreover, most chemotherapies including cytosarmauwgagens that have the
potential to cause chromosomal aberrations and sthectural changes in the
DNA material (Umemot@t al., 2000; Mukherjeeet al., 2001).

2-5: Investigated Parameters

Cytogenetic analysis have been employed wideldetect the effect of
mutagens and carcinogens on the genetic make-ug.isbarried out using
vivo andin vitro systems. Chick embryos were the first to be @lim vivo
analysis (Bloon and Hsu, 1975), but later mice bexthe animals of choice in
such experiments due to their fast reproductiorglissize and easy handling,
moreover, they represent a typical mammalian sygtéamunget al., 1990).In
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vitro studies generally employ live cells of a mammalaigin, and in this
regard the lymphocytes are the cells of choicenirestigating the mutagenic
effects of some agents (Nadhal., 1988).

2-5-1: Mitotic Index

Many studies that determine the activity of immuiystem and the effect
of different agents on it depend on the abilityyohphocytes to proliferate in
lymphoid organs and/or depend on dividing cellbohe marrow because it is
the source of all blood cells (Hughes, 2001). Mditandex assay is defined as
the ratio of the numbers of cells in a populatiodergoing mitosis to the total
numbers of cells (Gosti al., 1991). Therefore, by the employment of this yssa
the effect of different physical and chemical age the mitotic response can
be detected, and studies have revealed that thegicnihdex can be affected
negatively or positively by chemicals, radiationsyugs and medicinal plants
(Ad’hiah et al., 2001a; Ad’hiah et al., 2002; Ad’hiah et al., 2004; Ad’hiah et al.,
2006).

2-5-2. Micronucleus Formation

Micronuclei are cytoplasmic chromation masseth the appearance of
small nuclei that arise from chromosome laggingreiphase or from acentric
chromosomal fragments (Tiahal., 2003).

Evanset al., (1959) employed the micronucleus assay to meatw
cytogenetic damage induced in the dividing cellsawft tips by fast neutrons
and X-ray in the presence and absence of oxygemvalt found that all
chromatid and chromosome breaks will give rise ten&ric fragments at
mitosis, and these fragments are excluded frond#wghter nuclei and appear
in follwoing interphase as micronuclei.

Schroder (1966, 1970) recommended the uskeoné marrow smears to

detectin vivo genetic damage induced by chemical mutagens amdrirated
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the occurrence of micronuclei in bone marrow cefls connection with
cytogenetic damages.

von Ledebur and Schmid in 1973 reached ¢imelasion that the incidence
of micronucleated polychromatic erthrocytes (PCEgswparticularly useful
index of anin vivo bone marrow cytogenetic damage, and such fincongned
the basis to develop a simpia vivo assay based on an identification of
micronuclei in PCE of mouse bone marrow. Since tineginy researchers have
employed this assay for the assessment of mutageffects induced by
different mutagens (Martino-Roti al., 2003; Ad’hiah et al., 2006).

2-5-3: Sperm-head Abnormality Assay

The entire process of sperm formation, from spevg@tia to spermatozoa
is reffered to as spermatogenesis, which occuthanseminiferous tubules of
the testis (Seelyt al., 1996). The stem cell (spermatogonia) is divided
mitotically to give primary spermatocytes that urggemieosis | to give rise to
haploid secondary spermatocytes that undergo nsi¢lo® produce spermatids.
The spermatids are then transformed to spermatdzpaa series of
morphological changes (Hafez and Hafez, 2000). &hmgents are under a
genetic control, especially the morphological crem@gvolved in sperm head
formation. Therefore, an assay was developed tectejenotoxic effects
induced by physical and chemical agents. The assases the percentage of
sperms with abnormal head morphology. Such morghcdd changes are
dependent on the stage of spermatogenesis. Ifahermality appeared at the
end of first week post-treatment, it means thatgéeetic abnormality occurred
in the stage spermatid formation, while if the atomality appeared after 3-5
weeks post-treatment, it means that the abnormatiturred in the stages of
spermatocytes or spermatogonia. Therefore, thisitessbeen qualified to assess
the mutagenic effects of chemical and physical gertain vivo (Topham,
1980; Al-Rubaiey, 2000).
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2-5-4: Total and Differential Counts of L eucocytes

Leucocytes are considered as the active cellsmying out the functions
of the immune system, both non-specifically andcgmally, and their count
may give a general picture about the function ef ithmune system (Lydyard
and Grossi, 1998).These cells are originated inbth/@e marrow through two
cell lineages; myeloid progenitor and lymphoid moigor, which give rise to
the five types of leucocytes (neutrophils, lymphesy monocytes, eosinophils
and basophils). Each type of these cells is comateht carry out an immune
function. The neutrophils are mainly involved iretimnate immune system to
carry out phagocytosis, while lymphocytes represkathumoral and cellular
arms of specific immunity. Monocytes are involvea icarrying out
phagocytosis, but they are also professional amjpgesenting cells. Eosinophils
are involved in allergic and inflammatory reactipres well as, parasitic
infections. Basophils release histamine, heparid aame pharmacological
mediators of immunological reactions (Kramer, 2003)e to these diverse
immunological functions, the normal counts of letydes (total and differential)
can be deviated by infections, radiations, envirental pollutants, drugs and
products of medicinal plants (Ad’hiaé&t al., 2001b; Ad’hiah et al., 2002;
Ad’hiah et al., 2004; Ad’hiah et al., 2006).

2-5-5: Phagocytosis

Phagocytosis represents the non-specific cellabanune response, which
is carried out mainly by neutrophils and monocytElsese cells function to
engulf and attack particles in the host that hasenbsignaled for removal by
various mechanisms (Asmis and Jelk, 2000). Botls @&ln migrate from the
blood stream to the site of infections in respalesgome chemo-attractants (i.e.
C3a and Cb5a), but the monocytes (also known asaphages in tissues) can
migrate back to the secondary lymphoid organs whtexg act as professional
antigen presenting cells. Phagocytes are then enctils and roam throughout

the bloodstream, the lymphatic system and non-Vasdissue in search of
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particles to engulf. When a non-self particle is@mtered, it is taken into the

phagocyte, combined with destructive compounds dasdtroyed (Hughes,

2001). This process, termed phagocytaamsolves several discrete steps

1. Detection of the foreign particle and movementhaf phagocyte to
the area as a response to chemo-attractants.

2. Attachment of the foreign particle to the phagocyt®uch
mechanism is enhanced by IgG and C3b (opsoninsguse, the
phagocyte expresses surface receptors for them.

3. Engulfment or ingestioof the foreign particle.

4. Fusion with lysosome and formation of the phagatgsoe.

5. Intracellular killing and digestion, which are aad out through
two chemical pathways; oxygen-dependent and oxygen-
independent killing.

6. In the case of macrophages, epitopes of the ertjobigect are
presented to the lymphocytes in the secondary lympbrgans.

Several investigations have suggested that phagsisytan be modulated
positively or negatively as a consequence of imdestor treatments with drugs,
chemicals, natural products and vitamins (Ad'heéatal., 2002; Al-Keenani,
2005; Abdullah, 2005; Maiekan, 2006).

2-5-6. Arthus Reaction

Arthus reaction is a type Il hypersensitivity réan, which is mediated by
immune complex formation in a second challenge \thth same antigen. The
immune complexes are formed between antibodieshendhallenged antigen in
the area of injection. Such formation leads to &le&vation of the classical
pathway of complement system, which in turn lead$hé generation of chemo-
attractants factors (C3a and C5a) that enhanaaidration of neutrophils to the
area of injection. As a consequence, a local inflabory response is generated

with the manifestation of a local erythema and osalafter 3-4 hours of the
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injection. Therefore, this assay can be successigeiployed to assess the
humoral immune response, as well as, the role ofesagents in modulating

such respons vivo (Szalaiet al., 2000; Cruse and Lewis, 2000).

2-5-7: Delayed Type Hyper sensitivity Reaction (DTHR)

Delayed type hypersensitivity reaction represerits fourth type of
hypersensitivity reaction (Type IV), which diffefeom Arthus reaction in the
immunological constituents that participate ingeneration. It is cell-mediated
reaction, in which a specifiv T-helper lymphocywtalled Tory, plays a major role
in its initiation together with macrophages. It occlocally after 24-48 hours of a
second challenge with the same antigen. Such meduired to activate the
Toth by the antigen that is presented by macrophagesycess that requires the
production of cytokines (IL-2, IFN-and tumour necrosis fact@)- These
cytokines stimulate the migration of more macro@satp the area of injection,
which in turn produce extracellular lysozymes tlaae responsible for the
inflammatory reaction in the area of injection. féfere, the DTHR is employed
to assess the cellular immune respansgvo (Mooreet al., 1999; Jacayanet al.,
2001).

2-5-8: Plague Forming Cells (PFC)

Jerne and Nordin developed the PFC assay in 1968the aim to detect
antibody-producing lymphocytes vitro. In this assay, mice are immunized with
a large inoculate of sheep red blood cells (SRECglicit a primary antibody
response. Lymphocytes then become sensitized t@athe number of antigenic
determinants on the SRBCs, antibody productionrsegand the titer of IgM
antibodies rises over a period of about four dalise¢t method). A second
challenge with SRBCs promotes the antibody-produaalls to produce IgG
(indirect method).  The immunized mice are thenriBaed, the spleen is
removed, and a single-cell suspension of spleds imade. These cells are

mixed with a suspension of SRBCs. The mixture oiporated into agarose
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support medium and poured as a thin layer in a Bisin. After an incubation
period at 37°C, sensitized lymphocytes secretdadies that difftuse through the
agarose and react with the indicator cells (SRBQ%)e formed immune
complexes (antibody-SRBC) are able to activate dlassical pathway of the
added complement. A clear area of lysis surrounthegantibody producing cell
Is then produced and called a plaque. Therefbieatssay is a good parameter to
estimate the antibody producing cells, and to tfesteffect of medicinal plants
and their products on this mechanism (Myers, 1995; Cruse and Lewis, 2000;
Rahimet al., 2003).
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