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AIJSTRACT 
The protccliw: effect of glutatltioue (GSH) a11d granulocyte colony stimulating factor (G-CSF) 011 mye

losuppression inducet! by 5-fluorouraci/ ( 5-FU) were compared in female mice. Tfte animals were divided 

into seven gro11ps. Group I ( 10 mice) received no treotment. group 2 ( /0 mice) received GSH (800 mgl 

kg) by inrmperi10neal rotae in daily doses for rlre first 7 days thell left untreated for cmotfler 7 days, a11d 

~JI'OIIJI J ( 10 mice) received G-CSF (250 11glkg) by subcuta11e0tts route in daily doses for the first 7 days 

tlt('/1 lc:ft tmtreated for u1eotl!a 7 days. Animnls iu sroups I. 2 wu! J were sacrificed on day 15. Group 4 

(20 mice} received a single dose -of 5-FU ( 160 mg!kg) by ;,ztraperiloneal route in t!le stft day, Group 5 

( 20 mict:) reccil'ctl GS/1 i11 dnily doses jrJr the first 7 doy.v followed by n .~ingle dose of 5-FU in the 8111 

dny, Graul' 6 (20 mict:) received G-CSF i11 daily doses fortlte first 7 days followed by o single dose of 5-

FU in the 8'11 dny and group 7 o{animnls (20 mice) rei:eit>ed da ily doses of botft GSH t1nd G-CSF for 

tl1e first 7 days follo wed by a single Hose of 5 -FU in the 8tll dny. Animals in groups 4, 5. 6 and 7 were 

di1·icled into 2 .wbgroups; subgroup a: 10 m ice were sacrificed 011 day 9 i. e. I clay after 5 -FU adminislru

tiou nnd subgroup b: 10 mice were sacrificed 0 11 day 15 i.e. !week after 5-FU administratio11. Mice were 

sacrificed by Clll throat all({ blood sainples were obtni11ed for determination of haemoto!ogical values; 

lwemoglvbilt ( Hb ). luwmatocrite value ( liCT). mean corpuscular haemoglobin concentration ( MCHC). 

mean corpit.~culur l'olume ( MCV), 'mean corpuscularlwemoglobin ( MCH), as well as total (TLC) and tlif 

fen:ntinl ( DLC) leucocyte cowtt. Theu dissection of mice was done ·where the right femurs were used for 

bon<' '"''rmll' cytology, w(,ile left femurs were used for bone marrow histopathology. In groups 5o given 

GSII pretreutmellt aud 6a gi ven G ·CSF pretreatme11t (where mice killed I day after 5-FU dose) prote<:

tion WIIS demoustrated regarding nertlropenia, bon~ marrow cytology and histopathology. lncompletC' 

protectiolt was revealed in mice recei11ed GSH prefreatment or G-CSF prelreatment and killed I week af

ter 5-FU dose (groups 5b and 6b respecti!Jely), while grm~ps la oud 7b give11 combiued GSH aud G-CSF 

pretreatment revealed uo protection . 
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INTRODUCTION 

There are two major types of sys
temic cancer therapy : chemotherapy 

ctr'ld bio1ogic therapy. Cancer chemothera

peutic agents <ire usually disci.1ssed in 
groups that reflect either the orig in of the 

drug or their predominant mechanism of 

;~cti. );.\. The major cl<:~sses of agents include 
the alkylating agents, antitumor antibio

tics, plant alkaloids, antimetabolites, hor

monal (lgonists cmd antagonists (Haskell, 
1995). 

The haemopoietic growth factor ( gra

nulocyte~~olony s timulating factor G-CSF) 

was proved to shorten the duration and 

· ... decrease the severity o f chem otherapy in

duced neutropenia (Liang, 2003). 

Antimetabolites are antineoplastic 

agents that are structurally and chemically 

sirr-Li lar to n«turally occurring ·compounds 
required for synthesis of purines, pyrimi

dines, and nucleic acids. Antimetabolites 

must be present at cytotoxic concentra

tions during DNA synthesis to be effective '" 

and thus tend to be cell cycle 5-phase spe-

cific drugs (Richard,1992 ). · · , · · 

5-fluorouracil (5-FU), is an antimetabo

lites, cmticancer agent which is used as an 

essential · part for the treatment of wide 

range of solid tumors. It has antitumor ac

tivi ty against epithelial malignancies aris

ing in the gastrointestinal tract , breast as 

well as the head and neck (Malet-Martino 

and Martino, 2002 ). As all the anticancer 

agents, 5-FU leads to several toxicities. 

Myelotoxicity is the major toxic effect in 

patients receiving bolus doses (Takimoto 
and Page, 2004). 
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Lamson and Brignall, (2000) demon-

strated the cytoprotective effect of glutath· 

ione (GSH) against chemotherapeutic 
agents . Kojima et al.(2003) suggested that 

glutathione could prevent the 5-FU

induced haemopoietic toxicities and accel

erate recovery from such toxicities. 

Cascinu et al.(1997) have used a combi

nation of both G-CSF and glutathione with 

intensive regimen of 5-FU, cisplatin and 

epi-doxorubic.in in advanced gastric can
cer, and they confirmed high activity of 

the regimen, with acceptable toxicity. 

The aim of the present study is to com

pare the protective effect of glutathione, 

granulocyte- colony stimulating factor or 

both on 5-fluorouracil induced myelotox

icity in mice. 

MATERIAL AND METHODS 

Drugs: 
5-fluorouracil (5-FU) 5m1 ampoules 

each contains 250mg 5-FU (Biosyn Arznei

mittel GmbH Fellbach, Germany). 5-FU 

was diluted with distilled water to give a 

final concentration of 10 mg/ml. It was 

given in a dose 160 mg/kg by intraperito-
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neal route (Friberg et al.,2000). 

L-Glutathione redttc'ed (GSH) powder, 

5gm/botlle . (SlGMA-A.LDRlCH,lncf w 'ris 

obtained from Egyptian International Cen

ter Importer Cairo, Egypt:.it was stored in 

tl~e 1·efrigerator. GSH was dissolved in dis

tilled water to given final concentr'atibn of 

80 mg/ml. It was given in a dose 800 mg/ 

kg by intraperitoneal route"(Kojima et al, 
2003) . .. . 

Filgrastim Neupogen {Granulocyte

Colony Stirnulating Factor "G-CSF") 0.5 ml 

prefilled syringe of 3001lg/ml concentra

ti6r~ (F.Hoffmann La Roche Ltd, Basel, 

Switzerland). It was stored in the refriger
afor:· G~CSF was diluted with distilled wa

ter to give a final concentration of 10 llg/ 

ml. It was given in a dose 250 }.!gikg by 

subcutaneous· route (Lord et al., 2001). 

·- Animals: 

1l1e study was carried out on 110 adult 

female mice with their weight ranged 27-

32 gm obtained from the Animal House of 

Mansoura Faculty of Pharmacy. Mice 

were chosen all females to alleviate the 

gender effect on the results (Doeing et al ., 

2003). The mice were housed in metalHc 

cages , fed a standard diet and allowed 
unlimited access to food and water under 

standard laboratory conditions. After a 

week of acclimatization to the housing 

conditions the mice were divided into sev

en groups housed jn separate cages. The 
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duration of the study v,ras 15 days during 

which mortality among inice was record

ed. 

Group 1 of animals·{to mice) received 

no treatment and served as control group, 

group 2 (10 mice) received GSH (800 mg/ 
kg) by intraperitoneal route in daily doses 

for the first 7 days then left untreated·~or 

another 7 days, and group 3 (10 mice) re~ 

ceived G-CSF (250 J.tg/kg) by subcutane·~ 
ous route in daily doses for the first 7 days 

then left untreated for another 7 days. Ani

mals in groups 1 , 2 <lnd 3 were sacri £iced 

on day 15. Group 4 (20 mice) received a 
single dose of 5-FU (160 mg/kg) by jntra

peritoneal route in the 8th day , Group 5 
(20 mice) received GSH in daily doses 

(800 mg/kg by intraperitoneal route) for 

the first 7 days followed by a single dose 

of 5-FU (160 mg/kg by intraperitoneal 

route) in the 8th day, Group 6 (20 mice) re

ceived G-CSF in daily doses (250 f,lg/kg b'y 

subcutaneous route) for the first 7 days 

followed by a single dose of 5-FU (160 

mg/kg by intraperitoneal route) in the 

8th day and group 7 of animals (20 mice) 

·received daily doses of both GSH (800 

mg/kg by intraperitoneal route) and ·c
CSF (250 ~-tg/kg by subcutaneous route) 

for the first 7 days followed by a single 

dose of 5-FU (160 mg/kg by intraperito
neal route) in the 8th day. Animals in 

groups 4 , 5 , 6 and 7 were divided into 2 

subgroups; subgr'oup a (10 mice) in which 

animals were sacrificed on day 9 i.e. 1 day 
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after S~FU administration and subgroup b 
(10 m ice) in which animals were sacrificed 

on day 15 i.e. 1 week after 5-FU adrninis

tr(l tion. Mice were sacrificed by the cut 
n1'roat ;11~thod. .• -' 

Samples colledi'on: · 
Blood samples (2ml,·each) were collect

ed in EDT A tubes ffom the mice cut 

throats after sacrifkation. The sample-s 

were_ ohtained from animals of subgroups 

4a,Sa,6a and 7a on day 9 from start of 

study. The rest of the samples were ob

tained from animals of gro~ps 1,2,3 and 

subgroups 4b,Sb,6b and 7b on day 15 from 

' the s tart of study. 

The following haematologicitl values 

were det,ermined ; haemoglobin (Hb) g/ 
dl, mean ~corpuscular haemoglobin con

centration (MCHC) g/ dl, mean corpuscu

lar volume (MCV) Fl (femoliter) ·, mean 

corpuscular haemoglobin (MCH) Peg (pic

togr<ll'n) meJsurcd occording to the meth

od o.f Riedinger and Rodak (1998), hae

matocri te value (Hct) % measured by 
microhaematocrit ·method (Dill an'd ·Co

still,1974) as well as total (TLC) and diffe

rential (DLC) leucocyte count measured 

according to the method of England and 

Bain (1976). 

After blood sampling, animals were 

dissected to obtain both femoral bones. 

The right one was used for bone marrow 

cytology according to the method of Koji-
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rna et al., (2003) , while the left one was 

used for histopathology according to the 

method of Anders·on and Bancroft, (2002). 

· Statistical analysis: · · · ' 

Statistical analysis of data was done by 

using Excel program ·(Office 2000) and 

SPSS (Statistical Pnckage of Socifll Sd~ 

ence), Windows 98, computer compatible 

IBM. The first part of data analysis was 

descriptive. The mean ± S.D. were used 

for description of frequency. 

The second part of the analysis was an

alytic: For quantitative data. Student'~ t 

test was used for comparison between two 

groups. A nova t test was used for compar

ing more than two groups followed by 

Post-Hoc test for testing the significant dif
ferent one. For qualitative data Kruskal

Wallis test was used for comparing more 

than two groups. P value was considered 

significant if< 0.05. 

RESULTS 

I) Haematological parameters and 
bone marrow cytology: Table (I) 

As regards TLC and bone marrow cy

tology it was found that groups 3 ( re

ceived G~CSF ), and 6a (received G-CSF 

before S~FU and killed 1 day later) have 

higher (i.e. better) values than the control, 

while other groups have lower values ( i.e. 
worse). TLC was higher also in group Sa 
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(received GSH before 5-FU and killed 1 
day later) than the control. The peripheral 

leukopenia and medullary myelosuppres

sion in this study are detected in mice re

ceived 5-FU either alone or with pretreat

ment of con1bined GSH and G-CSF and 

increased with progression of time. So, 
mice received 5-FU and killed after 1 week 

showed more myelosuppression than 

those received the same treatment but 
killed after 1 day. 

No significant difference was detected 

between the studied groups as regards 

Hb, HCT, MCHC, MCV, and MCH. 

Regarding the differential leucocytic 

count (DLC) it was noticed that neutroph

ils of all groups ha ve lower percentages 

(i.e . worse) than the control whereas lym

phocytes of all groups have higher per

centages (i.e. worse) than the control. In 
addition groups 3, 6a (received G-CSF be

fore 5-FU and kil1ed 1 day later) and 7b 

(received combined GSH and G-CSF be

fore 5-FU and killed 1 week later) showed 
higher eosinophil percentage than the con

trol, while other groups showed lower eo
sinophil percentage than contr"'l. For mon

ocytes percentage, the results of the 

present study showed that it was signifi

cantly lower in group 3 and insignificantly 

lower in all o ther groups when compared 

with control group. Basophils were nut de

tected in control group and in both group 

Sb (received GSH before 5-FU and killed 1 

Mrwsourn f. Forensic Med. Cliu. Toxicol. 
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week later) and 6b (received G-CSF before 

5-FU and killed 1 week Ia ter). The baso

phils percentage in group 3 (received G
CSF) was significantly higher compared to 

group 2 ( received GSH ) . 

As regards mortality rates among the 
studied mice no deaths were recorded in 

groups 1, 2, 3, 4a, Sa, 6a and 7a. The high

est mortality rate (70%) was observed in 

both group 4b (received 5-FU only) and 7b 

(received combined GSH and G-CSF be
fore 5-FU and killed 1 week later) fol

lowed by group 6b (received G-CSF before 

5-FU and killed 1 week later) (60%), then 

group Sb (received GSH before 5-FU and 

killed 1 week later) (50%): 

Comparison of haematological param

eters and bone marrow cytology in mice 

of groups 4a, Sa, 6a and 7n showed no sig

nificant differences between the groups in 

all the compared parameters except TLC 

and bone marrow cytology which was 

significantly higher in groups Sa and 6a 

versus group 4a and significantly lower 
in group 7a versus groups Sa and 6a (Ta

ble 3 ). 

Comparison of haematological parame

ters and bone marrow cytology in mice of 

groups 4b, Sb, 6b and 7b showed no signif

icant differences between the groups in all 

the compared parameters except the bone 

marrow cytology which was significantly 

higher jn group 6b versus group 4b and 
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significantly lower m group 7b versus 

group 6b (Table 4 ). 

Comp<1rison of haematological pa
rameters and bone marrow cytology in 

mice of groups 4b, Sb, 6b and 7b ( killed 
1 'week t1fter receiving d rugs) versus mice 
6f groups 4a, Sa, 6a and 7a (killed 1 day 
after receiving drugs) showed no signif
ict1nt differences except significantly 
lower TLC and bone marrow cytology in 

group Sb versus group Sa and group 6b 
versus group 6a , significantly lower neu
trophils percentage in group 4b versus 

group 4a and group 7b versus group 7a 
and significantly higher lymphocytes per
centage in group 4b versus group 4a (Ta·· 
ble 5). 

ll) Histopathological findings in bone 

marrow: 

Mice of groups (t 2, 3, 4a, Sa, 6a and 

7a) show no abnormal histopathological 

findings . Histopathological findings char
acteristic to 5-FU (hypocellularity, dilated 

sinusoids, interstitial haemorrhage, in
cre<lsed fat content and interstitial fibro

sis) are detected only in groups 4b, Sb, 6b 

and 7b. 

The survived mice of group 4b show se
vere hypocellularity and dilated sinusoids. 
Two of them show increased megakaryo
cytes, one shows decreased megakaryocy
tes (Figure 1), one shows increased fat con

tent and interstitial haemorrhage (Figure 

Mmtsoura f. Fo1·ensic Med. Clin. Toxicol. 
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2) and one shows interstitial fibrosis (Fig

ure 3). 

In group Sb two out of the five (40%) of 

survived mice reveal mild hypocellularity 

, dilated sinusoids and interstitial haemor
rhage. One of them has increased mega

karyocytes and the other has decreased 
megakaryocytes (Figure 4). The other 
three mice show normal histopalhologkal 

findings. 

In group 6b two of the survived four 

mice (50%) have mild hypocellular bone 
marrow. One of them shows interstitial 

haemorrhage and increased megaka ryocy
tes (Figure 5), while the other one shows 

decreased megakaryocytes . 

In group 7b all the three survived mice 

have severe hypocellular bone rnC\rrow. 

Two of them have dilated sinusoids and 

increased megakaryocytes (Figure 6) and 

one mouse has increased fat content and 

interstitial haemorrhage. 

DISCUSSION 

5-fluorouracil has been used for the 

treatment of colorectal, breast and head/ 
neck cancer for more than 40 years and is 
the most commonly prescribed chemo
therapeutic agent (Dobritzsch et al.,2001). 

Chemotherapy-induced neutropenia, the 
primary dose-limiting toxicity of most 
cancer chemotherapy agents, is associated 
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with numerous negative consequences, in
cluding life-threatening infections (Dale, 
2003). 

Glutathione is a naturally occurring en
dogenous antioxid<mt that is cytoprotec
tive. Thus, treatment with glutathione or 
its precursors may protect normal cells 
during cancer chemotherapy (Doolittle et 
al.,2002). Priming has been defined as the 
administration of a colony stimulating fac
tor prior to chemotherapy. There are sev
eral theoretical reasons why this schedule 
of administration may prove to be advan
tageous (Lowenberg et al., 2003). 

In the present study,the insignificant 
differences of TLC, DLC, Hb level, blood 
indices and bone marrow cytology in mice 
received Glutathione when compared 
with the contol group are in agreemt:nt 
with the study of Kojima et al. (2003). 

In the present study, higher TLC values 
detected in mice received G-CSF than 
mice of the control group is in agreement 
with the results of Lord et al. (2001) who 

suggested that significantly increased TLC 
values in normal mice given G-CSF re
flects its stimulant effect on neutrophlls 
granulopoiesis. The significantly lower 
neutrophils percentage in these mice re
ceived G-CSF than the control group can 
be explained by the finding of Takataru et 
al. (1996) who found that levels of G-CSF 
in serum are inversely correlated with cir-
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culating neutrophils count. Thereby stop
page of G-CSF after the seventh day com
bined with increased neutrophils count at 
this time will lead to increase G-CSF elimi
nation with decreased endogenous G-CSF 
level Leading to fall of neutroph.ils percent
age below the normal level. 

In this study peripheral leukopenia and 
medullary myelosuppression detected in 
mice received 5-FU either alone or with 
pretreatment of combined GSH and G
CSF is in accord with the work of Friberg 
et al. (2000). The increased leukopenia and 
myelosuppression with progression . of 
time noticed in the current study is in 
agreement with the results of Colombo et 
al.( 2001) who found that the time of major 
depression for granulocytes after 5-FU 
was in day 7-14 in humans. 

The chemoprotective effect of GSH in 
mice received GSH pretreatment before 5-

FU and killed after 1 day is observed from 
absence of leukopenia or medullary mye
losuppression denoting complete chemo
protection against 5-FU effect on bone 

marrow. These results are supported by 
the works of Cascinu et al. (1997) and Koj
ima et al. (2003). 

In contradiction to these findings were 
the results of lerza et al. (1986) and Doyle 
et al. (1993) which showed failure of thiol 
antioxidants to protect peripheral blood 
elements in mice from the massive de-
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crease following chemotherapy. This 

could be attributed to the high dose need

ed for chemoprotection. This explana

tion w«~ supported by Prasad (2004), who 
stated tha.t antioxidants are needed in 

high dose to be used in adjunct to chemo

therapy. 

Proposed mechan isms for GSH induced 

chemoprotection include: (1) combination 

of GSH with anticancer drugs to form less 

toxic and more water soluble GSH conju

gate, (2) antioxidant and free-radical scav

enging activity (Zhang et al., 1998), (3) 

DNA repair (Chen and Zeller,l991), (4) 

pumping toxic chemotherapeutics out of 

cells via the multidrug resistance

associated proteins (Bnrrand et al., 1997) 

and (5) decrease proliferation and diffe

rentiation of myeloid cells (Gate et al., 

2004) decreasing their susceptibility to 

chemotherapeutic agents acting on rapidly 
dividing cells (DeHaan et al., 1996). 

Leukopenia and medullary myelosup

pression detected in mice received GSH 

p retreatment before 5-FU and killed after 

1. week denote incomplete protection. A 
possible explanation is that chemoprotec~ 

tion is maximally effective if continued 
during and nfter chemotherapy treatment 

as in the s tudy of Danysz et al. (1984). 

The complete chemoprotective effect of 

G-CSF in mice received G-CSF pretreat

ment before 5-FU and killed after 1 day is 
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noticed from absence of leukopenia or me
dullary myelosuppression. This finding is 

in agreement with that of Brocks tein ct al. 

(2000) and Danforth et at. (2003). 

In contrast to these results were those 

obtained by Gardner e t al. (2003) who 

found that pretreatment with haemato

poietic growth factors lead to bone mar

row failure after administration of chemo

therapeutic agents. 

In another study done by Harrison et 

al.(1994) it had been shown that 5-FU was 

able to abolish the increased nwnbers. of 

primitive cells in the spleen, induced by 

haematopoietic growth factors administra

tion to mice, if it was given in the middle 

of the 7th day haematopoietic growth fac

tors treatment period. However, if it was 

administered at day 8, many stem cells 

had lost vulnerability to 5-FU. 

Incomplete chemoprotection in mice re
ceived G-CSF pretreatment before 5-FU 

and killed after 1 week is denoted by pres

ence of leukopenia and medullary myelo

suppression. This result is in accord with 

the study of DeHaan et al. (1996) where 

haematopoietic growth factors pretreat

ment could not abolish the period of major 

leucocytes depression in mice . 

The proposed mechanism of efhcacy of 

G-CSF pretreatment is the increased num

bers of haematopoietic cells present before 
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chemotherapy administration. In addition, 

enhanced number of primitive and pro

genitor cells may resul t in reduced cycl ing 
activity, i.e. 5-FU sensitivity of these cells, 

due to normal physiological feed back 

lp~ps (De fiflan et al., 1996). The second 

proposed mechanism sho.ws the impor-

- ~~ai}Ce. of spacing between HGFs adminis

'~ration and chemotherapy administration. 
Time is needed until reflex inhibition of 

proliferation of cells occur and not expos

ing the cells during rapid division phase 

to the chemotherapeutic agent. 

The combined pretreatment with GSH 

and G-CSF reveal no protection at all ei

ther in mice killed 1 day after 5-FU. or 

those killed 1 week after 5-FU denoted by 

presence of leukopenia and medullary 

myelosuppression in both groups. 

These results could be explained by the 

work of Sattler et al. (1999). They found 

that haematopoietic growth fac~ors signals 

through the formation of reactive oxygen 

species (ROS) and that antioxidants e.g. N

acetyl cysteine reduced growth and viabil

ity of cells. 

Also Gate et al. (2004) have shown that 

G-CSF was more effective at stimulating 

proliferation of haematopoietic cells in 

glutathione transferase (GST) deficient 

mice than in wild type. This is explained 

by the fact that GST interacts with and 

suppresses c-Jun NH2-terminal kinase fan 

Mausoura J. Forensic Med. Cli11. Toxicol. 
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enzyme which is responsible for increased 
myeloprolifera tion]. 

Cascinu et al. (1997), however contra

dict these findings and this could be ex

plained by the fact tha t there was a separa

tion beh-veen G-CSF and GSH as regards 

days of administration which could pre~ 

vent the antagonism between them. · 

In the present study significantly 

higher monocytes percentage is ob

served in mice received G- CSF pretreat

ment before 5-FU and killed 1 day later 

versus mice received G-CSF only. J:his 

observation coincides with the findings 

of Gabr:ilove (1991). Tbe significant de

crease of monocytes percentage in mice 

received G-CSF . versuS the control 

group can be attributed to the fact that 

G-CSF level has fallen following stop

page of administration due to increased 

clearance by high neutrophils count which 

in turn will lower the monocytes percent

ages. 

The insignificant differences detected 

between the studied groups as regards 
Hb, HCT, MCHC, MCV, and MCH denote 

absence of RBCs affection to which can be 

explained by comparing the half life of 

granulocytes (6-8 hours) to that of RBCs 

(120 days). This fact shows why the mye

losuppressive drugs need longer time for 

producing anaemia than the time needed 

for neutropenia (Hoagland, 1992). 

Vol. XII No.1, January 2005 



I 

Ali et al ... 

Although occurrence of deaths can 

be considered a drawback, however it 

should be put in mind that in clinical trials 
made on humans the complete sterile en

vironment is difficult to be obtained spe

cially in oulpatient treatment whicl1 

· thakes secondary infection , and not neu
·tropenia itself, the major cause of death in 

humans (Dale, 2003). This could be ex

plained by the association between in

creased mortality rate in mice with higher 

degree of neutropenia in groups 4b and 

7b. 

Histopathological findings characteris

tic to 5-FU (hypocellularity, dilated sinu

soids, interstitial haemorrhage, increased 

fat content (lnd interstiti"l fibrosis) are de

tected only in grol.tps 4b, 5b, 6b and 7b. 

Absence of these findings in the other 

groups could be explained by the work of 

D'souza and Narayana (2002) who found 

that cytotoxic drug induced myelotoxicity 

after 24 hours was in the form of apoptosis 

and the damaged cells appeared as darkly 

stained bcdies in the marrow. The pres

ence of these cells can be detected by cyto-

. logical smears, while histopathological ex
amination cannot differentiate apoptotic 
cells from normal ones. 

GSH can be given concurrently with 
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chemotherapy (Kojima et al., 2003) or even 

after chemotherapy (Neuwelt et al., 2004), 

so, potentiating its protective effect. ln ad

dition GSH is a cytoprotective agent 

where its action is not only on bone mar

row, but affecting many systems owing to 

its detoxifying capabilities (Doolittle et 

al.,2002). On the contrary haematopoietic 

growth factors cannot be given during the 

chemotherapeutic course as this will result 

in fatal bone marrow aplasia (Weiss and 

Lackman, 2002) and its protective effects 

are believed to be on the bone marrow 

only (Liang, 2003). 

It can be concluded from this work that 

chernoprotection of GSH, do not progress 

to the end in mice killed one week after 5-

FU dose and this can be attributed to the 
fact that chemoprotection is maximally ef

fective if continued during arid after 

chemotherapy treatment. 

It can be also concluded that G-CSF pre

treatment produce complete protection 

only in mice killed one day after 5-FU 

dose. This chemoprotective effect is dimin

ished as the study proceeded in mice 
killed one week after 5-FU dose denoting 

that pretreatment combined with post

treatment of G-CSF would offer better re

sults. 
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T01ble ( 1): Haernatological raramctcrs and bonL: marrow cytology in all studied groups 

I~ IICT I\1CIIC 
nu: l'h-l 

II.M.cycnlu l!h i\ICV 1\fCII TI.C 
~;~· (/mmJ) I .:fill> ( '7o) (~) (n) (I'<"",!) (lmur'l 

i'\~:ulntphils '-Y"'I'l"'~yle- Eusinophils Mono<:yi\'S lln~uphils 
>.< 

I Control 197ti.S! J 2.1.'.3 t 37.60?:: n.n1 ~').&i2 .'2.51.\,! .\.'HU .± MU~:!:. .\.U':t I 1.6 ± .3.5,: u .t...O 
1.30.959 0.966 2.91)~ + 0 .(11;)1) + (),("'~ IJ.<.Jl\ I ()1'5.~l\~ l\ . ..:)(• 'J .6:<.; 1.5(1.~ ~ .22.> 

~ 1851.5!. 11.117.1 ~.JASi! .32.511-' 511.2.51 JJ.7U." = JSIIO± ~.U:t J~.5 .t 1.1.!; 2.7 ± 0.~.!: 

CSfl 20S.9S2 1.36 1 4.221 + ().~07 ... 0.<);)2 1.1 ~ I I ~<,1.'.573 li.7.'1 l'i.7l'i~ 0. 7 .'17 o.•:Wl 0.:\16 

.3 =3-:5± 12.1lil .!: .'8. 198 = J2.2.fl 50.(,(.1 ,\l.S:9.:; (,?~0 = .;~.(~ :t 5UA.!: 1.1=: 1.~.! 0.9 ±. 
_G·CSF 554.000 1.29 .!.Oi9 + 0.091 ... 2.6 1::! 0.5.!5 2:<67.);1:< 10.~..:3 </. 75..! 1 .. 137 O.X.l~ 0.567 

4:1. 1217.!: IIU28=. 31.{75:: 32.927 .f9.971 .31Uii .. l I!ISII .!: Sit ..:5.::! ± l.l.!; I. y !: O.S! 
2~~.25.3 2.1)<) 6.011 ... voz + o.:'iM 1.0.<\:'i <•l(dlSO JJ20 _<;..s -~ () 9<)J O.X75 o. 7XS 

Sa 1 9~.5.!: I UiSl ,: 35.JS.!!: JJ .. U.7 .:7.11')4() :•>.nJ ± Hill :: s~.l ± -11.7..:!: 1.1± 2.1 t n.Jz 
302.994 1.12r-. .'\.171 +.1.~(1 + 4.6:17 25f>S l.ll 0.6S~ <• .. >X.! (>.X 15 1.0.1:! O.<,~J:; O.Ci7J 

(,:'I ~ 1 7.!:!:. 1Ui7 1 :t .~6.SS I:!:: .3 1.7 ,\5 ~6.5 12 2?.2.3.!.:!:: J6i'll:: 5 ~ .5 ± ~ll • .f! :!,: z.s.: OJ•::!: 
2.\3.942 2.1.'\7 6 ,()(,9 + 2.1<11 -+ 5.JXJ 2.3(1) I(N) . .:•J) <•.5li7 5.X)_; 1.11:'.! I.OXO 11.(19<) 

'ia 1273!. Y.SJIIO...:. I J~.Sn.!:: 3:!.SI\I JS. I-12 30.2~5:!: l?i5 ± SJ.'i:!: ..S.!.7 ~ 0.9 :!:: l.J!. O.J ± 
11)1.5.!6 2. 1.'\.'i 5.9 19 .. I. 7.~~ + 7 .~0 1 2..\~l .:oo. ·J~-l 71 !:\X 7.s.:r. IU;?.'i I.~("' II..IX.1 

<lh 873.3JJ..± 11.1:!!. JJ . .f6tt:: 32. 19 ± Sl.l't,\3 .11.7.:\.t .±. 7SU .t .\J ,(,(,(, :!:: (>I ± I ::_11 l.f>M;: 1.666:: 
40.414 I. '.I% 6.189 0.10;1 + 4 .?1~ o . .:n 50 ~.51)<) .l .~x~ I. I ~J I l.'iJ 

so 1.310 .± 9.SS~ ! I .\o.s.:..~! J1..39J 49.7~ 3.!.5 1S ± 12JU!: JJ.J::!: 5~-~ ± u.s± 2.6_: 0:,0 
334.757 O.S69 2.851 .. 0.302 • 0.4)7 ().3()2 5J2..67S I ll.45J 9.(.~l\ u.s~6 1.516 

Gb 156."-75!: 10.695! .'ll..26J,: Jl.JIS 5.!.375 JU.JS!i ± l~i!i! ..:(,_i5!: .=iU . .:'! IJ. i.5.!: 1.75! 0:,0 
.391.245 l .(l:t5 6.06J + 1.6S2 + J . l .'iX I .()JX SCI .\5JJ <J.OCW S.4~(• o.'.l.n o . .s 

7b !lOU! IOU 111.69 :!: J9..JJJ!: 3:!.22 .t ~7 -"·' ! 30.19:!: l{(j(,,(,(,l\;!: .t1,6Mo ± f1() ,!.2 .!_U,\! 2.: I :,1 
0.5.SO 7.16-J O.OS I 4 .291 1 .7(~ .•055U.'i 2.01~1 05i7 l 

~a 5-FU killed after I d:~y. Sa 5-FU + GSH killed aflcr I day. 6:1 5-FU + G-CSf killed :~l'tcr I d:ty. 7a 5-FU + GSH + G-CSF killed aOer I day. 
4b 5-FU killed after I week. Sb 5-FU +GSH killed after I week. 6h 5·FU +G·CSr-l.:illcd ai'tcr I wed<. ill -~·FU+GSH+G-C.SF killed :.~flcr I week. 
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~ 
OI.C (%1 

1\.,\ J.cyt () lo;::y ' ll h IICr ,\J CIIC MC\' i\ICII TI.C 
(fmnr' " dl %) o/. 11 ( l<'"l /mnf1 

• • • I <::1 ) 1 1 < 1 1 1 l " ( ) ~h·u Jrophol~ l.)·n•phocylt"S Eosmopluls 1\lono~·ti"S 

Gp2 L l 1 l i 1 L 1 i .! ! 
YS control 0. 703 0 . 170 0. 1 72 0 . .501J ll.S06 Cl.l ~ l 1.000 U.l S 0. 145 0.643 r;.458 

Gp3 T i T 1 i 1 T 1 T T 1 
\"S conl ro l 0.067 0.91)6 0.936 ll .. W:i IJ . .'W I 0.05'1 ll.OO::!•"" O.OOJu 0·.002*" 0 .9S:? 0.010-* 

G p 4:l \'S control l l 1 i i ! 1 l T ! I ! 
0.1)(101 ""' OJ.J(l 0.13.5 1.000 1.000 0 . .:!67 O.O()()J "'$ 0.0/o 0.039'· 0.977 0. 175 

Gp Sa l l l T 1 ! i ! T ! L 
vs ("1)1\trol 1.000 I.OUO 0.1)1)() 0.9'-lX 0.9:i'2 0.~ .'.5 0.9S7 0 .4X9 0,00 I** 0.')77 11.913 

Gp 6:1 T ! l 1 ! l T l t T l 
vs control o.n:1 0.09:? 1.000 O.':)S.'\ O.S70 0.1 lO 0 .3-46 0572 0.646 0.91J5 0.75.5 

G i' 7 a L l 1 i T , ! 1 ! l T l 1 
\ 'S control 0.0001 u O.OY2 1.000 l.lliXJ O.'Jt)S 0 .1 IJS 0.000 l ,. ,~ 0.126 0.059 O.S7.5 0.650 

Gp 4b l 1 ! l i ! ! 1 . T .1 1 
\ 'S control 0.0001.,. 0.99) 0.990 1.000 [.()()() 1.000 0.00<11 *" 0.0001 h 0.0001 *" 0.99..; U.4S7 

Gp Sb ! 1 1 ! ! J L l. i L ! 
\'S c-ontrol 0.0001 o>J< 0 .. 313 0.2-t4 1.000 I.Oil( l 1.000 0.0001 "'* 0.003,... 0.20() O.o1>S 0 .945 

Gp 6b 1 ! L L T ! ! l T l 1 
\'S control 0 .1 ~5 O.XS\1 0.290 0.97:\ Cl. IJ% O.Mil 11.001'1""' 0.0.~0· O.DI J» 0 .901'1 OAO.'\ 

Gp i l> l T T l l J ! l i T 1 
\'S cont rol 0.00(11 ,.* 0.l)35 1.000 1.0110 0.91Jt) 0.(17:1 0 .1>00 1•>) 0 .()()() (1'¥ 0.0001 "'* 0 .978 0.736 

- - - -
"'sign ilican t if P <0.05. 
n highly ,.; ignilicanl ir J> <().(JJ 

i = higher 
1 =lower 
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Table (3): Comparison of haematological parameters and bone marrow cytology in 
mice killed I day after receiving: 5-FU (gp 4a), 5-FU preceeded by GSH 
pretreatment (gp 5a), 5-FU preceeded by G -CSF pretreatment (gp 6a) and 
5-FU preceeded by combined GSH and G-CSF pretreatment (gp 7a). 

Gp Sa vs Gp 6a vs Gp 6a Gp 7a Gp 7a vs Gp 7a vs 
gp 4a gp 4a vs gp Sa vs gp 4a gp Sa gp 6a 

TLC (/mmj) t t t ! ! ! 
0.0001 ** 0.000 1 ** 0.911 l.OOO 0.0001 ** 0.0001 ** 

Neutrophils % • f t f t ! l 
- 0.987 0.973 1.000 1.000 0.998 0.993 

Lymphocytes% l. l. l ! t t 
0.977 0.868 0.868 1.000 0.991 0.925 

Eosinopbils % t l ! ! ! l. 
1.000 0 .608 0.338 1.000 0.999 . 0.338 

Monocytes% t t l. T l l. 
0.913 0.983 1.000 0.995 1.000 I.OOO 

B~sophils% ! l t l l. 1 
0.662 0.998 0.972 0.662 1.000 0.972 

Hb (g/dl) t t l ! l l 
0.540 0.549 1.000 0.999 0.189 0.194· 

HCT(%) t t t t t T 
0.628 0.257 0.999 1.000 0.263 0.070 

MCHC(%) T ! ! ! l. t 
1.000 0.948 0.698 l.OOO 0.999 0.963 

r\1CV(fl) l l l l t T 
0.942 0.851 1.000 0.997 1.000 0.999 

MCH (peg) l l T l. i t 
0.837 0.928 1.000 1.000 0.903 0.965 

B.M cytology T T T i ! ! 
(/mm3

) 0.000 l "'* 0.000 l "'* 0.411 1.000 0.0001*"' 0.0001•• 
* significant if P <0.05. T =higher 

**highly significant if P <0.01 l. =lower 

Mnusoura f. Foreusic Med. Cliu. Toxicol. Vol. Xl! No. 1, JamUinJ 2005 
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Table (4): Comparison of hacmatological parameters and bone marrow cytology in 
mice killctl I week after receiving: 5-FU {group 4b), 5-FU with GSH 
pretreatment (group 5h). 5-FU with G-CSF pretreatment (group 6b) anti 5-
FU with combined GSH anti G-CSF pretreatment (group 7b). 

GpSh Gp 6h Gp6h Gp7h Gp7h Gp 7h 

vs gp 4b VS gp 4b VS gp Sb VS gp 4b VS gp Sb vs gp 6b 

TLC (lmnr\) r T T T i l 
0.997 0.695 0.961 1.000 1.000 0.803 

Nc.utrophils % T i T 1 1 1 
0.642 0.414 1.000 1.000 0.642 0.414 

J,ymphocytes% 1 i L 1 t i 
,0.779 0.636 1.000 1.000 0.872 0.74~ 

Eosinophils % - ! 1 1 T t i 
1.000 1.000 1.000 0.826 0.553 0.570 

Monucytes o/o i t 1 t t T 
0.988 1.000 0.9R9 1.000 0.999 1.000 

- ·-
1\asophils% 1 

0.915 
Hh (g/dl) i 1 t 1 T i 

0.986 1.000 0.999 1.000 0.999 1.0()0 
HCT(%) ! 1 l T T T 

0.979 0.975 1.000 0.960 0.330 0.347 
MCHC (%) t 1 l T l t 

1.000 1.000 0.998 1.000 1.000 1.000 
MCV(tl) t i t 1 ! l 

1.000 1.000 0.99~ 0.9~7 1.000 0.946 

MCH (peg) t 1 l L l l 
1.000 0.994 0.811 0.986 0.780 1.000 

B.M cytology (/mmJ) T t t t l 1 
0.105 0.016* 0.~28 1.000 0.388 0.023* 

* signilkant if P <0.05 t =higher 
*~' highly significant if P <0.01 l = lower 

M(IIISOtrrn ]. Fore11sic Med. Clin. Toxico/. Vol. XII No. 1, Jan11ary 2005 
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Tahlc (5}: Comparison of lwcmalologi<;al parameters and bone marrow cytology in 
mice of groups 4b, 5b, 6b und 7b ( killed l week after receiving drugs) 
versus mice of grours 4a. Sa, 6a ami 7a (killed I day after receiving 
drugs). 

Gp 4b VS 

gp4a 
TLC (lmnr) l 

o.:u~4 

Neutrophils% l 
0.026** 

Lymphocytes% T 
0.045* 

- ·· 
Eosinophils% l 

1.000 
M onocytcs % ~ 

1.000 
llasophils% T 

0.447 
Uh (g/dl) t 

0.999 
HCT (%) T 

0.986 
MCHC (%) l 

J .000 
MCV(tl) t 

1.000 
MCH (peg) t 

0.974 
B.M cytology (/mnf1

) ! 
0.488 

* Significant if P <0.05. 
** highly significant if P <0.01 

Gp Sb vs Gp 6b vs 
gpSa gp6a 

~ l 
0.0001 ** 0 .0001 ** 

! ~ 
0.267 0.663 

1 t 
0.388 0.346 

l l 
0.999 0.545 

~ ~ 
1.000 0.988 

~ l 
0 .944 0.963 

.1 ! 
0.706 0.428 

l 1 
0.992 1.000 

t T 
0.989 0.602 

t T 
0.146 0.977 

! l 
0.0001 ** 0.()()4** 

T == higher 
l ::;: lower 

Gp 7h vs 
gp 7a 

l 
o.s:n 

-
~ 

0.017* 
T 

0.059 

T 
0.504 

l 
J.OOO 

T 
0.718 

t 
0.998 

! 
1.000 

l 
1.000 

! 
1.000 

l 
1.000 

l 
0.376 
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Fig. ( t ) 

I. .. 
. -, . 

• ~ . 

.. ' 

A photomicrograph s~owing severe hypocellularity (H), increased fat content 
(F), di lated sinusojds (S) and decreased megakaryocytes in bone marrow of u 
mouse treated with 5-FU and killed after 1 week (group 4b). (H&£ X 100). 

82 

Fig. (2): A photomicrograph showing severe hypocellula.dty (H). interstitial haemorrhage 
(IH), dilated sjnusoids (S) and increased megakaryocytes in bone marrow of a 1 

mouse treated with 5-FU and ki ll ed after 1 week (group 4b). (H&E x 100). 

Mn1.1SOt.mr I· Foreusio Med. Cliu. Toxicol. Vol. XII No.1, Jan11ary 2005 
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Fi~. (.') : A photomicrograph showing severe hypocellularity (H) and interstitial fibrosis 
(F) in bone maiTOW of a mouse treated with 5-FU and killed after I week 
(group 4b). (fi&E x 100). 

Fig. (4) : A photomicrograph showing mild hypocellularity (H), dilated sinusoids (S), in
tersti tial haemorrhage (IH) and decreased megakaryocytes in bone marrow of a 
mouse treated with 5-FU + GSH and killed after l week (group Sb). 

(H&Ex 100). 

Mansoura /. Fore11sic Med .. Cliu. Toxicol. Voi..XII No.1, Jatlllary 2005 



Ali ~tal ... 

Fig. (5) : A photomicrograph showing mild hypocellularity (H), interstitial haemorrhage 
(IH) and increased megakaryocytes in bone marrow of a mouse treated with 5-
FU + G-CSF and ki lled after l week (group 6b). (H&E x 100) . 

. , 
Fig. (6) : A pnolomicrograph showing severe' hypocellularity (H), increased fat content 

· (F) and intersti tial haemorrhage (IH) in bone marrow of a mouse treated with 
5-FU + GSH + G-CSF and ki lled after 1 week (group 7b). (H&E x 100). 

84 
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