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ABSTRACT

The protective effect of glurathione (GSK) and granulocyte colony stimulating factor (G-CSF) on mye-
losuppression induced by 5-fluerouracil (5-FU) were compared in female nice. The aninals were divided
inio seven groups. Group I (10 mice) received no treasment, group 2 {10 mice) received GSH (800 my/
kg) by iniraperitoneal route in daily doses for the first 7 days then left unireated for another 7 duys, and
group 3 (10 mice) received G-CSF (250 piglkg) by subcutaneous route in daily doses for the first 7 days
then teft unereated for another 7 days. Animals in groups 1. 2 and 3 were sacrificed on day IS5, Group 4
(20 mice) received u single doseof 5-FU (160 mg/kg) by intraperitoneal route in the 8" day, Group 5
(20 mice) received GSIH in daily doses for the first 7 days followed by a single dose of S-FU in the 8™
day, Group 6 (20 mice) received G-CSF in daily doses for the first 7 days followed by a singie dose of S-
FU in the 8% day and group 7 of animals (20 mice) received daily doses of both GSH and G-CSF for
the first 7 days followed by a single dose of 5-FU in the 8th day. Animals in groups 4, 5, 6 and 7 were
divided inte 2 subgronps; subgroup a : 10 mice were sacrificed on day 9 i.e. I day after 5-FU adminisira-
tion and subgroup b : 10 mice were sacrificed on day 15 i.e. I week after 5-FU adminisiration. Mice were
sucrificed by cut throat and blood samples were obtained for determination of haematelogical values,
huemoglobin {Hb), hacmatocrite value (HCT), mean corpuscular haemoglobin concentration {(MCHC),
wmean corpuscular volume (MCV), mean corpuscidar haemoglobin (MCH), as well as total (TLC) wnd dif-
SJerential (DLC) lenicocyte count. Then dissection of niice was done where the right femurs were used for
bone murraw cviology, while left femurs were used for bone marrow hisiopathology. In groups Sa given
GSH pretreatment and Ga given G-CSF pretreatment (where mice killed | day after 5-FU dose) protec-
tion was demensirated regarding newtropenia, bone marrow cytology and histopathology. Incomplete
protection was revealed in mice received GSH pretreatment or G-CSF pretreatinent and killed ! week af-
ter 5-FU dose (groups 5b and 6b respectively), while grougs 7a and 7b given combined GSH and G-CSF

pretreatment revealed no protection .
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INTRODUCTION

There are two major types of sys-
temic cancer therapy : chemotherapy
and biologic therapy. Cancer chemothera-
peutic agents are usually discuissed in
groups that reflect either the origin of the
drug or their predominant mechanism of
activin. The major classes of agents include
the alkylating agents, antitumor antibio-
tics, plant alkaloids, antimetabolites, hor-
monal agonists and antagonists (Haskell,
1995).

Antimetabolites are  antineoplastic
agents that are structurally and chemically
similar to naturally 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 S-phase spe-
cific drugs (Richard,1992). .- - - =

5-fluorouracil (5-FU), is an antimetabo-
lites, anticancer agent which is used as an
essential part for the treatment of wide
range of solid tumors. It has antitumor ac-
tivity 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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The lwaEmopﬁiétic growth factor ( gra-
nulocyte-colony stimulating factor G-CSF)
was proved to shorten the duration and

+ .. decrease the severity of chemotherapy in-

duced neutropenia (Liang, 2003).

Lamson and Brigr{éll, (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-doxorubicin in advanced gasiric 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) Sml 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 reduced (GSH) powder,
Sgm/bottle” (SIGMA-ALDRICH,Inc) was
obtained from Egyptian International Cert-
ter Importer Cairo, Egypt. It was stored in
the refrigerator. GSH was dissolved in dis-
tilled water to give a final concentrativn of
80 mg/ml. It was given in a dose 800 mg/
kg by intraperitonéal route (Kojima et al.,
2003).

Filgrastim Neupogen {Granulocyte-
Colony Stimulating Factor "G-CSF"} 0.5 ml

prefilled syringe of 300pg/ml concentra-

tion (F.Hoffmann La Roche Ltd, Basel,
Switzerland). It was stored in the refriger-
ator.” G-CSF was diluted with distilled wa-
ter to give a final concentration of 10 pg/
ml. ]t was given in a dose 250 pg/kg by
subcutaneous-route (Lord et al., 2001).

- Animals:

The 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 fernales to alleviate the
gender effect on the results (Doeing et al .,
2003). The mice were housed in metallic
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 in separate cages. The
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duration of the study was 15 days during
which mortality among mice was record-
ed. : - :

Group 1 of animals (10 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 for
another 7 days, and group 3 (10 mice) fe}
ceived G-CSF (250 pg/kg) by subcutane-
ous route in daily doses for the first 7 days
then left untreated for another 7 days. Ani-
matls in groups 1, 2 and 3 were sacrificed
on day 15. Group 4 (20 mice) received a
single dose of 5-FU (160 mg/kg) by intra-
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 ug/kg by
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 G-
CSF (250 ug/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 ; subgroup a (10 mice) in which
animals were sacrificed on day 9i.e. 1 day
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after 5-FU administration and subgroup b
(10 mice) in which animals were sacrificed
on day 15 i.e. 1 week after 5-FU adminis-
tration. Mice were sacrificed by the cut
throat method. L A

Samples collection:

Blood samples (2ml, each) were collect-
ed in EDTA tubes ffrom the mice cut
throats after sactification. The samples
were obtained from animals of subgroups
4a5a6a and 7a on day 9 from start of
study. The rest of the samples were ob-
tained from animals of groups 1,2,3 and
subgroups 4b,5b,6b and 7b on day 15 from
‘the start of study.

The following haematological values
were determined ; 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-
togram) measured according to the meth-
od of Riedinger and Rodak (1998), hae-
matocrite value (Hct) % measured by
microhaematocrit method (Dill and 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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ma et al,, (2003) , while the left one was
used for histopathology according to the
method of Anderson and Bancroft, (2002).

© Statistical analysis: =

Statistical analysis of data was done by
using Excel program {(Office 2000) and
SPSS (Statistical Package of Social Sci-
ence), Windows 98, computer compatible
IBM. The first part of data analysis was
descriptive. The mean t 5.D. were used
for description of frequency.

The second part of the analysis was an-
alytic: For quantitative data. Student’s t
test was used for comparison between two
groups. Anova 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 (1)

As regards TLC and bone marrow cy-
tology it was found that groups 3 ( re-
ceived G-CSF ), and 6a (received G-CSF
before 5-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 5a
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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 combined 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 ftreatment 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 have lower percentages
(i-e. worse) than the control whereas Iym-
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 killed 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 contrnl. For mon-
ocyles percentage, the results of the
present study showed that it was signifi-
cantly lower in group 3 and insignificantly
lower in all other groups when compared
with control group. Basophils were not de-
tected in control group and in both group
5b (received GSH before 5-FU and killed 1
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week later) and 6b (received G-CSF before
5-FU and killed 1 week later). 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, 5a, 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 6D (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, 5a, 6a and 7a 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 5a and 6a
versus group 4a and significantly lower
in group 7a versus groups 5a and 6a (Ta-
ble 3 ).

Comparison of haematological parame-
ters and bone marrow cytology in mice of
groups 4b, 5b, 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 in group 6b versus group 4b and
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significantly lower in group 7b veisus
group 6b (Table 4).

Comparison of haematological pa-
rameters and bone marrow cytology in
mice of groups 4b, 5b, éb and 7b ( killed
1 week after receiving drugs) versus mice
¢f groups 4a, 5a, 6a and 7a (killed 1 day
after receiving drugs) showed no signif-
icant differences except significantly
lower TLC and bone marrow cytology in
group 5b versus group 5a 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 3).

I1) Histupathological findings in bone
marrow :

Mice of groups (1, 2, 3, 4a, 5a, 6a and
7a) show no abnormal histopathological
findings . Histopathological findings char-
acteristic to 5-FU (hypocellularity, dilated
sinusoids, interstitial haemorrhage, in-
creased fat content and interstitial fibro-
sis) are detected only in groups 4b, 5b, 6b
and 7b.

The survived mice of group 4b show se-
vere hypocellularify 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
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2) and one shows interstitial fibrosis (Fig-
ure 3).

In group 5b 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 normai histopathological
findings.

In group 6b two of the survived four
mice (50%) have mild hypocellular bone
marrow. One of them shows interstitial
haemorrhage and increased megakaryocy-
tes (Figure 5), while the other one shows
decreased megakaryocytes .

In group 7b all the three survived mice
have severe hypocellular bone marrow.
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 antioxidant 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 agreement
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 neutrophils
granulopoiesis. The significantly lower
neutrophils percentage in these mice re-
ceived G-CSF than the control group can
be explained by the finding of Takatani 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 neutrophils percent-
age below the normal level.

I 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 was supported by Prasad (2004), who
stated I
high dose to be used in adjunct to chemo-
therapy.

that antioxidants are needed in

Proposed mechanisms 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,1991), (4)
pumping toxic chemotherapeutics out of
cells wvia the multidrug resistance-
associated proteins (Barrand 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 (De Haan et al., 1996).

Leukopenia and medullary myelosup-
pression detected in mice received GSH
pretreatment 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 after chemotherapy treatment
as in the study 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 Brockstein et al.
(2000) and Danforth et al. (2003).

In contrast to these results were those
obtained by Gardner et 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 numbers 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 treatmnent 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 De Haan et al. (1996) where
haematopoietic growth factors pretreat-
ment could not abolish the period of major
leucocytes depression in mice .

The proposed mechanism of efficacy 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 result in reduced cycling
activity, i.e. 5-FU sensitivity of these cells,
due to normal physiological feed back
loops (De Haan et al., 1996). The second
proposed mechanism shows the impor-
~tance of spacing between HGFs adminis-
Jtration 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 factors signals
through the formation of reactive oxygen
species (ROS) and that antioxidants e.g. N-
acetyll 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 explajned
by the fact that GST interacts with and
suppresses ¢-Jun NH2-terminal kinase [an
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enzyme which is responsible for increased
myeloproliferation].

Cascinu et al. (1997), however contra-
dict these findings and this could be ex-
plained by the fact that there was a separa-
tion between G-CSF and GSH as regards
days of administration which could pre-
vent the antagonism between them. '

In the present study significantfy
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. This
observation coincides with the findings
of Gabrilove (1991). The significant de-
crease of monocytes percentage in mice
received G-CSF 'versu$  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).
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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 outpatient treatment which
“makes 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 and interstitial fibrosis ) are de-
tected only in groups 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 cytotexic 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-
erce 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),
s0, potentiating its protective effect. In ad-
diton 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).

[t can be concluded from this work that
chemoprotection 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 and after
chemotherapy treatment.

[t 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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334.757 0.869 2.857 +0.302 | +0.457 £.302 542,078 10454 9,628 U.836 1.516
G 1568.75 + | [0.695+ | 3.263+« | 30318 | 52375 | 30435+ 1875 + 1675+ R .75 + 175+ 00
391.245 1615 6.06.1 4+ 1.682 | + 4,058 1 938 865,544 9064 8420 01.957 0.5
b YOO+ 100 | 1069+ | 39333+ | 32224 | 4753+ | 3019+ | 866666 & 24,660 + 6 + 2 2333+ 2+ I+!
0.550 7164 0.051 4,291 1.76- 08,505 2.081 0.577 i

4a 5-FU killed after | day, 5a 5-FU + GSH killed after 1 day, 6a 5-FU + G-CSF killed alier | day. 7u 5-FU + GSH + G-CSF killed after | day.
4b 5-FU killed after 1 week. Sb 5-FU +GSH killed after | week, 60 3-FU +G-CSF killed alier | week. 7h §-FU+GSH+G-CSF killed after | week.
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Table {2): Comparison ol haematological paramelers and bone marrow cviology in all studied groups versus contiol group.

] DLC (%)
Parameter | B.M.cxtology 1) ner MCHC | arcy AICH TLC
Groups e (b e £ o ez Hnie) Neutrophils Lynmiphocytes Fasinophils AMonocytes

Gp?. 1 1 L} l T - { 1 1 i i
v§ contral 0.703 0.170 0172 0,509 1.866 141 1.000 0.18 0.145 n.623 4.458

Gp3 T T 1 ! T { T l o1 T !

v$ control 0.067 0.996 0,936 0.395 { 0541 06059 | 0002+ 0.003%* 0.002%* 0.082 Q010>

Gj) 42 vs conteol i l ! T 1 1 l i T ! !
0.0004 = 0.336 0.135 LO00 1.000 0.267 00001 0.076 0.039+ 0.977 0.175

Gp 3a l ! L T 1 ! ] ! 1 ! !
VS content 1.000 [.000 0.990 .993 (19372 0435 1,987 (1.459 0,001 0977 0913

Gp 62 T ¥ 1 R . 4 ! T i i T !
—— 0.723 0.092 1000 | 0983 | 0870 | o110 0.346 0.572 0.646 0.995 0.755

Gp7a 1 ! 1 T ! § ! 1 1 1 !
v's control 0.0001*+ 0.092 1.000 L0000 | 0598 0.US | D.ONoLEE 0.126 0.059 0.875 0.630

Gp 4b ] ! 1 1 1 : r | 1 ! L
v contril 0.000] ** 0.993 | 0.990 Looo | oo LD | 0.0001A | 0.00010* 0.0001 ** 0.993 0.487

Gp 5b $ l 1 1 ! ! l H ] ! !
VS contral 0000 ** 0313 0.244 1.000 [.0060 1.000 0.0001*# ().003e= 0.206 0.898 0.945

Gp 6b 1 { i { T 1 ! i T i i
Vs contral (145 0.58y (1.290 01973 | 0w 0.690 1.006=* 0.040% 0.013* 0Y06 0.405

Gp 7b 1 t 1 l ! ! ! 1 i T !
VS control 0000 *# 0.933 1.000 1ooo | 099y 0673 | 000014 0.000] ** 0.0001 *# 0.978 0.736

* significunt i’ P <0.05. T = higher
** highly signilicant il P <0.01 1 = lower

74

TPy




Alietal ...

Tabte (3): Comparison of haematological parameters and bone marrow cytology in
mice killed 1 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).

GpSavs |Gpob6avs| Gpo6a | Gp7a | GpTavs | GpTavs
__gpda gpda | vsgpSa|vsgpda| opSp gp 6a
TLC (fmm”) f T 1 i ! !
0.0001** | 0.0001** | 0911 .000 | 0.0001** | 0.0001**
Neutrophils % i 1 t T { l
0.987 0.973 1.000 1.000 0.998 0.993
Lymphocytes% i t ! l 1 t
0.977 0.868 0.868 1.000 0.991 0.925
Eosinophils % 1 ! l ! i 1
1.000 0.608 0.338 1.000 0.999 . 0.338
Monocytes % T 1 i 1 i i
0913 0.983 1.000 | 0.995 1.000 1.000
Basophils % l i 1 l | l
- 0.662 | 0998 | 0972 | 0.662 | 1.000 | 0.972
Hb (g/al) 1 1 ! ! l 1
0.540 0.549 1.000 | 0.999 0.189 0.194-
HCT (%) 1 T T T T T
0.628 0.257 0.999 1.000 0.263 0.070
MCHC (%) T l l l i 1
1.000 0.948 0.698 1.000 0.999 0.963
MCV(fl) l i l 1 1 1
0.942 0.851 1.000 0.997 1.000 0.999
MCH (pcg) ! i T { i T
0.837 0.928 1.000 1.000 0.903 0.965
B.M cytology 1 1 1 1 ! !
(/mm’) 0.0001** | 0.0001** | 0.411 | 1.000 | 0.0001** | 0.0001** |
* significant if P <0.05. T = higher
** highly significant if P <0.01 1 = lower

Mansoura [. Foreusic Med. Clin. Toxicol.
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Table (4): Comparison ol hacmatological parameters and bone marrow cytology in
mice killed 1 week after receiving: 5-FU (group 4b), 5-FU with GSH
pretreatment (group Sh). 5-FU with G-CSF pretreatment {(group 6b) and 5-
FU with combined GSH and G-CSF pretreatment (group 7b).

Gp 5b Gp 6b Gp 6h Gp7b Gp7h Gp7b
| vsgpdb | vsgpdb | vsgp Sb | vsgpdb | vsgp Sb | vsgp 6b
| TLC (fmm") 1 1 1 t 1 1

0.997 0.695 0.961 1.000 1.000 0.803

Neutrophils % i 1 1 l l i

0.642 0414 1.000 1.000 0.642 0.414

Lymphocytes % i ) l i 1 1
0.779 0.636 1.000 1.000 0.872 0.748
Eosinophils % R | ! l T f t
1.000 1.000 1.000 0.826 0.553 0.570
Monocytes % A | T | 1 t T
0.988 1.000 0.989 1.000 0.999 §.000
Basophils % i
- 0915
Hb (g/dl) i | 1 l 3 !
0.986 1.000 0.999 1.000 0.999 1.000
HCT (%) ! ! l t T 1
0.979 0.975 1.000 0.960 0.330 0.347
MCHC (%) T | l 1 1 1
1.000 1.000 0.998 1.000 1.000 1.000
MCV(1) ! i 1 l l |
1.000 1.000 0.998 0.987 1.000 0.946
MCH (pcg) 1 ] l l | l
1.000 0.994 0811 0.986 0.780 1.000
B.M cytology (/mm”) 1 1 1 1 i 1
b s 0.305 0.016% 0.828 1.000 (0.388 0.023*
* significant if P <0.05 T = higher
¥ highly significant it P <0.0) 1 = lower

Mansonra J. Forensic Med. Clin. Toxicol. Vol. XII No.1, January 2005
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Table (5): Comparison of hacmalological parameters and bone marrow cytology in
mice of groups 4b, 5b, 6b and 7b ( killed | week after receiving drugs)
versus mice of groups 4a. Sa, Guand 7a (killed 1 day alter receiving

drugs).
| Gpdbvs | GpSbyvs | Gp6bvs | Gp7h vs
gp 4a gp Sa gp 6a gp 7a
TLC (/mmi") ! l ! !
{).384 0.0001%* | 0.0001** 0.527
Nelitmphils % l 3 ! R
0.026%* 0.267 (2.663 0.017*
Lymphocytes% t 1 i 1
0.045* 0.388 0.346 0.059
‘Eosinophils % 1 1 1 |
1.060 0.999 0.545 0.504
T\;‘lmmcytes % l l ! i
1.0040 1.000 0.988 1.000
Basophils % T t
0.447 0.718
Hb (g/dl) 1 l 1 t
0.999 0.944 0.963 0.998
HCT (%) T 1 l !
00.986 0.706 0.428 1.000
MCHC (%) 1 l [ U
1.000 0.992 1.000 1.000
MCV(1) T 1 t l
1.000 0.989 0.602 1000
MCH (pcg) | 1 1 l
0.974 0.146 0.977 1.000
B.M cytology (/mm) l l ! 1
0.488 0.0001** | 0.004** 0.376
* significant if P <0.0S. T = higher
*¥* highly significant if P <0.01 i =lower

Muansoura . Forensic Med. Clin. Toxicol. Vol. XII No. 1, ‘Jamiary 2005
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Fig. (1) : A photomicrograph showing severe hypocellularity (H), increased fat content
(F), dilated sinusojds (S) and decreased megakaryocytes in bone marrow of a
mouse treated with 5-FU and killed after 1 week (group 4b). (H&E x 100).

-
..,
:

Fig. (2): A photomicrograph showing severe hypocellulacity (H), interstitial haemorrhage
(IH), dilated sinusoids (S) and increased megakaryocyles in bone marrow of a '
mouse treated with 5-FU and killed after 1 week (group 4b). (H&E x 100).

Mausoura |. Forensic Med, Clin. Toxicol, Vol. XI No.1, January 2005
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Fig. (3) : A photomicrograph showing severc hypocellularity (H) and interstitial fibrosis
(F) in bone mwrow of a mouse treated with 5-FU and killed after | week
{group 4b). . (H&E x 100).

Fig. (4) : A photomicrograph showing mild hypocellularity (H), dilated sinusoids (S), in-
lerstitial haemorrhage (1H) and decreased megakaryocytes in bone marrow of a
mouse treated with 5-FU + GSH and killed after 1 week (group 5b).

- . (H&E x 100).

Mansoura J. Forensic Med. Clin. Toxicol. ~ - Vel.XJI No.1, January 2005
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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 killed after 1 week (group 6b). (H&E x 100).

Fig. (6) : A photomicrog ph showing severe hypocellularity (H), increased fat content

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