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Background and Objectives: Negative consequences of chemotherapy on brain function were suggested and were ad-
dressed in animal models as the clinical phenomenon of chemobrain .It was postulated that adriamycin (ADR) induce 
changes in behaviour and in brain morphology. Human umbilical cord mesenchymal stem cells (HUCMSCs) could 
be induced to differentiate into neuron-like cells .The present study aimed at investigating the possible therapeutic 
effect of HUCMSC therapy on adriamycin induced chemobrain in rat. 
Methods and Results: Twenty five female albino rats were divided into control group, ADR group where rats were 
given single intraperitoneal (IP) injection of 5 mg/kg ADR. The rats were sacrificed two and four weeks following 
confirmation of brain damage. In stem cell therapy group, rats were injected with HUCMSCs following confirmation 
of brain damage and sacrificed two and four weeks after therapy. Brain sections were exposed to histological, histo-
chemical, immunohistochemical and morphometric studies. In ADR group, multiple shrunken neurons exhibiting dark 
nuclei and surrounded by vacuoles were seen .In response to SC therapy ,multiple normal pyramidal nerve cells were 
noted. The area of shrunken nerve cells exhibiting dark nuclei, Prussion blue and CD105 positive cells were sig-
nificantly different in ADR group in comparison to SC therapy group.
Conclusions: ADR induced progressive duration dependant cerebral degenerative changes. These changes were amelio-
rated following cord blood human mesenchymal stem cell therapy. A reciprocal relation was recorded between the 
extent of regeneration and the existence of undifferentiated mesenchymal stem cells.
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Introduction 

　Chemotherapy drug combinations were proved to in-
duce effect on various aspects of learning and memory. 
Chemotherapy-associated cognitive dysfunction was postu-
lated. Spatial learning, memory ability as well as discrim-
ination learning were tested in rats receiving chemo-
therapy combinations. Negative consequences of chemo-

therapy on brain function were suggested and were ad-
dressed in animal models as the clinical phenomenon of 
chemobrain (1).
　Breast cancer is the most common malignancy among 
women, and considered a leading cause of cancer deaths. 
Doxorubicin (adriamycin) has been developed for the 
treatment of metastatic breast cancer (2). Administration 
of chemotherapy during the fetal phase of pregnancy may 
put late-developing organs like the central nervous system 
at risk. The current preclinical data reveal changes in be-
haviour and transiently also in brain morphology in the 
mice that were prenatally exposed to doxorubicin (3).
　The mesenchymal stem cells (MCSs) derived from um-
bilical cord tissue have low immunogenicity and contain 
few immune cells. Previously, studies demonstrated that 
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human umbilical cord MSCs could be induced to differ-
entiate into neuron-like cells (4).
　The present study aimed at investigating the possible ther-
apeutic effect of human cord blood mesenchymal stem cell 
therapy on adriamycin induced chemobrain in albino rat.

Material and Methods

　Twenty five female albino rats weighing 150∼200 g were 
used and divided into 3 groups placed in separate cages. 
The animals were kept under good hygienic conditions, 
fed ad libitum and allowed for free water supply. The ex-
periment was performed in the Animal House of Histology 
Department, Faculty of Medicine, Cairo University. The 
rats were treated in accordance with guidelines approved 
by the Animal Use Committee of Cairo University. The 
rats were divided into groups and subgroups:
　Control group: 4 rats, one for each of the corresponding 
experimental subgroups. Each animal received single in-
traperitoneal (IP) injection of 0.5 ml distilled water.
　Group A (Adriamycin group): 11 rats each received 5 
mg/kg (5) of adriamycin (ADR) (Pharmacia Italia Corpo-
ration), using 10 mg vials. ADR was administered by IP 
injection (6) at a single dose (7) dissolved in 0.5 ml dis-
tilled water. One rat was sacrificed thirty days following 
the day of injection for confirmation of brain damage. The 
remaining rats were subdivided into:
　Subgroup (A1): Five animals were sacrificed 2 weeks 
following the confirmation of brain damage.
　Subgroup (A2): Five animals were sacrificed 4 weeks 
following the confirmation of brain damage. 
　Group S (Stem cell (SC) therapy group): 10 rats re-
ceived ADR by the same route, at the same frequency of 
administration and at the same dose as in the previous 
group. They were injected with 0.5 ml of cultured and la-
beled human mesenchymal stem cells (HMSCs) sus-
pended in phosphate buffer saline (PBS) in the tail vein 
(8). The injection was performed on two successive days 
following confirmation of cerebral damage. Stem cells 
were isolated from cord blood (9). Cord blood collection 
was performed at the Gynaecology Department, Faculty of 
Medicine, Cairo University. Stem cell isolation, culture, 
labeling and phenotyping were performed at Hematology 
Unit, New Kasr El Aini Teaching Hospital. The rats were 
subdivided into:
　Subgroup (S1): Five rats sacrificed 2 weeks following Sc 
therapy.
　Subgroup (S2): Five rats sacrificed 4 weeks following Sc 
therapy.

Cord blood collection (10)
　The storage and transport temperature was 15∼22oC, 
transport time was 8∼24 hours, sample volume was 65∼
250 ml. No sample had signs of coagulation or hemolysis.

Mononuclear cell fraction isolation (10) 
　The mononuclear cell fraction (MNCF) was isolated by 
carefully loading 30 ml of whole blood onto 10 ml of Ficoll 
density media (Healthcare Bio-Sciences) in 50 ml poly-
propylene tubes. Centrifuge for 30 minutes at room tem-
perature at 450×g and the interphase collected after aspi-
rating and discarding the supernatant. The interphase was 
washed with 20 ml PBS and centrifuged at 150×g for 5 
minutes at room temperature. The supernatant was aspi-
rated and the cells were washed with PBS a second time. 
The cells were re-suspended in the isolation media to pre-
vent adherence of monocytic cells. The isolation media was 
low-glucose DMEM (Dulbecco's modified Eagles medium) 
(Cambrex Bio Science, Minnesota, USA), penicillin (100 
IU/ml) (Invitrogen), streptomycin (0.1 mg/ml) and ultra-
glutamine (2 mM) (Cambrex Bio-Science). Incubation was 
at 38.5oC in humidified atmosphere containing 5% CO2.

Culture (10)
　The isolation media were replaced after overnight in-
cubation (12∼18 hours) in order to remove non-adherent 
cells. The media were replaced every 3 days until MSC 
colonies were noted. The cultures were inspected daily for 
formation of adherent spindle-shaped fibroblastoid cell 
colonies. Sub-culturing was done by chemical detachment 
using 0.04% trypsin. Later, when cell numbers allowed ex-
pansion was done in 25 cm2 or 75 cm2 tissue culture flasks.

Labeling (11)
　Mesenchymal stem cells were labeled by incubation 
with ferumoxides injectable solution (25 microgramFe/ml, 
Feridex, Berlex Laboratories) in culture medium for 24 
hours with 375 nanogram/ml poly L lysine added 1 hour 
before cell incubation. Labeling was histologically assessed 
using Prussian blue. Feridex labeled MSCs were washed 
in PBS, trypsinized, washed and resuspended in 0.01 
Mol/L PBS at concentration of 1×1,000,000 cells/ml.

Cell viability analysis
　Cell viability was done using trypan blue dye exclusion 
test. This method is based on the principle that viable 
cells do not take up certain dyes, whereas dead cells do.

Flow cytometry (12)
　Flow cytometric analyses were performed on a Fluore-
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Fig. 1. Section in the cerebral cortex of a control rat showing pyr-
amidal neurons (N) and neuropil (n) inbetween (H&E, ×100).

Fig. 2. Section in the cerebral cortex of a control rat showing pyr-
amidal neurons (N) with basophilic cytoplasm and pale nuclei. 
Note small dark nuclei of neuroglial cells (n) (H&E, ×400).

scence Activated Cell Sorter (FACS) flow cytometer 
(Coulter Epics Elite, Miami, FL, USA). HMSC were tryp-
sinized and washed twice with PBS. A total number of 
1×100000 HMSC were used for each run. To evaluate the 
HMSC marker profile, cells were incubated in 100 μl of 
PBS with 3 μl of CD105-FITC for 20 min at room 
temperature. Antibody concentration was 0.1 mg ml-1. 
Cells were washed twice with PBS and finally diluted in 
200 μl of PBS. The expression of surface marker was as-
sessed by the mean fluorescence. CD105 (mesenchymal 
stem cell marker), CD133 (early hematopoietic & endothe-
lial progenitor stem cell marker) and CD45 (panleucocytic 
marker) were also used. The percentage of cells positive 
for CD105 was determined by subtracting the percentage 
of cells stained non-specifically with isotype control 
antibodies.
　The rats were sacrificed using lethal dose of ether. The 
skull was broken using bone cutter, brain specimens were 
obtained, fixed in 10% formol saline for 48 hours, paraffin 
blocks were prepared and 5μm thick sections were sub-
jected to the following studies.

Histological study
　Hematoxylin and eosin (H&E) stain (13).

Histochemical study
　Prussian blue (Pb) stain (14) for demonstration of iron 
oxide labeled therapeutic stem cells.

Immunohistochemical study
　CD105 immunostaining (15) the marker for HMSCs. 

0.1 ml prediluted primary antibody CD105 rabbit poly-
clonal Ab (ab27422) and incubate at room temperature in 
moist chamber for 30∼60 minutes. Tonsil used as positive 
control specimens. Cellular localization is the cell mem-
brane. On the other hand, one of the brain sections was 
used as a negative control by passing the step of applying 
the primary antibody.

Morphometric study
　Using Leica Qwin 500 LTD (Leica LTD, Cambridge, 
UK) image analysis, assessment of the area of shrunken 
nerve cells wih dark nuclei using interactive measure-
ments menu was done in 10 high power fields (HPF). The 
area% of Pb+ve cells and that of CD105+ve cells were 
estimated in 10 HPF using binary mode.

Statistical analysis (16)
　Quantitative data were summarized as means and stand-
ard deviations and compared using one-way analysis-of 
variance (ANOVA). p-values ＜0.05 were considered stat-
istically significant. Calculations were made on SPSS 
software.

Results

Hematoxylin and eosin (H&E) stained sections
　Cerebral cortex sections of control rats demonstrated 
pyramidal neurons and neuropil inbetween (Fig. 1). Closer 
observation revealed the pyramidal neurons exhibiting ba-
sophilic cytoplasm and pale nuclei. Small dark nuclei of 
neuroglial cells were seen inbetween (Fig. 2). 
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Fig. 4. Section in the cerebral cortex of a rat in subgroup A1 show-
ing shrunken nerve cells with dark nuclei (d) and surrounded by
vacuoles. Note some normal pyramidal cells (N) (H&E, ×400).

Fig. 3. Section in the cerebral cortex of a rat in subgroup A1 (rats
sacrificed two weeks following confirmation of brain damage) 
showing multiple vacuoles (arrows) in the superficial layer of the 
cerebral cortex, some dark nuclei (d) of nerve cells and a vacuole
containing cellular debris (c) (H&E, ×100).

Fig. 5. Section in the cerebral cortex of a rat in subgroup A2 (rats
sacrificed four weeks following confirmation of brain damage) 
showing separation of the surface (arrowhead), large vacuoles (ar-
rows), multiple dark nuclei (d) of the neurons and multiple va-
cuoles containing cellular debris (c) (H&E, ×100).

Fig. 6. Section in the cerebral cortex of a rat in subgroup A2 showing
multiple shrunken neurons with dark nuclei (d) and surrounded by
vacuoles. Note a vacuole containing cellular debris (c) (H&E, ×400).

　In subgroup A1 (rats sacrificed two weeks following 
confirmation of brain damage), some fields showed multi-
ple vacuoles in the superficial layer of the cerebral cortex. 
Some dark nuclei and occasional vacuoles containing cel-
lular debris were seen in the deeper layers (Fig. 3). Some 
shrunken nerve cells exhibiting dark nuclei and sur-
rounded by vacuoles existed in some fields by closer 
observation. Some normal pyramidal cells were also no-
ticed (Fig. 4).
　In subgroup A2 (rats sacrificed four weeks following 
confirmation of brain damage), partial separation of the 

surface of the cerebral cortex from the underlying layers 
was noticed. Large vacuoles were observed in the super-
ficial layers. Multiple dark nuclei of the neurons and mul-
tiple vacuoles containing cellular debris were detected in 
the deeper layers (Fig. 5). Multiple shrunken neurons ex-
hibiting dark nuclei and surrounded by vacuoles were 
seen by close observation (Fig. 6). 
　In subgroup S1 (rats sacrificed two weeks following SC 
therapy), some fields showed localized areas recruiting va-
cuoles and multiple dark nuclei. Occasional distended and 
occasional congested vessels were seen (Fig. 7). Closer ob-
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Fig. 7. Section in the cerebral cortex of a rat in subgroup S1 (rats
sacrificed two weeks following SC therapy) showing a localized 
area of vacuoles (arrow), multiple dark nuclei (d), a distended ves-
sel (dv) and a congested vessel (cv) (H&E, ×100).

Fig. 8. Section in the cerebral cortex of a rat in subgroup S1 show-
ing some shrunken nerve cells with dark nuclei and surrounded 
by minimal vacuoles (*). Note the congested vessel (H&E, ×400).

Fig. 9. Section in the cerebral cortex of a rat in subgroup S2 (rats
sacrificed four weeks following stem cell therapy) showing some
nerve cells with dark nuclei (d) (H&E, ×100). 

Fig. 10. Sections in the cerebral cortex of a rat in subgroup S2 
showing some shrunken nerve cells with dark nuclei and sur-
rounded by minimal vacuoles (*). Note multiple normal pyramidal
nerve cells (N) (H&E, ×400).

servation revealed some shrunken nerve cells containing 
dark nuclei and surrounded by minimal vacuoles (Fig. 8). 
　In subgroup S2 (rats sacrificed four weeks following SC 
therapy), some nerve cells with dark nuclei were found 
(Fig. 9). Closer observations showed some shrunken nerve 
cells with dark nuclei and surrounded by minimal 
vacuoles. Multiple normal pyramidal nerve cells were also 
noted (Fig. 10).

Prussian blue stained sections
　Sections in the cerebral cortex of control rats showed 
negative staining with Pb (Fig. 11). In SC therapy sub-
group S1, some fields showed multiple spindle and few 

cuboidal positive (+ve) cells inside and near blood vessels 
(Figs. 12, 13). In addition, subgroup S2 showed few spin-
dle and cuboidal +ve cells (Fig. 14) in some fields and 
occasional cuboidal +ve cells in some others among the 
neurons (Fig. 15).

CD105 immunostained sections
　Sections in the cerebral cortex of control rats showed 
negative immunostaining with CD105 (Fig. 16). The SC 
therapy subgroup S1 showed multiple spindle, branched 
and cuboidal CD105 +ve cells. Some of the +ve cells ap-
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Fig. 11. Section in the cerebral cortex of a control rat showing neg-
ative reaction (Prussian blue, ×400).

Fig. 13. A rat in subgroup S1 showing multiple spindle (s) and cuboi-
dal (cu) Pb+ve cells near a blood vessel (v) (Prussian blue, ×400).

Fig. 12. Section in the cerebral cortex of a rat in subgroup S1 show-
ing multiple spindle (s) and few cuboidal (cu) PB+ve cells inside 
and near a blood vessel (v) (Prussian blue, ×400).

Fig. 14. A rat in subgroup S2 showing some spindle (s) and a cuboi-
dal (cu) Pb +ve cells among the neurons (Prussian blue, ×400).

Fig. 15. A rat in subgroup S2 showing a cuboidal (cu) Pb+ve cell
among the neurons (Prussian blue, ×400).

Fig. 16. Section in the cerebral cortex of a control rat showing neg-
ative immunostaining (CD105 immunostaining x400).
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Table 1. Area of shrunken nerve cells exhibiting dark nuclei, area % of PB +ve cells and area % of CD105 +ve cells in different groups and subgroups

Groups & subgroups
Area of shrunken nerve cells 

exhibiting dark nuclei
Area % of PB +ve cells Area % of CD105 +ve cells

Control group
Subgroup A1
Subgroup A2
Subgroup S1
Subgroup S2

-
1225.81±198.07
2329.88±308.03*
1016.81±198.11
925.61±109.32

-
-
-

6.56±0.28
2.95±0.26*

-
-
-

9.01±0.81
5.63±0.43*

*significant (p＜0.05).

Fig. 18. Section in the cerebral cortex of a rat in subgroup S2 show-
ing few spindle (s), cuboidal (cu) and branched (b) CD105 +ve 
cells near blood vessels (v) (CD105 immunostaining ×400). 

Fig. 17. Section in the cerebral cortex of a rat in subgroup S1 show-
ing multiple spindle (s), cuboidal (cu) and branched CD105 +ve cells
inside and near blood vessels (v) (CD105 immunostaining ×400).

peared inside blood vessels and others were seen near 
blood vessels (Fig. 17). On the other hand, subgroup S2 
showed few spindle, branched and cuboidal +ve cells near 

blood vessels (Fig. 18). 

Morphometric results
　The area of shrunken nerve cells exhibiting dark nuclei 
recorded a significant (p＜0.05) increase in subgroup A2 
compared to subgroups A1, S1 and S2 (Table 1). On the 
other hand, the area% of Pb +ve and CD105 +ve cells 
denoted a significant (p＜0.05) decrease in subgroup S2 
compared to subgroup S1 (Table 1).

Discussion

　The current study demonstrated ameliorating effect of 
cord blood HMSC therapy on ADR induced chemobrain 
in an experimental model of albino rat. ADR was proved 
to be a commonly used chemotherapeutic drug, as evi-
denced by Blazkova et al. (17). This was evidenced by his-
tological, histochemical, immunohistochemical and mor-
phometric methods.
　In subgroup A1 (rats sacrificed two weeks following 
confirmation of brain damage) some fields showed multi-
ple vacuoles in the superficial layer of the cerebral cortex 
and occasional vacuoles containing cellular debris. Some 
shrunken nerve cells exhibiting dark nuclei and sur-
rounded by vacuoles existed. These results suggested in-
duced degenerative changes. In agreement, anticancer 
drugs were recorded to adversely affect the self-renewal 
potential of neural progenitor cells and also chromatin re-
modeling (18). It was also mentioned that ADR treatment 
increases the susceptibility of brain mitochondria to oxi-
dative stress, predisposing brain cells to degeneration and 
death (19). ADR can damage normal noncancerous cells 
that might contribute to chemotherapy-induced cognitive 
deficits when administered either alone or in combination 
with other agents (20). Cancertherapy-related cognitive 
impairment is known as chemobrain or chemo-fog (21).
　In subgroup A2 (rats sacrificed four weeks following 
confirmation of brain damage), partial separation of the 
surface of the cerebral cortex from the underlying layers, 
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large vacuoles were observed in the superficial layers and 
multiple vacuoles containing cellular debris were detected 
in the deeper layers. Multiple shrunken neurons exhibit-
ing dark nuclei and surrounded by vacuoles were seen. 
These changes indicated more marked degenerative changes 
that progressed in relation to duration, which was con-
firmed by a significant increase in the area% of shrunken 
nerve cells exhibiting dark nuclei.
　In subgroup S1 (rats sacrificed two weeks following SC 
therapy), brain sections showed localized areas recruiting 
vacuoles, occasional distended and occasional congested 
vessels. Some shrunken nerve cells containing dark nuclei 
and surrounded by minimal vacuoles were seen. The pre-
vious results indicated regression of morphological changes. 
It could be also commented that these reflex vascular 
changes help attraction and migration of injected ther-
apeutic SCs to the site of injury. In agreement, it was in-
dicated that intrathecal administration of MSCs by lum-
ber puncture may be useful for treatment of brain injuries, 
such as stroke, or neurodegenerative disorders (22). Ano-
ther study confirmed distinct effects on the metabolic via-
bility and neuronal cell densities in primary cultures by 
administration of MSCs (23). A recent study proved that 
cord blood MSCs have a neuroprotective effect in neonatal 
hypoxia-ischemia. The mechanisms of action appear to be 
including immunomodulation, activation of endogenous 
stem cells, release of growth factors, and anti-apoptotic ef-
fects (24). High proliferative rate, non-invasive extraction 
and neural predisposition, is a powerful argument for the 
use of the intact isolated MSCs as a substrate in cell ther-
apy to repair nerve tissue (25).
　In subgroup S2 (rats sacrificed four weeks following SC 
therapy), some shrunken nerve cells with dark nuclei and 
surrounded by minimal vacuoles were found. However 
multiple normal pyramidal nerve cells were also noted. 
This denoted duration dependant regression of degener-
ative changes proved morphometrically. 
　The area% of Pb +ve and CD105 +ve cells denoted a 
significant decrease in subgroup S2 compared to subgroup 
S1, indicating differentiation of MSCs into repaired nerve 
cells.
　It could be concluded that adriamycin induced pro-
gressive duration dependant cerebral degenerative changes. 
The morphological findings were confirmed by morpho-
metric assessment. Cord blood human mesenchymal stem 
cell therapy proved definite amelioration of the degener-
ative changes. A reciprocal relation was recorded between 
the extent of regeneration and the existance of undiffere-
ntiated mesenchymal stem cells.
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