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Background and Objectives: Depression is one of the most prevalent psychiatric disorders. Endogenous neural stem 
cells (NSCs) could replace damaged Hippocampal neurons in depression. This work was planned to evaluate Rhodiola 
rosea (Rr) extract possible role in stimulation of NSCs proliferation and in depression improvement.
Methods and Results: Thirty adult male albino rats were divided into three groups; control, untreated depressed model 
and Rr model. After depression induction by chronic mild stress, rats received Rr extract 1.5 g/kg/day for three weeks. 
The sucrose preference test (SP) was done before, after depression induction and 3 weeks after supplementation of 
Rr. The brain was removed and processed for H&E and immunohistochemical staining for caspase 3, glial fibrillary 
acid protein (GFAP) and proliferating cell nuclear antigen (PCNA). Rr group revealed improved sucrose preference, 
increased undamaged neurons and decreased dark neurons. Moreover, Caspase 3 +ve cells were not detected, GFAP 
+ve cells increased and PCNA +ve cells were detected only in Rr group.
Conclusions: This work points to the role of Rr in depression improvement and in stimulation of NSCs proliferation. 
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Introduction

  Depression is one of the most prevalent psychiatric dis-
orders faced by humans. It impairs quality of life due to 
its high morbidity and recurrence rate. It results from the 
interaction of nerve-endocrine-immunology system (1). 
  The recent finding that endogenous NSCs reside in the 

subventricular zone (SVZ) and dentate gyrus (DG) of the 
adult mammalian brain opens the possibility of using 
these resident NSCs for cell replacement therapies in neu-
rological disorders (2).
  Oxidative stress including exposure to reactive oxygen 
species (ROS) inhibits neurogenesis and is associated with 
cognitive impairments. Consumption of potent anti-
oxidants could improve neurogenesis and decrease the im-
pairment of cognitive functions (3).
  Rhodiola rosea (Rr) extract belongs to crassulaceae in-
tegripetal Rhodiola herb genus. It contains over 40 chem-
ical components including salidroside and rosavins which 
are considered two of the major active components. The 
effects of Rhodiola rosea components include anti- oxida-
tive, down-hyperglycemia, anti-tumor, adaptogenic, an-
ti-stress, anti-anoxia, anti- fatigue, immunity improvement 
and protection of central nervous system and cardio-
vascular system (4).
  This work was planned to evaluate Rr extract possible 



Zeinab Mohamed Kamel Ismail, et al: Enhancement of Neural Stem Cells after Induction of Depression in Male Albino Rats  71

role in stimulation of NSCs proliferation and in depres-
sion improvement.

Materials and Methods

Drugs
  Rhodiola: it was purchased from NOW FOODS Com-
pany (Glen Ellyn Rd, USA) in the form of a bottle con-
taining 60 capsules each contains 500mg of Rr root extract 
(3% total rosavins and 1% salidrosides). 

Experimental design
  Thirty adult male albino rats (180∼200 g) were housed 
in Kasr AlAiny Animal House & treated according to ani-
mal rights committee. Animals were fed on ordinary diet 
for 1 week (to adapt rats for new housing). Sucrose sol-
ution (1% sucrose in distilled H2O) was added (in bottles) 
for the second week to adapt rats for its taste (sucrose 
adaptation period). At the beginning of the third week, 
rats were divided into three groups: Group I: (control 
group, n. =10 rats). Rats received no treatment for 4 
weeks (weeks 3-6) then received distilled water 1.5 ml once 
daily by gastric gavage for three weeks (weeks 7-9). Group 
II: (untreated depressed group, n. =10 rats). Induction of 
depression by Chronic Mild Stress (CMS) was performed 
for 4 weeks (weeks 3∼6) as described by Dang et al. (5). 
Then, rats received distilled water 1.5 ml once daily by 
gastric gavage for 3 weeks (weeks 7∼9). Group III: (Rr 
group n. =10 rats). Depressed rats were prepared as in 
group II (weeks 3∼6), then they received Rr extract (1.5 
g/kg/day) dissolved in 1.5 ml distilled water by gastric 
gavage for 3 weeks (weeks 7∼9) according to Chen et al. 
(1). 

Induction of depression
  The Chronic Mild Stress (CMS) procedure (eight stres-
sors) was performed to the target rats (groups II and III). 
Those stressors included: food or water deprivation for 23 
hours; cage tilt (45o) for 23 hours; continuous overnight 
illumination; soiled cage (100 ml of water spilled into the 
bedding) for 23 hours; cold water swimming (4oC for 5 
min); empty water bottles for 23 hours; behavior restraint 
in a tube (diameter, 8 cm; length, 20 cm) for 2 hours; in-
termittent illumination (light on and off) every 2 hours. 
These stressors continued for 4 weeks. Each animal re-
ceived one stressor per day. Those stressors have been pro-
ven to induce depression (5).

Sucrose Preference test
  The sucrose preference test was used to detect anhedo-

nia (loss of pleasure of the taste) which is an indicator 
of depression. It involved 23 hours deprivation of food and 
water, followed by presentation of 1% sucrose solution and 
tap water in two different bottles for 1 hour. Intake was 
calculated by measuring the weight of bottles before and 
after consumption. The sucrose preference test was done 
and body weight was measured at the end of week 2, week 
6 and week 9. The Sucrose Preference (SP) was calculated 
according to the following equation: SP=sucrose intake/ 
(sucrose intake+water intake)×100=X%. Anhedonia was 
considered when SP was decreased (1, 6).

Dissection and processing of samples
  At the end of week 9, the animals were anaesthetized 
with ketamine (100 mg/kg)/xylazine (10 mg/kg) i.p in-
jection. The chest wall was opened, the descending aorta 
was ligated and animals were perfused transcardially, via 
the left ventricle, with 10% formol saline. The right at-
rium was opened (a small slit opening) once perfusion has 
started. The perfusion was stopped when the venous re-
turn from the right atrium became clear (7). 
  The brains of all groups were dissected out from the 
sacrificed rats, fixed in 10% formol saline, kept for 24 
hours then serial coronal sections were cut till the hippo-
campus appeared. The tissue was then dehydrated in as-
cending grades of alcohol (70%, 95%, 100%), cleared in xy-
lene then embedded into paraffin wax (Histology Depart-
ment, Faculty of Medicine, Cairo University). Sections of 
5 μm thickness were stained with Hematoxylin & Eosin 
and immunohistochemical staining (8). 

Immunohistochemistry
  It was done using anti Caspase 3 antibodies to detect 
apoptotic cells [Primary antibody: Anti-Caspase 3 anti-
body (ab4051), Abcam Inc., Cambridge, USA], anti GFAP 
antibodies to detect astrocytes [Primary antibody: GFAP 
Ab-6 (Clone ASTRO6), Lab Vision Corporation laboratories, 
CA 94539, USA, catalogue number MS-1376-P] and anti 
PCNA antibodies to detect proliferating cells [Primary an-
tibody: PCNA Ab-1 (Clone PC10), Lab Vision Corpora-
tion laboratories, CA 94539, USA, catalogue number MS- 
106-P].
  Paraffin sections were deparaffinized in xylene for 1∼2 
minutes, rehydrated in descending grades of ethanol then 
brought to distilled water for 5 minutes. Sections were in-
cubated in hydrogen peroxide for 30 minutes then rinsed 
in PBS (3 times, 2 minutes each). Each section was in-
cubated for 60 minutes with 2 drops (= 100 μl) of the 
primary antibody (Caspase 3, GFAP or PCNA). Slides were 
rinsed well in PBS (3 times, 2 min. each), incubated for 
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Table 1. The mean values (±SD) of Bw of control and ex-
perimental groups

Group

Values of  Bw {Mean±SD (gm)}

End of 
2nd week

End of 
6th week

End of 
9th week

Control (GI)
Depressed (GII)
Rhodiola (GIII)

190.4±5.5
189.6±6.5
190.2±7.2

240.5±6.3
218.6±6.1*
219.3±6.8*

 280±6.7
240.4±7.2*
283.6±8.2†

*p<0.05 as compared to GI, †p<0.05 as compared to GII.

Table 2. The mean values (±SD) of SP percent of control and ex-
perimental groups

Group

Values of SP {Mean±SD (%)}

End of 
2nd week

End of 
6th week

End of 
9th week

Control (GI)
Depressed (GII)
Rhodiola (GIII)

86.2±1.5
85.9±1.2
85.6±1.1

85.6±1.4
75.4±3.2*
74.5±3.1*

86.02±1.7
76.01±1.6*
 85.7±1.1†

*p<0.05 as compared to GI, †p<0.05 as compared to GII.

Fig. 1. A photomicrograph of a section in DG of the hippocampus
of an albino rat from control group (GI). The 3 layers; DOL, GL
and DML are observed. The DOL and DML show few neurons and
glial cells in between neuronal processes. GL is formed of several
layers of closely packed neurons with rounded vesicular nuclei, 
prominent nucleoli and scanty basophilic cytoplasm. Few dark nu-
clei appear in the deep layer of granular cells (arrows) (H&E, ×400).

20 minutes with 2 drops of biotinylated secondary anti-
body for each section then rinsed well with PBS. Each sec-
tion was incubated with 2 drops enzyme conjugate 
"Streptavidin-Horseradish peroxidase" for 10 minutes at 
room temperature then washed in PBS. Substrate-chrom-
ogen (DAB) mixture (2 drops) was applied to each section 
and incubated at room temperature for 5-10 min. then 
rinsed well with distilled water. Slides were counterstained 
with hematoxylin, dehydrated and mounted. Immunore-
active cells showed brown deposits. All steps were per-
formed in a humidity chamber to prevent drying of the 
tissues. Non-specific background elimination step was 
omitted.

Morphometric study 
  Data were obtained using "Leica Qwin 500 C" image an-
alyzer computer system Ltd. (Cambridge, England). Mean 
number of neurons (undamaged and dark neurons) / HPF 
in H&E stained sections and mean area percent of GFAP 
immunopositive cells were measured in DG of all im-
munostained hippocampal sections. From each section 10 
non overlapping fields were examined using an objective 
lens ×40 (=total magnification ×400) and the mean value 
for each slide was obtained.

Statistical methods
  Data were tabulated and statistically analyzed to evaluate 
the difference between the groups as regards the various 

parameters. The mean, standard deviation and analysis of 
variance (ANOVA) were calculated using EXCEL and 
SPSS 9 software. Results were considered statistically sig-
nificant when p was < 0.05 (9).

RESULTS

I-Body weight (Bw) (Table 1)
  The mean Bw values of depressed rats were significantly 
decreased at the end of week 6 & 9 when compared to 
control rats. The mean Bw values of Rr group revealed 
significant increase at the end of week 9 when compared 
with depressed rats and nonsignificant change when com-
pared with the control rats.

II-Sucrose Preference (SP) (Table 2)
  The mean SP values of depressed rats were significantly 
decreased at the end of week 6 & 9 when compared to 
control rats. The mean SP values of Rr group revealed sig-
nificant increase at the end of week 9 when compared with 
depressed rats. Rr rats returned to the normal level. 

III-Histological results
  Hematoxylin and Eosin stained hippocampal sections: 
Control group revealed normal structure of the dentate gy-
rus (DG). The DG was a C-shape capping the free border 
of CA4 with upper and lower limbs. The DG consisted 
of three layers; an outer dentate molecular layer (DML), 
a principle crowded middle granular layer (GL) and an 
inner dentate polymorphic layer (DOL). The DOL and 
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Fig. 2. A photomicrograph of a section in DG of the hippocampus
of an albino rat from GII showing its three layers DOL, GL and
DML. Eosinophilic (degenerating) neurons with darkly stained 
(pyknotic) nuclei are detected (black arrows). Dark irregular shrunk-
en neurons (arrowheads), a swollen cell (thick arrow), blood ves-
sels (*) and vacuolations (V) (probably swelling/degeneration of GL
neuron processes) are demonstrated (H&E, ×400).

Fig. 3. A photomicrograph of a section in DG of the hippocampus
of an albino rat from group (GIII). DOL, GL and DML are observed. 
GL has several layers of closely packed rounded vesicular nuclei
with prominent nucleoli and scanty basophilic cytoplasm. Few 
dark nuclei appear in the deep GL (arrows). Few dark irregular 
shrunken cells are detected (arrowheads). Note typical rod shaped
microglia nucleus (curved arrow) (H&E, ×400).

Fig. 4. Photomicrographs of a section in the hippocampal DG of an albino rat showing -ve immunoreactivity in all layers of DG in GI
(A) and GIII (B). Brown cytoplasmic immunostaining is detected in most cells of GL, mainly in SGZ (arrow) in GII (C) (Anti-CASP 3 
Immunostaining ×400).

DML are the least cellular layers; they are formed of few 
neurons and glial cells in between many neuronal pro-
cesses. GL was formed of 5∼6 rows of closely packed neu-
rons with rounded vesicular nuclei, prominent nucleoli 
and scanty basophilic cytoplasm. Few dark nuclei ap-
peared in the deep layer of granular cells (Fig. 1).
  Sections of GL of depressed group showed eosinophilic 
(degenerating) neurons with darkly stained (pyknotic) 
nuclei. Swollen cells and many vacuolations were demon-
strated. Some dark irregular shrunken neurons were 
detected. There was apparent decreased cellularity in GL 
(3∼4 rows) as compared to control group (Fig. 2). Rr 
group revealed a picture nearly similar to that of control 
group with apparently more granule cells and less dark 
neurons as compared to GII (Fig. 3).

  Anti-caspase 3 stained hippocampal sections: Hippocam-
pal sections of control & Rr groups revealed -ve immunor-
eactivity in all layers of DG. Depressed group revealed 
brown cytoplasmic immunostaining in the majority of DG 
granule cells mainly in SGZ (Fig. 4). 
  Anti-GFAP stained hippocampal sections: Hippocampal 
sections of control group revealed brown immunostaining 
in the cytoplasm and processes of astrocytes in all regions 
of DG mainly in the (ML, OL). The immunoreactive cells 
of GL were detected mainly in SGZ (Fig. 5). Depressed 
group revealed apparently increased immunoreactivity as 
compared to control; the immunoreactive astrocytes of GL 
were detected mainly in SGZ closely related to dark cells 
(Fig. 6). Rr group revealed strong immunoreactive cells of 
GL that were detected mainly in SGZ. There was an ob-
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Fig. 5. A photomicrograph of a section in DG of the hippocampus
of an albino rat (GI) showing brown immunostaining in astrocyte’s
cytoplasm and processes in the three layers of DG mainly in the 
DML and DOL (red arrows). The immunoreactive cells of GL are 
detected mainly in SGZ (blue arrows) (Anti-GFAP Immunostaining
×400).

Fig. 8. Photomicrographs of a section in the hippocampal DG of an albino rat showing -ve immunoreactivity in all layers of DG in GI
(A) and GII (B). Many granule cells in GIII (C) show nuclear immunoreactivity. The immunoreactivity occupies mainly SGZ cells (blue
arrows). Few immunoreactive nuclei are detected in DML and DOL (red arrows) (Anti-PCNA Immunostaining ×400).

Fig. 7. A photomicrograph of a section in DG of the hippocampus
of an albino rat (GIII) showing increased immunoreactivity. Brown
immunostaining is detected in the cytoplasm and processes of 
many astrocytes in all layers of DG (red arrows). The immunor-
eactive cells of GL are detected mainly in SGZ (blue arrows) (Anti-
GFAP Immunostaining ×400).

Fig. 6. A photomicrograph of a section in DG of the hippocampus
of an albino rat (GII) showing brown immunostaining in many as-
trocytes in the three layers of DG (red arrows). The immunoreactive
cells of GL are detected mainly in SGZ closely related to dark cells
(blue arrows) (Anti-GFAP Immunostaining ×400).

vious increase in the immunoreactivity as compared to 
control & depressed groups (Fig. 7). 
  Anti-PCNA stained hippocampal sections: Hippocampal 
sections of Control and depressed groups revealed neg-
ative immunoreactivity in all layers of DG. Rr group re-
vealed brown nuclear immunoreactivity that was detected 
in GL of DG mainly in SGZ. Few immunoreactive nuclei 
were detected in DOL and DML (Fig. 8). 

Morphometric results
  I-Mean number of neurons (undamaged and dark neu-
rons) in DG (Fig. 9): Rr group showed a significant in-
crease in the number of undamaged neurons and a sig-
nificant decrease in the number of dark neurons when 
compared to GII.
  II-Mean area percent of GFAP immunopositive cells in 
DG (Fig. 10): There was a significant increase in GII & 
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Fig. 9. Histogram comparing the mean number of nerve cells in 
the control and experimental groups. *p<0.05 compared to GI.
†P<0.05 compared to GII.

Fig. 10. Histogram comparing the mean area percent of GFAP
immunopositive cells in the control and experimental groups. 
*p<0.05 compared to GI. †p<0.05 compared to GII.

GIII when compared to GI. GIII revealed a significant in-
crease as compared to GII. 

Discussion

  Chronic mild stress model is the most widely applied 
model of depression. The CMS model of depression in-
volved the presentation of a series of varied and un-
predictable environmental stressors. Following such ex-
posure, animals exhibit a persistent reduction in re-
sponsiveness to pleasurable stimuli, measured by a decrease 
in their consumption of 1% sucrose solution. Decrease in 
sucrose consumption has been advocated as a reliable be-
havioral measure that is associated with anhedonia (loss 
of appetite) of depression (1, 6). 
  In the present study, SP percent decreased in depressed 
group confirming occurrence of anhedonia which is a ba-
sic sign of depression and so CMS successfully induced 
depression in the rats. 
  Chen et al. (1) induced depression by CMS protocol in 
normal adult rats and confirmed it through several behav-
ioral and physiological changes including decreased su-
crose preference percent.
  Improvement of SP in Rhodiola group was in accord-
ance with Chen et al. (1) who found that introduction of 
Rhodiola rosea extract for 3 weeks in depressed rats in-
creased sucrose preference to the normal level.
  Going parallel with the present findings is the morpho-
metric examination which showed that 4 weeks CMS pro-
cedure caused significant decrease in animals' body 
weight. Consistent with these findings, a previous study 
represented an obvious decrease in the body weight of 
CMS stressed animals (10). The increase in Bw after Rr 

supplementation for 3 weeks was in accordance to Chen 
et al. (1) who found that depression in rats decreased the 
rate of Bw increase and Rr supplementation for 3 weeks 
reversed it to reach the normal level. 
  Hippocampal sections of depressed rats revealed degen-
erating neurons, dark neurons & many vacuolations. The 
appearance of neuron degeneration in the present study 
was similar to ‘‘eosinophilic neuron degeneration’’ de-
scribed by Garman (11) who mentioned that, the degener-
ating neurons (sometimes referred to as ‘‘red dead neu-
rons’’ were characterized at the light microscopic level by 
cell body shrinkage, loss of Nissl substance, intensely 
stained eosinophilic cytoplasm, and a small/shrunken 
darkly stained (pyknotic) nucleus that may eventually 
fragment (undergo karyorrhexis). 
  Dark neurons might reflect an early cell injury follow-
ing stress and overexcitation. Early neuronal injury may 
be due to early damage of cytoskeleton such as micro-
tubules or microfilaments. Dark neurons appeared to be 
in a shrunken or contracted state which may be the result 
of contraction of cytoskeletal proteins such as actin (12). 
  In the present study vacuolations could be detected near 
degenerating neurons which might be attributed to swel-
ling or degeneration of neuronal process. Garman (11) 
demonstrated that vacuolations adjacent to the degenerat-
ing neurons or those overlying molecular layer are prob-
ably swelling/degeneration of neuronal processes, swelling 
of astrocyte cytoplasmic processes, myelin sheath splitting 
or intramyelinic edema. 
  Using morphometric measurment for GII, there was a 
significant decrease in the number of undamaged neurons 
and a significant increase in the number of dark neurons 
in GL as compared to control group. Nowak et al. (13) 
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detected a significant decrease in the total number of 
granule cells and in the volume of the GL in the CMS 
group.
  Hippocampal sections of rats which exposed to CMS 
followed by Rr (GIII) showed signs of recovery in the form 
of improved neuronal cellularity with the presence of pro-
liferating cells at the basal layer of GL, and consequently 
no eosinophilic cells, as compared to GII.
  Darbinyan et al. (14) demonestrated that Rr extract alle-
viates pathological changes in affected hippocampal neu-
rons and promotes survival of the injured hippocampal 
neurons. 
  Combining the findings in the present study (GIII) with 
the previous data reported by others, signals the role of 
Rr in the improvement of depressed hippocampus through 
increasing healthy neurons. This may be due to recovery 
of injured dark neurons or by proliferation of NSCs in DG 
containing NSCs niche. 
  Presence of apoptotic cells in GII was confirmed by us-
ing anti-CASP 3 immunostaining. The immunoreactivity 
was detected in the majority of granule cells of DG mainly 
in SGZ. On the contrary, GI had negative immunor-
eactivity detected in all layers of DG. This was in accord-
ance with Sima and Li (15) who did not found apoptotic 
cells in all layers of hippocampus of the control rats using 
TUNEL immunostaining.
  Bachis et al. (16) demonstrated that CMS induced neu-
ronal death through apoptosis as it increased the number 
of caspase-3 positive neurons in the cerebral cortex. They 
suggested that increased glucocorticoids secondary to the 
hyperactivity of the hypothalamic-pituitary-adrenal (HPA) 
axis in CMS might be responsible for the apoptosis seen 
in some cortical neurons. 
  Moreover, Sze et al. (17) found that dexamethasone in-
creased the number of caspase-3 positive cells in DG. It 
stimulated glucocorticoid receptors which are present in 
a high density on hippocampal neurons leading to 
apoptosis. They proved that, the apoptotic cells in DG 
were mainly neuroprogenitor cells. In the present study, 
the existence of anti-CASP 3 immunoreactivity mainly in 
SGZ of DG (NSCs niche) indicates that depression is asso-
ciated with apoptosis of these cells.
  On the contrary to the present study, Nowak et al. (13) 
could not find differences in the number of Caspase 3 im-
munopositive cells between the control and CMS rat 
groups. They explained that their results may be due to 
exposure to less stressors that failed to decrease the num-
ber of hippocampal neurons.
  Hippocampal sections of Rr group (GIII) stained with 
anti-CASP 3 antibody revealed no immunoreactivity in all 

layers of DG. This was in accordance with Palumbo et al. 
(18) who showed the neuroprotective effect of Rr in cort-
ical neurons. It significantly increased cell survival, de-
creased apoptosis and significantly prevented the plasma 
membrane damage and the morphological disruption 
caused by oxidative stress. 
  Sections of depressed rats (GII) stained with anti-GFAP 
antibody revealed increased immunostaining that were de-
tected in all layers of DG. The astrocytes were extending 
between granule cells mainly in SGZ of GL. They were 
closely related to dark cells. Using morphometric measure-
ments, the mean area percent of GFAP immunopositive 
cells of DG were significantly increased as compared to 
the controls (GI). 
  Injured astrocytes become hypertrophic, change their 
morphology and start to proliferate. They also increase the 
expression of GFAP, vimentin and nestin. These cells are 
called reactive astrocytes (19). Contrary to the present re-
sults, Li et al. (20) suggested that astrocyte atrophy con-
tributes to the pathogenesis of depression as GFAP mRNA 
and protein levels in depressed rats were significantly de-
creased than control rats. 
  In the present study, presence of astrocytes closely re-
lated to dark cells and mainly in SGZ of GL may be for 
support or phagocytosis of dark neurons. Local astrocytes 
can offer structural support, secrete regulatory factors and 
regulate synapse formation and synaptic transmission. 
Astrocytes are component of SGZ neural stem cell niche 
and control neurogenesis by stimulation of proliferation 
and differentiation of NSCs (21). Astrocytes and microglia 
express certain membrane receptors. These receptors rec-
ognize molecules released by altered and degenerating 
neurons leading to the phagocytosis of these cells and neu-
ronal debris (22).
  Sections of Rr treated rats (GIII) revealed prominent 
immunoreactivity for GFAB as compared to GI & GII. 
This increase was confirmed by morphometric measur-
ment of GFAP immunopositive cells area percent. This 
may be for more neuronal protection, support and stim-
ulation of NSCs proliferation & differentiation by as-
trocytes (21).
  In the present study, anti-PCNA antibody was used to 
detect proliferating cells. Nowak et al. (13) mentioned that 
proliferating cells in SGZ of the DG represent heteroge-
neous populations of cells, including progenitor of granule 
cells, radial and horizontal astrocytes in addition to endo-
thelial cells.
  Depressed rats (GII) hippocampal sections stained with 
anti-PCNA antibody revealed negative immunoreactivity 
in all layers of DG. This was in accordance to Chen et 
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al. (1) who reported that depression was associated with 
suppressed proliferation in the rat DG after chronic stress. 
  Moreover, proliferating cells were not present in control 
rats. This does not exclude presence of NSCs as they may 
be in quiescent state and need a marker for quiescent 
NSCs detection. This also does not exclude presence of 
glial cells as they do not proliferate in the healthy brain 
or self-renew when cultured in vitro (19).
  In Rr treated rats, nuclear immunoreactivity for PCNA 
was detected in many granule cells of DG mainly in SGZ. 
Few immunoreactive nuclei were detected in other layers 
of DG. 
  The current results were in accordance to Chen et al. 
(1) who detected an increase in hippocampus proliferating 
cells after 3 weeks of Rr extract introduction in rats de-
pressed by CMS. The proliferating cells were present in 
SGZ (NSCs niche). They concluded that Rr extract could 
improve 5-HT level, induce neural stem cell proliferation 
and repair the injured hippocampal neurons of depressed 
rats. 
  Salidroside content of Rr is a potent antioxidant. It pro-
motes neurogenesis in the hippocampus. It reduces ROS 
levels and NSCs death and increases NSCs proliferation 
and differentiation (23). 
  In conclusion, Rr extract has a role in affecting the cere-
bral hippocampal neurons and improving depression in 
rats. Further studies are required to evaluate the safe-
ty/toxicity of Rr and to evaluate their role in preventing 
human depression.
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