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Effect of Hoelen Cum Radix on learning and memory enhancement via stimulation of
neuronal differentiation in the hippocampus of the mouse brain
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ABSTRACT

Objectives : The aim of this study was to investigate the memory enhancing properties of extract of Hoelen Cum
Radix (HCR) and its possible mechanism in mice of normal condition,

Methods : We evaluated the effects of HCR on cognitive function and memory enhancement in normal mice, Male
ICR mice were orally administrated with HCR 100 mg/kg for 7 days and equal volume of saline was administrated
to the control group in the same condition, We conducted two behavioral tests which measure the spatial working
memory (Y—maze test) and cognitive fear memory (passive avoidance test). We also investigated whether HCR
affects the hippocampal neurogenesis in the brain, To assess the effects of HCR on neural progenitor cell
differentiation and neurite outgrowth in the early stage of hippocampal neurogenesis, we performed doublecortin
(DCX), a direct neurogenesis marker, immunohistochemical analysis in the dentate gyrus (DG) of the mouse
hippocampus,

Results : HCR significantly enhanced memory and cognitive function as determined by the Y—maze test (p<0.05)
and passive avoidance test (p{0.001). Moreover, HCR increased DCX positive cells (p<0.01) and neurite length
(p<0.01) compared to the control group. These results indicated that HCR stimulates differentiation of neural
progenitor cells and promotes neurite outgrowth in hippocampal DG of the mice,

Conclusion : We concluded that HCR shows memory enhancing effects through the stimulation of hippocampal
neurogenesis as a consequence of accelerated neuronal differentiation and neurite outgrowth in the DG of the
hippocampus after HCR treatment,
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Paraformaldehyde(PFA), 3,3—diaminobenzidine(DAB),
phosphate buffered saline(PBS), sucrose, Triton X—100,
bovine serum albumin(BSA) 5 Sigma—Aldrich(St,
Louis, USA)olA G438}t Biotinylated horse anti—goat
antibody, avidin—biotin complex(ABC) standard kit $<&
Vector(Burlingame, USA)oA] 3}, goat polyclonal
anti—doublecortin(DCX) primary antibody+= Santa Cruz
Biotechnology(Santa Cruz, CA, USA)oJA 43}t Al
Fof| AMgE EE A B4E FF oo R ARSI
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AYFEL ICR mice $A(6 %) 20 tiElE dighlo]2
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HCRY| ¥zt A7) 3 53 dokr| ¢85k Y-maze
testE o183 PFAHL AXSIAT}E, Y-maze test 23+ HCR
100 mg/kg T2 67.10 £ 2.23%2] spontaneuos alternation
2 Yelgo] 59.71 + 3.54%2] spontaneuos alternations
183 iz div] BAFSE [og I3 JAVs F
85S 31T ¥ total number of arm entriesoll Al
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Fig. 1. Effect of HCR on spatial memory function using the Y—maze
test. Mice were treated with HCR 100 mg/kg for 7 days. Y—-maze
test was conducted on the sixth day after oral administration. (A):
spontaneous  alternation(%), (B): total number of arm entries.
Values are expressed as the mean £ SEM. p<{0.05 compared
with the control group.

2. HCRY| 35 9 7|98 4 a5

HCR9| 3kt % 7198 3 53 Yokr] $Iste] passive
avoidance testE 0|89t PFAFL AASIHT;, Passive
avoidance test 23} retention trialo|A HCR 100 mg/kg
B2 22559 + 29,7629 latency time LER}o] 101,08
+ 5.88%9] latency times 7|E3 |2+ U] SAZFo=R
Y3 g 9 719y 3 B2 ERISHYITE ¥ acquisition
trialol A €] latency time2 o 79 Xpoj7} AL Q= AL
2 Yeht ARFES] /A ZfolE HAadlst Ao ARl

APEU2E & 4 AMH(Fig 2).

O Acquisition trial
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Fig. 2. Effect of HCR on learning and memory enhancement using
the passive avoidance test. Mice were treated with HCR 100
mg/kg for 7 days. Passive avoidance test was conducted on the
last day after oral administration for 2 days. Bars indicate the
latency time to enter the dark compartment during the acquisition
trial(white) and 24 h later during the retention trial(grey). Values
are expressed as the mean £ SEM.  p{0.001 compared with
the control group.
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3. HCRo| A7 Axz9] QA 9 E3lo] u]x]+=
Ogt‘sl:

[}

HCRo| s € 7|9 7152 E9dte =9 snt x|oto|&
A7 Azl A d B3l ujxle IS gotrr] $s5te]
DCX HHgNe] g4 NE £5 E43te] tj2 oy HE
L(?=E AT HCR 100 mg/kg F92 DCX %A
AZ =8 g|272(100.00 + 4.81%) thy] 134.23 + 7.18%7
A F7H7le AL Eelstdth. E3 HCR 100 mg/kg &
i DCX ¥4 AlZe] A&7 Zolg ti=+(100.00 +
2.90%) HiE] 128.98 + 4.13%7H Z7MA7]1= AL selst
ot mEkA, HCR Foof o3| sjjut xjoto|g} H9je] 4173
Azl Y 9 B3yt X5, AFE7 AL S5

e € AYHFig. 3).

% of contral )
z

2

{

DCX positive cells

o
HCRimg k) - (L] HCRimghg) = 180

iy | )

W
. i

P

Fig. 3. Effects of HCR on the arrangement of newly generated
cells and neurite outgrowth in the DG of the hippocampus.
Immature neurons were determined using DCX—immunohistochemistry.
The DCX—imuunoreactive cells were quantified by counting the
number of DCX—positive cells(A) and by measuring the neurite
outgrowth(B) in the DG. Representative photomicrographs are
shown for the DG of each group (C, D). (C)Control group; (D)100
mg/kg/day HCR-treated group. Scale bar=50 um. Values are
expressed as the mean £ SEM. p{0.01 compared with the
control group.
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