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HAGENMEYER-HOUSER, S H AND P R SANBERG Locomotor behavior changes mduced by E-17 6trtatal trans- 
plants m normal rats PHARMACOL BIOCHEM BEHAV 27(3) 583-586. 1987 - - I t  is well established that embryonic 
tissue transplantation Into an abnormal or lesioned brain can ameliorate some of the accompanying symptomotology 
Specifically, transplants placed into kainic acid (KA) or ibotenlc acid lesioned striatal rats promote behavioral recovery in 
vanous ambulatory measures In the KA animal model, when the transplant encroached on normal host tissue, the behav- 
Ioral recovery was diminished However, little has been done to reveal what effect tissue transplants have on normal host 
brain The present study placed E-17 striatal tissue into a normal adult strlatum Dlglscan locomotor testing revealed that 
ten weeks after surgery, the implanted animals demonstrated pervasive nocturnal hyperactivity Ambulatory, vertical and 
stereotyplc measures were significantly increased when compared to controls Rats with ten week implants showed lower 
increases in body gain yet increased food consumption when compared to controls The transplants survived and contained 
normal looking AChE positively stained neurons Evidence for fiber passage through the host-graft interface was also seen 
When companng three and ten week implants, there was a decrease in transplant size in the latter group accompanied by 
enlarged ventricles giving the brain a lesloned-hke appearance From these results, it is suggested that the placement of 
E-17 striatal tissue into adult striatum results in lesion-like behavior which may be attributed to the physical disruption of 
strlatal systems 

Neural transplantation Huntington's disease Diglscan Locomotor behavior Stnatum 

W I T H I N  the last decade ,  t issue transplants have been used 
as a potential  method  of  t rea tment  for many C N S  disorders  
ranging from neurodegenerat lve and behavioral  abnormalities 
to genetical ly based enzymat ic  def iciencies  [4] Most  inves- 
tigations have  placed fetal t issue into t ransplantat ion 
cavit ies,  les ioned sites, or  the ventr ic le  Recent ly ,  several  
invest igators  have  demons t ra ted  that fetal strIatal trans- 
plants injected into the les ioned str latum of  a rodent  model  of  
Hunt ing ton ' s  disease (HD) can reverse  the pervas ive  
hyperact iv i ty  exhibi ted by these animals [2, 3, 6, 14] Fur-  
thermore ,  the transplants  grow robust ly within the degener-  
ated s tna tum and dilated ventr ic les  [14] Transplants  which 
encroached  on the normal  brain pa renchyma  in the lesioned 
animals failed to p romote  behavioral  r ecove ry  [15] In 
envis ioning the potential  use o f  neural  t ransplants  in treating 
HD,  one possible strategy might  entail  placing neural grafts 
into the C N S  of  those diagnosed as carrying the autosomal  
dominant  gene for H D  Theoret ica l ly ,  the implanted cells, 
lacking the deleter ious ch romosome ,  may assume normal  
strlatal function and ameliorate  the mult iple behavioral  ab- 
normalmes  seen in pat ients  with H D  H o w e v e r ,  very  little is 

known about  what  effects  transplants have  on normal  host  
t issue The present  study invest igated the issue by examining 
the effects  of  strlatal transplants on adult normal  stnatal  tis- 
sue 

METHOD 

Fifty-six male Sprague-Dawley rats, weighing 325-375 
grams were  randomly assigned to one o f  four  test groups 
transplant  (N=20) ,  sham (N=20) ,  unilateral t ransplant  
(N=8) ,  and undateral  sham (N=8)  All the procedures  re- 
mained the same with the except ion  that the sham groups 
rece ived  the vehicle  solution Fetal  strlatal t issue f rom 17 
day embryos  was dissected out o f  the embryonic  brain and 
placed into lactated Ringers solution Strlatal ridge tissue 
(graft vo lume was about  8/zl) was drawn into glass capillary 
tubing (0 6 mm i d ,  0 8 o d )  and placed into the adult 
s tr latum by s tereotaxic  surgery A more  detai led explanat ion 
o f  transplant  methodology  is presented  e l sewhere  [3] 

Bilaterally t ransplanted anunals were  tested for behav-  
ioral differences one week  before  surgery and 3 or  10 weeks  

1Requests for reprints should be addressed to Starr H Hagenmeyer-Houser, Department of Neurobiology and Anatomy, University of 
Rochester, Rochester, NY 14642 

583 



584 HAGENMEYER-HOUSER AND SANBERG 

15o 

120 

Eollo. 
"6 ,oo. 

90- 

8 0 -  

70- 

3 Week Transplant 

m 

I F  
[ 

t 50 -I 

f40- 

E 130- 
O 

03 
"6,20- 
g 

iLo- 

I O Week Transplant 

IO0" 

90 
HA TO MT RT SP AM AD VA vT VM ST NS CL AC 

Locomotor  Variables 

FIG 1 Nocturnal locomotor activity as measured in Dlglscan 
Ammal Activity Monitors Three week animals demonstrated a 
slight hypoactlve trend while ten week ammals exhibited locomotor 
hyperactivity Asterisks indicate behaworal measures were signifi- 
cantly d~fferent from controls (p<0 05) 
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FIG 2 Animals transplanted with 17 day fetal strlatal ridge demon- 
~trated an increase in food consumption and less body weight gain as 
compared to controls Both food consumption and body weight 
measures showed stgnlficant interactions with time post- 
transplantation (p<0 05) 

after surgery Animals were run m the computerized Dlgl- 
scan Animal AcUvlty Momtors (Ommtech Electromcs, Ver- 
sion 2 7) from 7 30 p m to 8 30 a m [13] Individual behav- 
ioral variables included ambulatory measures (horizontal 
actwlty-HA, total d~stance-TD, rest t~me-RT, movement 
hme-MT, average number of movements--AM, speed-SP, 
average dlstance-AD), reanng behaviors (vertical actlvlty- 
VA, number of vertical movements-VM, vertical tlme,-VT) 
stereotyp~c actwmes (stereotypy time-ST, number of 
stereotyplc behavlors-NS) and rotational behawors 
tclockwlse-CL and antlclockwlse-AC) Nocturnal food in- 
take and weekly body weight measures were also collected 
dunng the experiment Due to the varlablhty m the original 
body weights, the ammal's increase m mass was dlwded by 
their original body wetght taken the day of implant, thereby 
prowdlng each subject with a percent increase value which 
could be quantltatwely compared between groups 

At the conclusion of the 3 and 10 week locomotor tests, 
animals were perfused with 0 9% sahne followed by 10 0% 
formahn solution Brains were placed in a 40 0% su- 
crose/formahn fixatwe for one day and 20 /~ coronal sec- 
tions were cut on the cryostat and stamed with cresyl v~olet 

and for acetylchohnesterase (ACHE) as described elsewhere 
[9] Locomotor and regulatory changes were measured using 
a between groups ANOVA (p<0 05), and Tukey's  HSD was 
apphed where necessary 

RESULTS 

Locomotor Behavior 

Of the 14 locomotor measures collected before surgery, 
the average number of movements was the only variable 
which showed a slgmficant difference among groups, 
F(3,33)=4 5, p < 0  05 Three weeks after transplantation, 
host animals demonstrated an insignificant decrease m noc- 
turnal behavior when compared to controls However, when 
tested ten weeks after surgery, these ammals demonstrated 
pronounced hyperactwlty (Fig 1) Ambulatory measures 
showed an average of 25% increase m horizontal actwlty, 
total d~stance, and movement Ume No difference was found 
m speed or average d~stance A 48% increase m vertical ac- 
Uwty was noted, and stereotyp~c* and rotational measures 
increased an average of 35% and 25% respectwely Overall, the 
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FIG 3 Histological results (A) Three week striatal transplant (T) showing patchy ACHE, normal ventricles and lack of corhcofugal fiber 
bundle tracks (×7) (B) Three week old transplant neurons stained with cresyl violet (×444) (C) Ten week strlatal transplant stmned for 
AChE When compared to three week animals, the transplants appeared smaller m size and ventncular dilation was increased (×7) (D) 
Higher magmfication of the host-graft interface ten weeks after implantation (× 118, H=host) 

ammals demonstrated a pronounced nocturnal hyperactivity 
two months after t~ssue implant 

Regulatory Behavtors 

Body weight changes were not s~gmficantly different 
among the groups tested, however, a s~gmficant interaction 
was noted between the ammals' body weight and the 
post-transplantation interval, F(1,38)=4 4, p < 0  05 Perhaps 
of equal interest was the fact that there was also a significant 
interaction m the food intake measures and the time post- 
transplantation, F(1,39)=5 3, p < 0  05, as seen m Fig 2 

Htstology 

The brains of the sham subjects which were rejected with 
the vehicle soluUon showed ghal infiltration along the can- 
nula tract Three week sham animals showed virtually no 
ventrlcular dilation, while ten week ammals exhibited 
shghtly larger ventricles 

Transplants were easily ~denUfied by their patchy AChE 
staining and their lack of cort~cofugal fiber bundles (Fig 3A, 
C) As seen under the hght microscope, transplants of the ten 
week group were smaller m size than the three week test 
group The host-transplant interface was also more difficult 
to dlstlngmsh in the older grafts (F~g 3A, C, D) Ventncular  

dilation was wslble m both bdaterally and undaterally im- 
planted ammals, however, the umlateral ammals showed m- 
creased ddauon on the side of the implant Neurons were 
found m both three week and ten week transplants, as seen 
m Fig 3B, while the density of ghal cells appeared to de- 
crease w~th the age of the transplant 

DISCUSSION 

Perhaps the most robust finding m th~s study was that 
transplantation of fetal strmtal t~ssue into the strlatum of 
normal adult rats caused a pervasive nocturnal hyperactiv- 
ity This change in behavior appeared to be time-dependent, 
with lncreasmg effects during the first 2-3 months following 
implantation The behaworal profile exlublted by the 10 
week transplant group resembled that of other stnatally 
lesioned animals As previously demonstrated, KA lesioned 
animals exhibited decreased stance time, and rest time, but 
increased horizontal actwlty, total distance, movement time, 
average distance, stereotyplc, and rotational measures [3, 5, 
8, 14] Furthermore, average speed is not affected in stnat- 
ally lesioned rats [13] and the same result was also found m 
the present study The slmdanty m the topography of 
hyperactivity exhibited by the transplanted animals and 
stnatally les~oned ammals suggests that common neuronal 
mechamsms may be revolved 
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Animals  l es ioned  wi th  K A  show d e c r e a s e d  body  weight  
gain w h e n  c o m p a r e d  to con t ro l s  in addi t ion  to food in take  
changes  fol lowing per iods  of  food depravat ion [12] N o r m a l  
an imals  wi th  t r an sp l an t s  show a 30% increase  in food con-  
sumpt ion  ye t  less body  weigh t  gain t han  con t ro l s  One  ex- 
p lana t ion  of  these  f indings m ay  be  tha t  the  t r an s p l an t ed  
an imals  unde rgo  some  type  of  me tabo l i c  hyperac t iv i ty  caus-  
mg an  inc rease  m the  a m o u n t  o f  ca lor ies  used  T he  locomo-  
to r  hyperac t iv i ty  cou ld  poss ib ly  a c c o u n t  for  the  inc rease  in 
food  in take  T h e s e  resul t s  fu r the r  suggest  tha t  no rmal  
an imals  wi th  t r ansp l an t s  d e m o n s t r a t e d  lesion-l ike regula tory  
changes  w h e n  c o m p a r e d  to con t ro l s  Bo th  the  regula tory  and  
l ocomoto r  da ta  appea r  to  con t r ad i c t  p rev ious  f indings  tha t  
no rmal  an imals  wh ich  r ece ived  cor t ical ,  mldbra ln  and  cere-  
bel lar  t r ansp l an t s  into  the  p a r e n c h y m a  of  the  b ra in  p r e s e r v e d  
the i r  usual  social ,  regula tory  and  l o c o m o t o r  behav io r s  [1] 

The  dec rease  in t r a n s p l a n t  size suggests  tha t  the  t rans-  
p lants  d e g e n e r a t e  o v e r  t ime [10] Animals  in the  ten  week  
t r ansp l an t  g roup  d e m o n s t r a t e d  ven t r l cu la r  di la t ion resem-  
bling tha t  of  s tr iatal ly les ioned an imals  [11] F u r t h e r m o r e ,  it 
has  b e e n  found  tha t  fol lowing some  types  of  b ra in  les ions 

there  is an immedia te  inc rease  in ghosis  wh ich  dec reases  
ove r  t ime [ 16] The  p re sen t  s tudy  found  s imilar  resul ts  w h e n  
looking at the  ghal dens i t i es  wi th in  the  t r ansp l an t  

The  hype rac t iv i ty  found  in the  ten  week  t r ansp l an t  group 
appea red  to mimic  l o c o m o t o r  abnormal i t i e s  found  in striat-  
ally les ioned  animals ,  t he r eby  suggest ing tha t  the  l o c o m o t o r  
behav io ra l  effects  resu l ted  f rom a loss of  intr insic  str iatal  
neu rons  or  d i s rup t ion  of  s t na t a l  e f ferent  pa thways  F u r t h e r  
s tudies  need  to look c losely  at  the  chohne rg i c  and  G A B A e r -  
glc ac t iv i ty  of  the  s t r l a tum before  def ini te  conc lus ions  can  be  
made  c o n c e r n i n g  the  role tha t  these  sys t ems  play in modula t -  
ing t r ansp l an t - i nduced  hype rac t iv i ty  
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