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The mechanisms by which adrenal medulla grafts in-
fluence the function of host brains in animal models of
Parkinson’s disease are unclear. To explore this issue,
fragments of adrenal medulla or sciatic nerve were
transplanted into the lateral ventricle of bilaterally ad-
renalectomized (ADX) or sham-ADX rats with unilat-
eral 6-hydroxydopamine lesions of the substantia ni-
gra. Additional control group received sham-transplan-
tation surgery. Behavioral effects of these procedures
were tested following administration of apomorphine,
amphetamine, or nicotine. Plasma catecholamines
were measured before and after transplantation sur-
gery. In both ADX and sham-ADX rats, adrenal me-
dulla grafts produced greater decreases in apomor-
phine-induced rotational behavior than did sciatic
nerve grafts or sham-transplanted groups. Decreases in
rotation were smaller in ADX than in sham-ADX ani-
mals, regardless of graft treatment. Plasma catechol-
amines increased after transplantation surgery in each
of the sham-ADX groups, regardless of graft type. In-
creases in plasma dopamine concentrations were asso-
ciated with decreases in rotational behavior. Five
months after transplantation, grafted chromaffin cells
demonstrated catecholamine fluorescence, tyrosine hy-
droxylase (TH) and chromogranin A immunoreactivi-
ties, and expression of TH mRNA. It is concluded that
adrenal medulla grafts produce decreases in apomor-
phine-induced rotation through a combination of two
independent effects. One is a specific effect of adrenal
medulla grafts. The second is a nonspecific effect that
requires an intact adrenal gland and may be related to
increases in plasma catecholamine concentrations.
© 1992 Academic Press, Inc.

INTRODUCTION

Loss of dopaminergic terminals in the striatum re-
sulting from the degeneration of substantia nigra dopa-
mine neurons is responsible for a majority of the symp-
toms in Parkinson’s disease (22). Animal models of this
disorder have been developed, using the neurotoxins 6-
hydroxydopamine (6-OHDA) or N-methyl-4-phenyl-
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1,2,3,6-tetrahydropyridine (MPTP), to destroy the sub-
stantia nigra dopamine neurons (10, 25, 45, 46). In at-
tempts to compensate for this deficit, cells and tissue
fragments including fetal substantia nigra and adrenal
medulla have been employed for transplantation in rats,
monkeys, and even in human patients (2, 8, 11, 16, 21,
27, 29, 31, 33, 36, 42, for reviews cf. 19, 20). In clinical
applications, adrenal medulla autografts have been em-
ployed as a source of catecholamine secreting cells in
order to avoid the immunological, practical, and ethical
constraints related to the use of fetal nigral tissue.

In the 6-OHDA-lesion animal model of Parkinson’s
disease, adrenal medulla grafts implanted into the lat-
eral ventricle or caudate-putamen have been found to
reduce some of the behavioral manifestations of nigro-
striatal dopamine depletion (4, 16, 40, 41). However, the
mechanism by which these grafts influence the func-
tioning of the host brain is still unclear. Initially, it was
suggested that this functional effect was produced
through secretion of catecholamines into the extracel-
lular space, via a paracrine-like mechanism, because ad-
renal chromaffin cells do not innervate the host neostri-
atum when transplanted into the lateral ventricle of uni-
laterally lesioned rats (17, 18). This idea has not,
however, been supported by any direct evidence. Dopa-
mine in CSF has not been shown to increase in animal
studies (4, 5) or in most clinical studies (44).

A second possible explanation for the behavioral ef-
fects of adrenal medulla grafts involves trophic effects
on surviving components of host dopaminergic systems.
Enhanced tyrosine hydroxylase (TH) immunoreactivity
has been observed in areas adjacent to adrenal medulla
grafts (3, 9, 15) or following administration of bFGF
into the striatum (82). Nonchromaffin tissue, such as
sciatic nerve tissue, has been reported to reduce behav-
ioral deficits when combined with chronic infusions of
nerve growth factor (34), which may also be a manifes-
tation of some form of trophic effect. Whether such tro-
phic effects account for the behavioral effects of adrenal
medulla grafts in animals with nigrostriatal dopamine
depletion is still unclear. A related possibility is that
adrenal medulla grafts could supply the host brain with
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specific cell adhesion molecules or their fragments as
well as extracellular matrix components present in adre-
nal medulla, which in turn could contribute to the func-
tional effects of the grafts (35).

We have also hypothesized that dopamine may be se-
creted from adrenal medulla grafts into local blood ves-
sels, thereby gaining access to the striatum via the com-
promised blood-brain barrier (4, 6, 7). In support of this
hypothesis, we found a correlation between decreases in
apomorphine-induced rotational behavior and in-
creases in concentrations of dopamine in the blood (4,
6). A similar correlation was not found in adrenalecto-
mized (ADX) rats, suggesting a possible role of the host
adrenal gland in mediating the changes in blood dopa-
mine concentrations (7). These previous experiments
did not, however, include control groups without adre-
nal medulla grafts. Because the relative roles of adrenal
medulla grafts and host adrenal glands in producing
changes in blood catecholamines and rotational behav-
ior could not be determined, the present experiment was
undertaken. We wished to determine the specificity of
adrenal medulla, as compared to sciatic nerve grafts or
sham procedures, in effecting changes in apomorphine-
induced rotation and plasma catecholamines in both
ADX animals and in animals with intact adrenal grands
(sham ADX).

MATERIALS AND METHODS

Animals and Surgery

Studies were carried out on male rats of the Sprague-
Dawley strain (Zivic-Miller Laboratories) weighing
150-200 g at the beginning of the experiment. The ani-
mals received a bilateral adrenalectomy (ADX) or a
sham operation including skin incision only (sham-
ADX), performed by Zivic-Miller prior to delivery.
They were housed with food and water (sham-ADX) or
1% saline (ADX) given ad libitum in an animal room
with a 12 h light/12 h dark cycle and controlled tempera-
ture. Animals were maintained according to the “NIH
Guide for the Care and Use of Laboratory Animals.”

Animals were anesthetized with ketamine and xyla-
zine and placed in a stereotaxic apparatus with the skull
horizontal. Animals received a unilateral 6-hydroxydo-
pamine HBr (Sigma Chemical Co.) infusion (8 ug free
base in 4 pl saline containing 0.056% ascorbic acid) into
the substantia nigra (coordinates: 5 mm posterior and 2
mm lateral to bregma, 7.2 mm below the dura). The
effectiveness of the lesion was examined by measuring
complete 360° rotations after 0.1 mg/kg apomorphine
HC1 (SC) (47) in cylindrical jars with flat bottoms using
automated rotometer devices (17). Only animals dis-
playing more than 100 turns/h contralateral to the le-
sion after apomorphine injection were used for further
experiments.

Behavioral Testing, Plasma Catecholamines, and
Grafting Procedures

Starting 3 weeks after lesioning animals were tested
for rotational behavior following 0.05 mg/kg apomor-
phine (SC) (four tests) and 0.75 mg/kg amphetamine
(ip) (one test). The number of clockwise and counter-
clockwise turns was recorded separately for each animal
at 5-min intervals for 75 min. Plasma samples were col-
lected from the intraorbital sinus under ether anesthe-
sia and assayed for catecholamines using high-perfor-
mance liquid chromatography with electrochemical de-
tection (4).

Animals received intraventricular adrenal medulla
grafts (n = 50), sciatic nerve grafts (n = 31), or a sham
procedure (n = 19) on the lesioned side. (Coordinates
for the graft: 1.5 mm lateral, 1.5 mm anterior to the
bregma, and 3.5 mm below the dura, bite-bar set at 5.0
mm above the interaural line.) The sham procedure
consisted of making a burr-hole in the skull. Adrenal
glands for grafts were harvested from 5-week-old (100~
120 g) male Sprague-Dawley rats. The adrenal medul-
lae were dissected free of the cortex and transplanted as
previously described (17). Sciatic nerve was obtained at
the same time from the same donor animals.

Postgraft testing began 4 weeks after transplanta-
tion. The animals were tested for apomorphine (four
tests), amphetamine (one test), and 1.1 mg/kg nicotine
ditartrate (SC)-induced rotation (one test). Ten weeks
after the graft, plasma samples were collected and as-
sayed for catecholamines a second time. Animals that
were not used for histology were also retested 9 months
after transplantation with 0.05 mg/kg apomorphine for
four sessions.

Histology

Brains were studied 5 and 10 months after transplan-
tation. Brains were processed for glyoxylic acid-induced
fluorescence as described by De la Torre (43), with mag-
nesium perfusion (28). Immunolabeling of TH (mono-
clonal anti-TH Ab, Boehringer-Mannheim Biologicals,
1:200 dilution, and polyclonal anti-TH Ab, Eugene Tech
International, Inc., 1:500 dilution) and chromogranin
type A (Boehringer-Mannheim Biologicals, 1:25 dilu-
tion) was performed according to Schachner (39) with
minor modifications. In situ hybridization histochemis-
try was performed using an alkaline phosphatase-la-
beled oligonucleotide TH mRNA probe (NEN Research
Products, Du Pont Company) according to the manual
provided with the probe. For hybridization normal adre-
nal medulla tissue was used as a positive control and a
sham-grafted brain was used as a negative control.

Statistics

Apomorphine-induced rotation was tested four times
before and after transplantation. These data were con-
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verted to percentage reductions of mean number of ro-
tations as compared to baseline (pretransplantation)
data. For analysis of variance, the SuperANOVA pro-
gram (Abacus Concepts, Inc., Berkeley, CA) was used,
with post hoc testing by the Bonferroni/Dunn proce-
dure. Details of individual statistical tests are given in
the figure legends. Other statistical calculations were
performed with the aid of the Stat View 512+ program
(BrainPower, Inc., Calabasas, CA).

RESULTS

Rotational Behavior

Apomorphine-induced postgraft rotation was ex-
pressed as the percentage change from baseline using
the mean number of rotations for each individual ani-
mal. In the adrenal medulla grafted groups 35 out of 50
animals showed >10% decrease in rotation. Of these, 12
out of 24 ADX and 23 out of 26 sham-ADX rats showed
a >10% decrease. In the sciatic nerve grafted groups 13
out of 31 showed a >10% decrease and in the sham-
grafted groups 6 out of 19 animals showed a >10% de-
crease. The decrease in apomorphine-induced rotation
in animals that received adrenal medulla grafts was sig-
nificantly greater than that produced by sciatic nerve
grafts (P = 0.02) or by sham grafts (P < 0.01) (Fig. 1).
No significant difference was found between the sciatic
nerve graft and sham-graft groups (P = 0.08) (Fig. 1).
The interaction between adrenalectomy and graft ef-
fects was not significant (P = 0.85; cf. Fig. 1 legend). In
animals tested for apomorphine-induced rotational be-
havior 1 and 9 months after transplantation, there was
no significant decrement in the effect after 9 months as
compared to 1 month after transplantation (Fig. 2).
There was a tendency for the ADX rats to show an
greater decrease in rotation after 9 months, although
there were only five rats remaining in this group.

Only animals that made =50 rotations on the pregraft
amphetamine test were used to assess the effects of
grafting on amphetamine-induced rotational behavior.
There were no statistically significant effects of either
graft group or ADX, although the mean numbers of ro-
tations in the sciatic nerve and sham-graft groups did
tend to increase as compared to the adrenal medulla
graft groups (Fig. 3).

The different pharmacological tests of asymmetry in
the striatum produced different behavioral responses.
First, there was no correlation between responses to am-
phetamine and apomorphine in individual animals (Fig.
4a). Second, following the injection of 1.1 mg/kg nico-
tine tartrate, some animals showed ipsilateral rotations,
but no animals turned contralaterally. The numbers of
amphetamine-induced and nicotine-induced ipsilateral
rotations were significantly correlated (Spearman’s
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FIG. 1. Percentage change in the number of contralateral rota-
tions induced by apomorphine (APO) (0.05 mg/kg SC; means + SEM)
for each group from 4 to 7 weeks after transplantation. A two-way
analysis of variance for independent groups showed significant main
effects of (i) adrenalectomy vs sham adrenalectomy (i.e., for all graft
groups combined; F(1,94) = 14.168; P = 0.0003) and (ii) graft group
(F(2,94) = 9.951; P = 0.0001). The adrenalectomy X graft interaction
was not significant (#(2,94) = 0.165; P = 0.85). Multiple comparisons
(Bonferroni/Dunn) revealed a significant difference between the adre-
nal medulla graft group (n = 50) and the sciatic nerve group (n = 31; P
= 0.016) and also the sham group (n = 19; P = 0.0001). The sciatic
nerve and sham groups were not significantly different (P = 0.076).

rank correlation coefficient, r, = 0.47, P < 0.01, see
Fig. 4b).

Plasma Catecholamines

In the sham-ADX groups, plasma catecholamines in-
creased relative to catecholamine levels prior to trans-
plantation (P < 0.01). Increases in plasma catechol-
amines were not seen in ADX animals regardless of the
graft group (Fig. 5). There were no statistically signifi-
cant differences between the different transplantation
conditions (cf. Fig. 5 legend). In the sham-ADX/adrenal
medulla grafted group, the increase in plasma dopamine
concentrations (for the 17 out of 26 animals that showed
increased plasma dopamine) was inversely correlated
with the percentage of change in apomorphine-induced
rotational behavior (r, = —0.60, P < 0.01, see Fig. 6).
Similar correlations were not seen for norepinephrine
or epinephrine. No correlation between plasma catechol-
amines and amphetamine-induced rotation was found.

Histology

Glyoxylic acid-induced catecholamine fuorescence
and TH immunocytochemical staining revealed that the
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FIG. 2. Relative percentage change in apomorphine (APO)-in-
duced rotational behavior in a subgroup of adrenal medulla grafted
animals (n = 11 for sham-ADX and n = 5 for ADX animals) that were
tested both 1 and 9 months after transplantation. Many of the ani-
mals had been sacrificed prior to the ninth month for histology. Note
that the decreases in rotation in the adrenal medulla grafted animals
were maintained 9 months after transplantation.

substantia nigra lesions were complete and persistent.
No residual TH immunoreactive fibers were seen in the
striatum, and there were no TH positive fibers which
appeared to be sprouting or regenerating.

Adrenal medulla grafts were examined histologically
at 5 (n = 24) and 10 months (n = 9) after transplanta-
tion. At 5 months, grafts were found in 18 of the 24
animals examined (Fig. 7). In the other 6 animals, no
graft or graft residue was found. For these animals a
part of the brain rostral to the anterior commisure was
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FIG. 3. Change in amphetamine (AMPH)-induced (0.75 mg/kg,
ip) rotation produced by adrenal medulla grafts in animals that exhib-
ited =50 rotations/75 min on the pregraft test. Bars represent the
changes in ipsilateral rotations after transplantation (means +
SEM). The effects of grafting on rotational behavior were not signifi-
cant according to a two-way analysis of variance (P = 0.29). Note,
however, that the pattern was similar to the changes in apomorphine-
induced rotation.
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FIG. 4. (a) Scatter plot of amphetamine (0.75 mg/kg, ip)- versus

apomorphine (0.05 mg/kg, SC)-induced rotational behaviorin individ-
ual animals. No correlation was found between the two behaviors
(Spearman’s rank correlation coefficient, r, = —0.188). (b) Correla-
tion between amphetamine (0.75 mg/kg, ip) and nicotine tartrate (1.1
mg/kg, SC)-induced rotational behavior. Some animals showed signif-
icant ipsilateral rotation following the injection of nicotine. No ani-
mals showed significant contralateral rotation. These data show a
significant correlation between the two behaviors (Spearman’s rank
correlation coefficient, r, = 0.473, P < 0.01).

not saved. Thus it cannot be concluded with certainly
that the grafts did not survive in these cases. Most
grafts were small in size and found to be located in the
rostral part of the lateral ventricle. The grafts were ad-
herent to the ventricular ependyma and in contact with
the host striatum. Surviving chromaffin cells were
found in 16 of these grafts. In the other 2 animals, the
grafts had degenerated and no chromaffin cells were
found. The surviving chromaffin cells were positive for
catecholamine fluorescence (Fig. 7A), chromogranin A
immunoreactivity (Fig. 7B), TH immunoreactivity
(Figs. 7C and 8), and TH mRNA (Fig. 9A). In general,
surviving chromaffin cells did not develop extensive
processes, and were either round or polygonal in shape.
An exact appraisal of the total number of surviving
grafts or surviving cells cannot be made, because not all
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FIG. 5. Percentage change in blood catecholamine concentra-
tions after adrenal medulla grafts (mean + SEM). The figure demon-
strates the changes in dopamine (DA), norepinephrine (NE), and epi-
nephrine (EPI). After transplantation, catecholamines were in-
creased in the sham-adrenalectomized (sham-ADX) animals as
compared to the ADX groups (P < 0.01 for dopamine and epineph-
rine, P = 0.03 for norepinephrine for main effects by two-way analysis
of variance). No statistically significant differences were observed
between the graft groups for either the ADX or sham-ADX animals
(P = 0.99 for dopamine, 0.88 for norepinephrine, and 0.31 for epineph-
rine by two-way analysis of variance).

sections from each graft were examined. There was,
however, no obvious relationship between number of
surviving chromaffin cells in individual animals and de-
gree of behavioral effect. Sciatic nerve grafts also sur-
vived and were generally somewhat larger than the adre-
nal medulla grafts (Figs. 9 B-D).
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Ten months after transplantation, graft tissue was
found in 6 of the 9 animals examined (Fig. 8). Surviving
chromaffin cells were found in four of these grafts, while
in two grafts they had degenerated. The location and
size of the grafts and the shape and appearance of sur-
viving chromaffin cells were similar to those observed
after 5 months. In general, there appeared to be a reduc-
tion in the number of surviving chromaffin cells and in
background TH staining within the graft area. The cells
appeared to be more isolated and less aggregated.

DISCUSSION

Apomorphine-Induced Rotational Behavior

In summary, adrenal medulla grafts were found to
decrease apomorphine-induced rotation as compared to
sciatic nerve or sham grafts. In addition, greater de-
creases in rotation were observed in animals with intact
adrenal glands, as compared to ADX animals, regard-
less of transplantation procedure.

Adrenal medulla grafts have previously been found to
produce decreases in apomorphine-induced rotational
behavior as compared to sciatic nerve grafts (16, 34, 41).
The present study replicates this effect of adrenal chro-
maffin cells with a larger number of animals. Notwith-
standing, the magnitude of the effect of adrenal medulla
grafts was fairly small. Chromaffin cells in adrenal me-
dulla grafts were identified by immunoreactivity for
chromogranin A and TH. Histochemical studies showed
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FIG. 6. Correlation between increases in serum dopamine con-
centrations and the percentage change in apomorphine (APO)-in-
duced rotational behavior in sham-adrenalectomized (ADX) and adre-
nal medulla grafted groups. In the subgroup of sham-ADX and adre-
nal medulla grafted animals exhibiting increases in serum dopamine
(n = 17), the increases in serum dopamine concentrations were in-
versely correlated with the percentage change in apomorphine-in-
duced rotational behavior (Spearman’s rank correlation coefficient, r,
= —0.603, P < 0.01).
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FIG. 8. Tyrosine hydroxylase immunocytochemistry of intraventricular adrenal medulla grafts, 5 months after transplantation (A) and
10 months after transplantation (B). A large group of TH-immunoreactive chromaffin cells can be seen in the graft even 10 months after
transplantation. Surviving chromaffin cells were round and did not develop extensive processes. g, Graft; v, ventricle. Bar: A = 80 ym; B = 100

um.,

that chromaffin cells were still surviving and expressing
TH even 10 months after transplantation. Properties of
these cells conform to descriptions of cells transplanted
using similar methods given previously (16, 17).

Possible Trophic Effects of Adrenal Medulla and Sciatic
Nerve Grafts

Adrenal medulla grafts were reported to promote the
reappearance of TH immunoreactivity in the striatum
of MPTP-treated mice (9). This trophic effect also
occurs following intracerebral transplantation of
nonchromaffin tissue (3). A possible NGF-dependent
effect has also been reported, in that intraventricular

infusions of NGF were found to decrease rotational be-
havior when combined with grafts of both chromaffin or
nonchromaffin tissues (34). As a possible explanation
for this phenomenon, it was suggested that IL-1 pro-
duced by macrophages in degenerating tissue causes in-
creased synthesis of NGF by transplanted Schwann
cells and fibroblasts (26), and that increased NGF may
promote recovery of, or sprouting of, remaining dopa-
mine neurons (9).

In the present study, some sciatic nerve-grafted ani-
mals showed decreased apomorphine-induced rota-
tional behavior. Although there was no significant dif-
ference between sciatic nerve and sham-grafted animals
in the present study, the sciatic nerve group tended to
have slightly greater decreases in rotation than the

FIG.9. Adrenal medulla and sciatic nerve grafts 5 months after transplantation. (A) Adrenal medulla graft processed for in situ hybridiza-
tion with an alkaline phosphatase-labeled oligonucleotide probe for TH mRNA. Only the graft was stained, and the center of the graft is devoid
of cells expressing TH mRNA. (B, C, D) Hematoxylin- and eosin-stained sections illustrating the size of typical adrenal medulla (B) and sciatic
nerve grafts (C) (D). Sciatic nerve grafts survived and were generally somewhat larger than the adrenal medulia grafts. g, Graft; v, ventricle.

Bar: A = 130 um; B-D = 200 um.
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sham-grafted animals. Since the sciatic nerve and
sham-graft groups contained fewer animals than the ad-
renal medulla graft groups, the possibility that sciatic
nerve grafts are capable of slightly decreasing rotation
cannot be entirely ruled out. Any difference between the
sciatic nerve and sham graft groups could be related to
trophic effects of the grafts as suggested by in vitro and
in vivo studies (12). Sprouting of endogenous TH immu-
noreactive fibers was not observed in the present study.

Nonspecific Plasma Dopamine Increase in Sham-ADX
Animals

We initially hypothesized that catecholamines se-
creted into local blood vessels from grafts are trans-
ported into the host brain through the circulatory sys-
tem and then leak into the host brain through areas of
increased blood vessel permeability adjacent to grafts
(4). In support of this idea, adrenal medulla grafts have
been reported to produce local impairment of the
blood-brain barrier as revealed by penetration of horse-
radish peroxidase into the brain (37, 38) and penetra-
tion of dopamine into the striatum after peripheral ad-
ministration (13).

In previous studies concerning this hypothesis,
changes in dopamine concentrations in peripheral blood
were found to be correlated with the behavioral efficacy
of intraventricular adrenal medulla grafts, as measured
by reductions in apomorphine-induced rotational behav-
ior in rats with intact adrenal glands (4, 6, 7). In the
present study, plasma dopamine increased nonspecifi-
cally in each of the sham-ADX groups, irrespective of
graft treatment. These increases may have been me-
diated by the host adrenal medulla, in that increases in
plasma dopamine were not seen in ADX animals. It is
unclear why the sham-grafting procedure, consisting
only of opening a hole in the skull, induced increases in
plasma dopamine in animals with intact adrenal medul-
lae. One possibility is the influence on the animals of
stress, in the form of handling and receiving injections
of apomorphine, amphetamine, and nicotine. Long-
term stress and handling could have induced increased
catecholamine levels in rats with intact adrenal medul-
lae (24). The ADX rats, in addition to having no adrenal
medulla, also did not have adrenal cortex and thus may
not have had a normal capacity to respond to chronic
stress. For both reasons, systemic catecholamine levels
may not have increased in the ADX animals. Another
possible contributor to the increases in catecholamine
levels might be related to the increased age of the ani-
mals after transplantation (1, 23, 30). Although the
causes are unclear, these nonspecific plasma catechol-
amine increases may be related to the differences in re-
covery of rotational behavior between sham-ADX and
ADX animals.

In the present study, no increases in plasma dopa-
mine were seen in any of the subgroups of ADX animals,

including the adrenal medulla grafted group. This sug-
gests that the increase in plasma dopamine following
adrenal medulla grafts is derived from the host adrenal
gland, not from the grafts. On the other hand, in a pre-
vious experiment, an increase in plasma dopamine was
also seen in ADX animals (7). This previous experiment
included only a small number of ADX animals (n = 9).
In the present study only 9 of the 24 ADX animals
showed increases in plasma dopamine, whereas the
other 15 showed decreases or no change. Thus, it is also
possible that the increases in plasma dopamine are due
to changes in peripheral nervous system function and/
or an adrenal/peripheral nervous system interaction.

Decreases in Apomorphine-Induced Rotation may
Reflect a Combination of Nonspecific and Specific
Effects of the Adrenal Medulla Grafts

In the present study, two separate effects were ob-
served. One effect was a decrease in apomorphine-in-
duced rotation after surgery in all groups with intact
adrenal glands, as compared to the ADX groups. The
second effect was a greater decrease in apomorphine-in-
duced rotation in the animals that received adrenal me-
dulla grafts as compared to the other groups. The adre-
nalectomy effect was independent of the graft effect and
vice versa, as evidenced by the lack of an interaction
effect in the analysis of variance. Thus, the decreases in
apomorphine-induced rotation seen in intact (i.e.,
sham-ADX) animals receiving adrenal medulla grafts
appear to be due to a combination of two different ef-
fects. One is a nonspecific change observed in experi-
mental animals that requires the host adrenal gland and
is related to changes in plasma catecholamines. The sec-
ond effect is a specific effect of adrenal medulla grafts,
which exceeds the change observed in animals that re-
ceive sham surgery or grafts of other tissues.

The present study does not support the possibility
that the specific effect is mediated solely through
changesin plasma catecholamines. Although the mecha-
nism for the specific effect of adrenal medulla grafts is
not defined, this effect was not produced by sciatic
nerve grafts. This specific effect may be mediated by
secretion of catecholamines via a paracrine mechanism,
by trophic effects specific to adrenal medulla, or by
some other process.

Nicotine produces a brisk secretion of catecholamines
from adrenal medullae in vivo within 5 min that returns
to prestimulation release rates within 30 min (48). In
animals with bovine adrenal medulla grafts in striatum,
nicotine sulfate (0.5 mg/kg, SC) was reported to evoke
contralateral rotation (14). In the present study, some
animals turned ipsilaterally, but no animal turned con-
tralaterally, following the injection of nicotine tartrate.
(1.1 mg/kg of nicotine tartrate is equivalent to 0.5 mg/
kg of nicotine sulfate.) Nicotine induces release of dopa-
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mine from the striatum (49). The injection of nicotine
may thus produce a behavioral effect similar to that of
amphetamine. A correlation between the number of ipsi-
lateral rotations induced by amphetamine and nicotine
was seen. Differences in behavioral reactions between
the study by Decombe et al. (14) and the present study
may depend on the site of transplantation or the differ-
ence in donor tissue species.

Conclusions

In summary, decreases in rotational behavior were
seen specifically in animals that received adrenal me-
dulla grafts as compared to controls. Increased plasma
catecholamine concentrations in animals with intact ad-
renal glands were associated with decreases in rota-
tional behavior, irrespective of graft type. Although the
present data do not provide evidence to support a partic-
ular mechanism of action, they do suggest that adrenal
medulla grafts produce a specific effect which is greater
than the effect produced by control procedures (e.g., sci-
atic nerve grafts). The effects of adrenal medulla grafts
on apomorphine-induced rotation observed in intact
animals may therefore be due to a combination of two
smaller effects: (i) a specific effect of surviving grafts
and (ii) a nonspecific effect possibly related to increases
in plasma catecholamine concentrations.
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