
  Effects of Kamikihito, a Traditional Chinese Medicine, 

on Neurotransmitter Receptor Binding in the Aged Rat Brain 

     Determined by In Vitro Autoradiography (2): 

 Changes in GABAA and Benzodiazepine Receptor Binding

Kiyofumi Yamada', Tetsuo Hayashi', Takaaki Hasegawa', Seiichi Ishihara2, Tsutomu Kameyama2, Tadaomi Morimasa3, 
                   Takao Kaneyuki3, Toshikiyo Shohmori3 and Toshitaka Nabeshima'°*

'Department of Neuropsychopharmacology and Hospital Pharmacy
, Nagoya University School of Medicine, Nagoya 466, Japan 

    2Department of Chemical Pharmacology
, Faculty of Pharmaceutical Sciences, Meijo University, Nagoya 468, Japan 

               3Department of Neurology
, Okayama University Medical School, Okayama 700, Japan

Received February 24, 1994 Accepted June 10, 1994

ABSTRACT-We investigated the effects of the long-term administration of Kamikihito (KKT) on the 
specific binding of [3H]muscimol and [3H]flunitrazepam in the brains of young and aged rats using in vitro 

quantitative autoradiography. Specific [3H]muscimol binding in aged rats was decreased in all brain regions 
examined compared with that in young rats, whereas [3H]flunitrazepam binding did not change in any of the 
brain regions. Scatchard analysis revealed that the maximal number of [3H]muscimol binding sites in the cor
tex and thalamus was significantly decreased in aged rats compared with young rats, while its affinity remain
ed unchanged. Long-term administration of KKT in young rats had no effect on either [3H]muscimol or [3H]
flunitrazepam binding. In contrast, the same treatment in aged rats produced a significant increase in [3H]
flunitrazepam binding to the cortex, caudate/putamen and accumbens, and it tended to decrease the [3H]
muscimol binding. These results suggest that the selective reduction of specific [3H]muscimol binding in the 
brain may be responsible, at least in part, for anxiety-related behavior in aged rats. Furthermore, it appears 
that the significant increase in specific [3H]flunitrazepam binding produced in the brains of aged rats by the 
long-term administration of KKT may be responsible for the anxiolytic effects of this agent.
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 Kamikihito (KKT), which consists of Astragalus, Gin

seng, Atractylodes, Hoelen, Polygala, Jujube, Longan, 
Zizyphus, Angelica, Licorice, Ginger, Saussurea, Bupleu
rum and Gardenia, is a traditional Chinese medicine that 

is used to treat anemia, insomnia, anxiety and neurosis. 
In addition to exerting an anxiolytic effect, it has been 

reported that KKT improved the cognitive ability of alco
holic patients (1). Furthermore, it has been shown that 

KKT improves learning performance in the senescent ac
celerated mouse (2). These findings suggest that KKT may 
ameliorate anxiety, as well as memory impairment, in the 

elderly. Although we have recently demonstrated that 
long-term administration of KKT modulates the binding 

of [3H]quinuclidinyl benzilate (QNB) and [3H]N-(1-[2
thienyl]cyclohexyl)-3,4-piperidine (TCP) to rat brain

slices by in vitro quantitative autoradiography (3), the 
mechanisms underlying the anxiolytic and anti-amnesic 

effects of KKT are largely unknown. 
 In previous studies (4-6), we found that, in aged rats, 

not only were learning and memory impaired, but emo

tional behavior was also altered. Since psychotic sym

ptoms, including anxiety, depression, delusions and hal
lucinations, are a frequent accompaniment of memory im

pairment in the elderly (7, 8), our findings in the earlier 
studies suggest that aged rats are useful for investigating 
the mechanisms underlying the aging-associated decline 
of brain function, as well as for predicting the clinical 

effects of drugs in aged patients. 
 In the present study, using in vitro quantitative auto

radiography, we compared the specific binding of [3H]

muscimol and [3H]flunitrazepam in the brains of aged 
rats with that in young rats, since these two neurotransmit



ter receptors are very important in anxiety. We also inves
tigated the effects of long-term administration of KKT on 
the binding of these receptors. 

MATERIALS AND METHODS 

Materials 
 We used aged male Fischer rats (99-week-old before the 

experiment; Charles River Japan, Inc, Hino, Shiga). 
  Young control rats were 6-week-old before the experi

ment. All animals were kept in a temperature and light
controlled room (231C, 12-hr light cycle starting at 9:00 
a.m.). They were given a regular diet or one containing 

KKT (8%; Kanebo Co., Ltd., Tokyo) for 15 weeks. They 
were then sacrificed for autoradiography, at which time 

the aged and young rats were 114 and 21-week-old, 
respectively. The calculated daily doses of KKT in young 

and aged rats were 1.25 and 1.36 g/rat, respectively. The 
body weights of aged rats given the regular and KKT-con

taining diets after the 15-week period of drug administra
tion were 484±4 and 461 ±5 g, respectively, while those 
of young rats given the regular and KKT-containing diets 

were 287± 17 and 278± 15 g, respectively. [3H]Muscimol 

(specific activity, 20.0 Ci/mmol) and [3H]flunitrazepam 
(specific activity, 74.6 Ci/mmol) were acquired from 
NEN Research Products (Boston, MA, USA). [3H]Micro
scale (tissue equivalent values, 0.072  32.0 nCi/mg) was 

obtained from Amersham (Amersham, Buckingham
shire, UK). GABA was purchased from Sigma (St. Louis, 

MO, USA). Chlordiazepoxide was kindly provided by 
Hoffman-La Roche (Basel, Switzerland). 

Tissue preparation and in vitro autoradiography 
  Rats were sacrificed by decapitation, and their brains 

were removed and rapidly frozen at  100C . Twenty
micron cryostat sections were prepared for the binding as

say. Autoradiography of [3H]muscimol (2-64 nM) and 

[3H]flunitrazepam (1 nM) was carried out as described 
previously (9, 10). Briefly, sections on the slide glass were 
incubated with each [3H]ligand at 41C for 40 min. After 
incubation, they were rinsed 3 times in ice-cold 170 mM 

Tris-HC1 buffer (pH 7.4) at 4 C for 10 sec each time, fol
lowed by one rinse in ice-cold distilled water; they were 

then dried in a stream of cold air. Non-specific binding of 

[3H]muscimol and [3H]flunitrazepam was defined as bind
ing in the presence of 1 mM GABA and 1 mM chlordiaz

epoxide, respectively. After the binding assay, the slides 
were tightly apposed to hyperfilm [3H] with a [3H]micro

scale and stored at 41C for 15 to 21 days. After exposure, 
the film was developed in D-19 (Kodak, Tokyo) at 201C 
for a few minutes. The autoradiogram was placed in a 

photographic illumination apparatus (Northern Light; 
Imaging Research Inc., St. Catharines, Canada), and the

optical density of the various regions of interest was meas
ured with an image analyzer (MCID system, Imaging 
Research, Inc.). The amount of [3H]ligand was deter

mined by comparing autoradiograms of the [3H]micro
scale; the specific binding was calculated by subtracting 

the non-specific binding from the total binding, by using 
a computer system. The specific binding of [3H]muscimol 

and [3H]flunitrazepam represented approximately 95% 
and 85010 of the total binding, respectively. The Bmax and 
Kd values for [3H]muscimol binding were calculated by 

the BMDP iterative non-linear program AR (11). 

Statistical analyses 
  Results are expressed as means ±S.E. (n=5). The sig

nificance of differences was assessed by the two-tailed 
Student's t-test. 

RESULTS 

 The representative color-imaged autoradiograms of the 
specific binding of [3H]muscimol and [3H]flunitrazepam 
are shown in Figs. 1 and 2, respectively, in coronal sec

tions of the brains in young and aged rats given regular or 
KKT-containing diet. The specific binding of [3H]mus

cimol (64 nM) in aged rats was decreased in all brain 
regions examined compared with that in young rats 

(Table 1). Scatchard analysis revealed that the maximal 
number of binding sites (Bma) of [3H]muscimol in the cor

tex and thalamus were significantly decreased in aged rats 
compared with young rats, while the Kd value remained 

unchanged (Table 2). There was a similar reduction of the 
Bmax but not Kd values for [3H]muscimol binding in aged 
rats compared with young rats, although the differences 
were not statistically significant: The Bma,, of [3H]mus

cimol in the caudate/putamen, accumbens, hippocampus 

and amygdala in aged rats were decreased to 86, 57, 75 
and 80010 of those in young rats, respectively (data not 
shown). There were no differences between young and 

aged rats in the specific binding of [3H]flunitrazepam (1 
nM) to any of the examined brain regions (Table 3). 

  Long-term administration of KKT in young rats had no 

effect on either [3H]muscimol (Table 1) or [3H]flunitrazep
am binding (Table 3). In contrast, the same treatment in 

aged rats tended to decrease the [3H]muscimol binding 

(Table 1). Furthermore, there was a significant increase in 
the specific binding of [3H]flunitrazepam in the cortex, 
caudate/putamen and accumbens of aged rats given the 
KKT-containing diet (KKT-aged rats) compared with that 

in aged rats given the regular diet (r-aged rats) (Table 3).



Fig. 1. Color-imaged autoradiograms of the specific [3H]muscimol (64 nM) binding in the coronal sections of the brain in 
young and aged rats. The autoradiogram of the [3H]micro-scale, which is used for quantitative analysis, shows the standard 
tritium concentration sequences. r-young: young rats given regular diet, KKT-young: young rats given KKT-containing diet, 
r-aged: aged rats given regular diet, KKT-aged: aged rats given KKT-containing diet.

Table 1. Binding of [3H]muscimol in the brains of young and aged 
rats given a regular or KKT (807o)-containing diet for 15 weeks

Table 2. Scatchard analysis of [3H]muscimol binding in different 

brain regions of young and aged rats

DISCUSSION 

Changes in [3HJmuscimol and [3HJflunitrazepam binding 

in aged rats 
 Using in vitro autoradiography, we compared the 

specific binding of [3H]muscimol and [3H]flunitrazepam



in the brains of aged rats with that in young rats. Previous 

studies have provided somewhat controversial results, 

depending on the brain region and animal species used

(12-14). For example, Ito et al.

Fig. 2. Color-imaged autoradiograms of the specific [3H]flunitrazepam (1 nM) binding in the coronal sections of the brain in 
young and aged rats. The autoradiogram of the ['H]micro-scale, which is used for quantitative analysis, shows the standard 
tritium concentration sequences. r-young: young rats given regular diet, KKT-young: young rats given KKT-containing diet, r
aged: aged rats given regular diet, KKT-aged: aged rats given KKT-containing diet.

Table 3. Binding of [3H]flunitrazepam in the brains of young and 

aged rats given a regular or KKT (8%)-containing diet for 15 weeks

(13) have reported that

[3H]muscimol binding increased in aged mice, while 
others observed no change in this binding in aged rats (12, 

14). We demonstrated here, using in vitro quantitative au
toradiography, that the specific binding of [3H]muscimol 
in aged rats was decreased in all brain regions examined, 

compared with that in young rats, whereas [3H]
flunitrazepam binding did not change in any brain region. 
The ratios of [3H]muscimol and [3H]flunitrazepam bind

ing were significantly different between young and aged 
rats: those in the young rats were 2.67 ± 1.0, 1.74±0.07, 

1.94±0.06 and 3.81 ±0.10 in the cortex, caudate/puta
men, hippocampus and thalamus, respectively, while 

those in the aged rats were 2.10-L0.09, 1.27±0.11, 
1.67±0.07 and 3.04±0.27, respectively. Scatchard analy

sis revealed that the reduction in [3H]muscimol binding to



the cortex and thalamus in aged rats was solely due to a 

decrease in the Bmax, but not the Kd, of this binding. Since 
GABA exerts its effects, in part, by interacting with the 

GABAA/benzodiazepine/Cl-channel complex, our find
ings suggest that changes in allosteric interaction between 

GABAA and benzodiazepine receptors may occur in the 
brains of aged rats. 

  The GABAA receptor is a hetero-oligomeric protein 

composed of several distinct polypeptide types (15). It has 
been demonstrated that the mRNA for the a,-subunit of 

the GABAA receptor in the cerebral cortex and the a2 
mRNA in the cerebellum are downregulated, and that a6 

mRNA levels in the cerebellum are increased by aging in 
Fischer F-344 rats (16). Taken together, the observed 

changes in the binding in aged rats may be due to the al
tered regulation of gene transcription of GABAA receptor 

subunits. 
 The changes in [3H]muscimol and [3H]flunitrazepam 

binding in the brain could be responsible, at least in part, 

for brain dysfunction in aged rats, as indicated by the 
impairment of learning and memory, and by their altered 

emotional behavior (4-6, 17, 18). Interestingly, we have 
observed similar changes (reduction of [3H]muscimol 

binding but no change in [3H]flunitrazepam binding) in 
mice that had acquired tolerance to the anxiolytic effects 
of chlordiazepoxide (9). Therefore, we consider that be

havior indicating anxiety in aged rats, which includes 
decreases in time spent in social interaction between pairs 
from different cages and increases in starting latency, defe

cation and urination in an open field, may be related to a 
reduced number of GABAA receptors in the brain. 

Effects of Kamikihito on [3H]muscimol and [3H]flunitraz

epam binding 
 Long-term administration of KKT in young rats had no 

effect on either [3H]muscimol or [3H]flunitrazepam bind
ing. In contrast, the same treatment in aged rats produced 
a significant increase in [3H]flunitrazepam binding to the 

cortex, caudate/putamen and accumbens, and tended to 
decrease the [3H]muscimol binding. These results suggest 
that KKT may have some improving effects on aging-as

sociated anxiety which is associated with a selective reduc
tion of [3H]muscimol binding in the brain. It is unlikely 

that the changes in the binding in aged rats administered 
with KKT are due to the direct binding of a constituent of 

KKT, since the brain sections were preincubated to re
move substances that had previously been bound to the 
binding sites before incubating the tissues with the 
radioligands. 

 It is well known that the benzodiazepines exert their 
anxiolytic effects by binding to benzodiazepine receptors, 

and then potentiating the action of GABA. Thus, the in
crease in [3H]flunitrazepam binding in the KKT-aged rats

suggests that compensation for the reduced [3H]muscimol 
binding in the brains of these animals may have been 
brought about by the long-term administration of KKT. 

It is not yet clear why KKT increases [3H]flunitrazepam 
binding in certain brain regions. One possible explanation 

is that there may be different subtypes of [3H]flunitraz
epam binding sites, as previously suggested (19, 20), type 

one being KKT-sensitive and others being KKT-insensi
tive. To clarify the effects of KKT on the [3H]flunitraz

epam binding in aged rats, further studies, including the 
Scatchard analysis of the binding and the measurement of 
the mRNA levels encoding GABAA receptor subunits, 

should be carried out. 
  In conclusion, the results of this study suggest that the 

decrease in [3H]muscimol binding and the lack of change 
in [3H]flunitrazepam binding in the brains of aged rats 

may be responsible, at least in part, for their anxiety-relat
ed behavior. The present findings also support previous 

results showing that KKT has clinical anxiolytic effects, 
and they suggest that the increase in [3H]flunitrazepam 
binding in the cortex, caudate/putamen and accumbens 

seen in KKT-treated aged rats may be responsible for the 
anxiolytic effects of this agent. 
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