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H. George Mandel 

A SECOND LOOK AT THAI PHARMACOLOGY 

H. George Mandel * 

Department of Pharmacology, George Washington University Medical Center 

Washington, D.C. 20037, U.S.A. 

SOME TIME AGO 

When I was asked to visit Thailand again after my previous brief 

affiliation in Bangkok with the University of Medical Sciences in 1964, 

I really did not know how much of a change to expect. I remember my 

last time there with great foundness because that visit had turned out 

to be so different from what I had anticipated. I had been granted 8 

months sabbatical leave from the George Washington University supported 

by the Commonwealth Fund to participate in pharmacological research 

projects in New Zealand and Thailand, and to further my academic develop­

ment by observing and participating in scientific and teaching activities 

-in those countries. I knew of the enormous efforts being made by the 

Rockefeller Foundation to build Thailand ' s strength in education , 

science and medicine. I had just spent 4 months 'in Auckland working in 

Professor R.E.F. Matthew's molecualr biology .laboratory where we were 

able to help elucidate the mechanisms oy which plant viruses propagated 

on plant leaves. I assumed that there would be other research programs 

underway in Bangkok which I might join even though the 2 months I had 

avai l able seriously limited what we could accomplish in such a short time 

span. 

* Visiting Professor, Department of Pharmacology, Faculty of Science, 
Mahidol University, Bangkok 10400, Thailand. 
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The Rockefeller Foundation in Thailand, then under the leader­

ship of Dr. James S. Dinning, had provided considerable financial support 

and expertise for the development of basic medical sciences. A most en­

couraging by-product was the ?pread of encouragement and enthusiasm to 

several Thai medical scientists who saw an opportunity for realizing 

the founding and growth of biomedical research in Bangkok. It rapidly 

became clear to me that Dr. Stang Mongkolsuk had recognized the role 

that Thais could and should play in the international efforts of improving 

medical care and in establishing basic science programs in chemistry and 

biology as related to health. Obviously, this required imagination, 

devotion, long range planning and know-how which Dr. Stang undertook 

with incredible vigor, enthusiasm and success. 

Several large, modern and attractive buildings then existed at 

Sri Ayudhya Road which served as the central focus of the new medical 

science complex. It housed classrooms, offices and considerable labora­

tory space but its research facilities remained under-used. There was 

strong interest in chemistry, and several research projects were in 

progress on the isolation of natural products. However, the electrical 

and plumbing facilities were inadequate to cope with the demands of 

such considerable technology, and were constantly disrupted because 

of the intense road construction nearby to close the klongs. Most 

of the professional activity involved teaching, and after I had expressed 

my readiness to give a few talks on pharmacology, I became rapidly in­

volved in the many programs of insfruction at the University of Medical 

Sciences, the Chulalongkorn School of Pharmacy and Medical School, and 

neighboring institutions, such as the SEATO and Siriraj Hospitals. I 

remember particularly developing a series of lectures on the chemical 

basis of the actions of drugs which I thought might stimulate students 

interested in applying their background in chemistry. Since I had 

received my Ph.D. in organic chemistry, I felt that others might also 

find chemistry a useful and practical introduction to pharmacology. 
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I discussed the functions of neurohormones and the mechanisms by which 

drugs interfered with the normal actions of these transmitters. I also 

reviewed the current thoughts on the chemical mechanisms of action of 

antibiotics on bacterial growth, the emergence of drug-resistant mic­

roorganisms, and the likely basis for patient sensitization to penicillin. 

One of the young students in thatcoursewas Chiravat Sadavongvivad, 

who now is the Chairman of the Pharmacology Department at Faculty of 

Science, Mahidol. It is a very unusual experience for a teacher to have 

evidence that a student was actually listening . I was not only surprised, 

but also delighted. 

In the subse4.uent years there was extensive activity to broaden 

the biomedical base of Thailand. The Rockefeller Foundation brought 

Dr.Albert S.Kuperman to Bangkok to transplant the growing discipline of 

pharmacology as we had developed it in the United States. He helped 

introduce modern concepts of teaching and research, and was instrumental 

in the design and construction of the new Mahidol University compl.ex. 

Several of the most promising of Thai ' students, with the help of the 

Rockefeller Foundation, were dispatched to other countries, mainly the 

U.S., Britain, Austral ia and the European continent, where they completed 

their graduate. training and rapidly adopted the concepts, techniques 

and enthµsiasm for research that characterized the laboratories in which 

they had worked . For example, Amnuay Thithapandha enrolled here at 

George Washington University Medical Center where he received his M.S. 

and Ph.D. in pharmacology . Chiravat had gone to the University of 

Pennsylvania. Both then returned to Thailand and developed their De­

partment in Bangkok . 

It was difficult for us to foresee the career of these highly 

specialized researchers upon their return to their previous environment 

in Thailand. Regardless of intervening progress, Thai universities 

were much less geared towards laboratory productivity, were sparsely 
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equipped with modern research tools, and were skimpily endowed, by 

American standards. More important, scientific talent was not as readily 

recognized or appreciated as it had become in the U.S. 'The differences 

at that time between our cultures extended also to the attitudes in the 

classroom. In America, the professor is constantly subject to challenge 

by alert and often aggressive students who would adore to trap him with 

difficult questions. 'The instructor's competence must constantly be 

reasserted for the student body which will not grant this respect purely 

because of the teacher's appointed position in the academic hierarchy. 

Although it occasionally leads to embarrassment and sometimes disaster, 

there results a closer bond between teacher and student, with less for­

mality, which facilitates learning. I detected little of this egalitar­

ian spirit in Bangkok in 1964, where the professor was still deified by 

his students. Such a professor system still exists in many parts of 

Europe and Asia but not in the U.S. Actually, for an American professor, 

a period of forced glorification is really pleasantly reassuring and 

heartwarming, but he should not get too firmly accustomed to it if he 

plans to return to the U.S. 

NOW 

When I arrived in Bangkok in the end of November, 1981, I was 

amazed at the changes which had taken place in the intervening 17 years. 

An enormous building program made it very difficult to recognize most 

of the familiar city landmarks. Even the temples, which formerly could 

be seen from a great distance, had become submerged in the new skyline. 

'The traffic and noise, which were already incredible years ago, are now 

so exaggerated that it appears they can no longer be contained in the 

streets. New hospitals and medical centers have arisen which compare 

quite favorable with those in our cities, and the level of medical care 

has increased enormously. Contact with many of the 'Thai clinicians 

reveals how many have returned following additional training in other 

countries, and how small the world has become. 
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Undoubtedly, one of the biggest changes has been in the field of 

pharmacology. Housed i n a modern, beautifully designed and convenient 

structure, sufficiently spacious to permit l aboratory work for all staff 

members and students, the Mahidol Department of Pharmacology resembles 

t hat of a fine mi ddle-sized American medical center. More important 

t han the physical attributes, however, is the composition of the group. 

I found each of the staff members to be research-minded, with a respectable 

record of scientific accompl ishments, and busy with a variety of labora­

tory and teaching projects. This is especially impressive considering 

the problems of carrying out research with the relatively limited 

technical and finacial support available. It is far more difficult 

to be productive when the scientific environment is not as populated, 

well stocked and competitive as was undoubtedly the case when these 

investigators received their training overseas. All the more credit 

t herefore should go to these pioneers in the hope they will not give in 

to frustration. Equally rewarding was the sizeable group of well-trained 

students who are receiving broadly based .didactic and laboratory exper­

ience. The training programs for students, as I saw them, not only 

cover the many scientific disciplines required for understanding phar­

macology but also permit the extensive opportunity for independence of 

thought. Most important, the system is based on individual challenges 

and questioning, which is a great step from the dependence on rote memory 

so common years ago. The reliance on English throughout the entire 

training program, which represents the additional challenge of a foreign 

language while mastering so many new fields of knowledge simultaneously, 

certainly increases the versatility of the students once they are finished. 

As a consequence, the new graduates should be universally adaptable 

for further research work or postgraduate training. Although it is 

unrealistic to expect that each graduate will colonize his or her own 

research center, in a few years many can be expected to demonstrate their 

own scientific independence in their own country. They can be expected 
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to compete internationally for scientific programs and to publish in 

international journals. 

I was also very pleased to observe that so many of the graduate 

students were simultaneously occupying important positions in governmental 

and industrial organizations. It is excellent foresight for employers 

to recognize the value for their employees of additional academic train­

ing, which permits professional growth and increased productivity. At 

my own institution, located in our nation's capital, we have had consi­

derable success with select individuals who are pursuing graduate studies 

in our Department and who are members of outstanding governmental 

laboratories. 

The three weeks I spent in Thailand went quickly but allowed me 

to interact with many individuals and groups. Most of my contacts were 

with young students and faculty members. I provided a series of talks 

on the basis of cancer chemotherapy, the pharmacology of the aged 

patient and details on some of our laboratory studies on antitumor 

agents, at several institutions. In addition to my stay at Mahidol, 

I visited Siriraj Hospital and Chulalongkorn University and various 

other laboratories and hospitals in Bangkok and later in Chiang Mai. 

I was especially glad to renew old friendships with colleagues who had 

spent some time at George Washington University years ago. I also 

had plenty of chances to go sightseeing through ~ considerable area 

of the country. Thai hospitality without exception was outstandingly 

generous, thoughtful and imaginative and made our family's trip exciting 

and most rewarding. 

FOR THE FUTURE 

Several problems undoubtedly limit the scientific opportunities 

in Thailand. The tradition for carrying out a career in biomedical 
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research is still more recent in Titailand compared to other countries. 

In considerable measure this difference rests on a national economy 

which has not been able to afford extensive expenditures on basic 

research. Even under the best of circumstances it is difficult to 

convince governmental leaderships to' view research as a basic investment 

which will generate enough practical rewards to recover it own costs in 

the long run, even though this is what usually happens. Thailand, 

of course, is not alone in this predicament. In the United States, 

for exampl e, it required World War II to materially advance a national 

interest in research and to demonstrate the practical values of scientific 

accomplishment. The success of a Soviet Sputnik finally was requir~d 

to convince us that scientific competition was not only more than desirable 

but absolutely necessary. Especially in times of an unfavorable 

economic climate, such as we are experiencing right now, we tend to 

put aside the vast opportunity that scientific research offers from 

point of view of improved human health, increased business opportunities, 

higher living standards and enhancement in the quality of life. Assis­

tance in a national defense effort is mentioned more readily because 

it is more politically apparent. 

Thai scientists should make every effort to approach the members 

of their government and to explain the practical achievements of research, 

since many political leaders are unaware of the almost unlimited new 

opportunities that arise from successful research discoveries. Sci­

entists over the whole world usually are too uninterested, shy or 

politically inexperienced to assist their governments in formulating 

a strong policy for bas~c research. Certainly in other Asian countries, 

enormous progress has followed the recognition of the value of research 

and deve l opment, and these countries are now providing excellent sci­

entific leadership and remarkable economic gains due in large part 

to scientific innovation. 
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One valuable means of increasing the "visibility" of scientists 

is by boosting the emphasis on communications between members of the 

same or closely allied disciplines. Greater cooperation among Thai 

pharmacologists undoubtedly can be established through the Thai phar­

macology society which. should be used to facilitate the statement of 

national goals. At the same time, since many pharmacologists in 

countries near Thailand may share similar views, aspirations and also 

problems, closer associations with such regional colleagues (similar 

to the recent Southeast Asian and Western Pacific Regional Meeting of 

Pharmacologists ) may again clarify issues of professional interest 

which may be tackJed more effectively as a collaborative effort. 

An infrequent visitor to Thailand, like myself, probably does 

not see enough of a cross section of research to make a completely 

valid assessment of Thai pharmacology. At Mahidol I perceived extensive 

interest in research, with considerable expertise, opportunity and 

enthusiasm. In other teaching centers emphasis was directed almost 

exclusively towards didactic training for students, and the search for 

new information was limited. A strong effort to challenge current 

scientific hypotheses and to provide new information is essential to 

keep the teaching staff abreast of new developments and critical in the 

acceptance of textbook dogmas. 

I believe that certain natural advantages in Thailand have not 

been adequately exploited. For example, there is extensive folklore 

about natural products with pharmacological action. Yet, in pursuing 

these beliefs, one rapidly is forced to conclude that there is very 

little published information on either the chemical basis of the products 

in question, or on their biological effectiveness in either animals or 

man. I am.sure that many such studies have been carried out in the past 

twenty years, but unless these results are formally recorded in the lit-



Thai J . Phannacol. 

Jul. - Sep. 1982 Vol.4 No.3 127 
Thai Pharmacology 

H. George Mandel 

erature they cannot be accepted by the scientific community. Even 

though many of these natural products may not pass more careful scrutiny, 

some undoubtedly will survive to have useful properties. I was pleased 

to learn that the FDA of Thailand is encouraging scientists to test some 

of these substances against appropriate biological systems, or to make 

suitable arrangements to have them evaluated elsewhere in laboratories 

experienced in such screening. Such test systems include the treatment 

of hookworm and other helminth infestations, snake bite and even cancer. 

There is a golden opportunity here for the identification and develop­

ment of useful products which are native to Thailand. It must be em­

phasized, however, that these products must be fully acceptable for 

therapy, since they may also possess toxicity, and their application 

may deny optimal drug treatment if the natural products can be demon­

strated to be inferior to other avai lable drugs . I fee l there is 

sufficient local pharmacological talent available to carry out well­

coordinated programs investigating these long-held beliefs, which may 

provide the needed answers. Such approaches need not be that costly 

in terms of money, time or laboratory resources. 

There still exist extensive under-utilized opportunities for 

improving the scientific approach toward patient care in the clinical 

use of drugs . Providing there is interest, confidence and trust, 

therapeutic teams of physicians, pharmacologists and clinically trained 

pharmacists should be able to work together with greater ease in 

Thailand compared to other countries where generations of professional 

divisions, traditional hospital regulations and lack of contact have 

hampered cooperation between these disciplines. This collaboration has 

been growing considerably in the last decade in the U.S., and should 

permit the more effective use of drugs in the clinic, while providing 

an additional scientific data base on human pharmacology . Because of 

the fewer restrictions, Thailand could make significant contributions 

to our new knowledge in this important area. 
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Major efforts should be made to encourage the Thai Universities, 

as well as the government, to support their scientific community more 

generously. Even relatively small research grants will permit more 

eligible investigators to continue to carry out their basic studies. 

Once published, these successful accomplishments will attract the 

attention of scientists in other countries. Without such a financial 

start it is virtually impossible to compete in international scientific 

programs. It should also be mentioned that investment in biomedical 

research can be expected to bring rewards not only in terms of better 

well being for the people, but also the increased earnings of a 

healthier society will permit the return of additional tax revenue to 

t!Le treasury. 

Greater emphasis could t!Len be placed on exchange of scientific 

personnel with other countries. Thai researchers who in the opinions 

of their professional peers have distinguished themselves early in their 

careers should be awarded fellowships to spend a year abroad in a lab­

oratory of their choice. They should then impart their newly acquired 

knowledge and experiences upon their return to Thailand. These sabbatical 

experiences or even brief international visits will provide Thai scien­

tists a better opportunity to keep up with their counterparts in other 

countries and to establish cooperative scientific ventures which will 

benefit all participants. Similar opportunities for physicians have 

produced dramatic benefits for the practice of medicine in Thailand, 

and I was most impressed with how successful and widespread this 

practice has been. 

At the same time, additional opportunities should be created to 

invite active scientists to TILailand where they might introduce specific 

tec!Lniques or research ideas to their local counterparts, and where they 

act as stimulants with new suggestions for research or the initiation 
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of collaborative projects. These personnel exchanges need not be very 

costly, and industrial and private organizations should be urged to 

participate with the Thai government and the universities in these 

international exchanges. 

Perhaps our American Society for Pharmacology and Experimental 

Therapeutics (ASPET) can be of greater assistance to Thai pharmacologists. 

Although regular membership requires permanent residency in North America, 

Thai pharmacologists may become Affiliate Members of ASPET subsequent 

to nomination and election by the ASPET membership. The current annual 

dues are$ SO. 00. Affiliate Members receive the Pharmacologist, Federat­

ion Proceedings and various mailings regarding information on future 

meetings and other news of importance to our discipline. Occasionally 

there may be travel fellowships to meetings available to members and 

nonmembers, but Affiliate Members will have easier access to announcements 

about those opportunities . Affiliate Members can also receive ASPET 

journals at member subscription rates substantially less than those for 

other subscribers. Depending on demand, bulk air mail rates may be 

offered for more rapid delivery to the Far East. 

Lastly, but by no means least, it is my perception that Thai 

scientists should display more confidence in their abilities, accomplish­

ments and creativity. They should feel that they ~an compete with their 

counterparts anywhere, and they should be sure to retain their Thai 

identity . They should give credit to other Thai laboratories, where 

appropriate, to help develop greater esprit, collegiality and visibility 

for Thai scientists. The international scientific community respects 

the impressive role that these individuals have played, often under 

difficult and unrewarding circumstances, and would be glad to extend 

a helping hand. Certainly, many of these distinguished and pioneering 

Thai scientists have been most valuable and helpful to us in our careers. 
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MODIFICATION OF MORPHINE ANALGESIA BY 
ALTERING CENTRAL CATECHOLAMINERGIC AND 

5-HYDROXYTRYPTAMINERGIC ACTIVITY 

Chaichan Sangdee 

Department of Pharmacology, Faculty of Medicine, 

Chiang Mai University, Chiang Mai 50000, Thailand. 

SUMMARY 

The roles of central catecholamines .and 5-hydroxytryptamine 
in morphine analgesia were investigated. Drugs that are relatively 
selective in modifying central monoaminergic activity were used. 
Nociceptive response was tested by the modified hot plate method . 
L-Dopa and apomorphine antagonized while chlorpromazine, haloperidol, 
alpha-methyl -para-~yrosine,and clonidine enhanced morphine analgesia. 
Para-chlorophenylalanine blocked but L-tryptophan potentiated this 
effect of morphine. All these changes were significant . The results 
of the present study indicated that increased brain catecholaminergic 
or decreased 5-hydroxytryptaminergic activity inhibited the analgesic 
effect of morphine . On the contrary, decreased central catecholami­
nergic or increased 5-hydroxytryptaminergic activity enhanced morphine 
analgesia. 

The potent analgesic effect of morphine and other opioids is 

well-known, however, the mechanism by which they produce this effect is 

not clear and is still under intense investigation. Since the discovery 

of opioid receptors (1,2) and later of endogenous opioid peptides (3,4) , 

it is generally accepted that morphine and endogenous opioid peptides 

bind to the same opioid receptors. Morphine interacts complexly with 

This work was supported by China Medical Board of New York, grant No . 
78- 371. 
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central monoaminergic transmitters and this interaction has been impli­

cated in its analgesic effect (5-10). Although central monoamines can 

modify morphine analgesia, a consistent fattern has not yet emerged and 

which monoamine plays a more important role in the analgesic effect of 

morphine is up for debate. 

The present investigation is aimed at verifying the roles of 

central catecholamines (CA) and 5-hydroxytryptamine (5-HT) in morphine 

analgesia. Various drugs that alter central levels or activity of these 

monoaminergic transmitters were used. Analgesic analysis was tested by 

the modified hot plate method. The results indicated that increased CA 

or lowered 5-HT activity antagonized morphine analgesia whereas lowered 

CA or increased 5-HT activity potentiated this effect of morphine. 

MATERIALS AND METHODS 

Albino rats of either sex weighing between 200 to 300 gm were 

used. Nociceptive response was measured by placing the animal in a 4 l 

beaker maintained at 6S 0 c by an automatically temperature controlled 

water bath. The endpoint of this test was usually taken as licking of 

hind paws. Some animals, however, displayed either intense agitation or 

dancing behavior. In these instances, these behaviors were regarded as 

endpoint. All drugs were administered intraperitoneally and the volume 

of drug solutions for injection were adjusted approximately 0.3 ml. In 

the control group, animals were injected with saline, and in the morphine 

group, animals were injected with 10 mg/kg of morphine sulphate. Test 

for nociceptive response was done 30 min after saline or morphine treatment. 

Other drugs were either freshly prepared or commercially 

available parenteral forms were used. In the acute experiments, apo­

morphine (1 mg/kg), chlorpromazine (CPZ, 5 mg/kg), haloperidol (2 mg/kg), 

and clonidine (50 µg/kg) were injected 10 min after morphine treatment. 
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In subacute experiments, drugs were administered once daily at 9.00 a.m. 

for 3 days, morphine treatment was done at 11 . 00a .m.on the third day. 

The following drugs were used in subacute experiments: L-dopa (SO mg/kg) , 

alpha-methyl-para-tyrosine (AMPT, 100 mg/kg) , para-chlorophenylalanine 

(PCPA, 100 mg/kg), and L-tryptophan (200 mg/kg) . Statistical analysis 

of the data was done with Student t-test. 

RESULTS 

Morphine-induced analgesia 

In saline-treated group, nociceptive response in the hot plate 

test was averaged 6,65 sec . Morphine significantl y delayed the reaction 

time to 19 .75 sec (Table 1). This represents a three folds decrease in 

the nociceptive response. 

Tab le 1. Effect of morphine on nociceptive response. 

Doses 
Drugs 

(mg/kg) 

Saline 

Morphine 10 

N 

20 

20 

Nociceptive response 

Mean ± S.E. (sec . ) 

6.65 ± 0.52 
* 19.75 ± 1.02 

* Significantly different from saline treatment, P < 0,001 

Alterations of central CA activity on morphine - induced analgesia 

Effects of drugs that alter CA levels or activity on morphine 

analgesia were summarized in Table 2. L- dopa s ignificantly antagonized 

analgesic effect of morphine. Apomorphine, a DA agonist not only com­

pletely and significantly blocked morphine analgesia but also seemed 
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to reverse morphine effect towards hyperalgesia. This seemingly hyperal­

gesia induced by apomorphine even in the presence of morphine, however, 

did not reach a significant level when compared with the saline treated­

group (Table 1). Markedly and highly significant potentiation of morphine 

analgesia was observed after a general CA receptor blocker, CPZ. This 

drug was also tried at higher and lower doses. At higher dose (10 mg/kg) 

CPZ caused moderate sedation while at lower dose (2 mg/kg), it produced 

less potentiation on morphine analgesia (data not shown), A more selec-

Table 2. Effects of drugs that alter central CA activity on morphine 

analgesia. 

Drugs Doses N Nociceptive response 

(mg/kg) Mean ± S.E. (sec.) 

Morphine 10 20 19. 85 ± 1.42 

Morphine + 10 10 15.70 ± 1.77* 

L-Dopa 50x3 

Morphine + 10 10 5,80 ± 0.70*** 

Apomorphine 1 

Morphine + 10 10 26.90 ± 2.07** 

CPZ 5 

Morphine + 10 10 30.10 ± 1.70*** 

Haloperidol 2 

Morphine + 10 10 35.70 ± 1.16*** 

AMPT 100x3 

Morphine + 10 10 25.00 ± 1.11** 

Clonidine 0.05 

* Significantly different from morphine treatment alone, p < 0.05 
** Significantly different from morphine treatment alone, p < 0,005 
*** Significantly different from morphine treatment alone, p < 0.001 



Thai J . Pharmacol. 

Jul. - Sep. 1982 Vol.4 No.3 135 
Amines and Morphine Analgesia 

Chaichan Sangdee 

tive DA antagonist, haloperidol showed a greater enhancement of morphine 

analgesia than CPZ. This enhancement was also highly significant. In 

addition, AMPT, a depletor of central DA and NE produced the greatest 

potentiation on morphine analgesia in this study which almost doubled 

the analgesia produced by morphine alone. Clonidine, a drug that selec­

tively depresses central NE activity was also capable of potentiating 

morphine analgesia. 

Alterations of central 5-HT activity on morphine-induced analgesia 

A selective depletor of central 5-HT, PCPA markedly and sig­

nificantly decreased analgesic effect of morphine. On the contrary, 

L-tryptophan, a precursor of 5-HT modestly but significantly increased 

morphine analgesia. The effects of drugs that alter central 5-HT acti­

vity on morphine-induced analgesia is shown in ·Table 3. 

All drugs at doses reported in this study by themselves did 

not produce observable abnormality in general behaviors such as sedation 

or excitement and did not alter the response to the hot plate test 

(data not shown). 

Table 3. Effects of drugs that alter central 5-HT activity on 

morphine analgesia. 

* 
** 

Drugs 

Morphine 

Morphine + 

PCPA 

Morphine + 

L-tryptophan 

Doses 

(mg/kg) 

10 

10 

100x3 

10 

200x3 

N 

20 

10 

10 

Nociceptive response 

Mean ± S.E. (sec.) 

19 . 70±1.55 

10.10±1.05** 

23.80 ±:1.15* 

Significantly different from morphine treatment alone, P < 0. 025 
Significantly different from morphine treatment alone, P < 0.001 
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DISCUSSION 

Morphine interacts with several transmitters in the central 

nervous system and this interaction has been implicated in morphine 

effects including analgesia. There is evidence that morphine can alter 

central monoaminergic activity (11-13) and that alterations of central 

monoaminergic function can modify morphine effects (5,6,7,9,10,14). By 

far, most interest has been focused on the roles of CA and 5-HT in mor­

phine analgesia. Acetylcholine and other non-monoaminergic transmitters 

such as gamma-aminobutyric acid and substance P may also be important 

in the analgesic effect of morphine; with the exception of substance P, 

they receive less attention by most investigators. 

In the present study, depletion of central CA levels by AMPT 

markedly potentiated morphine analgesia, this finding is in agreement 

with several investigators (6,15). Reduction of CA levels by a neuro­

toxin, 6-hydroxy~opamine (6-0HDA) enhances morphine analgesia (16). 

Furthermore, blockade of CA receptors by CPZ in the present study poten­

tiated morphine analgesia which is consistent with the work of Takemori 

et al (9) and Eidelberg and Erspamer (17). On the other hand, increase 

in central levels of CA by their precursor, L-dopa has been found to 

antagonize morphine analgesia in this study and others (15,18,19). How­

ever, conflicting results have also been generated. Inhibition of mor­

phine analgesia is observed after pretreatment of animals with 6-0HDA (14) 

while one study found negative effect of AMPT pretreatment (5). 

Although the above findings tend to support the role of CA in 

morphine analgesia, they do not discriminate whether DA or NE is involved 

in this effect of morphine since those drugs like AMPT, 6-0HDA, L-dopa 

and CPZ affect both transmitters. There is evidence to indicate that DA 

plays a more important role in morphine analgesia. Haloperidol, a more 

selective blocker of DA receptors was very effective in potentiating the 

analgesic effect of morphine in this study which essentially confirms 
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the f indings of others (9,10,17). On the contrary, apomorphine, a drug 

that is selective as DA agonist was able to prevent morphine analgesia in 

this study thereby supporting the observations of Tulunay et al (10), 

Major and Pleuvry (15), and Vander Wande and Spoerlein (19). In addi­

tion, apomorphine not only completely antagonized morphine analgesia but 

also tended to reverse it towards hyperalgesia. Parenteral administra­

tion of higher doses of L-dopa (ED 50 = 115 mg/kg) or apomorphine (ED 50 

= 4.4 mg/kg) has been found to produce hyperalgesia in mice (10). At 

least part of the inhibition of the effect of morphine by these DA ago­

nists is attributable to hyperalgesia induced by these drugs. 

Tiiere ls ev idence ti1at NE is also involved in the analgesie 

effect 0£ morphine. Depletion of central NE levels by DA beta-hydroxylase 

inhibitors such as l -phenyl-3-(2-thiazolyl)-2-thiourea (7) or diethyl­

dithiocarbamate (20) is effective in increase morphine antinociception. 

An ~lpha-adrenergic blocker, phenoxybenzamine has been found to enhance 

morphine analgesia (21). This phenoxybenzamine-induced enhancement of 

morphine analgesia is reversed by naloxone (21). Clonidine activates 

presynaptic and postsynaptic alpha-2 inhibitory adrenergic receptors 

thereby reducing central sympathetic activity (22,23). This drug has 

been found to produce analgesia (24) which exhibits additive analgesic 

effect to morphine (25). In accordance with the above findings, clonidine 

was also found to increase morphine analgesia in the present study. 

Furthermore, bilateral lesions of the dorsal NE bundle potentiate and 

prolong this effect of morphine (26). 

Evidence for the involvement of 5-HT in morphine analgesia ap­

pears to be stronger and more consistent than those of CA. Augmentation 

of 5-HT levels by intraventricular 5-HT (8,18) or by intravenous 5-hydro­

xytryptophan (27) potentiate morphine analgesia. On the other hand, cen­

tral depletion of 5-HT by PCPA (5,28) or by 5,6-dihydroxytryptamine (28) 

blocks morphine analgesia. The results of the present study that PCPA 
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reduced and L-tryptophan potentiated morphine analgesia further support 

the above observations. Acute treatment with morphine or heroin enhances 

central 5-HT synthesis, the latter being more potent than the former (11). 

Morphine and heroin activate tryptophan hydroxylase, a rate-limiting en­

zyme thereby leading to increase 5-HT synthesis (11). 

Stimulations of many areas of the periaqueductal gray (PAG), 

periventricular gray, and midbrain raphe nuclei have repeatedly been shown 

to produce analgesia (29-32) which can be blocked by.PCPA (31). Lesions 

of PAG and raphe nuclei block the analgesic effect of morphine (16,29,33) 

or produce hyperalgesia (29). There is evidence for an excitatory connec­

tion from PAG to midbrain raphe nuclei (34,35), the origin of 5-HT neurons 

that project to the spinal cord via the dorsolateral funiculus (36,37). 

Furthermore, PAG contains moderately high levels of opioid receptors and 

this is the most consistent sites where morphine produces its analgesic 

effect as reviewed by Feilds and Basbaum (38). These findings strengthen 

the role of 5-HT in modulation of pain and morphine analgesia. 

The results of the present study and many others suggest that 

reduction of central CA activity, especially that of DA enhance morphine 

analgesia. On the contrary, increase in DA activity is associated with 

hyperalgesia and antagonism of the analgesic effect induced by morphine. 

Furthermore, 5-HT appears to play an important role in pain modulation 

and in morphine analgesia. Enhancements of central 5-HT transmissions 

potentiate morphine analgesia while depletions of its levels or lesions 

of its pathways antagonize this effect of morphine. 
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SUMMARY 

This paper presents a case of a hea lthy man who ingested a 
massive dose of paracetamol in a suicide attempt, to serve as a basis 
for a discussion of paracetamol toxicity. The temporal sequence of 
signs and symptoms manifested is typical of paracetamol toxicity . 
Liver f unction tests showed striking increases in plasma aspartate 
aminotransferase and lactic dehydrogenase activity. Prothrombin time 
was prolonged. The serum level of peracetamol 48 h after ingestion 
was 40 µg/ml. After symptomatic treatment, the patient recovered 
rapidly; within 2 weeks liver function had returned to normal. 
N-Acetylcysteine is a highly effective antidote for paracetamol 
toxicity, particularly if given within 10 h of paracetamol ingestion. 
If 24 h or more have elapsed, only supportive measures are indicated. 
During the early phase of intoxi cation, gastric lavage or induction 
of emesi s should be performed to decrease continuing absorption of 
the drug. 

Paracetamol (acetaminophen), because of its remarkable safety at 

recommended doses, is one of the mos t widely used analgesic and antipyretic 

medications. In potency and duration of effect it is equivalent to aspirin 

but has littl e anti - inflammatory action (1) . At usual doses, paracetamol 

does not cause the gastrointestinal irritation or decreased plate l et 

aggregation sometimes associated with aspirin ( 2) . Despite this lack of 

s ignificant adverse effects, however, mas s ive overdose can cause hepatic 

This paper was written during the author's fellowship training in the 
University of Rochester Medical Center, Rochester, New York. 
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necrosis and even death (2). There has been an increase in the incidence 

of acute overdose with paracetamol, particularly in Western countries 

(3-5). In adults this increase is due mainly tc. suicide attempts, whereas 

accidental poisoning accounts for the incidence in children, especially 

in the age ~roup 1-~ years (5,6). In Thailand, because of the increased 

availability of paracetamol and its growing oopularity with both physicians 

and consumers, overdose may become a significant factor in the Thai drug 

toxicity picture. 

This paper presents a case study of a healthy man who i.ngested a 

massive dose of paracetamol in a suicide attempt. The findin~s serve as 

the basis for a discussion of various aspects of paracetamol toxicity, 

including its treatment. 

CASE REPORT 

D. H., a 39-year-old white man, was referred to the Strong Memorial 

Hospital, University of Rochester (Rochester, N.Y.), for th.e treatment of 

ryaracetamol overdose. !le stated that he had always been in r;ood health, 

but occasionally drank excessive amounts of alcohol and smoked one pack 

of cigarettes a day, Three days before admission, depressed and angry 

over di.scordant marital relations, he had taken about 60 tablets of 

paracetamol (Extra-Strength Tylenol, 400 mg/tablet) over a 1"5-h period, 

with one bottle of beer. Four hours later he had vague ahdominal pain, 

felt nauseated, and vomited, The vomitus was "load-stained and contained 

food and some tablet particles. At that time he felt lethargic and 

light-headed; he described himself as "stwnblinp, around and seeing stars". 

During the night he again became nauseated and vomited severaJ times. 

He also had pain in the lower back and the right rib cage, C<nd experienced 

hot sweats alternatin,~ 111rith chills. The following morninz the chills i'.a1~­

subsided, but he felt feverish and nauseated. In the course o<' the clay 

he had 3 to 5 episodes of diarrhea, consistin~ of loose brown stools. 

His urine appeared darker. He had some eructations, with much flatus, 
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Initially the patient !'lad been taken to another hospital, where some 

laboratory tests were done. The significant findings were: serum aspartate 

aminotransferase, 4250 U/ml; lacticdehydrogenase, 3580 U/ml; and decreased 

platelets on ~lood smear analysis. 

The patient was first seen at this hospital approximately 4'3 h after 

drug ingestion. He was a well-built man who appeared acutely ill and 

tired. No petechial hemorrhages were seen. The only unusual finding on 

physical examination was a slieht tenderness in the upper ri.~ht quadrant 

of the abdomen. 

The urine was normal except that the test for bile was 2+ positive . 

TI1e hematocrit was 479.>; the hemop,lobin was 16.5 g/100 ml; the white cell 

count was 9,301), with 78% neutrophils . The platelet count was S0,000 . 

The prothrombin time was 21.3 seconds, with a control of 10.6 seconds, 

and partial t hromboplastin time was 32.8 seconds. The urea nitrogen was 

72 mg/100 ml; the creatinine, 1 . 1 mg/100 ml; the glucose, 118 mp,/100 ml; 

the conjugated bilirubin, 1.2 mg/100 ml; the total bilirubin, 1.9 mg/100 ml; 

the cholesterol, 126 mg/100 ml; and the protein, 6.2 g (the albumin, 3.8 g, 

and the globulin, 2.4 g) per 100 ml . The sodium was 139 rnmol; the potassium, 

4.2 rnrnol; the chloride, 107 mrnol; the carbon dioxide', 28 mmol, the calcium, 

9 . 0 rnrnol, and the phosphorus, 3.2 rnrnol per liter. The serum aspartate 

aminotransferase (SGOT) was 6268 U/ml; the lactic dehydrogenase (LDH), 

2911 U/ml, and the alkaline phosphatase, 135 mU/rnl . 

Toxicolo~ical studies revealed small amounts of paracetamol and 

of nicotine in the urine . A serum level of paracetamol taken 48 h 

after the ingestion was reported at 40 µg/ml. 

The patient was closely observed for signs of hepatic failure and 

was treated symptomatically. Antidotes for paracetamol, such as acetyl­

cysteine, were not administered because his physician felt that it was 
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too late for any of the recommended treatments to be of benefit. 

However, the patient recovered rapidly and was dischaTged after 7 days. 

At that time he was well and had regained his appetite. Bl.ood chemistry 

values had returned to normal. 

DISCllSSION 

The temporal sequence of sip;ns and syrnptorns Tnanifest.ed in, this 

case is typical of paracetamol toxicity. Usually there <ITe no abnormal 

physical signs within the first 24 hours. Patients complain of nausea, 

vomitin~, anorexia, and abdominal pain, howevero Clir1ical indications 

of liver damage appear within 2 to 6 days of inpestion of toxic doses (2, 7]. 

Liver function tests often show striking increase:; in plasma 

aminotransferase and lactic dehydrogenase activity, with Ettl' or no 

increase in alkaline phosphatase, The prothrornbin t:ime is often prolonged. 

In non-fatal case.s, liver function tests show a rGturn to normaJ values 

wi.thin 1~2 weeks, with full recoverv. 

In adults, liver damage may occur after ing:estion of a single 

oral close of 10~15 g of paracetamol (5]. 1-iowevec, correlation of dose 

with degree of liveT darnage may be complicated by several ·factors; 

namely, inaccurate information regarding total a1nount of drug ingested~ 

vomiting, and concurrent dTusr, administration. Some individuaJs~ such as 

chronic alcoholics and those who concurrently inge ·:·:t a 1coh_oJ OT' n10dications 

that have enzyme~inducing ability, may be more 

toxicity of paracetamol. 

ible to the hepato-

Liver damage caused hy overdoses of paTacetarnoJ is f1:ene.rn·1 ly 

l;elieved to result f--rom a chenri.cally reactive rnetabo1:i tc 

of the paracetamol is metabolized to conjugates of glucurc111id2 a11d 

sulfateo A sn1all fraction of ingested paraceta1noJ is con.vert(~d_,. v·ln 

the mixed function oxidase enzyme system, to an active rneta.bolite 
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which binds with glutathione and is then excreted as mercapturic acid. 

Large doses of paracetamol lead to increased formation of this toxic 

metabolite and depletion of glutathione. 1he excess metabolite is then 

free to combine covalently with proteins of the cytosol and of the 

endoplasmic reticulum of liver cells, leading to cell damage and death. 

1herefore, the level of activity of the liver microsomal mixed function 

oxidase system and the tissue level of glutathione are obviously critical 

to the toxic effects of the drug . Both microsomal enzyme inducers and 

fasting have been shown to enhance ·hepatotoxicity of paracetamol (8), 

perhaps through increased production of the toxic metabolite or decreased 

jnactivation of it, 

Postulating from the mechanism of liver injury induced by paracetamol, 

any form of treatment that prevents formation of the toxic metabolite, 

either by inhibiting the mixed function oxidase system, preventing gluta­

thione depletion, or acting as an alternative nucleophilic source, should 

be useful in the treatment of paracetamol overdose. In fact, several 

compounds have been shown to be effective in preventing paracetamol-induced 

liver damage in experimental animals through various mechanisms: metyrapone 

(10) and cimetidine (11) by enzyme inhibition; sodium sulfate (12) by 

increasing the capacity of the sulfate conjugation process, and propylthio­

uracil (13) by direct chemical interaction with the reactive metabolite 

of paracetamol. 

Other, more thoroughly studied methods of treatment include the 

administration of sulfhydryl compounds, which probably act mainly by 

increased availability of ~lutathione. Methionine, cysteamine, and 

acetylcysteine have been given to man with some success in the prevention 

of paracetamol-induced hepatotoxicity (14-17). N-Acetylcysteine is the 

most widely used antidote for paracetamol intoxication . Cysteamine may 

cause unpleasant gastrointestinal and central nervous system toxic 
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reactions and must be administered intravenously (18). Methionine is 

contraindicated in severe liver disease and may precipitate hepatic 

encephalopathy (19). 

N-Acetylcysteine is available as a sterile 10 or 20 per cent 

solution and can be administered either orally or intravenously, The 

drug should be given with a loading dose of 140 mg/kg followed by a 

maintenance dose of 70 mg/kg every 4 h for 17 doses (16), The manu­

facturer recommends the use of the 20 per cent solution diluted to 

S per cent with cola, fruit juice, or water, After mixing, the solution 

should be consumed withine 1 h. Intravenous acetylcysteine is also 

effective, with minimal side effects (20) and may he used in patients 

who cannot tolerate oral doses, 

The decision for starting the specific antidote should be based, 

whenever possible, on the plasma levels of paracetamol rather tban on 

the amount of drug reportedly ingested, The plasma levels should be 

plotted on a nomogram (21) to estimate the degree of potential 

hepatotoxicity, Acetylcysteine therapy should be initiated if the 

paracetamol level is more than 200 µ s;/ml after 4 h, or more than 

SO µ[!/ml after 12. h, or if the half-life is more than 4 h. However, 

if the history o-l- druz-taking suggests a massive overdose 1 treatn1ent 

should be started immediately, without waiting for the rcsul t of 

paracetamol level measurement. If the result later indicates the 

paracetamol level to be in the toxic range, the patient should receive 

the full course of treatment; if not, the acetylcysteine may be 

discontinued. 

The other major determinant of the decision to initiate treatment 

with an antidote is the amount of time that has elapsed since ingestion 

of the raracetamol. If treatment is started within 10 h of intoxication, 

the chance of success is 'Jetter than it would be later (16, 20). !he 
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critical ingestion-treatment interval for protection against liver 

damage seems to ve the srune for acetylcysteine, cysteamine, and methionine . 

Some experts recommend the use of acetylcysteine even up to 24 h after 

drug ingestion. In the case presented here, the patient was seen 72 h 

after ingestion; the specific antidote was therefore not given. 

As in other drug ov~rdoses, procedures to decrease continuing 

absorption of the drug (i.e ., gastric lavage and induction of vomiting) 

must be begun inunediately . Gastric lavage is indicated if the drug 

has been taken within 8 h. If another drug which delays gastric emptying, 

such as anticholinergics or narcotic analgesics, has been taken concur~ 

rently, it is still worthwhile to perform a gastric lavage up to 24 h 

after ingestion . Activated charcoal should not be given if acetylcysteine 

is to be used because the acetylcysteine would be adsorbed to the char­

coal. If charcoal has been given, another gastric lavage should be 

performed before acetylcysteine is administered. "Forced diuresis has 

not been shown to increase drug e limination significantly. Hemodialysis 

may be useful if performed within the first 12 h in patients with a plasma 

l evel of paracetamol exceeding 120 µg/ml 4 h after drug ingestion (2) . 

CONCLUSION 

N-Acetylcysteine is widely accepted as a safe and highly effective 

antidote for paracetamol poisoning in man. However, successful treat­

ment is usua lly achieved when acetyl cysteine therapy is initiated within 

10 h of drug ingestion. If 24 h or more have elapsed since the estimated 

time of ingestion, only support ive measures are indicated . Nonspecific 

treatment of poisoning, such as gastric lavage or induction of emes i s, 

should be performed immediately in all cases during the early phase of 

intoxication. 
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srn.™RY 

This article aims to summari ze current knowledge relating to the 
aging processes of the brain. Several approaches have been carried out 
to .study the changes in the aging brain, from gross-anatomical studies 
to the molecular events within cells. Out of the prominent alterations 
which have been detected are cortical atrophy, neuronal loss, accumulat­
ion of the a~ing pigment-lipofuscin, lower brain metabolism, lower act­
ivities of neurotransmitter systems, changes in hormonal regulations, 
and lower or higher cellular responses to neurohumoral agents or drugs. 
Aging of the brain may be a new state of functioning as a result of shifts 
in the balances between ce ll groups or areas of the brain . These changes 
may be a critical step in producing sequences of responses to the whole 
body; the information from other organs, however, also influences brain 
functions. Several lines of information about the pathology of the e lderly 
brain and the drug treatment of t hese disorders are a l so discussed. 
Progresses in research on Alzheimer's dementia have been reviewed in 
several articles in the past year; the effective pharmacotherapy, however, 
awaits further investigation. The uses of drugs in other organic brain 
syndromes need a very careful s tudy and evaluation . Drugs currently used 
such as vasodilators and derivatives of ergot alkaloids may have only 
limited advantage in a particular group of patients. 

-' - ~ - .M L 11t:l'J'Ll1 fl'l"HU'l Viti L .i•HJ!11'1 fltlU 
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flfil'113rliiUJ'1 

M gr1uiJ":i ~ b Vlfl L ~uilu b ~vu "1 '\lt.1ii:u111nJl":i v Ufil:: 1 o tLUd 1.U11'1lv\ln'l":i t W'i:u il'9l":i'1si-:it.1t1B\'.I ~~ \'IBI~ 

1 u tJ-;; :'.lloll"l"ll iNth: '>JAn'i '1'1HilfW '~"' n4lu 'tiu ';; ucinu U'lJVl'lij'IJ1n" 11 <J>wtii u ''" :iJ'lJl'lo 'riuci 

ilun>">>J1'1>1JVl'iiln>"l~'i•uuTI'i~u-;;:•'i,u"llil"~il""'~'l'l~'ldiJu,u•:il>J>114lu n>">f111li>LM<;,1, 

li ""'"' , ut:luu "u""11'"'""":; ""'"'" ""' v• ;;:;"v' 1 u ~\!'1 s'l ~ , ilm'u'"'";I,; , ilua'iwfon>"l .. ;;,,:; s 

i1 ~ • .. "'1 "~ ' .. ' .. .. • d "~ U"'a":i L'Yl'l tyM'lVl\'.lflfil'ld tLU'"JVJ'l\'.lfll"'anfl'.M'l'YI Vl":iURd'1111il'!.! t"<il11'lfl'Yli.':IVI ~'W ~":i€1\'.l'UVILU'VIU"flRB fll"':i 

1'lnli>~•u~"1~N~tln~ Vl'iiltut:luu"u""1u1uauil"'IJ""~~""'~ "'""~~uil>n•">"'""~"Rfil>u 
~\l""'~ 11>">HilfW0<'1R1u1,,rl.i,"1 ticiu1Mn>">Rlltt>1u-;;:u:auil~N<uu>1f;fu~"~"'Rulu 
n ii '1 '1U '1 n "": 11 'i '1. Mil'l !J'l '> llil i'iu'l VU'lJl1,,;'"1 1 ,'; iliil°u 1 Au ' ""',:mi>" !i "11,., iilm;o.., : i1i'u 

1u , "I!"'"" 1u 'n .. .<u., :'1T'1"ll '"''"" "" n>"l '111li'l 'riv• ilua,.,.i "n"': "au-;; :a'111 (N euro-

t ransmi t ters) .i'"1 ,.11na<u>-;;11Biiu>vR•>uN~ll11~"'""a"""1;;n~••u~u ~"~"~ 

b~lld~B\'.lfiUfll4LU~uuuU~\'.1'1lB\'1~'1":ibRnt'Vl~id1u~11B\'.1'1leJ\'.l~~\'1€J'l~nfi~1ll\'.l'l'!.l"<il~UJU1UUBu 

ii dluuii\l 1,,-lu ;;il~ .,.;," 1 ''1m<du'lil0iJ1 -i t ~il 'l n ~~i'lu L •fl·nuii"R Cl>UnTH•'1>"": "u' 

wn \l rn-.i'lntt'l~n'iifo .,; 'ilu "~ ; "~ ,,.i,.,mnna1uu,. 'lfll1i1 \lilirna:u"" ci'11Jtl';Vf flu'il\l1'i>l11'11u 
d • 1 """u: 2-3 il'1N>U1J'l ( U"llil!:JU"l"!!U'lljfl"lll) 

!iVliiin;pu'Jl\l Ltillil\l~"lmN ( "" "1 mlu11 ;i") diu il, UC!"~ 'u!lvu "ll ""Uil u~~ "1u 

tici'llil>~.i'"1 """'ilue,u-;i:~ile>~u•u~~~luu-..,.,,","'",;,"1 '!Jil'llfil".; L'.ilmmll"l:il'lw 
_Gj "d • ... ... 1 ·~ 1 0 ., d • 

I, uu L °if &lfil'YIM 'Jfilfl'l"l Lt:U'\'.IRd uaJ U,fil:: fil't10IU'1 Ut1'1Vl'W'l't1BU'1'1 b W'W'l::: L <il'l !::<il'-1 , 'll<lmu., :a•" 
• • .... ".t. 

(a-;iuu1n) """"'~'"''flue>~"llil"a"'uu1 

•tl!luu'.jll.;,\l .iciuu"l:m11J """ '"'" "luihwiinu'i 1u~n•"> tu!luu"tJ"\l.iBe,uci"lfu1 Uilllil 

, ,,, ~.d, ilu , 'fl'J N"~"; 1 nii'1f!li!i.;•fl•"> 'urlum<ll'1\l~ 'fi~amw""" ttni u """ \l d:iu..l'u .. "u ''i11wu 

"''"' 11 "1 fl n'l "! 'fi" "'oil "ril u -l • \l fl• u#ci 1 tJ .. .; n a 1 fl fl,., "''-' ~u-;; :w .;, """ il\ltlU"l'o \l n'l u fl 'liu 1!l 
1~~\'llif9\'J'Vl'l \'Jfifl ~ 'l\'lflLVftiit1t11J'l 'VI~ f)f114 L U~uu u'.IJ GJ\'.11.uGM:u ii'\'.! ~J ti ~"du~\'} B11i1t'i<il'l"'jfil'l fl&'lll 

.. n~> < ilu Ni'l•'l flflT• L u!lumuJli!\l•JJ.j'l \l a-;imJ"! :nau 11'l ilfl'l"lfl'l\!oU"lliJ\la'HJ" 'll\lli1°\l N'1"1°il 

mnu n•-;; .i • \'l 1 "'il\'l.; •" n • u'il" <"1 '1'1 il ilfi ii \l il'1 '1 l'l"ll il \l ,.,, oil Lbn 

... ., • J ,!Jf "I d' • ( • 
u'i'flifnuil!l<l\l !ilciUA<lU'.!lil\l LUililarn\l (Gyrus) LLl'l!JiN •U'.!lru:nilCJIJ".iil" . Sulcus) flC!'l\l 

"<! :iii11 '~ulfu •hum1\l LW"l \l'11liN (Ventricle) '!JU1 un-J,"lfu illlil\l"llil \l ~'("~"'~ 2 S­

ao u lfi1t1Ufl~~~nu,Munu~~l1'1W 1300 - 1400 fl~" 1.ilaU\'li1'1~ 70-80 il U~viun~B" 

i11Jil\l'""""\lJJ"l:u1ru 100 n~u 
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1\l,flfl,.,Rntna:Liillflil"ltla"n,.,LU~llULLUil"","~ilft,"TJD"ilUD"""1,11uo"TJi)" 

ii"D,fJU~;UiUL'llilaU.,:il,Milflil"'UTJW:~iiL'llilaU.,:LftM~U (Neuroglia) «uu,UMU~ 

luilUD"~~u .Cortex D,~n~;UiUL'llilatJ.,:il,Milflil"ll".;DVil: 25-45 LdnLU1llULnVUflU 

111;u;u L'llilaPlnuu·rn Li1t1 luiluo.,,~;uilui iimunusi;u (Cerebellum, Frontal polar 

region, Middle te~poral gyrus, Locus coeruleus) ~ih;u;u L'lla.lu.,:il,Milflil" 

L~UL~u;fiu uRiioP1.,,n,.,at1uRn~,.,,fiu1u u=JL1wfi,u11uo"Lt1u~.u~fl~;u;uL'llaaaP1a" 

si;uu.,:noun,uluL'llaa~"u1MLiluotu11uo\lTJn"Ui"D,fJ LU;uuLiliinuLt1u 

"l~uomn,u un" finn,.,il:ilumNil,., Li po fus cin .,.,, L fiA,nntJfinliv, Autoperoxidation 

TJD" 11ulut'hdo~u L'lla.lua: L tfo1nulu L'llilol (Mitochondria, Lysosomes, Golgi, 

Endoplasmic reticulum) n,., d:iuTJn.,,LufllTJn" Lipofuscin tuauo"si;uPi,.,,, u,n 

u ouufl nPi,.,,nu lu uil:"u 1;~.,, lu L 'Jfatiu., :il,Muil: L 'Jfai Neuro glia ifo lii Li1uf1M.,,uuu 

1,.1,n,.,n Lipofuscin u,n~u ";l~DNi1~on,.,";.,,,uTJo"L'Jfi1aou,.,,1., 

u11mnn~n~,.u,LLa"> v"flimttU:.,,uil = L hflenM&nutJ"l:n,.,ff uil""1, luauEJ"TJtN 

Ut"ll,fJ~U a.,,LLUL'llilRU,"'Jf0f1~=1ii .. ,uM1oM,ll1tJ LLti~o,~f:Jn,.,ft;",UNfltJnaua:flTJU,flL,flil" 

M1ol .. lu~1ft L~iiu.,,u.,,,u1,n Cytoplasm u,nfu nsi.u Organels UOllil" ""•U 

lTJUUUOllil" L'JfilolU"l:il,MUTJU,flL,flil" L~ilol1JD" Neuroglia f:JTJULfllRfu L'llil.i'tJ.,:il,M 

u'l"n'1in,111ii~nlffil: Nucleusu,_nn1, 1 iiu t'l1nii Nucleus tJ.:SLLllllfH>on ~0.,,.,:.,1," Ldo 

n,_utu L'JfilaTJu,u«u ~;u;u Ribosome ilflil" ua:ii Mitochondria u;ufu luTJw:ff 

L'll&au,"n'Uf.JUUnu D Nucleus MftLan Mitochondria liiiiMVflft,_t1lu LLil: Lysosomes 

ii NM" Ufl ntli L t1uR'u 

. " .... .,..,._ ...... ,. "' -iliUTJD\l L 'lfilill.I., :il'lMflfl,ffU,flil,f'lfJ!LLil:ut,tilu ~nmnnuu-inf'ID Uil'llltl"I :il"\MLLil: 

Synapses ., :M1," L 'JfatUJi:il·u1 ;f"~"iliNtl., :1n.,dtJi11;u;ualili1" luilun\lTJo"tiiJ"n,fJ 
"' "' ... .. ~ ... . n,., LtlilllU LLtl il\lJJtJ ii, utJ., :ii, fli\I: L fl lliTJ i)" nun,., L tJ illlU utl il"TJ D\l ii,., ii "fl.,: LLilU"I :illfl 

1.i'n.i,, ll\lti o 111 

11uo"TJD"f'lu.t.,,nu;Mu n L ;lu ".;o ua: 2-2 • 5 TJo\lu;.,u-n«; u.iR.o\ln,_., L iofl l tJMaa 

Ltu\lu,nn1,oiu;:dulfl ~ollt1iu-iwLinP1ltJ~iluo\lftP1Li1u.;oua: 1e-20 ua:n'l"11UooniL~u 

"" L~ioua: 20-25 TJn"i,"fl'lll~"MU 1111 iiiJ111~l1Mi1lllU., :n,.,~ill :ii\lNilPion•., 1MiH-lOU1Jil\l 

L 1nfl luv"ilua" L Uul'l;~;!u l QMllli" ttaofl L Go" L dou Li1o"'nn Artereos clerosis ua: 
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flL"lfiflli'l itl~U'U iViuu-a::'Vl--J''l\'J iPlnLL&l~~111~_u~LL~flil'1t,!_ 5 .. . ' 
1u'!lru""'~1'"ll"'~ 

A'l,1.IU.fltlO\Ji!illJO" 

tJitM"j n~,\Jil'itt11 

20 !l 

ii rl'l ~\'Jfl &l'l d Wt?l&l'\1 L 'VI ill a 5 5- 58 :um • vi Bniuiol B'W'lVi 9l'lfl"'J IU\'.llUVI i;'!I [lfl~ll'Wll-i'lfi1 ~\'Jfl ~'ld 1a.i 

LLAn.i•\'lnu:inniin.,""-;.,,,n~ilu'l~ 20, 57 """ 72 11 Uiln•1n~J,u>f;:n.,., Artereosclerosis 

~'1fl'l"'a111 &.1 i ::i uu11e:iX1 ~ Wivm01'1 "1VH~1X1-ial!JN:; 1 o- 20 fl'l";i i. -EB an~ L 9lH lL m::: R1 Respiration 

coefficient '!l il\'lilila\'l '\ u ii~"'n~l\1..i ""mi'""'""'""~"''.,' n-1., '\ iin111. AiililR'l.i'in-i-. ';\nu1iu 

u:U'~1nt"a l vim L -::S vu11 a\'J L ~eit?1 i.ua11 £1\l~\.'l'Vl11 t?19l::: L tl~vu LLllw\'JU eiu u~ln1"l1 vim L ~Utt L uvr1::: 

!J'l\'lihU'!l il\'l<lilil""'" •il~mmtlii!,!ll"lnu !lil l.u '.i•nu '1iui:i i;wu-i-..i,u Frontal '"'" Temporal 

:Un1.11V1&.1L~U'W'llB\'JL~B~W~W\'J1llflfl~'l~iJB\'J~d'W~U 1u11ru~L~Udftuau£1\'JUl\'J~d'Wniln1~tl{uafilW 

•u , '!lmail-;; "a'"""" ''!laa G li al s 'ii'"' "Y>i Ailu""""' ''"'"'"" niiu dlu,';u 

ll!jn'lu,>la'iili'lJ"'lniil'i"~" 'u•n 1ul'i<1'rn"""''"'-i'' "" """'uinu 1u , '!l"a.i'"1 Ril 

il!jn'l1n Oxidative phosphorylation, Glycolysis """ Pentose cycle 1l!jn::lu1 

,,.,~,d1u•u!l\'l'!lil\'lii~"",~ilil.,"a"'5ft'lW""'"" "'"#"'"'"''"~l."'"~">l'rlu<nun'l-;;1iiwiii""'u 
,1iu ATP """ Creatinine phosphate l'lml\11l">"WHU.;'ilu01" 20 """ 1s linila'i'1u iltlili,t" 

1J!jn'lu• Glycolysis '\umJa'1ilu"m"'a'iilill!ITTilrn., •nA Membrane potential 

( ,1iu1.Vlwii""'u"'i"'\'u b~uiru:U ATPase ) """~"""'"""1'iili'lJu-intiu1.u~~"'"Q tl\'lifun,.,>f 

!l!jn~u• Glycolysis 1.uwu!l'1iluau""~"u'l•"•ilu'"~Niil~'iili'l!>fw'i1.Vi,rlB~il•'!l"a1l.,"a'n 

ti""~~ \'lil'l~il .,,,il~'l:l.l'lo;Tiu'ino; ""wll"i "","' 1. ~Uil u"" 

'""' •il~uu!!ili!'11l"u"l!U'!JB\'l DNA, RNA 'JI" dlurrn 1niilfl<ll~ilff15#" '""''"~11l'>Oiu 

""" n•">'Vl""'u'!l B" , '!l>laL liluvh 11lii n~ "1~~u .. ••u•u1 ~ "" "il ~u'iu• "5u1 u ~. u'iu.fiuw'iR'lJl.1"' ""'"' 

Viti" i. 'U'llUd'U fll'lYi b fiwiil.fl'l'W'tlB\'Jfld'lllUri b\w.;; 8~&1<\l'lflfll";l flnttt °l 'W ~:Ue.l \'.!'ti B\'i ~~\'.!Bl ~ii\'JiJ1li111n 

if flU!.'! :.;1jiJqJVI! £i fl'Vl &1'1 tJ1J":j ::rrl~~ filXl 1:tjiifl11'1 BU 

~fl mnmn un~"';i"cr lilil'>u o!U'!l il" DNA, RNA "" "11l.,Oiu 1u i'!lJiN1l il"~~ ""' Q 

Vl~B1U~l'l-i'Vlvi&IB\1W'l.JNa~bbVlfl~l'1f!U liii\'.l"'JIU\'JIU~l lli° ttl~uuu:Ui.'l\'J b~114fu Vl~il~$9l(N\j t'Vlt>lW&l 

iit1ffiytl";!:; fl'l'lVld XJ°fiB ~n'tffil::fll"':i t tl~uu utlw\'J 1. ·1 .. r~ll :eJ\'J uvi@ ~siJu tlA n~1 \'lilu BUI \'Jll'l n L -tluil 
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"3ltl\nu~1ilmh1a•u Frontal cortex LLa:: Caudate nucleus i1D"111-,'1a1u RNA/DNA 

L~11~u111'111a1~ (RNA L~11 DNA avi) tu11~::~ Putamen C6111.,,~,u~'llnQl'lilfl~" (RNA 

luLu~vu DNA L~11) 

' , ~Ciil ' d •CJ., ... 'l! • • , ~ 
"l'1EJ:: ~"$ Lllt.lil'lUVlVll L1'1 LfiVlfll''~ LU<ltJULLU<l\llllEIVl\'l°tU"il\'ILL<i::fll"3Vll\'1'1U'LIEl\'I L'lf<l<I LLPltlEl~ilVl 

nunifo lui111ll"iflilcUl Iii "ii tJ\llt.1a1u111 fl lutill~lilfll"i L U~tJU LLU<l'll ( a1t.1U"'i ::flEJU 'LIU"l fl L11 L iU]<I 

ii'flttfll::Vl'l'lltl~R<i LL<i:: Turnover) 

11a\li't11a\l 1J rniiauilu~l'llmi1.1LL~'l 

~~fll"3~fltil~~vtu ... ::u::~Ufl~luvlN1u1111~"MJ11UEIUl\l1llfl Vl;t;L~l1'1"i::Ull 

'lHl\l i'tl'i L fliiVI <1'1 tJ'lJU VI t Ui'111il'll~Vl;VIU1;ltu ii'fllffl::mNill "3 a\lfl"i:: LLi'ltJ'J ::fll Vl fl~1 'l fia il fll"i 

~"Lfl"31::~fi1utuua1uu"3::"11Vl iifll"iLnutu Vesicle iifl1"ivi~"aafl111lu Synapse Lrlau 

t 11' .I ., 1 JI t I a" fl"i ::"lUVl L Vl11 I ::i'111LL<l'l UilElfl'JVlflPl El Pas tsynapt i c receptor i't" Ni11JEl\lfl1"'ii1'1lfl"i ::LLi'l 

z; .. 1 cJ l: cl .. 0 _... • 1 
tl"3 ::iii., VlUU 1 ua::11 fl ii flVl'1 ::vi fJ VI v 'llfll"i a Elfl 'J'fl t>Vl"HJVllill tJi'tl"i L fl11 VI" oa1' tl'11 o Synapse 

!'ld1 .. ~ l - .. .. z; • • 
., ::uu'LI El\li'll "$ L fill Vl Vl"illfl"l 111ilU '1 LL<! ::1111 El\! i1'11001., l'lfl1:t'l1JUPI EIU fll"i fl'lll fJ1101'1Vl., \lit.I il!JI" 

a:: L ev.i 1fl'LLn Acetylcholine, Dopamine, Norepinephrine, Serotonin, 

Histamine, Glutamic acid, Gamma-amino butyric acid (GABA), LLil::fl~11a1~ 

Peptides emrn1v'lJilfl ;f" dluo~11vlfiutmviii''ll'iV1LL<i:: 1~iUfl"ll11i'lt.1 h111of1'1V1 tuif'1~UU 

a GtJ'l. v~•i'lfil'l'l'LI a\lfl,.,11 LLn Lrn :: 01 ... Lu~vu LLua "fl., ... Vl;".,u1.121\li't11a" L n Vl~u 1;mi•"1 "i LL a• 

ii" 211'1 L ilu LLU "l Vll \1DU '1::u;1u~ol'•aJEJ\1flU01"3 L.U~tJU UUil \1VI~ ilOl"i LLnl 'IJPI <lilV1'1Uii \1fll '1 t 'liv1 

luo1.,ioH1a101.,u1\1au1\1l~~'" 

i ::1111"11 .,a \1fl.,:: LLi'lU"3::i'llVl1u"111u\1a"lu~I\l1 'LIEl\'I e\\\'lill fJ L tfU L ilui!vufli't;?\''lJtU 01.,~\l L fl.,I ::n 
Vl~ilVl;<lltJi'tl.,~U1 .,;U'lU'LIEJ'l]i't'l.'1Lflii~u1 Lil\1 Vf~i) Metabolites "''"1 ~a~ailLDU 

fl'l..,iilOHILUflU1;"1,u1~tu1111"i'1\1i! 1 

UElfl'110~El\lilLUflU~\10~1."lfi'llLLa"lii~a\l<lvla::L~tJVIO~l~01110il1;.,,00l.,~fl1:t'lLU 

~111-iVlvi aa" :A"a-;iu111 nn1t1., "nu~ a\la tu flULLa ::.., :: 1iiu;J.nnal"l ll" tuvld 
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Acetylcholine 

n. Choline acetyl 

transferase 

n. Acetylcholinesterase 

Catecholamines 

n. Tyrosine hydroxylase 

n. Dopa decarboxylase 
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U~tli"J ftllit'"hJfi'tHJ"l 

'luAua•~ so ii 1tl'!uu1nuunua•~ 20 il wu~oilftil~lu 

ilua\li<1tl 1AUilflii\lUon'lu Visual cortex (66%), 

Angular gyrus (65%), Frontal pole (57%), 

Motor cortex (50%), Thalamus (36%) 

ilflil\lL1Jiiua'11nau~na1u 1Auilftu1n~~Alu Straight 

gyrus (85%), Medial geniculate (60%), 

Medial temporal gyrus (53%) 111•i1.i 1tli111u11tli1~'lu 

Frontal cortex """ Striatum 

., ::fim1a" Dopamine """ Norepinephrine il 1ill'I<:: 

"'""'uiuMA~l'IAilil\l ~\lS1uu•nwu~•1u<tliluu11tlil~ 

119i Uptake '"'" Turnover rate <iftiN 

'"'Iii" .so:t. 'lu Subs tan ti a nigra uJ'i11u •Viuu"li:111~•" 
a'HJ 1 s ""': so ii 111'i'lu Hypothalamus 1,j 1tllleu 

1tl'ileu1Viuu.,:111~-"'"'~ 20 """ so ii wu~•i!AihlLU 
il1J0\llllil1U~•U iAUilAU1niuAmygdala(61%), 

Putamen(48%), Caudate nucleus(39%) 

1tl'!uu1Yluu"li::111~1"1J1~ 1 s LLilz so ii wu~1i!Ail\l 50% 

'lu Hypothalamus """ Striatum 

L tl'!uu 1 Viuu"!::w~1\la~ 20 11;i~ so ii wu~1ilfli1\I 'lu· 

~UB\lwm1u~1u 1~Uilflu1n'lu Anterior perforated 

substance (72%), Putamen (54%), Substantia 

nigra (49%), Nucleus accumbens (47%), 

Caudate (35%) 
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Ltl~VUL~Vu~:M1,"tl,fJ~;n1, 45 n ua:ij\lfl..;, 45 D 

wu11!i Ac ti vi ty L~11~u'lua2rn\lirn1va-:iu m:1: d~mnfl 

'Lu Caudate nucleus, Hypothalamus, Substantia 

nigra u~'lua1Jv\lU'l\l~-m lu Lil~vtrntla\l 

~=~uL5u'7fuu Tryptophan hydroxylase iiLuw1:~,u\l1u 

LU~~-i°'VIVtiltl\'.l ~\llrn-J1avia\l LUa1Jtl\lM ii, va-:iu 

~,u",u'luRuwu-l,~:~u'lJv\l Serotonin 'lufi1ua11v\llii 

Lllrluumla\l ~=~utiv\l 5-Hydroxy-indole acetic 

acid 'lua11v\la-;iuM~" lii Ltl~vumla" M:;flv,=..i Ltl11~u'lu~'l" 

tl'lfJlJ'lfl'] (70 il) 

~:~U'lltl\l GABA il Lutn:~'lV\l'lULU~Vl-)flVliltl\l i1\ltm1,ii 

'"'=~u'luil1Jtl\li1VliN LLil:~t1u-l1 lii Ltl~UULLUil\l 

LDU~ui.i Glutannc acid decarboxylase 'lua11v\lf1U 

tJ'lfJ 50 D Lll~uu Liivuiluv'lfJ 20 il m11,aVtiNvh ltJ 

1~va~a"11,fl'lu Inferior olive (72%), Thalamus 

(31-60%), Superior colliculus (40%), Red 

nucleus (38%), Lateral geniculate (36%), 

Cerebellar cortex (33%) 

1 i;iua1t1LLa-:i"5 =~utHN L Buifuuif'il; Lilua;wfofl,~~" L fl"j, :'1M:;vn•"5.-i;a,va,~a" 

fl~ :LH'l tl"5 : il,'VIU fl'il::ii fll"H'l;\'l'lU ilflil" L ii el L tJi fJU L Vi llU 'lu l'ltJ f)'l fJ1l,flfl ..;, 5 0 ilnur1uM~llilT'l 

un L-lu L5u'7fuu Monoamrne Oxidase :!"iiuu'l1u11'l1un" Liiu~u ;1\'.l'il::LLa~"i'i"nTrn;a,v 

Amines ~,\'.1']1J'lfl~U 
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""""a'u Hypothalamus fiunu•n•1/lf'!).ian•.,.n•u~lln•o;11~"""""".;1llu••n 

.i "" 'lw""'"' diua •u ~ 111.iuu ••ti""'"' "ti" uA ,w11.1ii "'""'~"" ~ ,,n1 'l .:lu ~au h , aumtu ".;' 

n•'l tt1'1mrntl""1u~\'J""'~"" ,;;.,,,.,lfl,.,. ttl~um•tl•"~ Hypothalamus diu.i,ua1/lf'!J 

.,, • d~ d .} "'1 . _"'i "1 ,,. 
ti B:i.J~e!J'l..!1l'lfl'Vlt'1n111 1. n tlJ flun1-a'l'I r.;i \11.I a\1 eJB"'J 11uJ111. "'1 1. uu n1."i'1° vi ~uif w d'VIVI s::lil'll 

flu•"~~.,tl'lu>!U"lJ"""".;1"u1utaa"1ua"U~""'~ ~"~""""'dwu-i•iln>'>tt1'1uutttl•""""""~1uu 
'l'IG.:iltl'YlflVI L'IfU 

- tl'l"'"''""""".;1mrn"" "'"'m~''" """""'1"u (Re 1 easing fact ors) '"" m'.lil "'"' n 
Hypothalamus ""'"" 

- tl~u'"'""" Vasopressin 1uta""'~"~u"''""'~ 
i1'!)1nhnihh 

- "'""~"""" Growth hormone ""'"" tt.i.,."'1u'lun°mJ1w'1mN 1,j ttllfuutttlil\l 

LL~ ~"'J ~fi111 u I. 'i.leiVJEJl '\I !llVI S!\'J'l'I~ el 1" ~ tl~uu 
- """'"'""' ACTH 'lu ti."iantt"""'" ttl!'iuuo;:'1u1u ""'.i'"1 1,j ttll'iumul•""'"'"~ 

tt.i tlljn'l u•" au11u a",; a n-1.,. '1 "'°' ;rn1w '"' 1., ( 11"Ja""'"'"""'1" '""a"'"""""-, n 1 n ) 

elVl~\'.I 

- rrl"JP!~'(ltlB\' TSH fhJ'ln~u U{>l"';Jff.h'JIU"l::::&luvil\'l TSH 1u 1.§eiwwufixi L~!i'ilu 

'l'l~BmWffi\'.I f!~81"t.tl~uu 

- "'.l::;~U'1l£h'.l~fJ.;1:uu'\l'lf1EPi€111fiu"aaUvl1.u 1,~aWU'";Jl'th':l'l'UJ.lr.;iWSh':l Vl~f] lu' L'l.J~tl'W 
":i::Au'1JB\'J LH, FSH~au1 ~\'l~u1uaw~fiB'WV!i!Wtl";J::;~1 L~B'U uw::::GJ,\'li1'!J:JJ'lf1fl'1U 

'l'l~\'l'VlaJVltl<J::;OJ~l tille:iu 1ut1ru::::tin1"'J ttl~EJ'WLt.tlfil\'.lil'lt11'W";leJU 1,Waur1~1v1U ~::::~u 
"! • J( ... 1 . "' 

".1.1€1\':l LH ~'Wtflt11i!,"\lE1LtJ8~l'\l LthJ"ll'UV!";if) :u t.tl'i\lt:J'U 

- °'"A1JTIS" Prolactin 'luti'iill'liil~"" 

- n1"aW€11Jii:i'UB\'ll'IB Stress ( tiu FrJ'l3J L fiH fl'"Jlll t. ~11'.lJJA rt~B 1.;)-ru Epinephrine) 

. 
fi'l,AEil.UE~tlE~L~a~u~:Vfil~S"fil\'l 

" "' .. ~ ·•"' .. "' . ~ . . ~ . ».,oU\lo1JM•'lVL.,il'1tnu•nuno.,tu"U1Jt1u•'1'VlaoA~1 1uaua\l1Jil'1ij~""'~ 11.,il•u 
Q ...! ' ..I ...! ..! "' "-4 ""1 • ~ ' ii( Vl dVI VI a :tl \')fl ii., !J11 'l fl L tfU fl l"':i i, t.l *! t!U t.UJ m \jfl t. v B1111 i, 'lf iiHil"il \1 a-1 ~ :u VIVI~ 'l Vtl ";j :.-: fl,, 11., "1 !.! '3 'l'U d., 

no.,~llNoU1Jv'111J•~uu """Sodium pump iluvu"" •"U•11~t~.,"AUA•o1JITT>"Anv.,:n~'" 
.1• • .... ,.$A' 'l" 
t.u8~"t~~~~~~\'l u~:~J111~1~1~~~a~t~~m~~~~1~Mtn~ ct1on potent1a fi~~~~ 

n •~Iii mi.1u il\l~ uil''!J~'"'tl"' "'"'"'""1 t 1li!ol !!u 1 "" ~n,.,~ ""~ ""illl'> "'*'"' 1 uwui Axon \i".J~ "" 
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tJ.,, tJ .,, • ~ - .,, - • 
n'l":i L 6WULL w'\ltHllfltyrintJ":i::n1":imNfln Receptor tJ<J'\lill-":iil'\ln":i::LLiltJ":i::ilTtrnw:: 

~eiiltJuMwLV~U~~L~n~11L'l!w~ii~;u•uw~w" ~ru111wtJn'\I Receptor LeJ'\l~eJ'-~LtJilvuLLtJa" 

1tJ~•v ~"iiunl":i~ nuilun"vi e:ii111.i"n":i ::LLiltJ":i ::il1n (Acety 1 choline, Dopamine, 

Norepinephrine) ua::nni111u (Epinephrine, Insulin, Glucocorti co ids, Thyroxine) 

1umnt~1JilL•~"J1n Lfi~:Du11•nn~•tu~~"<l'lfl LLviluul'\lfl":iiil n1·rn~~;'lnu Receptor e:i•~ 

n~LLnui;)"lVfl'l":i Lri11 Sensi ti vi ty 'llv'\I Receptor .-.;l~nl":iP1vUiltH1'\lii111n;lu li;) n-1":if1mn 

t1e:i'l1d~"U"ii~e:iija~;n"A~1":iru1nv1'\l":i::J1~":i::~" nl":iLtJilvun1":i~nuilue:i'\ILun~v-;i::L~v-;iilu 

Lv'\lne•~~::l"LMiinunul~ L~un~~u~1 ~.t~tJB'\l~~"n'~~•u Ventricle fin1":i111euaun'\I 

An Acetylcholine 1nn~u lutJni::~n1'1111nuaue"tJB'\I Atria lu Ltl~tJULLtlw'\I 

~"iiun1":i~euaue".,~e:in1":in;".,u'ile'l1il11n'\l'ilv'\l~~"n1~~"n1~L~vnl~~,Liiun1":i 
.,j 1 ·- j - J ....I: _Ci al I I Ltlavu tJ~nn":i::UUMU'\I .,"lBtn-;i::MU'\I '11'\I LUUNw":i•ll'ilB'\lfll":i LtlwVULLtlw'\IMwlV1 e:it.n'\I L'lfU 

n'l":iu~;u-;iuL~a~tl":i::il1nw~w" ii'1;u-;iutJw1vtJ":i::il1nunva'\I ii'1;u-;iu Receptor"~"" 

iln1":i Ltl~vuLLtlw'\l'lleJ'\I DNA, RNA 1tJ'1PiULLw:: LtJonlu~illl Plwe~;,ium":i Ltl~t1Ufl•l11i11111":iri 

mN L iln~11 L 'llw~lu n1":ia'\I s:i1u~tyt1JltUtl":i ::i11nLrn:: Action pot en ti al 1f" L iiutJDn~ v1vieilu 

":i ::M~l'\IL'l!a~tl":i::illnM"'"1 L'llw~ LM~ldLiiuu;;i~v~iiNa~•lJnULLw::.-i;t~nl":in;'\l,U'lleJ'\lillleJ'\I 

.,"'"1 L~n"~~"".,~vLtl~vultJ 

~hmi1 '\l'il B'\I n1":in; '\l'lu'ilei ""'" B'l1illii n1":i L tJilvu LLtl ""ilfl'i £Ju-li'1-" if~ L '1U l ~ uri nT·rn~ 

fll":iLfl~BulM"l (Psychomotor ac tivity) LAtJL•w1lun1":i~nuiluei\lvin~'\ln":i::~u 

(Reaction time) '1lfl":i'1V\llun1":i~n~1lu~J-;ivei1~ 20-ss D '1;u-;iun~1 aoo flu 

im~,~~'\lvl~iifl•1m1ul;,i (Attention) "~"" fl•lll'1;w~w'11mr Lwtn::m.i1'11ti'111l":i:: L1ln 

fnlll'1;":i::v::.fu Lrn :: fl•lll'1;~ c~vn ~lechanic memory "~"" lutJni::il! Logic memory 

U'lJMl~Lil111Wfldlll LLn L fi~~U LU an~ :: L iiu Nw":i•lJ'iltl'\lfldl11LLfl'l1£l'\I Lwi w:: L 'llwa L n11fu .,~fldl 

il11'1Wff".1111LLn L fl~'1'1tl fll"'a L tJilmrntlw'\l'lleJ'\11.IDfl~Vlvi nnu'll <J'\lfl~ll L 'llw~LLa:: Nw L Utn":ifl-;iU~ll 

1f'l1L'l!wa'lfU~Md'11fl•U~lJL'llwa'lfu~~u1 lutJ":i::fll":iMa'\ld'1 :: Vt1lJ~U~IL'l!wan~lJMd'\I (L~UL'llwa 

tl":i ::011n;,i1n0111n") iiunu1nil;~tyn~1L'llwa~u1 lun1'1il!ci"N"vit101111wfl••llLLn'llt1\l~"~'"n1v 

l~Vfll":i L tJi!vu LLtla'\I LU L 'llwa L M~I~ L flli"l~UnBU L 'l!w~~U1 LLa::ci'\INw l tJ~fll":i L tJi!vu LLtlw'\I Lu L 'llaa~U1 
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lli1R'1 fli-1,"fl'iilt.1'1 

W tJflt~ b tl~~u ulla'\l"l.I ?:J\'l.,_;'l \'l rr1 ~!11'-'lvill io14d11:i\'IW: 1, fi ~r;i fl11'.iJtn '1 <U il'l""a:tlru 'VrqW fl";j"'Ja.Jt>l 'l\'l '1 fl'l'J fl Jur:pJ 

n'l"J t A~B'W 1 Vl-J n1<a~'.1Jiiu Q ITT s.i e:iwi<ilunt ~'Ll~'USf dl'l'V~st:u VJ&! i:J (Jlomeos tas is) "l.IB \'l~'l\~fll vif'l 1 

11.1 b~U fll~f!Jl1~1l~M'l~D'1.lB\'l41\'lfl'l8 ~uUflJll~11fl'l"'J'Vl'181~ flt~fl'WV'lVlL~ iai 

l-lypo th al a mus '1.l'l vitl"'J :::~Y1fifl1_nvf<il ~ b Du &tlvi-run1-a t1-ru~ JITTIJJ~· \'JU JA ~:a11Vl~8&tn'1w n AA°u 

(Stress) ~~1m•n~~~'~"~unwtt~a•n~1~A1~1u~~~B'~ 

fl'l"'J ~ tJml'JU bt.il 01"1 ~n-1uQ111 B '\I U 'l <il ::;fl f-JiNp-j a'VIU''l~iNl ffaytJ 8 \'.liNll a\'ld Jud t 7iu fl'l4'U8U 

VI ~11 tY1"'4liS1A 1~faJ1JihyqJ:;; UiN ::;n'l ~ fld'.IJ 11114:;; UUiN'l"Jsi \"lfl~ !:UiNU"'J ~8l'l 'VIA''l \'I I 1tl i'f '11.ill €1\'l ~JU ~u 1 

fl'l"';l b'iJ~EJULtllSJ\'lvj Prontal cortex i11usi'Juvitl\'lvln1Jl~i.r1n tLm::;u'l'<\l~ t~~r;i 

v th'l fi'Ufl'l "'J t ll~tJ'Ll tUJW\'l'Vl'l \'lvl'TW ~A 1 "il fld '111"'\l 1 flJ ')1J~U °l<il fJ\'l 1 ~1n~-1-J11-ub iiJ 

W!JB\'.lVl i'fl t1ci J'W ~l;; f1~'l-Jll 'l U~Jtl iifl'V'l1J~'liin1"J b 1.l~ fJ'W ul.! iil\'lll'"lfl fl~!Wl!B\'.H~i J'W~'Ll 1 

'V11 all1i B~ iil'iJ I f!fl'l_':lfi flli-lll'1flfl~'1W1l CJ\1~d'W5u '1 fi'l'.liiu ~ \'lll U'W 1 fl _Jill~ Vt~l.fll ti 1'W&11! B \'l !, B\'lflii1 

~ ~ii 9J Vl'U'l \'l')) viw1 !, Vu "~ (9JB'8u " ~\') b n Afl l"J b '.!J~ tl'W utl iil\'lii B'W~J'W ¥.fu bbiil ~;r/11viu1'.Vl&'i~flzy1 u fl'T'J fl"J z~u 

-n aon•~Al!J~""''"il"i'iu 5~ "1'1~'~"" a~~-,uw•~1 (Age- related dis corre 1 a ti on) 

'71\'.Jn 5nrr11 t ~ti Ji'l11n1~ Ad :u Qllilu l '.€1\'l<J ~VJ~'- \'liNll a\J'i'ltN'l ti 1 d&'kdlfivi 1~i' n~-1ur1-1\'.l n1.t1:7Jn-1Afl'1aw~ 

U8 ~~ ~"J ~ 'Vlt!'l rlu il'tJ 8 ci bb~J ;; B~ ill~ bb&i A \'l~ liJAJl:U 'f1vitl fl~TI B\'.J~:U ~mil~ ~'V(-:iJ_\~~'W t!'Vl iil'l ti u~ \'.J.'11'11:.11 u 

~111 B\'l fl~ ~"JI \CJ \1'ltJll'l fl t 'Jiu flu fl 'l";I ~Wll 8\'l~ JU V1f1 '\lciJtJ i, Vl\jflflJ'.Uf;J11tJ 8tl S!\'l tbiil ~fl fl'l"J ~'W~ Jl!'lfl'<\l Z 

'ii \1 N &iW B fll"J fl'J 1ll'.]ZJ :c:i"18J ~w 'l_\11 ~\'.I'll~ ''l 01~ u-D' B:l.,! i;;i~'NA'Niil'l VI l tl<1r1n:U nfi 

'\l 'l ntJ Gl'l t11l4 ;;;&! 'l 'ifl~'.\1~'VJ"iriiJ1fi~ fl'.!:Y1Sl Jll '!'l1l 8\'J b ti~~iU 1, t1YJ"i'VliJ''ly) 1, 'JJU1Jnffl n-l~ ~ flil&'!L~Jtl";l ~&1'1 'Vl 

1.1!8 \'l e:i'18 J ~ '1A ''l OjJ ~711"11 o/i L n Vlfl~Jlll N VJllflA'l! 8\'l L 'lf a il~ufiu 1 ~'Vfli:J"l_J:.! H'U'U -rl\1 l~~t:trl ~~~ fl'tfl 1-i1 A 
1A8nt-=a1~ t~V\1"ili~1~~\'.ln~~ttail4~Sl1m nL"'J~\'J~'l'W RNA 1u..-~ithJ n~ABiJ1u ua~ii1'l~~'W''1 ltlw1:t1 

Axon 1f \'.I 1, 1iu~ JU 6'J~fti;iJv B\'J fl'l_"'a~ n'.l:Yl Slfl'lii'l 1, "11-m~~tJ 1~'h1n ~-1-J ei VJC:h'.l iu ~~\1 B"l~ uw ~ ~'l ll a\~ "i 'W W'1u 

., • d db k 1 ~ " " ~ " 4 d d °'I • 
Vl"J\'lfl'W"Ll'l:JJ rr1"5~VJ'Ll8i_!a'Vl'.\1~ Fee ac 1Jtl\'lSlll8'l'.lfl'Ll'l9l:YFilt=jt11~1-;i-11,:uui.N1 bMP.)MU\l'Vl'Vl'l tVI 

~fl fl fl'l1 t 1! ~l:l'W bLJJ Q\'.! 1 u~~l S\'111'1L1iv, fiU 
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1 cl 'l .. ~ J ~ - tJ cl 1" . 
,fl~D\'lR1lv\'lflW1J1l,nLU~~\'ltl, ~1l n 'il:: L nt1'lfi1Jtl,fi,,fl,\'l'il~ ,=.,fl flWUll,n ~"" 

v,nT'l Dementia '.!i"tutJ,:: LflALutJl,tlV1ont1tl,:: Lflfl ij,,t1'1,UPJif6in,,tl,::inru -i'vu~:: 

3-5 'lltl\'l~~\'ltl,~~\'l'Vlll~ v,n,,1,fltl,::R, fl (Neuroses) ii-i'vua:: 4-10 t1,n,,~11Lfl~, 

(Depression) u-it1t1a:: 1 -2.5 Uvfl'in n~1~LLn hfl~~ L11fl LLiil::iltttg,, L=fvi\'l if'1iirJif6i-

n,,tJ,::11 1ru;t1t1a:: 1 

v,n,, Dementia "~"1~LDu Prima1y dementia ua:: Secondary dementia 

v-1n,, Pr] mary dementia iiwu1~<11nwmm Al zheimer-type 1vi'LLnhR Creutzfeldt­

Jacob disease, Pick 1 s desease, Multiple infarct dementia ua:: Primary 

degenerative dementi a ot-;iu Secondary dementia 1vi'uri Depressive pseuao­

dementia, Normal pressure hydrocephal us, Drug-induced dementia ua:: 

Parkinsonian dementi a. 

trn,~<11n'l'1'1Jt1\'l Alzheimer-type dementia uu~, L Du L ~t1\'lvflvii'ul'l·n1101uh 
..I "' J 'l ~cl ' .. ·- u ~ "" 1 .. .. cl cl .. 11,nfl~~L,tl\1VIU\'l ua::~U~fl~,Ull, 111JflR'l,1lU'1flflU'Vliil,tlL'1tl\1 ~,.1J,'l1l'lltl~af1Lfitl'l'lltl\1 

1.,l'ld~u1vi~"1uiJ-;ivnt1uiv~"v'tJ (Presenile dementia) ua::luit1~\'lt11~ (Senile de­

mentia) ~"L~t1n.,•s.uiu~, Ltiu Dementia of the Al zhei.mer type t11n1'1'1JD\'lhf'lif1;un 

f'l'llll 'il~H ~Dll ~U\1\1 (C:onfus ion) Lrn ::t1,'ililD,n,.,11,n~u'1uii'11fuilu01u (Di sori en tat ion) 

Uilfl'il,ndD,'il~D,fll'1~~1"n~R; LLa::uniit11'111ru~11Lf'l;,~.ll;'ltl D,fll'1LU'1::t1::i;iDlllUfliin1'1 
... 1 - - ~ JI ... 'I .. ' ' JI.I .. LRaDU Vl'lll,fl~~tln~ua::d1JRU1l,fltJU fll,LtlavuutJa\11URlltl\'l'llil\'l~U'ltlL'Vla,Uf1~1JLRllill'lil Rllil\1 

~ern\'l (Atrophy) ·'il;u-;iu L'llaatl,::ot,fla~•N L'ila~tJ,::ot,fliiLL'llU\'l (Dendrite) uDua\'l 

RllD\'l..i-;iu Cerebral cortex ii~nmu:: Lau'lv (Neurofibril lary tangles) v~mu'iu 

L 'lliil~tJ, =a1f111,n~u "a::ii~.u~~tJn~'ll v\'l L 'llaa (l''euri:ti c plaques) if"ii~" 1 u L 'lliil~Ll, =•,fl 

LLa:: L'llaa Astrocytes V1:St1 Glia ~nt:tru::tJv\'lLiu'lv LLa:: Plaques LVl~,d1u~1hu 

Al zheimer dementia d)u L-ilu L ~t1-;ifiunu~'l'mLu<111t1\'ltJt1\'l~~"D'UJ~L11tln~ LLiiin,,n,::'il,tJ 

LL a::ii tl~11,11111, nn~, Rutln~VI a, t1 L ~, LL a ::ii R'l,11ilm~·u :inuv, n,,VI ""~11 (Dementia) 

'l u ~i.h v , , t1 a:: L ~ v ~a nttru::fl, "11il·;n Rii~ v\'ln,, L fi ~ L ~u 1 v "a:: P 1 aq ues 1 vi'iiuflR'l'lllLI~ iii flu 
'1'l1J'1'lll1-J'1 al ti L ~ tl\'l LH~'l (1t1'1 ~1!)1J'1'1'111.1' fi'111) 

fl'l"l L tl~vu tLUiil "~., ::uuRl.'1 ~ "",:: LLRU"l ::RI fl ft d]u 5 ntl"l:: L ~u'Vld \')~1 vi'illfl'l'lllRU, 'il 

11,n Lflv L-i'l1 ~ii"l'lt1\'l1.u'il1.mrn1t1n~11uuifu~, 'luaJ.Jt1'1tJt1'1~'j- t1 Alzheimer dementia 

~ ··"" cl~ cl .,/ - ~ < 11n,., L.uauuutJ"\'lfl11'i'l~lfl'rlill'lll"l::n1'1V1U\'lflv ih::iifu'llv\'l L vu if vu Choline acetyl trans-

f ~ - .. .,/ .,/ ~ "l .. 1.1- ~ erase ""'"" ~\'lt1'l~ai;i~\1LV1aDLntJ\'lft,\'l'VIU\'ltJt1"11,::~u~ua11t1\'ltJt1\'l~i"t1,~~111 n~ "l:i;iu 

'llv\'l L~Uif£Uj Acetylcholinesterase ua:,::iii'U'llv\1 Acetylcholine nii~,'l.tl\'ll.U~,""'"" 
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ile:i:1;i!iNBnA~n1V1d\'lif\'li,'l'!j1J~'1fw~11u'G'lllrJ\'l118\'l~JJu Alzheimer dementia :li-=.i:::~UfY1"J 

"""''"" "" Ac et y 1 choline ""'"" ~ili""'"'"u~• uo'lf \1 iiui'i""'., "" "'" A cety 1 choline 

( iiui'i" dh.l'ilmi cha 1 in es terase) 'iu Physos t igmine ilw•Oi•i,,~J, 8 i-.u, ti1rn•">•'i 1vi 

vf\'lL~,,1~w-lmAii1B\'lU~::i.uAu n1":ii.M'v1Y1'l<jwffi Choline ll'lfl"I ( 1,~11n1"Jir\'l Lfl"j'l:;;M' Acetyl-

choline) 

'.,;,. Me thy 1 s co po 1 amine ii N'1il"1ffl., • 'i en"'"'"'''""" , ;::I,,,, , i'iirn>n-1.,,, iin>lwu 1 u ~J., u 

Alzheimer dementia 

a ... "" .,,_ · d • .,. d d • 
U B fl"<\! 'l flU El \'l 11"J 'l 8 \'l 'l'Ll El fl VI &lrl ti fl ~3.J 'Vl Us:! fl\'l "J "l ill <\I :U fl 'T";i L ti iNll'W LI.ti fi:l \'l 'Vl"J :;-; Utllit 'l "J fi:.! \'l fl';;:;::-

tt ;NU""~"· 1fu1 ;!-,u ,.,;,,.,"iilu'llu\1 Norepinephrine 1u'1llu\1dciu Hypothalamus ""''"' 

tV1@e:i1.~tJ\.'1~8tl!:'!:: 2s t1a\'l&J&u~u1 "'a:;;~u11ei\'lt€lui!ir1:11' Dopamine f3-hydroxylase!.'!fll.'!'1 

:JJ'lfl 1u(}'.11B\'.lU'l \'Id du 1, 'liu Hi ppocampus uan<\11nd"j :::ifut1a\'.I Somatos tat inua~ Neuro­

pepti des~u1 "'"""'""'"'" 

tlt-i'?lufilu ~\'l 1. Du ~i ~ nflu Ai. uif"'V~ifu ~11in !Tl fiafl 1wfi e:i n~:u vum ~:LJ";i ~ i;;i1 w-a ::uu Dopamine 

ii "'1 lu "J'U &1 !?!?,"; ZIU si\'J PJEi1 \'Jllt n Vil "l MuV11J'lV1t1:eJ\'J Ac et y 1cho1 ine i'hJ 'l n 1, AullnITT Lb~~ t.11 :vf"l-E 

1~ N&.11u n1-;;{rnftfleJ1:1'1~i'Wt)'Vl~ilil\'.I Acetylchol ine UJN:::: /'Vl~v1:rt 1,i.'l~i1G'Vl~t1B\'l Dopamine 

tbU'J'fll\'.11'Yl~'l b"6t1 n1"';l1tiu1W1u i8uoilEJaJ Monoamine Oxidase B ua~u1~'1fl~mvlei":i~11u 

Enkephalins iin'iil" 1;!'>uA.,,ru'1uh 

a-rn•~ Huntington's chorea dluwnlJNA1Jnw11c\1 Basal ganglia 

Bn t ~ B\'J'Vlij '1iifli ;,An'.lf1.J"l'Llll 1.n 'N 1:116i;;t.n1-w~<vfu~ein1_~fl 1, Buoff 1:13-J Cho 1 i ne acet y 1 trans f erase, 

Glutamic acid decarboxylase """~"iiiv11"" GABA '1Ail'1B!i"l'1'1ofllmWa'1a-,uStriatum 

tf,,d ,fl"""'"'" t'll'1~11'1\1 GABA """ Acetylcholine iil'1n~'' •l'imi1ii 

Dopamine fil\'JrilviU-1~"113Jtl nAvi~ B L Au~uril 1 m11v1 frl"'J b Ame.iu 1 Vl'"J Nv11Jnfi 

No•iawnmi'itt•"""1Vi •nAa•n•~bbulJ Al zheirner-type dementia ~-rn UOJ'jUUU'11:ilil 

~1n~111Vlu~3:'J1l"';J ::~V10;1-11-wA L i'.iu-W 1, f1'.l:W"ie.Je:r1n1"J Huntington 1 s chorea ti'lv1ii~'ltJ\':l'l'W&'l 

1;! ~" 1 mLLn Physos ti gmine """"'l'llfoi'i" Dopamine receptors ( Chlorpromazi ne, 
Haloperidol) 
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cyclase 1i;iu Norepinephrine LLa: Dopamine ai;ia~ (ii Receptor ~u~il.,,~~ilu'l'.l 

u DU"~) n1,~ULLUU Sp<::ci fie tlv~ (_-) 
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LLl'iiii1tyvi1 oi; Rt!JVI ~nu-ii t:iV:l'1; 'l '111ioi1111""rn<11 tJ1~-l1ii u1trufi 'l vivilj t:i 1iivi'l 1i1; r·rn 'l u n1, L ti11fl•111 'ii; 

L rl11 fll'';i L ~ uui vi•mh\'lnun1, L ~vll'll t:i\'1<111 t:i\'11; iftiJVll 5ut1i'ULL, nf'it:inl''a~il'il iiu h l'I 'lf\'lu\'ILLUJn 

ui°1'1nu1;vUl\'11.Jln fll";iU;";iltJ\'llUi;il\11 111 LU.tl1J LVitJ1JflU~'1LLl'11J'il:;1ii1;t:i:;1, Lti,l::fl<jll 

~J'ltJtll'iliit:ilfll";i~l\'lflU iit:ilfll";iVIUflLUILLil::,::v::L'lillUIU1UL~LflU iiflli~~L~~fl1.Jl1iiLVliit:iu 

nu LL ii:;~ ti fll,l'1V!Oltl1J tJI fi1ii rnii t:iunu u tlfl'il I fld° LLU 'll'l '111.J fi ~Vllj vfll, I'll vivi-1 \'I Nil'ill fl tJI U\'l 1ii 

rniit:iunu L'liu1J1\'lfluiiei-l1 OBS d)uhl'lvlimn 1uvi1u flli~mnLilun1,~ty LtJ~1 LLl'iu1\'I 

flULilv-l1oi1111,~a"'t:ilfll";i1Jl\'ltlUl\'IVl.tlUl'IL'lillfll";iL~1.J'lJtl\'IElfll";ii;il\'11 tlt:ifl1tJ1~ Lilu;u 

u1~1~nut:i~'lui1'il~uuoi;viiuijJ-;iu~\'lt:i1~vliit:i1fl1,L~t:i1.J'llt:i\'1~1.Jv'1 (OBS) ilt:i~via1ufl~11 

~-;i tJ flU fl~l.J L Vl~1 i;j LLn:.nv\£i f]l'1t'lJ tll tJVlilv ~ Liiv~ (:A \'IL if t:inu-ll'il:; L tJ11fll,1 VI a L ~tJ'IJ!I tl\'I L ii tl"' L 'IJOll.J tl\'I 

l'1;'li1'<1mNl'1;\'11u1i;im-7Yu) LLa:;1nvliif]V111'llit:i L'l!a.;1.h::011'1'11mnw':i\'I (l!JUll,1\'lvl 2) 

'illfl-iit:i~a~lit:i~Lilufl1,u1flu1nV:'il::<11tJ-l1u1Lvi~1diir.iamviljt:i1u i:.iau1\'lt:iU1\'lt:i1'ilLilu 
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1"'uuii\'ln1~ LLOl::fll,'lJtJltJVIOltlVl LiivVlfttll'il 12.iti.ut:ilfll,!ltl\'IL''rn il1t:i1n1,,fu1 LfiV1'illf1 L'l!OI~ 
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.,, ..r. # • • R ~ .,,1 "~ <t 
tJll'1t:it:inf1l'1G"'vL'l!aatJ,:;011l'1L~u tJlti'lfl Ergot(Hyderg1ne) LuUVll'1 "',1Jl'l'll1l~U~'il 

111n L'liunu 'illflfll,~m:n~" in vivo LLa:: in vitro 011u1iil-l1 f-lydergine Ufll'1t Ltlu 

... 1. ... .I. Agonist l'1 Receptor 'llt:i\'I Dopamine LLa:: Serotonin u'lJtu::l'1f1V1G"'v Receptor 

'llt:i\'I Norepinephrine t:il'il LilULL1J1J Antagonist ( Lti11 turnover 'llv\'I norepinephrine) 

i\'111iii'll'l,Ol(tJ1~-l1 Hydergine L~11n1,L•uuiu6'l::n1,'il;1~'il•\'lviljt:i1iiua:;t:iu1\'ll, 

fl ~11~11t:i\'l L ULL~m~ \'ll'ldlllVl-1'" 1.; vlu1'lviii1 ii fltJI "~um tiu u1 Pi racet am LL a:; 

Neuropeptides vlLilua•u'llt:i\'I ACTH, Vasopressin LL~:: Enkephalins v1 Piracetam 

L ilu Oll,ifo L fl,.., ::t.1:A "" a-:itrna1 tJ GABA NIU L .;.., Oll.Jtl\11; LLOI ::iif]l'1gt-rn•u tlUI \'IL uirl'I -lti"'ilv\'lif '1t1i 

LilULL1J1J'lJtl'1f11")~fl~IN~~vfll,L•uuiua::n1,'il;tuflU fll";i~f)~IN~'lJ~\'ltJILVl~ld'lut:i1a1afiR,LL~:: 

'lu~J.un;~\'11~i1Jl'l'll1.JOIUL~Ulfl1uu'il~UULLOl::U,..,tJ\'llU'il;U'lU1Jlfl~\'l'il::liina••U\'ILU1Jnfl•l11d 
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t1f.IP1., f"lil,llfl'iltll 

1f;N"~" Peripheral vascular insufficiency 
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1AN&11u~JJUUl\'lfl~U~\'l~BEln\4"';iEUUBfiM~EB'1flJ"';i1U 
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fl~E~&l11LttUfil,~,UU1U~:nl~~'l'Vl\'ltUw~~~VtaE\'ILL~: U~U 

ii Peptides >1••u~ll'1wi11'i"1~ 1f;~""''"'1uh"" dlNii!v'I~ 
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Cive them Pulmadll because ... 

Pulmadil is quickly inactivated by the body. It has little 
tendency to accumulate in. the blood even in circum­
stances where the patient might overuse the inhaler. 

Pulmadil Inhaler relieves broQchospasm very fast indeed 
-studies have shown that relief begins within one 
minute, with full benefit of treatment achieved after just 
five minutes. 

Pulmadil Inhaler has no measurable effect on the heart 
at. normal dosage, and no significant cardiac effects are 
apparent even at many time:s the recommended dose. The 
Jilargin of safety with Pulmadil is such that cardiac 
stimulation is not apparent until doses representing gross 
overuse are reached. 

Pulmadil Prescribin~ Information 
Composition: 
PULMADIL Inhaler con I a ins a suspens•on ol R1m1tr.rol H1•drob1 om1dc 10 
mg1m1. Each valve <1epres"on rele<1ses 250 mcg ol R1m1lerol H~ ..i robrom1de 
Indications: 
For the acuter elief of bronchial asthma and bronchospasm occurinq in 
bronchitis and other bronchpu1monarv condrt ions. Do 5 age : 

Each valve actuation releases ~50 mcy PULMAOIL 

Precautions: 

1 or 2 onhalatro11s should provide re lief This trealment should nol b1> ren.,ated 1n 
less fhan one hour Not more th,1n 8 troatments shoultl be taken on any 24 hour 
period except on the advice of a phys1c1an 
PUL~tADIL should be administered to children only under the su;:ierv1s1on of a 
responsible adult 
Side Effects: 
No ~ode clfects of any significance have been reported 

Care should be laken on the presence of hyperthyro1d1sm. Cardiovascular. and 
olher sympathomometic drugs. If a previously adequate dose of PULMADIL 
becomes onetlective in relieving asthrra. the patient should again consult his 
doclor 
Pregnancy: 
Although no terato:ien1c ettects have been observed In animal experiments 
care with PULMADIL as with all drugs, is recommended In the first trimester of 
pregnancy. 
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Adver:ie Reactions: 
No ma1or adverSt! reactions have been reported. 
Presentation: 
Metered dose aerosol containing 400 doses supplied with dosposabl& plastic 
mouth piece and cap. Further information 1s available on request from Riker 
Laboratories Australia Pty. Ltd .. 9-15 Chilvers Road. Thornle1gh, 2120. 
Australia. 
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