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conservative recommendation to avoid all drugs, 
including cannabis, that are not absolutely 
neccessary.19

Many of the women involved in studies suggesting lower 
birth weight also smoked tobacco. There are also questions 
as to what extent diet affected the birth weight in the cases 
studied. Women who have smoked marijuana during pregnancy, 
had appropriate diets and did not smoY.e tobacco, \vave 
produced childen of normal birth weights.

There is no evidence that marijuana has ever caused 
congenital anomalies20; there is persuasive evidence that 
"...neither marijuana nor delta-9-THC causes chromosome 

b r e a k s ."21

Findings 11 and 12 are refuted by both the National 
Academy report and the Harvard Mental Health Letter. The 
additional findings relate to evaluatir:j data about trends of 
marijuana use in Alaska. Being unfamiliar with the data, I am 
reluctant co offer criticism. However, anomalies in data on 
the supply and consumption of marijuana in the United States 
suggest that far more people use marijuana than surveys have 
indicated in the p a s t . It may be that in a non-criminal 
atmosphere such as Alaska's, people are more open with 
surveyors concerning personal m-. rijuana use. If so, the 
supposed increase in mairjuana use is actually a reflection 
of more accurate polling.

An example of this anomoly can be found in the June 
report of the National Narcotics Intelligence Consumers 
Committee report. On page 6 they list marijuana consumption 
in the United States as being close to 10 million pounds per 
year. On pages 12 and 13 they list supply as being 
approximately 30 million pounds a year. The low consumption 
figure is based on the NIDA household survey of how many 
people use marijuana and how frequently. Since consumption 
figures do not account for all the marijuana available on the 
market, it obviously underreports the extent of marijuana 
use. Furthermore, government reports about marijuana 
seizures typically include "tip of the iceberg" comments 
which suggest that their estimate of supply, if anything, is 
low.22

19L. Grinspoon, ed. (1988), 4.

20A.S. Reiman (1982), 99.

21A.S. Reiman (1982), 101.

22National Narcotics Intelligence Consumers Committee (NNICC) 
"The Supply of Illicit Drugs to the United States from 

Foreign and Domestic Sources in 1985 and 1986" (1987) .
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In my opinion, concerns about adolescent marijuana use 
can best be addressed by educational programs - such as 
discussions by groups of parents and children about the 
differences between adulthood and adolescence. I suggest 
that raising the age requirement for the purchase and use of 
tobacco to 21 would send a far stronger message of 
disapproval of teenage smoking than the recriminalization of 
adult possession of marijuana.

Thank you for requesting this information. On behalf of 
N O R M L fs members in Alaska, we appreciate the opportunity to 
comment on these proceedings. Please let me know if I can be 
of any further assistance in this matter.

JBG:jje 
enclosures
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H O U S E  O F  R E P R E S E N T A T I V E S  

R E S E A R C H  A G E N C Y

5------------------------------------------- r

P.O. Box Y. Stale Capitol 
Juneau, Alaska 99811-3100 

Mail Stop 3100 
(907) 465-3991

March 10, 1987

MEMORANDUM

TO: Representative Pat Pourchot

ATTN: Jeannie Larson

FROM: Penelope Weyhrauchwo
Legislative Anaiy1?^.

RE: The Physiological Effects of Marijuana, Alcohol, Touacco, Aspirin,
and Salt
Research Request 87.155 (Supplemental Information)

I have attached some information I recently received on the effects of 
salt, sugar, caffeine and tobacco on the body. I hope this information is 
of use to you.

Attachment



D e f e c t i v e  s a l t  e x c r e t i o n  
p r o p o s e d  a s  c a u s e  o f
e s s e n t i a l  h y p e r t e n s i o n
ST. PETERSBURG, FLA.—Essential 
hypertension evolves from a defect in 
the body’s salt excretion mechanism, 
two investigators told the American 
Heart Association’s science writers’ 
forum here.

Both researchers focus on natri­
uretic chemicals in their hypotheses, 
and they predict eventual develop­
ment of assays to detect the chemicals 
and identify people whose salt intake 
should be restricted. But they differ 
in theii opinions on the ultimate cause 
of salt sensitivity and on the type of 
assays needed.

One line of research, presented by 
biochemist Tadashilnagami, implies 
that salt sensitivity predisposing to 
hypertension results from a genetic 
deficiency of certain cardiac peptides. 
He says an abundance of these pep­
tides can protect people from the 
ravages of high-salt diets.

On the other hand, Dr. Mordecai P. 
Blaustein points to an inherent kidney 
defect as the underlying cause of 
essential hypertension. “It may be 
that the disease we call essential 
hypertension is really several dif­
ferent diseases,” says Dr. Blaustein, 
chairman of physiology at the Univer- 
sity of Maryland School of Medicine.

Peptides probed. Dr. Inagami and 
his colleagues at Vanderbilt Univer­
sity School of Medicine in Nashville, 
Tenn have purified—and are attempt­
ing to synthesize—atrial peptides that 
produce diuresis and increase sodium 
excretion by the kidneys.

“The atrium senses blood volume 
expansion due to excess salt and 
releases atrial natriuretic factor 
[ANF] directly to the kidneys,” says 
Dr. Inagami, director of Vanderbilt’s

hypertension center. "We do not yet 
know the normal concentrations of 
ANF, but we are driving at this hy­
pothesis: Clinical signifies ice and 
dietary recommendations can be 
drawn from ANF levels, and the pep­
tide can also be given to patients in 
acute renal failure."

The Tennessee researchers expect 
to complete peptide and antibody syn­
thesis within a year, and Dr. Inagami 
says that ANF radioimmunoassay 
should be feasible within five years.

An as-yet-un­
identified natri­
uretic agent is 
crucial to Dr.
Blaustein’s ap­
proach to the 
relationship be­
tween sodium 
and hyperten­
sion. Natriuretic 
hormone (NH), 
thought to origi­
nate in the hypothalamus, has eluded 
discovery for 20 years, but its ex­
istence is accepted on the basis of its 
biologic activity.

NH is released in response to in­
creased extracellular fluid, which 
signals the kidneys’ inability to ex­
crete sufficient amounts of sodium. 
The hormone inhibits renal sodium- 
potassium exchange, thereby reduc­
ing sodium resorption and promoting 
its excretion.

Inhibition of the kidneys’ sodium 
pumps isn't a problem in itself. But 
NH also inhibits sodium pumps in 
surface membranes of cells all over 
the body, explains Dr. Blaustein, in­
cluding blood cells, arterial-Wull mus­
cle cells, and nerve cells. The

resulting increase in intracellular 
sodium causes increased intracellular 
calcium, which in turn increases 
arterial contraction and elevates 
blood t-.essure.

“We thmk a functionally defective 
kidney is the culprit to begin with," 
says Dr. Blaustein. "If too much salt 
is ingested, the defective kidney can’t 
handle it, the brain hormone is re­
leased, and the sodium-calcium 
mechanisms come into play. The final 
common pathway of all types of hy­
pertension may be increased vascular 
reactivity due to increased calcium in 
the vascular smooth muscle."

Screening potential. Once NH is 
purified, persons with family histo­
ries of hypertension could be screened 
for high levels of the hormone, which 
would indicate a need to restrict 
their dietary .salt Hypertensive pa­

tients also could
t be tested, first 

to confirm the 
hypothesis link­
ing natriuretic 
hormone, sodi- 
um-calciura ex- 

"L change, and hy-
Q y  pertension, says

Dr. Blaustein,
Dr. Inagami and then to mon­

itor efficacy of 
antihypertensive regimens.

Dr. Inagami notes that atrial natri­
uretic factor—unlike natriuretic 
hormone—doesn’t appear to affect 
the salt-retention mechanism of cells 
outside the kidney. And Dr. Blaustein 
concedes ANF could play a pivotal 
role in the development of one class 
or subgroup of hypertension.

But he maintains an intrinsically 
defective kidney is the problem for 
many hypertensives. In support of his 
position, he cites a report of six kidney 
transplant patients who remained 
normotensive without medication for 
six months to six years posttrans­
plant, despite having had essential 
hypertension, which culminated in 
the earlier nephrosclerosis. ■

Dr. Blaustein
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G rea t p ro g r e s s  h a s  b een  m a d e  in  th e  U n ited  
S ta te s  in  r e d u c in g  in fe c tio u s  d isea se  m o r ta lity . 
H o w e v e r , in fe c t io u s  d isea se s  rem a in  th e  g rea test 
ca u se  o f  m o r b id i ty  in  th is  c o u n tr y . N e w e r  in fec tio u s  
d isea se s  o r  a g e n ts  h a v e  b een  reco g n ized , b u t n ew er  
to o ls  f o r  su r v e il la n c e  a n d  c o n tr o l h a v e  a lso  b een  
m a d e  a v a ila b le . S p e c if ic  o b je c t iv e s  fo r  th e  red u c tio n  
o f  in fe c tio u s  d is e a se s  b y  1 9 9 0  h a v e  b een  s e t  b y  th e  
P u b lic  H e a lth  S e rv ic e . T h e  o p p o r tu n it ie s  a p p ea r  to  
b e  g o o d  fo r  a c h ie v in g  b y  1 9 9 0  o b je c tiv e s  fo r  n o so ­
c o m ia l in fe c tio n s , L e g io n n a ire s ’ d isease , tu b ercu ­
lo s is , a n d  su r v e illa n c e  a n d  c o n tro l o f  in fe c tio u s  
d isea ses . A c h ie v e m e n t  o f  th e  1 9 9 0  o b je c tiv e s  fo r  
h e p a titis  B , p n e u m o c o c c a l p n e u m o n ia , a n d  bacteria l 
m e n in g itis , h o w e v e r , w ill req u ire  b o th  sc ien tific  ad ­
v a n c e s  a n d  a d d it io n a l re so u rces.

G,r e a t  p r o g r e s s  h a s  b e e n  m a d e  in the United 
States in this century in reducing mortality attribu­
table to infectious diseases. Infectious diseases were 
the fourth leading cause of death in the United 
States in 1976 (fig. 1) after heart disease, malignant 
neoplasms, and cerebrovascular diseases, according 
to data extracted from information published by 
the National Center for Health Statistics ( / ) .  Data 
are not available for all infectious diseases, but in 
1980, influenza and pneumonia ranked seventh in 
years of potential life lost by the total U.S. popula­
tion ages 1 to 64 years (2), as the following tabu­
lation shows.

Cause Tota l years lost
1. Accidents and adverse effects....................  2.684,850
2. Malignant neoplasms................................... 1,804,1203. Diseases of the heart................................... 1,636,510
4. Suicides, homicides ..................................... 1.401,880
5. Chronic liver disease ................................... 301,070
6. Cerebrovascular diseases............................. 280,4307. Pneumonia and influenza ........................... 124,830
8. Diabetes mellitus .........................................  117,340
9. Chronic obstructive pulmonary diseases

and allied conditions............................... 110,530
All causes...............................................  10,006,060

By comparison, in 1900 tuberculosis, influenza and 
pneumonia, and diphtheria were the three leading

210 Public H««lth FUporti



•  to m onitor changes in  sodium  consum ption and 
sodium content of foods, trends in sodium labeling 
of retail foods, and shifts in consume* perceptions 
and m arketplace practices— all in order to assess 
progress toward achieving objectives; and
•  to consider the need fo r legislation in the event 
this voluntary program  does no t succeed.

This program was discussed with food industry 
representatives on June 30, 1981, and was presented 
in detail in the Federal Register proposal of June 
18, 1982 (47 F R  2 6 5 8 0 ). B oth  the D epartm ent of 
H ealth and H um an £ srvices and the FD A  have 
stressed that the goals of the sodium program  are 
to provide more inform ation to  the public about the 
sodium content of foods they buy .uid to encourage 
industry to reduce the am ount of i. odium in proc­
essed foods, where this is safe and feasible.

Results have been encouraging. F o r example, 
several m ajor food m anufacturers have stated that 
they will supply sodium labeling for all of their 
products containing m ore than 35 mg of sodium 
per serving. In addition, m any m anufacturers have 
indicated that they have program s in p ro g r- s to 
study the feasibility of reducing sodium in their 
products. FD A  representatives have met with some 
30 m ajor groups from the food industry, including 
both large individual firms and trade associations 
representing them. Each of these groups has m ade a 
commitment either to m oderate the sodium content 
of the foods they process o r  to provide much m ore 
sodium labeling. Collectively, these efforts already 
affect processed foods am ounting to many billions 
of dollars in retail sales value. We estimate that the 
amount of sodium labeling in the m arketplace will 
double or triple over the next year, applying to  40 
percent o r more of the processed food supoly in 
terms of retail sales value. By mid-1982, 19 percent 
(by dollar volume) of the foods regulated by FD A  
carried quantitative sodium labeling, up from 14 
percent in the preceding ye?r

We believe that another positive aspect of the 
program has been the perspective and balance that 
have been built into it. We are  not advocating m eas­
ures that have the potential fo r risk to the popula­
tion. We simply seek to low er sodium consumption 
to a moderate level— one that still will provide m ore 
than two times the physiological need for sodium 
for virtually all environm ental conditions. We recog­
nize that hypertension is likely to have a m ultifac­
torial etiology and that o ther hypotheses, not asso­
ciated with sodium intake, have been put forth that 
may be proven to be valid fo r some individuals. No

aspect of ou r program  is designed to conflict in any 
way with the investigation of such hypotheses, and 
we encourage continued research where such hy­
potheses are judged to have merit.

B ut the m ost significant p art of this program, from 
a scientific perspective, is its capacity to measure 
any positive o r  negative benefits that accrue as the 
program  is im plem ented. T he FD A  is currently in­
volved in several m onitoring program s designed to 
do just that. T hese program s include measurement of 
sodium  consum ption and the prevalence of hyper­
tension in the population, estimation of the preva­
lence of quantitative sodium declarations on the 
labels o f processed foods, and annual assessm m t 
of the  effectiveness of public education campaign! 
and the im pact of the sodium-labeling initiative on 
buying habits. A  thorough discussion of this aspect 
of the overall program  was presented in the Septem- 
ber-O ctober 1982 issue of H ypertension (10a ).

These efforts, together with fundam ental and ap­
plied research by the N ational Institutes of Health, 
will contribute m easurably to our understanding of 
the basic m echanism s underlying development of 
hypertension and to our knowledge about the bene­
fits of m oderation of sodium intake as a preventive 
m easure.

R e fe ren ce s  ............................................................
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passion. Wc arc seeing the breakdown of 
values through Hollywood jive; the brutal 
funniness of this play draws blood. Working 
on their scripts, tbeir shows, these guys are 
professional junk artists and they know it 
(with different degrees of rationalization). 
Junk looms over this play like a Moloch of 
the technopop age; Rabe sees the human 
spirit itself in dangerof turning into spiritual 
junk. The one who feels this the most is 
Eddie. He stays up most of the night watch- 
ingTV and talking back to it. Hesees all their 
lives with the eye of the minor casting direc­
tor that he is: “We're all just background in 
one another’s lives, cardboard cutouts 
bumping around in this vague hurlyburly, 
this spinoff that was once prime-time life."

One of the strongest things in the play is 
Rabe’s vision of wasted intelligence. Eddie 
and Mickey are smart guys, but their intelli­
gence floats uselessly in a moral void. Rabe 
has a marvelous car for their speech; mas­
ters of b.s., they take pride in snakelike 
sentences that arc arabesques of evasive­
ness, showbiz sophistry turned into a dialec­
tic of nihilism. The women, too, are affected 
by this hollowness: Darlene says, “Every­
thing is always distracting me from every­
thing else." Intentionally or not, tois is an 
echo of T. S. Eliot’s "Four Quartets": "Dis­
tracted from distraction by distraction." 
Rabe shares Eliot’s vision of a world of 
intelligent nervous wrecks who’ve lost their 
moral center and, not knowing where to 
turn, turn everywnere. The climax, with its 
casual, nutty, almost comedic violence, has 
a frightening i n e v i t a b i l i t y ;

Vitality: Rabe’s vision of the wasteland 
may not be impeccably structured, but it has 
a savage sincerity and a crackling theatrical 
vitality. Mike Nichols’s staging has never 
had more electricity, and the interplay of the 
extraordinary cast has the energy and emo­
tional fearlessness of American acting at its 
best. This is the kind of play and the kind of 
cast that will produce some fascinatingly 
different performances on any given night. 
The actors are all superb: Keitel’s complex, 
scary primitivism; Walken’s slick, flip, self- 
protective cynicism; Weaver’s razor-edged 
beauty and haute-cou ture vulnerability, and 
Jeny  Stillcris pathos and malarkey. Cynthia ' 
Nixon brings a Felliniesque redemptive in­
nocence to what may be the best bimbo part 
ever written. Tony winner Judith Ivey is 
sensational as the smart stripper. In the two 
performances I saw, William Hurt was tre­
mendously implosive once and tremendous­
ly explosive once. He is a clear, powerful 
center for one of the best ensemble perform­
ances on any American stage. >>

This deeply felt play deserves as wide an 
audience as possible. David Rabe’s wishes 
for it are reasonable enough. “I’d like to 
think a play like this could go to Broadway 
and have a year’s worth of vital life. Having 
come from off-Broadway, that would be 
good for both." Off or on Broadway, “Hur­
lyburly" is going to be seen all over America 
for a long time. _ ,

JACK KROLL

MEDICINE

S a l t :  S h o u l d  I  o r  S h o u l d n ’ t  I ?
. w f . v  4: -5 -

Americans by the millions have been 
hiding their salt shakers in the hope of 
protecting themselves against high blood 
pressure. But some experts r question 

whether a high level of sodii chloride in 
the diet is really all that bad id last week,
in a controversial report r t., utradicts 
the diet advice Americans have been getting 
for many years, researchers sprinkled more 
doubt on the issue by suggesting that too 
little calcium and other nutrients rather 
than too much sodium may be major cul­
prits in hypertension.

In the study, described in the journal 
Science, a team headed by Dr. David 
McCarron of the Oregon Health Sciences 
University analyzed the diets of more than

Hypertension: A’iew questions about d ie t.
• ’. . . t  « i ,

10,000 U.S. adults. They found, somewhat 
to their surprise, that the prevalence of 
high blood pressure was lowest among 
those consuming the most salt and highest 
among people with low salt intake. At the 
same time, the analysis showed that people 
whose diets were low in calcium and potas­
sium had an increased risk of hyperten­
sion, as were those with reduced intakes of 
vitamins A and C  • -

Milk, cheese and other dairy products are
' prime sources of calcium and potassium, 
and it was in a deficiency in this food group 
that McCarron and his colleagues found the 
strongest link to high blood pressure. Some 
dairy foods are also a rich source of sodium 
and would be among the foods to avoid by 
anyone going on a low-salt diet. The report 
notes that sodium chemically interacts with

both calcium and potassium in the physiol­
ogy of the body, which may be why a defi­
ciency in all three might be related to elevat­
ed blood pressure. The findings are 
important, says McCarron, because they 
suggest that the part played by nutrition in 
high blood pressure is more complex than 
had been thought. "We have dietary pat­
terns that are deficits, not excesses," he 
says. "One of the real risks of a low-sodium 
diet is that you inadvertently restrict other 
nutrients."
. The new report drew quick fire from both 
consumergroups and hypertension experts. 
A spokesman for the Center for Science in 
the Public Interest, which takes a strong 
anti-salt stand, suggested that McCarron’s 

emphasis on dairy products stems from 
the fact that "much" of his research 
support comes from the dairy industry. 
McCarrcn replies that, of the S500.000 

- his Oregon Hypertension Program re­
ceived last year, only S28,000 came from 
the industry. Moreover, this particular 

. study w?s supported by two private 

... foundations unrelated to dairy interests, 
s.: Recall: Others criticized the way the 

study was carried out. They noted, for 
example, that the diet data were based on 
what the study subjects recalled eating in 
the previous 24 hours and should have 
covered at least one week. Also, it did not 
include the amount of salt added from 
the shaker, but only the natural content 
of sodium in the foods consumed. And 
they warned that people should not base 
any changes in diet on this single study. 
" I f  it gets misread and misinterpreted, 
people could act inappropriately,” said 
Dr. William Friedewald of the National 
Heart, Lung and Blood Institute. 
Friedewald argued that the findings 
about sodium fly in the face of most 
previous studies and that none ever sug« 
gcsted that hypertension was linked to 
too little sodium in the diet 

M cG’-von himself emphasizes that the 
study doesn't prove a cause-and-effect rela­
tionship between low sodium ora deficiency 
of ether nutrients and hypertension. And in 
his view the results shouldn't be taken as a 
license to eat salt. There is no doubt he says, 
that salt intake is involved in some cases of 
hypertension and these patients can benefit 
from low-sodium diets. The important is­
sue, he feels, is whether a blanket recom­
mendation for everyone to reduce salt 
intake is really justified. The findings, 
McCarron says, "should be a note of cau­
tion, particularly to public-health people 
and government agencies, that perhaps we 
should rethink what we've been telling our 
society."

N1ATT CLARK with MARV HAGER in Wuhintfton 
ind DEBORAH WITHERSPOON in New York

vcu-cii rcy  ."Ti’l Y ? 10«a
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Why do people smoke?
The head has its reasons which reason knows noi.

Blaise Pascal (78).

Perspective
Lung cancer accounts for 22% of all cancer in men, compared 
with 9% in women. It is responsible for 35% of cancer-related 
deaths in men and 17% in women. Furthermore, the overall 
5-year survival rate is still below 10% (75). Only one third of 
the patients are eligible for surgical resection with curative 
intent, and among them, less than one third will be alive 5 
years later. Little progress has been made in the past decade 
to improve long-term survival significantly. Nevertheless, all 
disciplines involved in lung cancer management have ad­
vanced notably. Today, lung cancer is not considered to be 
a single disease entity, but 1 composed of several diseases 
conditioned by histopathologic types that determine patterns 
of spread, treatment, and prognosis. Furthermore, Ihe mod­
ern management of lung cancer requires, more than ever, 
cooperation between all specialties involved in diagnosis and 
therapy.

EPIDEMIOLOGY AND ETIOLOGY

Epidemiology
1. In 1983, there will be about 94,000 new cases of lung 

cancer in men and about 41,000 in women (75).
2. Most striking is the rising incidence among women 

during the last decade. The percentage of change in the rate 
of lung cancer incidence over the period from 1947 to 1969 
was 133% for men and 108% for women 120,75).

3. The average age at onset is about 60 years (less than 
1% of cases occurred under the age of 30).

Etiology
A variety of agents have been proven to be carcinogens in 
humans:

1. Tobacco smoke is the dominant agent and represents 
a complex mixture of physical and chemical carcinogens.

There is a direct relationship between the amount of 'obacco 
exposure and risk for developing lung cancer (Fig. 13.1). In 
addition to the increased lung cancer risk, smoking is also 
associated with an increased risk of upper respiratorv and 
digestive tract cancer. The type of cigareh.es seems '•/ also 
influence the risk, i.e., a filter apparently decreases the risk. 
Stopping smoking is associated with a gradual decrease in 
the risk, but a long period of time (more than 6 years) is 
necessary before an appreciable diminution of the risk occurs 
(Fig. 13.2) (86).

2. Asbestos exposure is associated with the develop­
ment of mesothelioma and also bronchogenic carcinoma. 
The risk from asbestos is particularly more pronounced when 
combined with cigarette smoking (73).

3. Atmospheric pollution has been implicated as a caus­
ative agent in view of the higher incidence of lung cancer in 
urban as opposed to rural areas.

4. A more direct relationship has been also shown in 
cases of pitchblende miners who are involved with radio­
active ores.

5. Metals, mostly nickel and silver, but also chromium, 
cadmium, beryllium, cobalt, selenium, and steel have proven 
to be carcinogenic in animals and are occupational hazards, 
particularly when combined with other factors.

6. Chemical products such as chloromethyl ethers have 
been associated with the development of lung cancer, es­
pecially small cell cancers (10).

DETECTION AND DIAGNOSIS (23)

Clinical Detection
1. Clinical manifestations are varied and mimic other pul­

monary conditions.
a. A change in pulmonary habits is the most significant 

sign of lung cancer.
b. Cough, chest pain, rust-streaked or purulent sputum 

proc uction, hemoptysis, and dyspnea are common symptoms 
of this disease.

2. Local complications depend upon the location of the 
tumor and include:

a. Superior vena caval obstruction.
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Caffeine seems to pop up in all 
sorts of places.

This central nervous system 
stimulant is found in many foods, 
beverages, and drugs in addition 
to coffee. In fact, caffeine re­
moved from coffee through de­
caffeination is sold to beverage 
and drug makers who then add it 
to their products.

The main health problem con­
nected with caffeine is caffeineism 
whose well-known symptoms in­
clude insomnia, nervousness, and 
anxiety. But tiiere also appears to 
be an association between caf­
feine intake and birth defects, 
benign breast lumps, irregular 
heartbeats, and other serous 
medical problems. In 1980, the 
Food and Drug Administration 
advised pregnant women to avoid 
or minimize consumption of prod­
ucts containing caffeine.

While sensitivity varies great­
ly from person to person, CSPI 
considers it prudent to minimize 
consumption of products contain­
ing caffeine.

Unk *unateiy, there may. still 
be slight risks for those who have 
switched to decaffeinated coffee. 
The high temperatures of the 
roasting process may create can­
cer-causing substances in the

Ik
C affe ine  C o n te n t  o f B e v e r a g e s  A nd F o o d s

Item
Milligrams of Caffeine

A t * .  Range
Coffee (5-02. cvf) 

Brewed, drip method 
. Brewed, percolator • 

Instant ••• •
Decaffeinated, brewed 
Decaffeinated, instant

- ivy ,r; ■**>. tj,

l l 5  " ’ ’T ' 60-180
r 80 . 40-170 f
1 65 ->■; 30-120. »• i t,: yU • mi

3 ■: —f i  2-5 v i  
2 ' ' 1-57

Tea (5-oi. cvf)
Brewed, major Ui. brands 
Brewed, imported brands 
Instant . ,- 
Iced (12-oz. glass) •

- r  r*  • - * -v .- r r r
v :<• •• v. .

40
60.
30
70

20-90 .
I-.t-.o-v-a-25-110 i 'l  

■. 25-50, i i
,"67-76'

Cocoa beverage (5k>z. cup) 
Chocolate milk beverage (8 oz.)
IfiBc chocolate (1 oz.) \
Dark chocolate, semi-sweet (1 oz.)
Baker’s chocolate (1 oz.) ......
Chocolate-flavored syrup (1 oz.)

4
5
6 

20 
26 
4

• 1 • 2-20 -  
•> ,-A 2_7

Vje S-35̂ ;“> 
> - '26 *-

4

Source: FDA. Food Additive Chemistry Evaluation Branch, based on evatuauons 
of existing literature on caffeine levels.

W hich  D e c a ffe in a te d  C o ffee  B ra n d s ;J J se  M e th y le n d  C h lo rid e?

Brands using methylene 
chloride, includes both 
ground roast and  instant by 
manufacturer*

Chase & Sanborn
Chase & Sanborn

Chock Full O’Nuts
Chock Full O’Nuts

*Hills Brothers uses either
methylene chloride or ethyl 
acetate “depending on the 
decaffeination facility," 
according to a company 
spokesperson. The represen­
tative was unable to say how 
often Hills Brothers uses one 
solvent compared to the 
other.

Coca-Cola
Butter-Nut 
Maryland Club

General Foods
Sanka
Brim
Maxwell House 
Yuban

Schonbrunn
Savarin

Tolley
Martinson

Brands using decaffeination 
processes without methylene 
chloride, includes instant 
only by manufacturer
Nestle

Taster's Choice 
Nescafe

Resile soys it uses a  "component 
occuring naturally in the coffee bean 
itse lf and does na add any 'foreign 
substance solvent’ to dtcaffeinale its 
products. The company says categori­
cally that Ihe component is not 
methylene chloride, bul otherwise 
refuses to identify it.

Procter & Gamble
High Point 
Procter & Gamble uses ethyl acetate 
lo decaffeinate High Point. Ethyl 
acetate occurs naturally in many 
foods, and is safe.

Other
Specialty coffee stores, grocer­
ies, co-ops. and health food 
shops offer a variety of in­
stant, ground roast, and 
whole bean brands. Ask to 
leans what decaffeinating 
agents they use.

beans themselves. Test res 
are mixed, but there are some 
dications that both regular 
decaffeinated coffee may cont 
ute lo bladder and pancreatic c 
cers.

Concerns have also been nii 
in recent years about methyh 
chloride, the main chemical 5 
vent used in the decaffeinat
process.

Research released in 19 
sponsored by the National T 
icology Program, showed t 
methylene chloride caused fr 
cancer in laboratory mice. Thr 
tests have since been questior 
because of improper laboratr 
practices, and more reliable e 
periments are needed. But me 
y me chloride-a popular indt 
■ ial solvent -  is a chlorinat 
hydrocarbon that is chemically i 
lated to other, demonstrat 
cancer-promoting agents.

At the extremely low conce 
trations present in decaffeinat 
coffee, methylene chloride is o 
ly a very small health hazar 
Nevertheless, for those wl 
woiud prefer to avoid the chen 
cal, we list below by brand nan 
a sampling of coffees decaffei 
ated with methylene chloride at 
coffees that use otiier processe

C a ffe in e  in  S tS ftD rin

(l2-oi. setting) Caffeine (m)
Sugar-Free Mr. PLBB 58.8 
Mountain Dew 54.0
Mello Yello 52.8
TAB 46.8
Coca-Cola 45.6
Diet Coke 45.6
Shasta Cola 44.4
Shasta Cherry Cola 44.4
Shasta Diet Cola 44.4
Mr. P1BB 40.8
Dr. Pepper 39.6
Sugar-Free Dr. Pepper 39.6 
Big Red 38.4
Pepsi-Cola 38.4
Aspen 36.0
Diet Pepsi 36.0
Pepsi Light 36.0
RC Cola 36.0
Diet Rite 36.0
Kick 31.2
Source: Institute of Food Technologists 
(1FT), Apnl 1983, based on data from 
National Soft Drink Association.



CAFFEINE

Caffeine is a powerful central nervous system (CNS) stimulant. Caffeine 
ran cause an increase in blood pressure (2-3 cups of coffee can increase 
the blood pressure by about 147v , muscle tension, and stomach acid, meta­
bolic rate and wakefulness. It is also implicated in fibrocystic breast 
disease and birth defects. Large doses can be fatal - 10 grams, or 80 to 100 cups of coffee.
Caffeinism may affect about 4 15% of Americans. This is a condition 
similar to anxiety neurosis. Ever experience any of these?

Extreme nervousness Sleeping problems
Instability Rapid and extra heartbeats
Shakiness Frequent urination and loose stools
Chronic muscle tension Gastrointestinal upsets

Caffeine is addictive. 'When deprived of caffeine, addicts can experience 
depression, throbbing headache, disorientation, constipation, nausea, and/or 
irritability. Yet, two billion pounds of coffee are drunk each year in the 
U.S.A. Caffeine is also found in teas, chocolate, many over-the-counter 
drugs, and colas. Its eo-fects depend on dose and body weight. A child who 
drinks a cola may experience an effect similar to an adult drinking four 
cups of coffee.

People tend to underestimate their caffeine intake. What is your caffeine 
intake?

Table One
C affeine content of coffee, lea, and 

cocoa (mil igrams per serr.r.o—  Ji-crsgevztLss)
Coffee, i r s i a r . : .................................6c
Coffee, p e rc o la te d ........................ 110
Coffee, d r ip o ia te d .........
Teabag—5 m inute brew  
T e a ra c — 1 m inute brew

Table 3

Cocca

Table Two
Caffeine content of cola b e \ erages 

(miligrams per 22-ounce —;:.i
Coca Cola .........................................63
Dr. P ep p er .............................. 62
M ountain D e w ................................ 35
Die: Dr. Pepper .............................. 3-4
TAB.....................................................49
Pepsi-C ola.........................................43
Die: P C ...............................................33
D"e< .cite ...........................................32

Caffeine Content of

. . . .1 4 6
 46
 2S
 4-0
 13

O v er-th e -C o u n te r
tablet)

A n a d r  ................

A o u a -b a n ....4
B iv arin ..........
Caffedrine . . .
D ris tan ..........
n  i t . p  i n n  . . • • .

E x c e d r . r ............

Mi (id  ............
No D o z ..........

D ru g s :er

Pre-mens Pone 
v

. .  luCm g 

. .  ZCOrr.g 

. .  ZOOmg 

... lomg

. . .  64mg

. lOCm.g 
ICOtng

. . .

Source: ,V!.L. Bunker and M. MciV;;- 
liar/is, "Caffeine Content of Common 
Beoercccs," Journal of the Am encan 
Dietetic A ssodznon, I  cl. ~ 4  r r  I F -  

32, Januarj 1979

Carefully consider the health risk factors involved in censuring caffeine.



F o o d  A n d  D r u g  I n t e r a c t i o n s

I f  yo u 're  taking a drug, the fo o d  you  
eat could m ake it work faster or 
slower or even prevent it fro m  
working at all. Eating certain fo o d s  
while taking certain drugs can be 
dangerous. A n d  som e drugs can 
affect the way yo u r  body uses fo od .

by Phyllis Lehm ann

Would it occur to  you not to 
swallow a tetracycline capsule 
with a glass of m ilk? O r to avoid 
aged cheese and C hianti wine if you 

are taking a certain  m edicine tc 
com bat hypertension? O r to eat 
m ore green leafy vegetables if you 
are  on The Pill?” Probably not. Yet 
the effects foods and drugs have on 
each o ther can de te rm ir w hether 
m edications do th e ir job  and w hether 
your body gets the nu trien ts it needs.

The extent o f in teraction betw een 
foods and drugs depends on the drug 
dosage and on the individual's age, 
size, and specific m edical condition.
In general, though, the presence of 
food in the stom ach and intestines 
can influence a d ru g ’s effectiveness 
by slowing down o r speeding up the 
time it takes the m edicine to go 
through the gastrointestinal tract to 
the site in the body w here it is 
needed.

Food also contains natural and 
added chemicals that can react with 
certain  drugs in ways that m ake the 
drugs virtually useless. Some 
reactions can be dow nright 
dangerous, triggering a medical crisis 
o r. in rare instances, even death .

It is because of these interactions 
that your doctor tells you to take 
certain  m edications on an em pty 
stom ach, some just before m eals, 
and some with m eals.

A m ajor way food affects drugs is 
by enhancing o r im peding absorption 
of the drug into the bloodstream . 
There are a few cases in which foods 
speed up absorption. For exam ple.

blood levels o f griseofulvin, a 
substance that com bats fungus 
infections such as ringw orm , rise 
m arkedly  if the patient eats fatty 
foods before taking the drug.

M ore com m only, though, food and 
beverages in terfere with absorption. 
A classic in teraction is the one 
betw een tetracycline com pounds and 
dairy products. The calcium in milk, 
cheese, and yogurt im pairs 
absorption of tetracycline. O n the 
o th e r hand , taking some iron 
suppler.ients with citrus fruits or 
juices which contain ascorbic acid 
enhances absorption of the iron.

In general, it is unwise to  take 
drugs with soda pop o r acid fruit or 
vegetable juices unless you check 
with your doctor first. These 
beverages can result in excess acidity 
tha t may cause som e drugs to 
dissolve quickly in the stom ach 
instead of in the intestines w here 
tney can be m ore readily absorbed 
into the b loodstream .

Som e foods contain ar e 
substances which can c- a drug
effect o r  which can te vith a 
drug to produce a r  .c ted  or
coun ter effect. Ff ;• .xam ple. licorice 
extracted  from natural sources 
contains a substance which, when 
consum ed regularly in excess 
am ounts, may cause an elevation in 
blood pressure. Licorice is a favorite 
ingredient in candy and a flavoring 
for som e pharm aceuticals. M ost 
A m erican m anufacturers now use a 
synthetic flavoring but many 
im ported  products still contain 
licorice from natural sources. 
C ontinued regular use of products 
containing natural licorice extract 
could aggravate high blood pressure 
o r counteract the effect of 
m edication for high blood pressure.

Excessive consum ption of foods 
high in vitam in K. such as liver and 
leafy green vegetables, may hinder

the effectiveness of anticoagulants. 
Vitam in K.. which prom otes clotting 
of the b lood, works in direct 
opposition to these drugs, which are 
intended to prevent clotting.

Perhaps the m ost hazardous food- 
drug in teraction  is the one betw een 
m onoam ine oxidase (M A O ) 
inhibitors, drugs at tim es prescribed 
for depression and high blood 
pressure, and such foods as aged 
cheese. C hianti w ine, and  chicken 
livers. M A O  inhibitors can react with 
a substance called tyram ine in these 
foods and force the blood pressure to 
dangerous levels, som etim es causing 
severe headaches, brain hem orrhage, 
and, in ex trem e cases, death .

To p revent a possible reaction, 
anyone taking M A O  inhibitor drugs 
should avoid aged and ferm ented  
foods, including pickled herring; 
ferm ented sausages, such as salam i 
and pepperon i; sharp  o r  aged 
cheeses; yogurt and sour cream ; beef 
and chicken livers; broad  beans, such 
as fava beans; canned figs: bananas; 
avocados; sov sauce; active yeast 
p reparations: beer: C hianti w ine, 
sherry, and o ther wines in large 
quantities. M A O  inhibitors also are 
suspected o f reacting adversely with 
cola beverages, coffee, chocolate, 
and raisins.

A lcohol, which is actually a drug 
itself, although not regulated as a 
drug under the Food. D rug, and 
Cosm etic A ct. does not mix well with 
a wide variety  of m edications, such 
as antibiotics; anticoagulants: 
antid iabetic  drugs, including insulin: 
antihistam ines: high blood pressure 
drugs; M A O  inhibitors: and 
sedatives. A lcohol com bined with 
antih istam ines, tranquilizers, o r 
an tidepressan ts causes excessive 
drowsiness that can be especially 
hazardous to  som eone driving a car. 
operating  m achinery, o r  perform ing 
some o th e r task that requires m ental



Perhaps th e  m o st hazardous  
fo u d -d r u g  in terac tion  is th e  o n e  
n c tw een  m o n o a m in e  oxidase  
(M A O ) in h ib ito rs, drugs o f te n  
p rescr ib ed  fo r  depression  a n d  
high b lo o d  pressure, a n d  su ch  
fo o d s  us aged cheese, C liian ti 
w ine, a n d  ch icken  livers.

alertness. A good rule of thum b is to 
avoid alcoholic beverages when 
taking any type o f prescription or 
over-the-counter m edication.

Just as som e foods can affect the 
way drugs behave in the body, so 
som e drugs can affect the way the 
body uses food. D rugs may act in 
various ways to im pair p roper 
nutrition : by hastening excretion of 
certa in  nu trien ts, by hindering 
absorption o f nu trien ts, o r by 
interfering with the body 's ability to 
convert nutrients into usable forms. 
N utrien t depletion of the body occurs 
gradually , but for those taking drugs 
over long periods of tim e these 
interactions can lead to deficiencies 
of certain  vitam ins and m inerals, 
especially in children , the elderly, 
those with poor diets, and the 
chronically ill.

Som e drugs inhibit nu trien t 
absorption by their effect on the

bowel wall. A m ong these are 
colchicine, a drug prescribed for 
gout, and m ineral oil. an ingredient 
used in som e over-the-coun ter 
laxatives.

A num ber of drugs affect specific 
vitam ins and m inerals. The 
antihypertension drug hydralazine 
and the antitubercu losis drug IN H  
can deplete the body 's supply of 
vitamin B6 by inhibiting production  
of the enzym e necessary to convert 
the vitamin into a form  the body can 
use or by com bining w ith the vitam in 
to  form  a com pound tha t is excreted .

Similarly, anticonvulsant drugs that 
are used to  control epilepsy can lead 
to deficiencies o f  vitam in D and folic 
acid because they increase the 
tu rnover ra te  o f these vitam ins in the 
body.

Q uite a few drugs— for exam ple, 
colchicine, oral an tid iabetic  agents, 
and the antib io tic neom ycin— can



im pair absorption  of vitam in B,,* But 
because most A m ericans have good 
stores o f  B (1 in their livers, it takes 
prolonged ingestion of these drugs to 
cause a deficiency.

Long term  use of diuretics, o r  
“ w ater p ills,” to treat such conditions 
as congestive heart failure, can lead 
to serious potassium  dep le tion . If the 
potassium  loss is not co rrec ted  in 
heart pa tien ts taking digitalis, the 
heart may becom e m ore sensitive to 
the effects o f the drug. People taking 
diuretics regularly should eat foods 
which are good sources o f potassium . 
These include tom atoes and tom ato  
juice, oranges and orange juice, 
dried apricots, can taloupes, figs. 
raisins, bananas, p runes, po ta toes, 
sweet po ta toes, and w in ter squash.

M odifying the diet to  include m ore 
foods rich in the vitam ins and 
m inerals that may be d ep le ted  by 
certain drugs generally is p referab le  
to taking vitam in or m ineral 
supplem ents. In fact, supplem ents of 
some vitam ins can co u n te r the 
effectiveness o f certain drugs.

F ortunately , the diets o f most 
A m ericans a re  sufficiently weli- 
balanced so that the th rea t of drug- 
related nutritional deficiencies can be 
easily overcom e.

Because oral contraceptives are 
used so w idely, their effect on 
nutrition has been getting increasing 
attention . T he Pill is know n to 
deplete the b lood’s conten t o f certain 
vitam ins, notably folic acid and 
vitamin 3 6. but usually the vitam in 
depletion is not serious enough to 
cause overt sym ptom s. In most 
healthy wom en with good diets, 
these vitamin levels do not go down 
to a point tha t is alarm ing, says D r.

R E P R I N T E D  F R O M  M A R C H  1 9 7 8

D aphne R oe. a C ornell U niversity 
nutritionist. “ But in a poverty group 
of young w om en who are crying to 
m ake do  with very little and who 
have lim ited nutritional know ledge, 
you m ay find a d ifferent situa tion ." 
D r. R oe says. " I t  is this group we 
are m ost concerned ab o u t."

Because h er requirem ents for 
several vitam ins may be increased, it 
is especially im portant for any 
wom an on The Pill to eat a 
nutritionally  balanced diet. In 
particu lar, if a wom an on The Pill is 
living on snack foods, she is m ore 
likely to develop folate deficiency 
than h er neighbor who every day 
eats green leafy vegetables, which 
are a good source of folic acid, 
according to  D r. R oe.

D rugs readily  available w ithout 
p rescrip tion  also can lead to 
nutritional problem s. The worst 
offenders are  antacids. D r. Roe says, 
because they are  so widely abused by 
the public. C hronic use of these 
rem edies w ithout a d o c to r’s 
supervision can cause phosphate 
dep letion , a condition that in its 
m ilder form produces muscle 
w eakness and in m ure severe form 
leads to a vitam in D deficiency. 
“ U n fo rtu n a te ly ,” says D r. R oe, 
“ som e people get into the habit of 
taking enorm ous am ounts of these 
drugs to  trea t gastric upset lhat in 
itself is due to their abuse of some 
o th e r substance, such as alcohol, 
coffee, o r fo o d .”

M ineral oil, an old-fashioned 
laxative still widely used by elderly 
people and in nursing hom es, can 
h inder absorp tion  of vitam in D. O ne 
study repo rted  that as little as 20 
m illiliters (4 teaspoons) of m ineral

REVISED SEPTEM BER 1984

oil twice daily can interfere with 
absorption of vitamin D. vitam in K. 
and caro tene , a substance the body 
converts to  vitam in A .

W hat can consum ers do to p r°vent 
undesirable food-drug interactions? 
H ere are a few suggestions:

•  R ead the labels on over-the- 
counter rem edies and the package 
inserts that come with prescription 
drugs.

•  Follow your doctor's o rders 
about when to take drugs and w hat 
foods or beverages to  avoid while 
taking m edications.

•  D on’t be afraid to  ask how drugs 
might interact with your favorite 
edibles, especially if you consum e 
large am ounts of certain  foods and 
beverages. While taking drugs, be 
sure to tell your doctor about any 
unusual sym ptom s that follow eating  
particular foods.

•  Eat a nutritionally  w ell-balanced 
diet from a wide variety of foods.
' Tse of a needed drug, even on a 
long term  basis, is less likely to cause 
depletion of vitam ins and m inerals if 
your overall nutritional status is 
good.

D rug labeling and inform ed health 
professionals can be helpful to you. 
but your doctor and pharm acist 
cannot follow you to tha d inner table 
or the snack bar. R em em ber that 
warnings about food-drug 
interactions are only as good as the 
patien t's  willingness to heed them .

Phyllis .Lehmann is a freelance writer.
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Chemistry and Stability
CHEMISTRY
Aspirin, ihe prototype of ihe salicylates, is 3 nonsteroidal anti-inflammatory 
agent 1 NSAIA 1 Aspirin is the salicylate ester of acetic acid. In vivo, the drug 
rapidly hydrolyzes to salicylate and acetate. Aspirin occurs as whue crystals, 
which arc usually tabular or needle-like, or as a white, crystalline powder. The 
drag may have a'faint odor, is slightly soluble in water and freely soluble in 
alcohol, and has a pKj of 5.5. Each gram of aspirin contain. app,minutely T w) 
nig ot salicylate 
STABILITY
Aspirin is stable in dry air However, in mots: air or in aqueous or hydroalcohol- 
ic solutions, the drug gradually fydrolyzes to salicylate and acetate and emus 
a strong vinegar-like odor; Ihe rjte of hydrolysis is increased by heat and is 
pH-dependent.

In aqueous solutions, aspirin is most stable at a pH of 2-5. less stable at 
a pH of 4-8. and least stable at a pH less than 2 or greater than 8. In a saturated 
aqueous solution at a pH of 5-7 . aspirin is almost completely hydrolyzed within 
I week at 25°C. If a liquid dosage form of aspirin is desired for short-term 
treatment of pain, an oral solution may be prepared from commercially avail­
able bulfered effervescent tablets t Alka-Seltzer'  1. Follov mg dissolution of one 
Alka-Seltzer' tablet in appr "ornately 90 ntL of watei. the solution has a pH 
of 6-7 In the resultant solution, aspirin is about 99r.- ionized and is at least 
90rf unhydrolyzed for approximately 10 hours at room temperature and about 
90 hours at 5°C.

Chew able aspirin tablets containing 81 mg of the drug should be stored 
in child-resistant containers holding not more than 36 tablets each in order to 
limit the potential toxicity associated with accidental ingestion in children. 
Aspirin suppositories should he stored at 2-l5°C.

Pharmacology
Aspirin exhibits analgesic, anti-inflammatory, and antipyretic activity. Al­
though aspirin hydrolyzes to salicylate and acetate, the drug does not require 
hydrolysis to produce its effects and appears to have some pharmacologic 
effects that are distinct from those of salicylate. The ability of aspirin to 
acciylatc proteins te.g . platelet proteins, hormones. DNA. hemoglobml re­
sults in some eifects. such as inhibition ol platelet aggregation, which 1 iher 
currently available .salicylates do not exhibit.
ANALGESIC. ANTI-INFLAMMATORY. ANO ANTIPYRETIC FFFECTS 
While unhydrolyzed aspirin has been shown to be more potent than sodium 
salicylate in relieving pain in animals, it remains to be clearl.. established that 
aspirin has greater analgesic effect than salicylate in humans. A direct correla­
tion between onset, intensity, or duration of analgesia and the time course of 
serum aspirin lor salicylate) concentrations or peak serum aspirin .or salicylate) 
concentrations also remains to be established. There are relatively tew con­
trolled comparative studies of aspinn and other salicylates le g... salicylate 
s.itsl. but the analgesic, anti-tnllammaton ’'.J antipyretic effects ot aspirin 
and olher salicylates jrc  generally considered to be comparable. However, in 
terms of antipyretic activity, aspirin is approximately 1.6 times as potent as 
sodium salicylate oil an equtmolar basts.

For tunhcr information on analgesic, anti-inflammatory, antipyretic, and 
other ettccts of aspirin, see Pharmacology in the general statement on Salicy­
lates 28:08.04 
HEMATOLOGIC EFFECTS
At usual dosages te g . .  1.3-6 g daily I. aspirin may rarely prolong the prothrom­
bin time (usually only by 2-3 seconds) by inhibiting hepatic synthesis 01 blood 
coagulation factors VII. IX. and X.

Aspirin tbut not other salicylates 1 inhibits platelet aggregation induced by 
epinephrine or low concentrations of collagen but not that induced by thrombin 
or high concentrations ol collagen. Aspirin inhibits the second phase ol platelet 
aggregation hv piesennng release of adenosine diphosphate 1 ADP) trom plate­
lets. The drug also prevents release ol platelet laetor 4 trom platelets. Mean 
bleeding time may be prolonged by several minuics (approximately doubledi
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in healthy individuals and longer in children or in patients with bleeding 
disorders te.g.. hemophthai. In healthv individuals receiving a single 325-mg 
oral dose of aspinn. bleeding time may increase to a maximum within 12 hours 
and generally return to normal within 24 hours, any increase is usually ol little 
clinical significance. Some clinicians have rcponed lhat mean bleeding time is 
progressively prolonged with increasing single doses of up tu I g. bul mas be 
only slightly prolonged or unaffected by higher single doses; however, this has 
not been const" emly found. The etfcci un bleeding time depends on the 
measurement method te.g .. Duke. Ivy. Mtelke) used and technical variables 
te.g.. senostastsi. and this may partially account for conflicting reports.

Like the analgesic and anti-inflammatory effects, the effects of aspinn on 
platelets appear to be mainly associated w ith inhibition of prostaglandin synthe­
sis Aspinn irreversibly jcety lales and inactivates cyclooxygenase in circulat­
ing platelets and possibly in megakaryocytes. A single 325-mg orjl dose ol the 
irug results in about 90G inhibition ot the enzy me in circulating platelets This 
inactivation presents platelet synthesis 01 prostaglandin vndopunixides a f u  

thromboxane A., compounds wmch induce platelet aggre. ion and cunstr- 
anerial smootn muscle. Since cyclooxygenase in platelets is mt resynthesizec 
this effect 01 aspinn on platelet function persists lur the life >pan of plateiet
1 4-7 Jay si. When approximately 20rr of circulating platelets have not i w  
exposed to aspinn uoout 36 hours alter the last dosct. the hemostatic funds'' 
of the platelet pool generally returns to normal: however, altered hemosus 
has been rcponed lo persist longer in some patients receiving long-term met 
apy.
ANTrrHROMSOTIC EFFECT
Because of us ability to inhibit platelet aggregation via platelet cyclooxygena.- 
inhibilto.t. aspinn has been extensively investigated fot potential therapea: 
effects in the prevention of thromoosts (particularly ancnai thiombosisi ; - 
I'ses: Thrombosis ! Aspirin has also been lound to inactivate cyclooxyce-. 
in venous endothelium and thereby inhibit venous synthesis of prosta. 
tepoprostenol. PGIa. Since pro-tacychn inhibits plate'-tt a greeatio: 
causes vasodilation. 11 appears to oppose the effects of thromboxane A; . 
prostaglandin endoperoxtdesi on ncmostasts. Therefore, it has been sucge-.. 
that the relative extent to which the formation of these compounds is inh:b;t. 
by aspinn might result in an increased or decreased likelihood of thrompo;. 
Although prostacyclin is synthesized by arterial endothelium and in vitro st­
ies suggest that arterial cyclooxygenase is less sensitive to inhibition by asrtr 
than venous cyclooxygenase. the actual effects of aspirin on arterial synthe- 
of prostacyclin in healthv or diseased human arteries temain to be establish

In most chnicjl studies 10 date which evaluated the ctfoct of asptr.r. 
preventing inrnmposis. the dosages of aspirin i9tx) me to 1.5 g daily in dtvtd 
doses) probably inhibited the synthesis 01 prostacyclin as well as that 
thromboxane A; Although concomitant inhibition ot prooacyciin synthesis 
aspinn may potentially decrease Ihe anlithromootic efficacy ot the drug. ;• 
unlikely that this effect increases the risk of thrombosis since an increaseo r 
has not been observed in these studies x>r in patients with rheumatoid x-.n: 
receiving higher dosages of the drug Cyclooxygenase in both platciets 
venous endothelium has been tound to be inhibited by single oral aspinn d  
of 8O-50t) mg. However, ji these doses, (he duration ol inhibition ol thrx'nir 
ane As synthesis in platelets tabout 4S-do hours 1 is longer than inhtbitior 
prostacyclin synthesis in venous endothelium tabout 24—IS  hourst. apparx- 
because cyclooxygenase is resynthesized in venous endothelium bul no 
nlateiets. Since cyclooxygenase in platelets appears to be more senstiix 
inactivation than cyclv.oxyg. .use in venous endothelium, it has been sagge 
that low dosages of aspinn might present thrombosis by selectively innmi 
prostaglandin endoperoxide and thromboxane A- synthesis: however, -n 
timum dose and schedule of administration of aspinn have not been e!t 
determined. anJ the actual clinical importance of such a selective innib 
effect remains (" be clearly established. In jddttion. salicylate appear 
competitively innibn the effect of aspirin on platelets: the relevance u: 
effect to the prevention of thrombosis is not known.

Since results ot numerous clinical studies indicate that the awititrum 
effect may be limned to 111 les. it has been suggested that this effect 01 j > 
is  sex related and may be related 10 differences in hormonal lactors. semi 
of cyclooxygenase inhibition in platelets and blood vessel walls, and. or i 
platelet lactors in the pathogenesis 01 thrombosis. However, this has nut 
clearly established and funner evaluation is needed.

Aspinn and dipyridamole appear to have al least additive inhibitors e 
on platelet function (e.g.. aggregation) in vivo. Aspinn has been >no 
potentiate Ihe c ited  ot dtpvrtdamole in normalizing redi zed platelet >-
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in patients wnh prosthetic heart salves. Aspirin and dipyridamole also appear 
lo  hase a synergistic antithrombotic effect, at least ip. small blood vessels. The 
exact mechanisms have not been fully elucidated, byt the platelet-inhibiting 
ollccis of the combination appear to depend on aspinn dosage. Since prostacy­
clin appears to be necessary for the action of dipyridamole on platelet function, 
it h..\ been suggested lhal the inhibition of platelet aggregation and amuhrom- 
botu effect of dipyridamole may be poteriated by selective inhibition of 
platelet cyclooxygenase and thromboxane A; synthesis with low dosages of 
aspinn. In one study, the combinaron of 120 mg of aspinn once daily and 75 
mg of dipyndamole 3 times daily was shown to maximally inhibit platelet 
functions te.g ., aggregation) in vivo without prolonging bleeding time; it was 
•ugcesied that prostacyclin synthesis was not substantially inhibited by (his 
regimen. Further studies evaluating the effects of varying dosages of the drugs 
in combination are needed.

Pharmacokinetics
Since bnih unhvdrolyzed aspirin and its metabolite, salicylate, are  pharmacu- 
lomcally active, the pharmacokinetics o f both compounds must be considered. 

oraddiuonal information on the distribution and eliminauon of salicylate, see 
Pharmacokinetics in (he general sraiemeni on Salicylates 28:08.04. 

ABSORPTION
Approximately 80-100% of an oral dose of aspinn is absorbed from the Gl 
tract. However, the actual bioavailability of the drug as unhydrolyzed aspirin 
is lower since aspirin is partially hydrolyzed to salicylate in ihe Gl mucosa 
during absorption and on first pass through the liver, There are relatively few 
studies of the bioavailability of unhydrolyzed aspinn. In one study in which 
aspinn was administered IV and as an oral aqueous solution, it was shown that 
the solution was completely absorbed bul only about 70% reached the systemic 
circulation as unhydrolyzed aspinn. There is some evidence lhat the bioavaila- 
bility of unhydrolyzed aspirin from slowly absorbed dosage forms (e.g.. enter­
ic-coated tablets) may be substantially decreased. Food does nor appear io 
decrease the bioavailability of unhvdrolvzed aspirin or salicylate: however, 
absorption is delayed and peak serum aspinn or salicylate concentration may 
be decreased.

Most studies reponed to date determined the bioavzilability of aspirin 
preparations in terms of salicylate. Effervescent or noneffervescent oral aque­
ous solutions of aspinn appear to be completely absorbed. Oral buffered aspirin 
tablets, uncoatcd plain aspinn tablets, and methylccllulose film-coated tnon- 
cntenci plain aspirin tablets are approximately 80-100% absorbed. Erratic and 
incomplete absorption of some emcnc-coaicd aspinn tablets (particularly those 
with shellac coatings) has been reponed. but recent studies indicate that the 
extent of absorption of currently available enteric-coated aspinn tablets is 
•imiiar to that of buffered, uncoated plain, and film-coatcd plain aspinn tablets. 
Although well-designed studies are lacking, (he extern of absorption ofextend- 
cd-release aspinn tablets appears to be similar lo that of uncoated Dluin aspirin 
tablets. There are apparemly no published siudies on ihe bioavailability of 
aspinn capsules. Following rectal administration as a suppository, aspinn is 
•low ly and vanably absorbed: rhe e.xreni of absorption increases wilh increasing 
rectal retention lime. In general. 20-60% of the dose is absorbed if the supposi­
n g  .s retained lor 2—I hours and 70-100% is absorbed if the suppository is 
retained for al least 10 hours.

The rale of absorption of aspinn depends on the same factors that deter­
mine ihe rate of absorption of other salicylates and ihe relative raies of absorp­
tion from various oral aspinn dosage forms are generally the same as for oral 
dosage forms of other salicylates te .g .. aqueous solutions are the most rapidly 
abvorbedi. As with other salicylates, dissolution is usually the rate-limiting 
process in the absorption of tablets containing aspinn; however, the in vitro 
dissolution rate of a specific preparation does noi necessarily reflect the in vivo 
absorption rate. According to the manufacturer, the in vitro dissolution of 
film-coated aspirin tablets does noi differ from that of uncoaied plain tablets', 
however, t ie tilm-coaied tablet does noi undergo dissolution in (he mouth 
dunng auininis’ration.

Efrects o l Butlers
There has been controversy over the relative rates of absorption of buffered 

aspinn tablets and uncoatcd plain aspinn tablets and (heir relative potential for 
producing gasinc imiation and analgesia.

The buffers contained in buffered aspirin tablets may increase the pH in 
the microenvironment of aspinn panicles and thereby increase solubility ot ihe 
Jrug in surrounding Gl fluids: ns a result, the dissolution rate of rhe tablets may 
h e  increased. However, ii  cannot be stared that a ll buflered aspinn tablets are

I
\

dissolved and absorbed more rapidly than a ll  uncoatcd plain aspinn tablets.
The types and amounts of buffers affect dissolution rate, and claims for a 
specific preparation should be substantiated by appropnate data. Conflicting 
reports of ihe relative rates of absorpnon of buffered or uncoaied plain aspinn 
tablets are most likely due to differences in ihe specific prcparanons studied 
Some studies nave shown that, like aqueous aspinn solutions, some buffeted 
aspinn tablet preparations may be absorbed slightly more rar dlv than some 
uncoated plain aspinn tablet preparations and may produce slightly higher peak 
serum salicylate concentrations: however, clinically important differences in 
the onset or intensity of analgesia produced by these dosage forms or specific 
preparations have not been established. Crossover studies directly comparing 
peak serum concentrations of unhvdrolvzed aspinn attained w itn these dosage 
forms are lacking.

Ir has been suggesred (bar buffered aspirin tablets cause iess gastric tmta- 
non rhan uncoatcd plain aspirin tablets since the potentially more rapid dissolu­
tion of the former may reduce contacr rime between aspinn panicles and gasinc 
mucosa. However, several rrcent, well-designeo studies indicate that bulfcred 
aspinn (ablets do nor cause iess gasinc irruanon man uncoaied piain aspinn 
tablets.
Rapidly Absorbed Dosage Forms

Following oral adminisiranon of single doses of rapidly absorbed aspinn 
dosage forms, salicylate is detected in serum within 5-50 minutes, and peak 
serum salicylate concentrations are attained within 0.25-2 hours, depenoing on 
dosage forr. and specific formulation. Clinically important differences in ihe 
onset or intensity of analgesia produced by rapidly absorbed dosage forms ot 
specific preparations have not been established.

Following oral administration of a single 650-mg dose of aspinn as jn 
effervescent or noneffervescent aqueous solution in healthy adults, jvcrage 
peak plasma aspinn concentrations of about 15 ag.m L are attained within
15-40 minutes and average peak plasma salicy late concentrations ct about 
40-55 ag/mL are attained within 30-60 minutes. After a single 650-mg oral 
dose of aspinn (as two 325-mg uncoated plain tablets) in fasting healthy adults, 
average peak plasma aspinn concentrations of about 7-9 ag m L  occur within 
25-40 minutes and average peak plasma salicylate concentrations of about 
35-50 pg/mL occur within 1.5-2 hours. Following oral administranon of a 
single 650-mg dose of buffered aspinn las 2 lableis. each containing 325 mg 
of aspirin!, average peak plasma salicylate concentrations of aboot 4(5-60 
pg/mL are attained wnhin 45-60 minutes.

In one study in healthv fasting adults given a : ingle 975-mg orai dose of 
3spinn (as three 325-mg uncoaied plain tablets), peak scrum salicylate concen­
trations averaged 60-75 pgunL and occurred w ithin 2 hours. In another study 
in fasting rheumatoid arthritis patients given a single 1,95-g oral dose of aspinn 
(as six 325-mg uncoated p! un tablets), peak plasma aspinn conccmrjuons of 
a’, ut 12-16 pgimL occurred within I hour and peak plasma salicylate concen- 
ti aonsof about 110-160 ag'mL occurred within 4 hours. When these patients 
were given the same dose of buffered aspirin tas o tablets, each containing 325 
mg of aspirin), peak plasma aspinn concentrations ot about 14— IS ug mL 
occurred within 1-2 hours and peak plasma salicylate concentrations of abou: 
140-160 pg/mL occurred within 1-2 hours.
Entenc-Coaled Tablets

There are few published studies reporting plasma aspinn or salicylate 
concemrations after single oral doses of enienc-coated asoinn tablets In one 
crossover study, following single 975-mg oral doses (three 325-mg tablets) ot 
2 commercially available enteric-coated aspinn preparations in healthy adults, 
average peak serum salicylate concentrations ot 48 pg/mL occurred at S hours 
wnh one prcparanon. and average peak serum salicylate concentrations of 25 
pg/mL occurred ai 14 hours wilh the olher preparation. In one study in tasting 
rheumatoid arthntis patients given a single 1.92-g oral dose las six 310-mg 
enienc-coated tabletsi. peak plasma aspinn concentrations of about 4-7 ug mL 
occurred wiihin about 4 hours and average peak plasma salicylate concentra­
tions of about 70 pg.mL occurred within ahoui 8 hours.
Extenaed-Reiease Tablets

There are few published studies reporting plasma aspinn or salicylate 
concentrations after single oral doses of extcnded-relcase aspinn taoleis. Com­
bining data from several small siudies. some clinicians report that following 
a single 1,3-g oral dose of aspinn as two 650-mg extended-release tablets, i.-. 
average peak serum aspinn concentration of about 3 ag mL was attained w nh:n 
I hour and peak serum salicylate concentrations of about 70-SO ug mL were 
attained within 4 hours: the serum jspirin concentration declined lo less tha.-.
I ag  mL by 3 hours and ihe serum salicylate concentration was about oO ug n::_
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BE W IS E  A B O U T  REYE ’S
• AW ARENESS BULLET IN  •

The flu or various symptoms identified as influenza occur more frequently during the winter months. 
Influenza is a viral infection, and as such, warrants our special attention because a fatal children's disease is 
associated with it The d sease. R e v e ’s S y n d r o m e ,  affects children from infancy through adolescence and
can develop 3 to 5 d3ys after the onset of  the chicken pox. an upper respiratory' illness, or other viral infec­
tions. It affects the liver and brain, is non-contagious a'ld is often misdiagnosed as encephalitis, meningitis, 
diabetes, poisoning, drug overdose, or sudden infant deaiii.

a*

After a viral infection has seemingly run its course and the child is feeling better the following symp­
toms should be treated as serious and as possibly the first indication of  R e y e 's  S y n d r o m e .  Anti-nausea 
medication may mask the symptoms o. the disease and because of  the possible association of  aspirin with 
R e y e 's  S y n d r o m e ,  parents should consult their physician before using these drugs. Watch for these symp­
toms. usually occurii ? in this order:

• PERSISTENT OR CONTINUOUS VOMITING
• LISTLESSNESS (LOSS OF PEP AND ENERG Y.  DROWSINESS)
.  PERSONALITY CHANGE (SUCH AS IR R IT A B IL IT Y ,COMBATIVENESS OR SLURRED SPEECH)
.  DISORIENTATION (UNABLE TO IDENTIF Y WHEREABOUTS.OR FAMILY MEMBERS)
. DELIRIUM. CONVULSIONS

A child's life can depend on early diagnosis. R e y e 's  S y n d r o m e  should be suspected in any child with 
chicken pox who vomits repeatedly. Phone your physician immediately if these symptoms develop and tell 
him you suspect R e y e 's  S y n d r o m e .  If your doctor is not available take your child to an emergency room 
promptly. Two liver function tests (SGOT'SGPTi  can be done to determine the possibility o i  R e y e ’s S y n ­

d ro m e . There is a 90T chance of  recovery when the syndrome is treated in its earliest stages by physicians 
and nurses experienced in the treatment of Reye's.

Epidemiologic research has shown an association between the development of  R e y e 's  S y n d r o m e  and the 
use o f  aspirin for treating the symptoms o f  influenza-like illnesses, chicken pox. and colds. The U.S. Sur­
geon General, the Food and Drug Administration, and the Centers for Disease Control recommend that 
aspirin and combination products containing aspirin not be given to children IS years of  age and ur.der 
during episodes of  these illnesses.

The NRSF is a non-profit, tax-exempt organization with chapters in forty states. The NRSF has 
pioneered the movement to disseminate knowledge about the disease in an effort to aid in early diagnosis, 
and also provides funds for research into the cause, cure. care, treatment, and prevention of R e y e ’s 

S y n d ro m e .

For more information contact the NATIONAL REYE'S SYNDROME FOUNDATION. P.O. BOX 
S29AB.  BRYAN. OHIO 43506. OR CALL 419  '636-2679. 800 233-7393.  OHIO RESIDENTS CALL 
SOO'231-7393.
6c.:o Codvmc": c 196£ Tne Nations* Geye's Syncrome £ounoaTio»\ B'van. Onic 43S06
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The human body has no physiological 
need for refined sugar, yet the average 
American consumes 128 pounds of it 
everv vear.1 That's a per capita consump- 
tion o f one teaspoon every hour, 24 hours 
a dav,: more than any other nation on 
earth. It's difficult n o t  to eat sugar. To 
sweeten or not to sweeten is no longer a 
matter of individual discretion. In 1910, 75 
percent of the sugar Americans consumed 
was added to foods in the kitchen: the 
other 25 percent came from processed 
foods.3 Today, the situation is almost 
reversed. The sugar added by food and 
beverage manufacturers to what we eat 
and drink accounts for 65 percent of Amer­
ican sugar consumption4; these days only 
35 percent is added in the kitchen. Sugar 
has become a staple ingredient in a stag- 
genng number of processed foods (see 
sidebar)— even cigarettes are laced with 
suear.

Average Americans obtain about one- 
quarter of their calories from sugar.1 Only 
a small proportion o! that amount comes 
from the natural sugars in carbohydrates, 
fruits, vegetables and dairy products. 
Most of it is refined white sugar, sucrose. 
Cnildren consume even more sugar than 
adults. Some children obtain as much as 
48 percent of their calories from sugar— 
aimost h a l f  their caionc intake.*’ Growing 
evidence stronciv suggests tha; this level 
of sugar consumpnon is a maior factor in 
increased rates o! degeneranve diseases, 
including dental canes (cavines), obesity, 
diabetes, coronarv heart disease, vitamin 
deficiencies and psychological distur­
bances.

Eating sugar can be worTO than eatine 
no th ing . Refined sugar brovldes onlv 
empty- calones. It co n m b u i^  none of ^  
protein, fat, vatanuns or mi.,erals needed 
for its ow n metabolism ir, ,he SQ
these nu trien ts m ust be .,btained e'Ke_ 
w here. Sugar tends to rep l,re nourishing 
food in the diet. It is a th.et ,;iat robs us of 
nutTients. A dietary em pl.,sis Qn r 
can deplete the body of n u i,)ents lf ade_ 
ouate nutrients are not s..rpiied bv the 
diet — and they tend not tu )n 2 suear. 
rich d ie t— they m ust be ,„ ;ched f; om 
other body tissues before „j p r  fan be 
m etabo lized . For this r t . ,Sfl’n a ^ 
Senate com m ittee labeled s .,car as an „a ' .  
tinurrien t."7

Sucrose and the Bloi^ s uo-ar 
Roller Coaster

Of the more than 100 cli„mical<. ca|led 
"sugar,"  one of them, gluc,i;e js essennal 
to h u m an  m etabolism . k ?flned w hite 
sugar, how ever, can intei fere Wlth the 
body 's delicate metabolisn, y ne buman 
body m anufa-tures life-suM.,ming g |v)C0Se 
from carbohydrates. Carbcun  dra°es come 
in tw o forms: simple sugars Vt,g{?.
tables and dairy products 3nd starch‘e i 
complex chains oi simple s ..(. ars m CTa;n5 
beans and vegetables L fpl-,ds
contain enough sugars ano ,,, starche5 l0 
provide all the glucose t;.,,.OS5an. |0 . a 
healthy m etabolism  with.,,]' gddmv fltJU 
suenwr io tnc diet C arbohyu:a|e<; aisp pro . 
vide a vanety of other num „nt5 ,acking )n

refined sucrose, for example, vitamins, 
minerals, protein, fiber and fats.

The body processes simple sugars and 
carbohydrates in the same way, but at dif­
ferent speeds. Sucre se is digested cuickiv 
into two simple sugars, glucose and fruc­
tose (fruit sugar). These sugars enter the 
blood s tT eam  through the small intesane. 
and are carried to the liver where they are 
either used immediately or converted into 
glycogen for storage until needed. When 
glycogen storage space in the liver is filled 
to capacity, excess giycogen is returned to 
the bipod in the rorm of fatty acids, which 
are stockpiled first in the inactive pans o: 
the bodv— buttocks, breasts, abdomen 
2nd thighs —  then in aenve organs, for 
example, ihe heart and kidneys. Tne 
minerals sodium potassium, magnesium. 
calcium and chromium, and the o-ccm- 
plex vitam ins, are all used to create 
qlucose.

The suear units bound tocether into
V V.starch chains are metabolized the =-3tne 

way as simple sugars, bui their complex 
structures take longer to break oown 
During carbohydrate digestion, these 
compiex glucose chains are converted firs: 
into dextrine, then into maltose, and fin- 
aliv into individual glucose moleruies

Tne amount or glucose circular.r.g in the 
blood determines our appetite Wner 
blood sugar levels fall below a certain trig­
ger point, we experience hunger Tne leei­
ings of weakness, imtabiiitx an.-, anxier. 
that olien accompany hunger re-.u.t r-orr. a 
low level of glucose in the binod j condi- 
non called "hypoglycemia."Tr.e -re.ms c: 
hunger is a .signal that our ceil- ,irr r.o!

i : V.i'.itra! Sed-Tare



getting enough glucose to function p rop ­
erly. Eating a meal readiest; the am ount of 
st’"'." in the blood. Tne simple sugars m 
unprocessed foods provide an im m ediate 
burst of glucose-energy to our bodies. 
Tnen, the more complex sugar chains in 
the starches in the meal p ro n d e  a slower 
but sustained supply of giucose-energy.

Glucose circulating in the blood cannot 
enter cells to nourish them w ithout the 
help of insulin, a hormone produced by 
the Islets of Langerhans, a gTOup of cells in 
the pancreas. Fructose enters the blood 
stream somewhat more siow’v than glu- 

"cose, anc is metabolized bv the enzvm e 
rrucroKinase ratner tnan insuiin. This dif- 
lerence berween glucose ano rructose 

Tneiaooi^riziIjpw?^OTTte~aiibencs. w hose 
'oorneTdo not oroauce enougn insuun to 
m etabolize glucose, to nave ifuctose- 

~ sweetened loods in tneTrdiets:
Since simple sugars work raster than the 

sucars in starches to counteract the effects 
of hypoglycemia, many people prefer to 
sansrv their hunger pangs with a sugary 
snack instead of a balanced meal. But sub ­
stituting a brief burst of energy fora grad­
ual. sustained supply of glucose has sig­
nificant adverse consequences for the 
body.

Although blood sugar levels are sud ­
denly boosted by a sucrose "ru sh ,"  they 
drop just as quickly after that sugar has 
been metabolized, often lca\m g a person 
feeling droop)', tired and irascible. To re- 
camure the same sugar-induced feeiing of 
energy and alertness, a person may eat

lacquerta kisbei

m ore sugar. As sucrose-induced glucose 
rushes replace the sustained giucose re­
lease from carbohydrates, the peak; and 
valleys of blood sugar concenrranon tend 
to become more pronounced This cycle of 
sugar nighs and lows is similar to the kind 
of physiological dependence produced by 
som e drugs. Although sucrose is not ad­
dictive in the same way that, for example, 
narcotics are, it may be considered to have 
som e addictive p roperties, and m any 
p eo p le  refer to them selves as "su g ar 
addicts."

The m inor feelings of weakness, irrita­
bility and anxiety that accompany normal 
hunger are magnified by the large varia­
tions in blood sugar level; that result from 
replacing carbohydrates in the diet with so 
m uch sucrose. Tnese fluctuations have 
been show n to tngeer chances in behav- 
ior, including reduced ability to concen­
trate, fatigue, depression, confusion, for­
getfulness and headaches. As a result, a 
grow ing number of physicians and num - 
rionists now consider hypoglycemia not 
only a state of low blood sugar, but also a 
factor in neaith and behavioral problems 
as well. They reason that meals inch in 
refined sucrose quickly boost blood sugar 
levels and stimulate the pancreas to se- 
crpte iarpe quan tities of insulin. This 
insulin spun  allows too much sugar to 
pass trom tne blood into the celis. tnus 
lowering trie blood sugar level re/ntn nor­
mal Tms iow biood glucose level may in­
terfere w ith the proper functioning of 
nerve cells by depriving them of giucose 
fuel and resulting in the svm ptom s of 
hypoglycemia. A survey ol 13-i.OCX? people

conducted by rhe Departm ent of Health. 
Education and Welfare showed that 49.2 
percent said they su.tered sym ptom ; rvpi- 
caliv associated with, hypoglycem ia.9 .And 
one psychiatric studv o: people with em o­
tional problem s showed that 70 percent of 
those diagnosed as schizophrenic showed 
som e form of hypoglycem ia.9

Hypoglvcerrua's role tn emotional prob­
lems rem ains a point of controversy. Much 
of the medical establishm ent maintains 
that the emotional problems experienced 
by alleged suffers of hypoglycemia reflect 
not dietary im balance; but rather psycho­
logical problem s bes: created w ith drugs, 
fpditor's note: For more on fne traditional 
medical -.new of the roie of num non  tn 
health , see "D octors and N urntion: A 
C orversanon  with Marion N estle ," m this 
issue.)

Tne precip itous drop in blood sugar 
level that follows a sugar binge aecreases 
the runcnonal capacity o: brain celis Tne 
brain then signals the adrenal glands to 
secrete the  horm one adrenalin i.epine- 
phrine), which stim ulate; the liver to re­
lease stored giycogen into ihe biood. and 
the Diruitarv eland to secrete horm one; to 
md tne conversion of givcogen into giucose. 
A drenalin aiso aenvares manv metabolic 
processes necessary :e respond to em er­
gencies. It accelerates heart rate, makes 
breathing m ore rapid and stimulates :eel- 
m g ; ot anxierv and apprehension, reac­
tions that tend to influence em otions and 
behavior.
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A v e r a g e  A m e r i c a n s  
o b t a in  a b o u t
o n e -q u a r t e r  o f  t h e i r  
c a lo r ie s  h o r n  s u g a r

. n€ ccrcn3! «icndr survrv irt me dtii- 
cose.oxygen balance ir. the blocid Exces­
sive sucrose intake alters this balance and 
snm ulates the adrenals to release hor­
m ones which stimulate tne producnon of 
gastric iuices in the stomach. This height­
ened gastnc aenvirv tends to duplicate 
conditions found in peopie with gastric or 
duodenal ulcers,”' and may explain why 
some people develop upset stomachs after 
earing sugary snacks or sugar-nch proc­
essed foods.

The Sweet Thief Steals 
Teeth—and Health

Although sugar was |udced "safe" in 
1976 by the Senate Select Cummittee on 
Substances Generally Regarded as Sate 
(GRAS), m ounting evidence strongly sug­
gests that sucrose consum ed in quannnes 
typical in the Amencan die; associated 
with diabetes, obesity, loot’n decay, hear: 
disease, vitamin deficiencies and possibly 
prem ature aging. Tne chief of the L’.S 
Department of Agriculture's Human N'u- 
tnnon insnrute estimated that as manv as 
20 million Amencans may be "sugar sensi­
tive," meaning that they expenence ad­
verse health effects from sugar." Other 
scientists are more outspoken. John Yud- 
kin, M.D., Ph.D ., professor cm enrus of 
nutrinon at London University . has wnl- 
ten: " . . .  if only a small fraction oi what is 
known about the effects of sugar were re­
vealed in relation to a.tv other mod addi­
tive, that material would prom ptlv be 
banned " l5 

Even the sugar industry is hard-pressed 
to den\ that sugar is a leading cause o; 
dental canes. Sugar makes tooossnckv. so 
they adhere to teeth more tenaciousiv. 
Bacteria in the m outh leed on mod resi­
dues glued in place by sugar and produce 
acicJ that eats away at teeth Tne National 
Institute for Dental Research has deter­
m ined that sucrose is the i.ivonte growth

m edium  ror the acid-producing bacte: 
that cause tooth decay.

Sugar that has not been denatured : 
the refining process appears iess insrr 
mental in prom oting m oth decay C: 
?rudvn  exposed cavity-free teeth rrorr.:: 
same source to either saiive m :\ec  v. 
sugar cane -u:ce or saliva rt.: w b - 
sucrose Alter a rew weeks, the tr-.-tr v 
sugar cane m ve had not ceca.ctried f  
aoou: one-nal: c : those m tor te.hr-. 
su g a rh ad

Dental canes are the m ost prevalent a- 
generative disease ir. the w orid Virtue, 
all .Amencans have some tooth decay a t 
one-half the U.S. population has no tee: 
left by age 55.H We pay deariy for c .  
nanonal sweet rooth— every y ear Am er 
cans spend 510 billion for dental care.11

In a nanon w here about one-third o: 
popularion is overw eight,16 or-esity is 
ma)or health  problem . Animal srud;r 
show  that a hig'n-sugar diet increases tn 
b ody 's  fat cem en t w niie reducing th 
am ount of p ro te in .”  Eanng sugar make 
people fat in several ways. First, whet 
suear is a staple in the diet. Ine overa 
nutritional value of the roods consum ed : 
reduced, and a person m ust eat more : 
obtain adequate nu trition . Second, to 
sugar hidden tn orocessed foods adds t 
the num ber of calories we unwitting: 
consum e. But sugar has a m ore sintst; 
link to obesity. Il appears that childre 
w ho consum e large am ounts ot sugar du: 
ing childhood may become physiologies 
iy predisposed to obesity  later in it:- 
S c ien tis ts  have  o b se rv ed  th a t babse 
b o ttle -led  w ith  fo rm ulas lhat conta: 
sucrose show a higher rate of obesity tha 
breast-fed babies.18 Feeding babies sugar 
em pty calories not only packs more 
into existing rat cells, it may also cause 
body to produce more tat cells, celis :n; 
lend to stay with the cnild throughout ‘it: 
Later dienng may reduce the size c: :: 
cells, out not their total n u m b er.18

Diabetes is ano ther sucar-relatea  :i 
ness Insuiin regulates the metaboiisrr 
sucar and the passage oi glucose intr 
cells. W hen the bodv canno t oroa... 
en o u g h  in su lin  to m e tab o lize  all 
sucrose present, excess sugar rem air- 
the blood. Cells cannot funcnon w itrv. 
siucose. and if a bodv lacks *ufftc»er: ::
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Tne hunger for sweet tTeats has pro­
foundly infiuencea world history.The Af­
rican slave trade originated to provide 
iaoor for sugar plantations in Spair and 
tne C aribbean B ritish h isto rian  Noel 
Deerr v/ntes. "The 'death  toil o: the slave 
rr.idt was 2C mill;or. Africans o: uhich 
tw o-thirds isnouic bv cnarzetr -cam s:

; ; ;
Arter slavery was abolished, the Crated

Stales on tamed most e: its sugar rrorr. 
Cuba Cuba s most terriie ;and was di­
verted from food crops for Cubans to 
sugar cane plantations to produce sugar 
for export. Until the Castro governm ent 
came to pow er in I960. Cuba remained an 
economic colony ot the U nited S tarts, 
governed to 2 considerable extent by the 
boards of directors of a few sugar com ­
panies.

•Trus system is not unique to  Cuba. In 
most sugar-producing countries, in e  rich­
est lands are appropriated for sugar cane,

: an expo in crop,precluding self-surridency 
; in food production an d  forcing these na- 
t tions to  im port food..In 1980. m ore than 

half the raw  sugar imported into th eU .5 . 
came from the Dominican Republic, Bra­
zil. the Philippines, Guatem ala, and South 
Afric2 .: Every one of these countries is 
ruled by an  authoritanan regime accused 
of major hum an n g ’nts vioianons by Am- 
nestv Intem anonal. Tne political strife in 
these narions today car., to some extent, 
be traced to the inequities that resulr when 
a small group of landow ners controls most 
of the arabie land and piants it with sugar 

• canc or other export crops, for example,
: bananas and coftee, while the m ajorin’ of 
; the population lacks land to grow food.;: ' 

Sugar production and pricing are deter­
mined by tne Intem anonal Sugar Organi­
zation (ISO), a carte! similar to OPEC, 
composed of representatives of the major- 
sugar exporting .and importing nations.*

Tne United States, which buvs 20 percent 
of the sugar traded on world markets, 
wields great influence in the ISO. Tne im­
porting nations have always refused ro 

_bu y .fin ish ed  refined suear *rom the ex- 
; porting  nations..This trade restriction was 

developed to p ro tect the orchis o: su ea r. 
.• refining .industries in the im porzng n a - • 

tions, m any of which could not compete 
w ith sugar refined in producer nations and 
soid on a tree-rrade basis Ir effect, the 
ISO has prevented producer -.an  r.s rrorr, 
mtiu? maiizm.g their sacs-m -tu-m es 

L’.r  sugar roil.-. outlined ruza* 
Act O' 3954 was tie-icr-.-a ::  r a  r e r  L’.r 
sugar refiners rrorr. tore:cm u  - r - .  rtnc.r. 
and  at tne same time to rrotec: Amencan 
consum ers rrom speculative once in­
creases This program cost U.S. aaxo3vers 
m ore t'n2r. 5500 million in 1972 alone.3 But 
despite abundant world sugar supplies, 

•■sugarprices have steadily increased over 
th e-p ast few years. Tne .Federal'Trade 

’/Commission has pronounced U S. s u e a r , 
p o licy ’/spectacularly unsuccessful in pro- 

•tecfang consumers rromnsLng worid sugar 
prices/"'.-Tne "world price -for sugar, at r 
eight cents a p o u n d  in 1979. iumped to 24 ; 
cents a pound bv February 1930. Cor.sum- 
ers grumbled at paying300 percent more"; 
for sugar, but th a t’s oniy part of the story.'; 
According to the U .S. Department of Ag- •• 
riculture. every one-cent-per-pound tin--/ 
crease in the pnee of sugar adds 5215 mil- • 

.lion '0 .America’s  annual food costs3— a 
bitter pill, even if it has a suear coatne
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: uiin. cells may die. Diabetics iack suffic­
ient msuiin and 4.5 miiiior, Amencans 
sutler from this senous illness. Diaoetes is 
usually controlled by dietarv resmctions or 
bv imection of com m ercialh-produced 
animal msuiin. Tnese treatm ents allots 
CMbencs io iivr rwisonabiv norma! iives, 
nu: :nev do noi c jre  th f liiness

Dr. Fredenc' Bannnq, whose disc oxen 
of insulin won him the N'obei I* rate, rec­
om m ended that the best wav to deal with 
diabetes was to prevent it. anc that the 
best prevention was to reduce sugar con- 
sum pnon 30 Persuasive °vidence supports 
hts eptnton During me two V\< rid V'.ars, 
mciuence of diabetes dropped sharpie

am ong civilians whose sugar suppiv was 
severely ranonec. but rose sreadiiv a n e n t  
soiaiers w no connnuea to receive am rie 
sugar allo tm ents.2i A lthough the cause 
diabetes ts no: entirely a’.car. som.-r r - . s  - 
z.ans and n u m zom sts main turn ma: a r.e : 
■•cr. tr. -cros: ■"'verrai.es the nod’. - a r_  r

farr.ruiariv  aau i’-er.se: d,arete.- A n tra  
,-r..a:-.s have show n tr.a: nigh-sucar diets 
rau.-. abnorm alities ir. the pancrcan.- c-;_s 
m at produce tr.-ubn. and studies of hu ­
m ans have show n that as sugar c e n s u n r -  
uon increases, so does the biood uisuar. 
ievei.22 H arvard N’um non  Professor jean 
Mayer has noted that adult-onset diabetics 
"usually produce near-norm ai am ounts 0 : 
msuiin, but apparently not enough to cope 
with the d em an d ."33

Diabetics usually develop mild myopia 
or far-sightedness, and som eom es severe 
retinal disease if thee  biood sugar levei is 
no: properly controlled Both animal and 
hum an studies snow that a nigh-sucar 
diet can change the refraction of t’ne eye 
and cause these problem s.24

A lthough the evidence linking sugar 
consum ption to coronary hear: disease is 
contTOversiai and far from conclusive, it 
suggests that sucrose consum ption mav 
play a significant roie in the developm ent 
o: tnc nation  s leading killer. Sucrose 
depnvanon in Europe tiunng Worid War 
I: was associated with a significant crop  in 
coronary near: d isease,21 an association 
s tre n g th e n e d  by recent E uropean  re ­
search. Finnish researchers m onitoring 
the incidence of heart attacks am ong ra - 
nsr.ts a: two m ental hospitals there, found 
the hospital with the lower num ber o: 
hear: arracks aiso had 40 percent less sugar 
in its institutional diet. In England and 
Israel, separate studies snow  that a hich- 
sucar diet raises cholesterol leveis, n a rr :-  
uiariy in young men and post-m enopausal 
women. High cholesterol levei is a sicr.i:- 
icant nsk factor for heart disease. A notrer 
study23 showed tha; sugar and salt, the 
second most popular tood additive, tenc 
to work synerpsncaUy to increase suscep­
tibility to high biood pressure, another r.sk 
factor :or heart disease O ther studies2* 
have suggested that tne relationship be­
tween sugar and heart disease is snonce:
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Honey is a  combination of fructose,: _• 
g iucose. m altose and  sucrose .. 
formed through enzym e acdon on 
n eaar gathered by bees. It also con- T 
tains some vitamins and minerals— 
but not much. Honey is sometimes 
prom oted as a "healthier" substitute 
for sugar. It isn't. It has basically the 
same effects on the body as white * 
sugar. In fact, som e commercial'?.: 
honey has sugar added to it. T .f - 'V p  
S Tcrum Suear (turbinado) is simply . : 
w h ite  suga . mixed w ith  either-. , 
m oiasses, or arrifidal colors and 

. flavors that mimic m olasses. T h e  
physiological effects of white sugar 
and brown suear are identical. - - 
Lem syrup and dextrose are proces­
sed sugars m ade horn com starch. 
Tney are popular with the food in- 

. dustry. Tney are no better for you 
than white sugar.

continued
than the one between fat consumption 
and heart disease.

The connection between sugar and vita­
m in deficiency is clearer. In tact, re ­
searchers use sucrose-based diets to ; .- 
duce riboflavin (B-) deficiency in test 
animais 3P Because refined sucrose does 
not supply the B vtramins cr minerals 
necessary for it? own c ieesnon  these 
nutrients must oe «uooiiec bv c-iner rood? 
or ieached rrorr. stored deposits in the 
body, but these vitamins are needed eise- 
wnere. B vitamins, tor example are essen­
tia! to the tormaoon oi eiutamic acid. re- 
cuired tor the proper runcrioning o! the 
bram. Not only does sucrose "steal" vita­
mins for its metabolism, it also harms the 
intestinal bacteria that produce the B vit­
amins. 29 The trace mineral chromium is 
particularly important in sucrose metabo­
lism. Chromium deficiency may contrib­
ute to diabetes and to the eye problems 
associated with it.

Few Americans believe that the serious 
illnesses that result from nurritional defi­
ciencies could occur in the richest nation 
on earth. But Amencan teenagers who 
consumed large quantities of nigh-sugar 
junk foods were recently shown to have 
hazardously low ievels of thiamin (B,). 
anc some early sym ptom s of beriben, the 
thiamin-deficiencv disease 30 While the 
som etim es severe behavior problem s 
sym ptom atic of this disease im proved 
through treatment with thiamin supple­
m ents, the researchers who monitored the 
cases concluded: "O ur expcnence sug­
gests that such (vitamin deficiency.1 suites 
may well be seen ui an affluent modem 
society, and possibly be dangerous since 
(the resulting) personality changes were 
frequently aggressive in n ature."

Another behavior problem apparently 
linked to sugar consum ption is "hyper­
activity." Although it is poorly denned 
and highly controversial, hyperactivity is a 
label applied to a broad range of behavior 
problems that make children moody, fid­
gety. unable to concentrate and subject to 
tem per tantrum s. Up to 20 percent ol 
school-aged children in the United States 
may be hyperactive.31 Children diagnosed

as hyperactive at the New York Institute oi 
Child Development registered abnormal 
results on giucose tolerance tests suggest­
ing that they nave a probiem metabolizing 
sugar.33 Dr. Keith Conners, w ho ha; in­
vestigated the sugar-hyperaco\itv  hnk at 
Children s Hospital in W ashington. D C 
speculated. "Sugar mav act lixc a 
an- crug  insofar as it alters br>d\ mcrabo-

Rtie.led research at the M asvicn 'j-cnr 
institute oi Technology :s focusing on me 
possibility tha: sugar may alter tne rro tr 
chem cais serotonin, acervicnohne anc 
norepinephnne, n e tiro can  s mi rt e r= known 
to affect aggressive, sexual and eating be­
havior, sleep  and sensitiv ity  to pain  
N 'eurcbiolocist Richard W urtm an  ex­
plained: "We know that all carbohydrates 
affect brain serotonin because they cause 
insulin to be released. Since sugar causes 
insulin to be released more rapidiy. it mav 
have a g rea te r effect on se ro to n in  
levels."13

Finally, sugar may even accelerate hu­
man physical m aturation and the aging 
process. Studies snow that sugar p ro ­
motes the release of horm ones involved m 
sexual m atu ra tion , and extrapolations 
from longevirv studies with rats suggest 
that hig'n-sugar diets may reduce hum an 
life expectancy as much as several years.3*

Kicking the Habit
Faced with the growing evidence link­

ing sugar consum pnon to various health 
problems, many people are crying to kick 
their sugar habits. Many health authorities 
caution people to eat less sugar: the Am er­
ican Heart Associahon, the D epartm ent of 
Health and H um an Services, the Surgeon 
General, the U.S. D epartm ent of Agncul- 
ture and the A m encan Medical A ssona­
tion. But a sweet tooth can be hard to 
conrro!. Som e people who rrv to renounce 
sugar are surprised to find that it reels like 
an addiction, noi quite a clinical addiction, 
but certainly a habit that's hard to break.

Fliminnnng sugar from the die: is easier 
said than done. Most of the sugar in our 
food is put there by processed food anc 
beverage m anutacturers. Tne amouns o: 
sugar in these foods and arinks is oner, 
surpnsm g (see sidebar), but it is verv dif­
ficult to know  exactly now much sugar is 
in any food because food labels do not list 
the am ount of each ingredient. Manx con­
sumer organizations nave pennoned die

cjr.mtuc;
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continued
Food and Drug Administration to require 
percentage labeling, so consum ers can 
make more informed decisions about the 
am ount of sugar— and other additives — 
in their diets, but to date the agency has 
taken no action.

.Although food labels do not specify the 
proportions of ingredients, the more sugar 
in a product, the closer to the beginning of 
the ingredient list it is placed. Read food 
labeis carefully, and select products w ith­
out sugar, or those that place it toward the 
end  of the ingredient list.

O ne way to assess your sugar consum p­
tion is to wrnte down how much sugar you 
eat in one week. You may be surprised al 
how  much you consume.

Tnen, try to cut back on the sugar added 
to foods and beverages It s not tha: much 
of a hardship. Sugar tends tc blunt tne 
sensitivity oi the palate. When sugar is 
restricted, the natural flavors of foods tend 
to become more noticeable. Try to treat 
sugar as a condiment, not as a staple to be 
eaten in bulk.

When you do eat sugar, try to eat it at 
the end of a meal, not between meais. 
Sugary snacks on an empty stomach can 
pu t you on the read to the sugar rush/ 
sugar crash cycle. Sugar's effects on the 
body are reduced when eaten at the end oi 
a meal because the mods eater, before it 
slow its enny into the bit . d stream.

Reducing your sugar consumption mav 
produce some sym ptom s oi w itndrawal, 
tor example, imtabiiity depression or ner­
vousness. These generally pass in about a 
week. It's a good ioea toconnnue to keep a 
sugar diary as you reduce your sugar con­
sum ption . It allow s you to see w here 
y ou ’re making progress and w here more 
effort needs to be appiied.

In Chicago, a group called Sugar Beaters

Anonym ous has formed to heip peopi; 
kick the ir sugar habits. Sugar Beatert 
began as a wager between two brothers 
Lawrence and lames McManus. Tney bctr 
decided  to give u p  sugar, and  :? 
"sw veien" the deal, they L ie  SI00 or. thr 
line. W hoever aie sugar firs: would icfr 
his money Two x cars iarer the he: re­
main ? to be collected. Tnc brothers sa.a 
:ne\ :el: so much healthier after cv.-.nc cr 
sugar, tnex riecicec to help others do tnc 
same.

Sugar Beaters is organized along th? 
Lines of Alcoholics .Anonymous (see "Al­
coholics Anonym ous: 45 ^ears o; Self 
Help One Day at a Time." in MSC frll) . A: 
meetings three times a week, members 
discuss their feelings of poweriessness 
over sugar, and the ways they deal with, 
the problem s sugar causes them. Lax'- 
rence McManus, a nutritionist. said there 
are many simiiarines be-ween the obses­
sions for sugar and aiconoi. 'T o  us. suga* 
is an addiction. W hether it’s sugar or aj- 
cohol, people are hooked on a chemicai 
high (they're) unable to control, and suffer 
m alnutrition because neither alcohol no: 
sugar has nutritional value."

Sugar Beaters appears to work for some 
people. One alum nus said, "For the nrs: 
r.me in about three years. I’m not spaced 
out. my xnsion isn’t blurred. I'm nor tired 
and best of ali, 1 iee! satisfied with a normal 
am ount of food. I feel like my oic sell 
again." □

Janice Fillip has w rit ter. cxtensiveiu on n u n -  
tion, food politics and ecology for Whoie 
Foods, W om en's Sports. Not Man Apan 
and o lh tr  publications.

_ Resources___
Sugar Beaters A nonym ous, 
Sugar Detox Center 
4S00 1\ ' . M ilw aukee 
Cmcaeo. FL 60630 
(312)730-HSSS
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SUGAR IN BREAKFAST CEREALS

Percent Total Sugar (Dry Weight)

0 .1 % Puffed Rice 29.6 Golden Grahams

0.5 Puffed Wheat 30.0 Raisi.i Bran

0 . 6 Shredded Wheat-spoon size 30.1 Cracklin' Bran

3.0 Cheerios 31.7 Cap'n Crunch

3.6 Corn Chex Peanut Butter

3.7 Wheat Chex 34.5. Cocoa Puffs

4.4 Rice Chex 35.7 Trix

4.6 Kix 36.5 Frosted Rice

5.1 Special K 37.4 Honey Combs

5.4 Tost Toasties 37.7 Alpha Bits

5.4 Corn Flakes 39.4 Count Chocula

7.1 Rice Krispies 39.9 Cap'n Crunch

7.1 Grape Nuts 40.2 Quisp

8 . 1 Total 40.2 Cookie Crisp, Oatmeal

8 . 2 Wheaties 40.2 Crazy Cow, Strawberry

9.6 Concentrate 40.6 Sugar Frosted Flakes

9.8 Product 19 40.8 Corny Snaps

1 2 . 0 Buckwheats 41.3 Lucky Charms

1 2 . 8 Grape Nut Flakes 41.5 Cookie Crisp, Chocolate Chip

13.0 Bran Flakes, 401! 41.6 Fruity Pebbles

13.6 Team 42.1 Cocoa Pebbles

16.5 Life 42.7 Cookie Crisp, Vanilla

18.3 Fortified Oat Flakes 42.8 Frosted Rice Krinkles

19.4 All Bran 43.3 Cocoa Crispies

20.5 100% Bran 43.7 Cap'n Crunch, Crunchberries

2 1 . 2 Life Cinnamon 44.5 Frankenberry

21.7 Country Crisp 45.3 Crazy Cow, Chocolate

25.6 Frosted Mini Wheats 45.4 Super Sugar Crisp

27.8 C. W. Post (Plain) 46.0 Sugar Corn Pops

29.1 Raisin Bran 48.4 Fruit Loops

29.3 C. W. Post (Raisin) 54.0 Aprie Jacks
55.5 Sugar Smacks

1f,;rce: Li, B.W., and Schuhmann, P.J. , “Gas-Liquid Chromatographic Analysis

of Sugars in Ready-to-Eat Breakfast Cereals". J. Food Sci. (in press).



Hidden Sugar
•

The approximateiBugar content of popular food3 expressed in teaspoons

1 0 0  grams sugar » 20 teaspoons * 1 / 2  cup - 3 1/2 oz. =* 400 calories

Candy* Chocolate bar
tsp.

1  average size
sugar

7
Chocolate creaa 1  average size 2
Chocolate fudge 1 1/2” sq. (15 to 1 lb.) 4
Chocolate mints 1  medium ( 2 0 to 1  lb.) 3
Marshmallow 1  average (60 to 1  lb.) 1  1 /
Chewing gum 1  stick 1 / 2

Cakes and Chocolate cake 1 / 1 2  cake ( 2 layer icing) 15
cookies Angel food cake 1 / 1 2  of large cake 6

Sponge cake 1 / 1 0  of average cake 0
Cream puff (iced) 1  average custard filled 5
Doughnut, plain 3" diameter 4
Macaroons 1  large or 2 small 3
Gingersnaps 1  medium 1
Molasses cookies 3 1/2" diameter 2
Brownie9 2" x 2" x 3/4" 3

Ice cream Ice cream 1 / 8  quart (1 / 2  cup) 5-6
Sherbet 1 / 8  quart (1 / 2  cup) 6-3

Pie Apple 1 / 6  med. pie 1 2
Cherry 1 / 6  med. pie 14
Raisin 1 / 6  med. pie 13
Pumpkin 1 / 6  med. pie 1 0

Soft drinks Sweet carbonated beverage 1  bottle, 6 oz. 4 1/3
Ginger ale 6 oz. glass 3 1/3

Milk drinks Chocolate 1 cup, 5 nz. milk 6
Cocoa 1 cup, 5 oz. milk 4
Eggnog 1  glass, 8 oz. milk 4 1/2

Spreads Jam 1  tbs. level 3
and sauces Jelly 1  tbs. level 2 1 / 2

Marmalade 1  tbs. level 3
Syrup, maple 1  tbs. level 2 1 / 2
Honey 1  tbs. level 3

Chocolate sauce 1  tbs. thick 4 1/2

Cooked fruits Peaches, canned in syrup 2 halves, 1  tbs. syrup 3 1/2

Rhubarb, stewed, sweetened 1 / 2  cup S
Apple sauce (unsweetened) 1 / 2  cup scant n
Prunes, stewed, sweetened 4 to 5 m e d , , 2 tbs. juice 3

* Candy is from 75 to 85% sugar. Popular candy bars are likely Co weigh from 

1 to 5 oz. and may contain 5 Co 20 teaspoons of sugar. Adapted from current 

publications on food values. Courtesy of Dr. Herman Becks, University of 

California.



Dried fruits Apricots, dried 4 to 6 halves 4

Prunes,,* dried 3 to 4 medium 4

TDates, dried 3 to 4 stoned 4 1/2
Fig3, dried 1 1/2 to 2 small 4

Raisins 1/4 cup 4

Fruits and Fruit cocktail 1/2 cup, scant 5

fruit juices Orange juice 1/2 cup, scant 2
Pineapple juice, unsweetened 1/2 cup, scant 2 3/5
Grapefruit juice, unsweetened 1/2 cup, scant 2 1 / 5

Grapefruit, commercial 1/2 cup, scant 3 2/3

Information from the American Dental Association, 211 E. Chicago Avenue, Chicago 
Illinois 60611



A  B a s i c  S u g a r l e s s  

S H O P P I N G  G U I D E

On the following pages is a shopping list free of refined sugar, 
starch, and flour. But it’s only a beginning list, because 
processors are realizing the need for natural products and are 
introducing more of them regularly. More sugarfree foods are 
coming to the grocery shelves.
Read labels very carefully. A brand in one area of the country 
may be sugarless while the same brand in another part of the 
country may have sugar added.
I believe shopping can be fun. Here are a few suggestions to 
help make it so:

I. ’’Set aside a time of day or night when 
you can do your shopping in a leisurely 
manner.

2. Avoid the peak hours of shopping.

3. Make sure you have just eaten so as 
not to run the risk of becoming tired and 
irritable (and of overspending your 
budget).

4. Choose a pleasant store, one lhat 
gives you wide aisles, soothing music, 
appealing produce, fresh poultry, seafood, 
and meat, with much variety.

5. Snack while you shop. Take along 
some nuts, seeds, or cheese.



Grocery Items without Refined Sugar, Storch, or Refined Rlour 
, Sample Brands Shown

Other brands are usually available—please read the label.

C rackers ,  e tc . '( if  a l low ed)
N a tu ra l  R yK risp
H ol-G ra in  B row n Rice W afer-e ts
H ol-G rain  W hole W hea t W afer-e ts

Fruit, canned  (fresh  p referred)
P ineapp le  in ow n  ju ic e —D; le. T o w n h o u se  
G ra p e f ru i t ' in  ow n ju ic e — Dole, 

T o w n h o u se  
P each e s—S & W N u tra d ie t  Blue Label 
P e a r s —S & W N u tra d ie t  Blue Label 
F ru it C o ck ta i l—S & W N utradie t Blue 

Label
A pple  sa u c e —S & W N u tra d ie t  Blue Isabel

F ru it,  frozen
S t r a w b e r r ie s —Bel A ir  W hole 

U nsw ee tened  
B oysenberries , Bel A ir  
Blueberries, Bel A ir  
M ost loose-bag  packs

Fruit Juice, can n ed  or bo tt led  
M ost item s labeled simply "juice" arc 
without sugar. For example:

A p p l e - T r e e  Top, T o w n h o u se
P e a r -a p p le —T o w n h o u se
G ra p e f ru i t—T e x su n  Pink, L ibby’s, S & W
P ineapp le— Dole, S & W
P ru n e—T o w n h o u s e  *’
G rap e—W elches, E m press  
C ra n b e r ry —O cean S pray - 
O range an d  g ra p e f ru i t—T o w n h o u se  
O ran g e—Libby 's .  T e x su n  

A void  fruit drink, necl-ar. cocktail, 
and punch.

Fruit Juice, frozen c o n ce n tra te  
O ran g e—M inute  M aid , Bel A ir  
G ra p e f ru i t—Bel A ir 
A p p l e - T r e e  Top 
P ineapp le—M inu te  M aid 
A void  frozen g r a p e - s u g a r  added.

D airy Item s 
Cream , bu tte r ,  milk 
Cottage cneese 
Cream  cheese
N atu ra l  ch ed d a r  cheese  (not processed) 
Plain yogurt

G elatin
Knox unflavored

G rains  and  C erea ls  (if a llow ed)
Brown rice, w ild  rice 
O atm eal, u n f lavo red  
W heat germ 
Whole g ra in  m ixes,

4-grain  or 7-grain  cereals

M eat, P o u l try ,  Seafood, canned  
\ :orma.'ly without sugar:

T una , sa lm on, sa rd in e s  (except w ith  
tom ato  sauce), sh r im p , clam s, crab, and 
oys te rs .

C h icken—S w a n so n  boned 
T u rk e y —S w a n so n  bon-, j  
Following brands are suuarless  bul 
u n fo r tu n a te ly  contain nitrite:
Luncheon m e a t—M ajes ty  
Corned  beef—H ereford  
H am —A rm o u r  G olden  S ta r



s
Meat, etc., frozen 
U nbreaded  fish or m eat pa t t ie s

Nuts !pre ferab ly  raw)
•-j3 Most bag packages

a
35. 0513
5* To avo.d hydrogenation and preset--

vatives. pure cold-pressed vegetable 
r-s nils are preferred —avai lable  at health
— food stores.

Olives
All

Pasta (if allow ed)
IVlio/e g ra in  spaghett i ,  m acaroni, and j 
nnndlcs are avai lable in health food 
stores.

Peanut Butter
The "old fashioned" type is nut 
hydrogenated and is therefore 
preferred.

Pickles
Dill

Salad D ressings 
French—G ira rd ’s O rig inal 
T rader  Vic’s Javanese  
O thers  at hea lth  food stores.

Salt
M orton's 5-lb. bag pack 
Shilling C arl ic  Salt 
Vegetable s a l t —health  food s to res  
Sugars are often added to sa l t—please 

read label.

•••• ■ ' ^ 7 , „ .
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Sauces and Condim ents  
P repared  m u s ta rd —French 's . K raft  
T om ato  sauce—De.': M onte. Progresso, 

C ontad ina
Maggi Seasoning 
T obasco  Pepper Sauce 
K etchup—he.ilth food store 
Soy sa u c e —Kikornan’s. T am ari

Sausage, etc.
Although Bail Park wieners anc lones 
sausage are sugarless. they contain 
nitrite. Check locally made brands and 
health food stores for products  vv ithoiit 
suga r  or r i t r a t e s /n i t r i t a s .  Some 
physicians feel pork should be a\ aided.

Vegetables, canned (fresh vegetables 
are much preferred)
Normally sugarless:

Creen bear.s 
C arro ts  
A sparagus  
Spinach
Beets (excppt pickled)

T o m a to e s—T ow nhouse. H unts .
G ardcnside  

Mixed veg—Freshlike. Veg-A!l 
Sweet p o ta to e s—T aylo r s 
H earts of a r t ic h o k e —S ft W 
C arb an zo  b e a n s —Janet Lee 
Lima beans —Del Monte
Avoid canned peas, corn, and kidney 
beans, which are typically canned w ith 
sugar. Packaged dry beans are without 
sugar.

Vegetables, frozen
Normally any plain fro/.en vegetable 
(lhal is. without sauce,1 is sugarless. 
Ileatl t/ii* label.



‘B a s i c  D i e t a r y  G u i d e l i n e s  f o r  H y p o g l y c e m i c s

If you are  hypoglycem ic , y ou r  doc to r  will give you specia l in s tru c t io n s  on nu tr i t io n .  A s  
a rem inder,  som e bas ic  in s tru c t io n s  are listed  below  If y ou r  docto r 's  in s tru c tio n s  
differ, p lease  d is re g a rd  these  and  follow his advice.

1 . A v o id  refined  sugar ,  s ta rch ,  and flour and  every th in g  con ta in ing  them. Get in 
the habit of reading labels.  Look not only for sugar,  s ta rch ,  and flc/ur, but also to n

D extrin
D extrose
Lactose
F ructose
M altose
G lucose

Foods con ta in in g

C andy
Cookies
Cakes
Pies
P as te r ie s  
Ice c ream  
D oughnu ts  
M ost b read s  
V arious jellos 
Pretzels  
Potato  chips 
White rice 
Chocolate

Sucrose  
Sorbito l 
H exitol 
A rro w  root 
Brown sugar 
M olasses

refined  sugars ,  s ta rch e s ,  and 
Cocoa
C hocolate  milk 
C hocolate  d r inks  
Soft d r inks  
Alcohol
Fruit d r inks  (not juices}
D essert toppings
C hew ing  gum
S w ee t pickles
K etchup
M ayonna ise
Relishes
M ost cond im ents

Honey
Raisin  s y ru p  
Mall sy rup  
Corn s ta rc h  
Corn sy ru p  
Corn sw ee tene rs  
N a tu ra l  sw ee tene rs

flours  (not allowed):
M ost s teak  sauces  
Cheese sp read s  
P rocessed  cheeses 
C erta in  can n ed  m eals 
M ost luncheon m eats  
Sausage  
M ost hot dogs 
M ost com m ercial soups 
M ost canned  fru its  
Some frozen fruits  
Some canned  vegetables 
Some frozen vegetab les  
P ancakes
P a s ta s  (spag.. m acaroni)

2. A void  n a tu ra l  sw e e te n e rs  such  as honey, m olasses, 3nd da te  Sugar until y ou r  
doctor a l low s them. T h erea f te r ,  use only in small am o u n ts  (for exam ple ,  one-fourth  
teaspoonful).

3. Follow y ou r  d o c to r ’s adv ice  on q u a n t i ty  of fruit. P h y s ic ia n s  v a ry  in am oun t of 
fruit a llow ed. Som e feel th a t  fruit in tak e  shou ld  be res tr ic ted ; o th e rs  a l low  un lim ited  
am oun ts .

Dates, p runes ,  ra is in s ,  and  o ther  dried fru its  are very  high in 
f ru it su g ar .  G rap e  juice and  prune juice are also high.



4. Limit o th e r  h igh c a rb o h y d ra te  foods. Restrict, ior exam ple , w h ea t ,  rice, corn, 
beans (other th an  g reen ) ,  and  po ta toes .  If you are perm itted  to hav e  w ho le  g ra ins ,  
lake only half  a slice of bread. T a k e  only half a poia to .

5. Eat at leas t  4 v eg e tab le s  a day. E xpand  your taste  to inc lude  at least 15 to 20 
different vege tab le s  in your reg u la r  diet. Such var ie ty  will g ive  you  im p o r ta n t  
v itam ins  and  m inera ls .

. 6 . Use m o s t ly  f resh  foods and cook them  as little as possib le . R aw  ve ,2eta'bles are 
very des ireab le .  F resh  is be t te r  than  frozen, and  frozen is b e t te r  th an  canned , 
bottled, or o th e rw ise  p rocessed .

7. Include a m o d e ra te  am oun t of pro tein  in w h a tev e r  n u m b er  of p o r t io n s  pe r  day  
your doctor d irec ts .  P ro te in  is essen tia l,  but we frequen tly  eat m ore than  we can 
dir.-st. Use m o d e ra te  p o r t io n s  of eggs, seafood, poultry , cheese, and  m eat. E xam ples  
of portions: 2 eggs. 4-5 ounces of seafood, 2 pieces of chicken, a slice or tw o  of 
cheese, a m edium  sized  h am b u rg e r  pa tty .  Milk is considered  by m any  to be d ifficult 
to digest and  is o ften  not p e rm itted  in a hypoglycem ic diet. C ream , ho w ev er ,  is a 
w onderfu l s u b s t i tu te .  It can  be used  as is or d ilu ted  w ith  w a te r  to the co n s is te n cy  of 
milk.

8 . E lim inate  caffeine. T h is  m eans  no coffee, tea cola d r inks ,  or Tub. S u b s t i tu te s  
include w eak  herb  teas and Sanacaf.

9 . A void  chem ica l ad d i t iv e s  as  m uch as possible . The d angers  of som e w ide ly  used 
add itives  (e.g., so d iu m  n itr i te  and  BHT) are know n. O thers  are p ro b a b ly  equ a l ly  as 
harmful.

10 . Limit alcohol. Idea lly  it shou ld  be e lim inated  a l toge the r  becau se  it b reak s  dow n  
into sugar very qu ick ly .

11 . Include v ege tab le  oils in y ou r  diet. M ost conta in  p o ly u n s a tu ra te d  fa t ty  ac ids  (if 
not h y d ro g en a ted  in p rocessing),  w hich  are needed for w eight contro l.

12 . Snack  at n igh t if  n ecessa ry .  If you tend  lo w aken du ring  the night, hav e  snacks 
available  at your bedside .

13. Eat m any  sm all  m eals  a day . T h is  rule is im p o r ta n t  Eating often  is e s sen tia l  to 
m ain ta in ing  an even blood sugar  level. For m any  people this m eans p re p a r in g  a d e q u a te  
mini-meal sn ack s  for m id -m orn ing  and  afte rnoon breaks, ea ting  sm a l le r  rrca ls .  and 
snacking  before bed tim e. Some ind iv idua ls  may need to snack  as often  as every  h ou r  in 
the beginning.
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How  Sweet It Is— And Isn ’t

Sugar is gelling a loi o f  attention because it's in so m any  
processed foods. M any people want to know■ how much  
they 're getting in their fo od , and m any nutrition and 
health experts are dubious o f  its contribution lo the A m eri­
can diet and health. We fin d  that m ore than one kind o f  
sugar is getting into fo o d , and so we're eating more o f  the 
s tu ff all the time.

by Chris W. Lecos

Sugar, “ that honey from reeds."  as one author de­
scribed it more than 2.000 years ago. has been a part 
of m ankind’s diet for as long as anyone cares to rem em ­
ber.

Cave drawings tell us of prehistoric m an's taste for 
honey, figs. and dates. The beekeeping practices of 
Egyptians are depicted in the artw ork in tombs dating 
around 2600 B .C.

The Bible tells us that the “ prom ised land" flowed 
with milk and honey. It turned into a flood once sugar­
cane was discovered.

In the writings of an obscure officer in A lexander's 
arm y during its invasion of India, one finds the first writ­
ten m ention of sugarcane. T hat was around 325 B.C.

Yet. despite this long history, the use of sugar in the 
diet has becom e a controversial issue in recent years that 
has involved doctors, scientists, nutrition, ts. private citi­
zens. the G overnm ent, and the industry itself.

Why all the fuss?
•  Because there is a growing body of expert opinion 

that believes A m ericans would be healthier if they ate 
less sugar, not because it's bad for you. but because its 
only real contribution  is taste and Calories.

•  Because sugar has becom e the leading ingredient 
added to foods in the U nited States today. That is. most 
of the sugar consum ed is added before it gets to the con­
sumer.

•  Because most people d o n ’t know how much sugar 
they ea t. and many want to know. This is a principal rea­
son the Food and D rug A dm inistration wants the total 
am ount of all sugars identified on m ore foods. The total

would include both naturally  occurring and added susar.
•  B ecajse  sugar, though blam ed wrongly for manv ills, 

is one of a num ber of contribu tors to dental caries. 
A m ericans are spending S 10 billion a year for dental 
care.

To most people, sugar is what you find on the kitchen 
table, put into coffee, o r mix in a cake. This, of course, 
is the sugar refined from  cane and beets.

Actually, there are m ore than a hundred substances 
that are sweet and which chem ists can correctly  describe 
as sugars. Sucrose, o r  table sugar, is just the most com ­
mon and abundant of them  all.

Industry literature describes sugar as a cheap  source of 
food energy, a m ajor con tribu to r to  food processing and 
general nutrition , and a substance that m akes many foods 
with o ther nutrients taste better.

“ G ood nu trition ."  says a brochure from the Sugar A s­
sociation. "begins with ea ting ."

Its point, of course, is that if food is sw eetened , people 
will eat the foods with the nu trien ts they need. H ow ever, 
many nutritionists and others concerned with A m erican 
eating habits dispute sugar's value.

In a 1976 evaluation of the health  aspects of sucrose as 
a food ingredient, the F ederation o f A m erican Societies 
for Experim ental Biology (FA SE B ) stated in a report to 
FD A : “ Unlike most o th e r  foods, sucrose furnishes vir­
tually only energy."

M any nutritionists concur and describe sugar as an 
“ em pty C alo rie ." If sugar is to  be part of the d ie t, they 
say. it is preferable to  get it from fruits, vegetables, and 
o ther items where it’s a natural part of the product.

As it does with m ost o th e r carbohydrates, the body 
converts sugar into glucose, the prim ary fuel of the body. 
During digestion it is broken down into equal parts of 
two simple sugars: glucose (dextrose) and fructose (levu- 
lose).

These com ponents en te r the bloodstream  through the 
walls o f the r>mall in testine, and the blood carries the sug­
ars to the tissues and the liver. There it is used or con­
verted into glycogen and stored  until the body needs it. 
The horm one insulin m akes it possible for glucose, o r
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biood sugar, to  en te r nearly all the  cells of the body, 
w here it is used as an energy source.

W hen m ore energy is needed , the  liver converts glyco­
gen into glucose, which is then delivered  by the b lood­
stream  to o th e r organs or muscle tissue. Glucose not 
needed by the cells is m etabolized in the liver into fatty 
substances called triglycerides. T h e  body can call upon 
this sto red  energy during dieting and  fasting.

Because of these energy r e s e t s ,  nutritionists discount 
the argum ent that sugar is useful for quick energy needs 
before physical activity.

A m ericans get about 24 percent o f  their Calories from 
sugar— of which 3 percent com es in natural form from 
fruits and  vegetables. 3 percent from  dairy products, and 
the balance from sugar added to foods.

If sugar provides about 20 p ercen t o f a person 's Calo­
ries. he m ust get the o ther 80 percen t by selecting foods 
that supply the o th e r nutrients his body needs— which is 
not easy to do, say some nutrition ists, if one is trying to 
lose weight.

For m any A m ericans, weight is a problem . A study re­
leased in 197S by the National C en te r  for H ealth S tatis­
tics indicated that one-third of the  population  was 
overw eight.

In a study of 13.600 people w hose weights between 
1971 and 1974 w ere com pared with adults of equivalent 
height a decade earlie r, the C en ter found that men and 
w omen under 45 w ere, on the average , 3.8 and 4.7 
pounds heavier, respectively. T hose over 45 had gained 
an average of 4.8 pounds.

T here  is no accurate m easurem ent of how much sugar 
the average A m erican eats. The best available barom eter 
of sugar use is the per capita consum ption figures of the 
U .S. D epartm en t of A griculture (U S D A ).

A lthough the per capita figures do not tell how much a 
person actually eats, they do show the am ount of sugar 
that "d isappears" into the m arketp lace— that is. the 
am ount shipped by sugar producers for industrial, hom e, 
and o ther uses.

Citing USDA figures, sugar industry spokesm en m ain­
tain that sugar consum ption in the United States has 
been relatively stable for m ore than 50 years now. at 
around 100 pounds a year p e r  person.

H ow ever, that figure refers only to the consum ption of 
refined cane and beet sugar. It does not reflect the grow ­
ing impact of a variety of corn  sw eeteners now in use. 
T he term  "corn sw eeteners" includes various corn sirups 
(high fructose corn sirup, glucose) plus o ther Caloric 
sw eeteners, such as dextrose, lhat are derived from corn.

R efined sugar, corn sirup, and corn sugar account for 
the bulk of the sweeteners consum ed in this country. 
A m ong the rem ainder are honey, m aple, and o ther ed i­
ble sirups.

All of these are Caloric, and  when all are taken into 
account. U SD A  figures show a rise in per capita con­
sum ption from 122 pounds in 1970 io 128 pounds in 
1978.

Per capita consumption of just refined sugar hovered 
around the 100 pounds per y ear level betw een 1960 and 
1974. Since then, the trend generally  has been dow n­
w ard. falling below 93 pounds in 1978. according to 
U SD A . Fred Gray, an agriculture econom ist for U S D A . 
predicted  a further drop of several pounds for 1979.

The decline in refined sugar consum ption has been 
m ore than offset by the steady  rise in corn sw eetener 
usage— from a per capita ra te  of 19 pounds in 1970 to al­
most 34 pounds in 1978.

N orris Bollenback, scientific director for the Suear A s­



sociation, said the prim ary im petus for the increase has 
come from the grow ing industrial use of high fructose 
corn sirups, especially by soft drink producers.

T he use of high fructose corn sirups Was neglible— less 
than a pound per cap ita , on the average— in th e  early 
1970’s. T he industry  was in its infancy then, an d  food 
and beverage m anufacturers relied almost en tire ly  on 
cane and beet sugar for the ir products because those sug­
ars were cheap and  p lentifu l, selling for about 11 or 12 
cents a pound w holesale,

The rapid escalation of sugar prices in 1974— up to 
around 33 cents a pound w holesale—compelled the food 
and beverage industries to turn to other sw eeteners, and 
the most attractive of them  all was the high fructose corn 
sirups.

By the end of 1975. U SD A  figures show tha t per cap­
ita consum ption o f those corn sirups had risen to  5 
pounds and  3 years la ter up to 11 pounds. G ray  pre­
dicted that high fructose corn sirup usage w'ould reach 15 
pounds in 1979 and 18 pounds by the end of 1980.

Bollenback cited figures that showed that high fructose 
corn sirup producers have m aintained their p ro d u c t’s 
price consistently below  tha t o f refined sugar— roughly 
from 3 to 10 cents a pound less at the wholesale level. 
Last year, the w holesale price of high fructose corn  sirup 
was around 13 cents a pounds com pared to 20 cen ts for 
refined sugar.

“ If (refined) sugar p roponen ts think things will be back 
the way they w ere, they are being unrealistic," B ollen­
back noted.

Things also a re n ’t the way they used to be in how 
sugar gets to o u r stom achs. Fifty years ago, tw o-thirds of 
the sugar produced w ent directly into the hom e, which 
m eant control was d irectly  in the hands of the housew ife 
or individual who bought it. T he balance was used  mostly 
by industry.

Now, the reverse is true . Sixty-five percent o f  the re­
fined sugar produced  today is being consumed by the 
food and beverage industries and only 24 percent is going 
for hom e use.

T he beverage industry— com prised of soft d rin k  bo t­
tlers and beer and wine producers— is the leading indus­
trial user o f refined sugar and of high fructose corn  
sirups. It used 26 percen t of the 9.8 million tons o f  re­
fined sugar shipped in 1978 and about 40 percent o f the 
high fructose corn sirups.

A lthough there  has been a considerable am ount of 
public controversy over the am ount of sugar in cereals, 
the bakery and cereal industries combined used only  13.4 
percent o f all the  sugar p roduced  for food purposes in 
1978. U SD A  figures did not separate  the two.

Producers of confectionery  products had the nex t high­
est usage at 9.2 percen t, follow ed by 7 percent fo r the 
processed food and canning industries, and 5.6 percent 
for dairy products.

T he consum er today is confronted  by a wide variety  of 
sugars and o ther nu tritive  sw eeteners, and there is no sig­
nificant difference in the am ount of Calories each  p ro ­
vides.

Below is a b rief exp lanation  of the more com m on sug­
ars and sw eeteneis:

Sucrose, ob tained  in crystalline form, from cane and 
beets, is a double sugar o r disaccharidc and is com posed 
of two simple sugars, glucose and fructose. It is abou t

99.9 percent pure and is sold in ei le r g ranulated  or pow ­
dered form .

Raw sugar, tan to brown in appearance , is a coarse, 
granulated  solid obtained from evapora tion  of sugarcane 
juice. FD A  regulations prohibit the sale of raw sugar u n ­
less im purities— dirt, insect fragm ents, e tc .— are rem oved.

Turbinado sugar is sometimes viewed erroneously as a 
raw sugar. A ctually, it has to go through a refining proc­
ess to rem ove im purities and most o f the molasses. It is 
produced by separating  raw sugar crystals and washing 
them with steam . It is edible if produced under proper 
conditions. H ow ever, some samples in the past have 
been found to contain contam inants, the Sugar Associa­
tion warns.

Brown sugar consists of sugar crystals contained m a 
molasses sirup with natural flavor and color. H owever, 
some refiners m ake brown sugar by simplv adding sirup 
to refined white sugar in a mixer. it has 91 to percent 
sucrose.

Total invert sugar, a mixture of glucose and fructose, is 
form ed by splitting sucrose in a process called inversion, 
which is accom plished by the application of acids or en ­
zymes. It is sold only in liquid form and is sw eeter than 
sucrose. It helps prolong the freshness of baked foods 
and confections and is useful in p reventing food shrinkage.

H oney  is an invert sugar formed by an enzyme from 
nectar gathered  by bees. Its com position and flavor de­
pend on the source of the nectar. F ructose , glucose, m al­
tose, and sucrose are  among its com ponents.

Corn sirups, produced by the action o f enzymes and or 
acids on cornstarch , are the result o f  hydrolysis o f starch. 
High fructose corn sirup is a derivative o f corn. The 
am ounts o f fructose vary with the m anufactu rer. One 
m ajor p roducer's  sirups contain 42 p ercen t. 55 percent, 
and 90 percent fructose. Dextrose com prises most of the 
balance.

Levulose, o r fructose, is a commercial sugar, consider­
ably sw eeter than sucrose, although its sw eetness actually 
depends on its physical form and how it is used in cook­
ing. Fructose, known as a fruit sugar, occurs naturally in 
many fruits.

D extrose , o r  glucose, is also called corn  sugar. It is 
m ade com m ercially from starch by the action of heat and 
acids, o r enzym es. It is often sold b lended  with regular 
sugar.

Lactose, o r milk sugar, is made from  whey and skim 
milk for com m ercial purposes. It occurs in the milk of 
m am m als. The pharm aceutical industry is a prim ary user 
of p repared  lactose.

Sorbitol, mannitol, rnaltitol, and xy lito l are sugar alco­
hols o r polvols. They occur naturally in fruits but are 
com m erically produced from such sources as dextrose. 
Xylitol is a sugar alcohol made from a p art o f birch trees. 
Sorbitol, m annito l, and rnaltitol are ab o u t half as sweet 
as sucrose; xylitol has a sweetness abou t eqtjaFto sucrose.

A lthough fructose and the other sugar |flcohols are 
prom oted as suitable substitute sw eeteners, especially for 
diabetics, m any health  scientists question their supposed 
advantages pending m ore research and long-term  studies. 
This will be the sub ject of the next article in this series in 
FD A  C onsum er .

Chris Lecos is a m em ber o f  FD A's p u b lic  affairs staff.
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ai 8 hours. 45 p.g/mL at 12 hours, and 25 iig/mL al 16 hours. Following a single 
I -6-g oral dose (as two 800-mg tablets) of one commercially available extend- 
ed-release aspirin prepaxauon in healthy adults in one crossover study, an 
average peak plasma aspirin concentration of about I ng/mL was attained 
within 2 hours and average peak plasma salicylate concentrations of about 22 
ug/mL were attained within 8-12 hours: the plasma salicylate concentration 
declined to about 15 pg/mL by 24 hours.
Suppositories

In one study in children given a rectal dose of 150-300 mg of aspinn as 
a suppository, peak serum salicylate concentrations of 20-140 pg/mL generally 
occurred within 3-4 hours.
DISTRIBUTION
Aspinn is rapidly and widely distnbuted. apparently into most body tissues and 
fluids. The volume of distnbution of aspinn is approximately the same as that 
of salicylate and is generally 0.15-0.2 L. kg.

In one study in patients with rheumatic disease who received a single 
650-mg oral dose of buffered aspinn. aspinn was detected in synovial fluid 
within 10-30 minutes and salicylate was detected in synovial fluid within 15-35 
minutes. In this study, peak aspirin concentrations in synovial fluid occurred 
after an average of 1.3 hours and were about 75T of peak blood concentrations; 
peak salicylate concentrations in synovial fluid occurred after an average of 2.2 
hours and were about 6Qcic of peak blood concentrations.

Aspinn is poorly bound to plasma proteins: the unhydrolvzed drag is 335r 
bound at a serum salicylate concentration of 120 pg/mL. However, aspirin 
acetylates scram albumin at the £-amino group of lysine; the acetylation may 
alter binding of other drags (e.g.. phenylbutazone) to the protein. Acetylation 
of serum albumin by aspirin is inhibited by salicylate.
ELIMINATION
The elimination half-life of aspirin in plasma is approximately 15-20 minutes. 
Unlike salicylate, unhydrolyzed aspirin does not undergo capacity-limited me­
tabolism and does not accumulate in plasma following multiple doses.

Following oral administration, aspinn is partially hydrolyzed to salicylate 
during absorption by esterases in the Gl mucosa. Following absorption, unhv- 
drolyzed aspinn is rapidly and almost completely hydrolyzed by esterases 
principally in the liver but also in plasma, erythrocytes, and synovial fluid: 
hydrolysis occurs more slowly in synovial fluid apparently because the amounts 
of esterases in synovial fluid are lower. It has been reponed that aspirin may 
be hydrolyzed more slowly in women because women apparently have lower 
amounts of plasma aspirin esterases.

Only about 19- of an oral dose of aspirin is excreted unhvdrolvzed in the 
urine. The remainder is excreted in the urine as salicylate and its metabolites.

Uses
Aspirin is used extensively in the treatment of mild to moderate pain, fever, 
and inflammatory diseases. Aspirin is also used in the prevention of arterial and 
possibly venous thrombosis. Aspirin, however, should be used with extreme 
caution, if at all. in patients in whom urticaria, angioedema. bronchospasm. 
severe rhinitis, or shock is precipitated by other salicylates or other NSAIAs. 
(See Cautions: Sensitivity Reactions, in the general statement on Salicvlates 
28:08.04.)
PAIN
Aspirin is used to relieve headache, neuralgia, myalgia, arthralgia, and other 
low-intensity pain of nonvtsccral origin, particularly pain associated with in­
flammation. Aspinn may also relieve mild to moderate postoperative pain, 
postpanum pain, oral surgery or other dental pain, dysmenorrhea, or other 
visceral pain such as that associated with trauma or cancer. Many studies have 
shown that the analgesic effects of aspirin are greater than those of placebo in 
the treatment of these types of pain. The drag, however, does not usually 
relieve severe acute pain of visceral origin. In addition, use of chewing gum 
(ablets or gargles containing aspirin has not been shown to be effective in 
relieving sore throat pain.

The analgesic effect of aspirin appears to increase with increasing single 
oral doses up to at least 1.2 g; however, single oral doses ot aspinn greater than 
650 mg apparently do not result in a greater incidence or degree of pain relief 
in most patients. Multiple oral doses of aspirin greater than 650 mg each have 
not been shown to be more effective in relieving pain than multiple oral doses 
of 650 mg.

When used to relieve postoperative pain. 600-mg oral doses of aspinn 
appear to be as effective as 60-mg oral doses of codeine or 50-mg oral doses 
of pentazocine. When used to relieve oral surgery pain. 650-mg oral doses of

aspirin appear to be more effective than 30-mg oral doses of codeine, as 
effective as 650-mg oral doses of acetaminophen, about as effective as 50-mg 
oral doses of zomepirac. and less effective than 250-mg. 500-mg. or l-g oral 
doses of diflumsal or 100-mg oral doses of zomemrac.

In the treatment of p istpanum utenne pain, the analgesic effect of 650-mg 
oral doses of aspirin is about equal to that of 300- or 600-mg oral doses of 
naproxen or 275-mg oral doses of naproxen sodium and greater than that of 
60-mg oral doses of codeine or codeine sulfate. When used to relieve epistoto- 
my pain, several studies have shown that 600-mg to 1.2-g oral doses of aspinn 
are more effective than placebo: in one study, the analgesic effect of 900-mg 
oral doses of aspinn was about equal to that of 300- or 900-mg oral doses of 
ibuprofen. In another study, the analgesic effect of 600-mg oral doses of aspinn 
was less than that of 500-mg oral doses of diflumsal.

In the treatment of nonspecific pain associated with cancer. 650-mg oral 
doses of aspinn appear to be at least as effective as 650-mg oral doses of 
acetaminophen. 65-mg oral doses of codeine. 250-mg oral doses ot mefenamic 
acid, or 50-mg oral doses of pentazocine, and more effective than 75-mg oral 
doses of eihoheptazine citrate or 65-mg oral doses of propoxyphene hydrochlo- 
nde. When used to relieve nonspecific pain associated w uh cancer. 650-mg oral 
doses of aspinn in combination with oral doses of codeine (65 mg), oxycodone 
1976 pg). or pentazocine hydrochlonde (25 mg) appear to be more effective 
than 650-mg oral doses of aspirin alone or in combination with oral doses of 
caffeine (65 mg), eihoheptazine citrate (75 mg), pentobarbital sodium 125 mg), 
promazine hydrochlonde (25 mg), or propoxyphene napsylate 1 100 mgi.

Results of studies companng aspinn (500-650 mg 4 times daily) with 
placebo to relieve primary dysmenorrhea have been inconsistent. Although the 
effects of higher dosages of aspirin remain io be evaluated, most clinicians 
consider aspirin to be one of the least effective NSAIAs currently available for 
the treatment of prima: dysmenorrhea.

In several double-blind placebo-controlled studies with small numbers of 
patients with migraine, prophylactic therapy with aspirin (650 mg twice daily) 
alone or aspirin (300 mg twice daily) with dipyridamole (25 mg 5 times daily) 
has reponedly been effective in reducing the frequency of headache: however, 
further evaluation is needed.

Aspirin has been used in the treatment of pain in various combinations with 
acetaminophen, caffeine, opiates, salicylamide. and/or other agents. However, 
combinations of aspirin with agents such as acetaminophen, caffeine, or 
salicylamide have not been clearly shown to have greater analgesic effect than 
an optimal dose of aspirin alone. In addition, there is little evidence that such 
combinations cause fewer adverse effects than higher doses of the individual 
agents alone. In one study, the simultaneous administration of 325- or 650-mg 
oral doses of acetaminophen with 650-mg oral doses of aspinn resulted in 
increased blood concentrations of unhydrolyzed aspirin compared to 650-mg 
oral uoses of aspinn alone: however, the clinical imponance of such an effect 
remains to be established. Aspirin l650-mg oral doses) in combination w ith oral 
doses of an opiate (e.g.. codeine, oxycodone) produces greate-analgesic effect 
than thai produced by either aspinn or higher doses of the opiate alone. There 
is also some evidence that aspirin.opiate combinations may cause few er adverse 
cltccts than equianalecsic doses of (he individual drugs alone.
FFVER
Aspinn is used frequently to lower body temperature in febrile pauents in whom 
fever may be dclctenous or in whom considerable relief is obtained when fever 
is lowered. However, antipyretic therapy is generally nonspecific, does not 
influence the course of the underlying disease, and may obscure the course of 
the patient's illness. For information on salicylates and Reye's syndrome, see 
Cautions: Pediatric Precautions, in the general statement on Salicylates 
2S:(M,04.

Aspirin and acetaminophen are equally effective as antipyretic* In one 
study in febrile children, the combination of oral doses of asp nn and 
acetaminophen was at least as effective in reducing fever as either drug alone, 
and the duration of fever reduction was longer with the combination than w ith 
the individual drups However, because of the study design, it could not be 
concluded that tin. combination had additive effects. Many clinicians use 
regimens of alternating doses of aspinn and acetaminophen: however, com­
bined overdosage with both drugs has occurred with such a regimen and the 
efficacy and safety of these regimens remain to be established.

Several clinical studies have shown that the antipyretic effect of usual 
dosages of aspinn is about equal to that of usual dosages of mefenamic acid 
and naproxen, and less than that of usual dosages of mdomeihacm. However, 
etficacy of these other NSAIAs as antipyretics remains to be clearly established
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and they should not be used for routine treatment of fever because of their 
potential adverse effects.
INFLAMMATORY DISEASES • »
Many clinicians consider aspirin to be a drug and the salicylate of first choice 
for anti-inflammatory and analgesic effects in the initial and/or long-term 
symptomatic treatment of rheumatoid arthritis, juvenile arthritis, and osteoar- 
thnris. Aspirin may also be useful in the treatment of other polyarthntic 
conditions (e.g.. psoriatic arthritis, Reiter's syndrome, ankylosing spondyli­
tis). systemic lupus erythematosus, and nonarticular inflammation: however, 
other NSAIAs may be preferred in the treatment of some o i these cundinons 
te e .. ankylosing spondylitis).

Most clinical studies have shown that the anti-inOammatnry and analgesic 
effects of usual dosages of aspinn in the treatment of rheumatoid arthritis or 
osteoarthritis are create; than those of placebo and about equal to those of usual 
dosages of fenoprofen calcium, ibuproten. inoometliacin. meclolenamate sodi­
um. naproxen, piroxicam. sulindac. and tolmetin sodium, and somewhat less 
than those of usual dosages of phenylbutazone. In the treatment of osteoarthri­
tis. aspirin is used pnncipallv for its analgesic effect rather than anti-inflamma­
tory effect, although inflammation may be part of the symptomatology. In the 
treatment of juvenile arthritis, the anti-inflammatory and analgesic effects of 
usual dosages of aspinn are about equal to those of usual dosages of fenoprofen. 
naproxen, or tolmetin sodium. Fatient response to NSAIAs is variable, how­
ever. and patients who do not respond to one agent may be successfully treated 
with a different agent.

Aspirin has been used in conjunction with other NSAIAs in the treatment 
of some patients with rheumatoid arthritis, but such combination therapy is 
generally not recommended because there is inadequate proof that such combi­
nation therapy is more efficacious than the individual agents alone. In addition, 
the potential for adverse reactions may be increased, and there is evidence that 
aspinn alters plasma concentrations of some other NSAIAs.

Aspinn may be effective in the treatment of some patients with psoriatic 
arthritis or Reiter’s syndrome but usually only when the disease is mild. Aspmn 
is seldom effective in the treatment of ankylosing spondylitis unless the disease 
is mild. In one study in patients with ankylosing spondylitis, the anti-inflamma­
tory and analgesic effects of aspirin were less than those of indomethacin or 
phenylbutazone.

Some clinicians consider aspinn to be a drug of first choice for the 
treatment of fever, arthritis, pleunsy. and pericarditis in patients with systemic 
lupus erythematosus (SLE). In one study in patients with SLE, the anti­
inflammatory and analgesic effects of aspirin were greater than those of ibupro- 
fen. Aspinn has also been used in the treatment of symptomatic pcncarditis 
following myocardial infarction: in one study, the effects of 2.6 g of oral aspinn 
daily were comparable to those of 100-200 mg of oral indomethacin daily, with 
either drug relieving symptoms within 48 hours. The anti-inflammatory and 
analgesic effects of aspinn may also be useful in the symptomatic treatment of 
nonarticular inflammation such as bjrsitis and'or tendinitis te.g .. acute painful 
shoulder) and tibrositis.

Most clinicians consider aspinn to be the salicylate of choice when salicy­
late therapy is indicated in the treatment of rheumatic fever. For information 
on salicylate therapy in the treatment of rheumatic fever, see Uses: Rheumatic 
Fever, in the general statement on Salicylates 28:08.04.

THROMBOSIS
Since there is considerable clinical and experimental evidence lhat thrombosis 
i particularly arterial thrombosis) may result from platelet-mediated processes 
which can be inhibited by aspirin, the drug has been extensively evaluated in 
the prevention of arterial and venous thrombosis. However, results are largely 
conflicting and/or inconclusive. This may be due in pan to the complexity of 
thromboembolic disorders, problems in study design, and the possibilities that 
the antithrombotic effect of aspinn ts dosage dependent and/or sex related. (See 
Pharmacology: Antithrombotic Effect.) Presently, the most widely accepted 
indication for prophylactic aspinn therapy is for reducing the risk of recurring 
transient ischemic attacks (TIAs) and stroke or death in men who have had 
single or multiple TIAs. Further controlled siudies are necessary to determine 
the safety and efficacy of prophylactic aspirin therapy in many thrombosis- 
related conditions.
Cerebrovascular Disease

Aspinn has been shown to reduce the nsk of recurring transient ischemic 
attacks (TIAs) and stroke or death In men w ho have had single or multiple TIAs: 
however, it has not been established that aspinn prevents stroke. In addition.

it is not clear whether aspirin is similarly effective in women. Aspirin is not 
beneficial in the treatment of completed stroke.

In one study in patients with TIAs. oral doses of aspirin (650 mg twice 
daily) were more effective than placebo alter 6 months of therapy, bul only 
when the occurrence of TIAs. nonfatal cerebral or retinal infarction, and death 
were considered together as end points. After 2 years of treatment, aspirin was 
more effective than placebo only in those patients w ho had multiple TIAs before 
starting treatment and in those having stenotic lesions of the carotid artery on 
the side appropriate to their symptoms. In another placebo-controlled trial, 
aspirin alone (325 mg 4 times daily) was more effective than placebo or 
sulfinpyrazone alone (200 mg 4 times daily) in reducing the risk of recurring 
TIAs. stroke, or death in men but not in women: although no interaction 
oetween aspirin and sulfinpyrazone was definitely lound. a trend favoring (he 
efficacy of the combination was observed in men. No differences in therapeunc 
response were evident for the vascular sue of TIAs icarotid or vertebroOastiari 
or for single or multiple TIAs before treatment. When the recurrence ot TIAs 
was considered in combination with stroke and death as end points in both mis 
study and the previous study, there was no sex difference in treatment response: 
however, it is not clear that reducing the risk of TIAs necessarily reduces the 
risk of stroke. Results of several other studies have also supported the efficacy 
of aspirin therapy and suggested that therapeutic benefit may be limited to 
males.

Combination therapy wnh aspirin (500 mg twice daily) and dipyridamole 
(75 mg twice daily) after 2 months of therapy with an oral anticoagulant (e.g.. 
warfarin) has also been reponed to reduce the risk of cerebral infarction in 
patients with TIAs. However, no controlled trials comparing aspirin with an 
oral anticoagulant have been reported to date.

In men land possibly in womeni who have had TIAs for 2-12 months and 
are not treated surgically, many clinicians recommend aspirin therapy unless 
a recent increase in frequency, duration, or severity of TIAs has occurred, in 
w hich case an oral anticoagulant is given for 3-6 months followed by aspinn 
thetapy. Patients who have had TIAs for less than 2 months and who are not 
treated surgically, generally receive an oral anticoagulant (unless contraindicat­
ed) for 3-6 months before treatment with aspirin is started. Aspirin therapy is 
generally continued until the patient has been free of TIAs for 1 year. No 
specific therapy is recommended for patients who are not treated surgically and 
have not had a T1A for longer than I year. Additional controlled trials evaluat­
ing the effect of aspinn alone or in combination with dipyridamole in patiems 
with TIAs are ongoing.
Coronary Artery Disease

The value of prophylactic aspirin therapy in patients surviving a myocar­
dial infarction remains to be clearly determined. In several randomized, place­
bo-controlled studies, oral doses of aspirin (300 mg once daily or 900 mg to
1.5 g daily in divided doses) were generally shown not to reduce the nsk of 
death, sudden cardiac death, or nonfatal recurrent myocardial infarction. How­
ever. a trend favoring the efficacy of aspirin has been observed. In 2 of these 
studies, aspirin reduced the risk of nonfatal recurrent myocardial infarction. 
Further siudies are needed to determine the efficacy of aspinn alone or in 
combination v th other platelet-aggregation inhibitors in reducing the nsk of 
death and/or recurrent myocardial infarction in patients surviving a myocardial 
infarction. Although the efficacy of aspirin or oral anticoagulant therapy i com­
pared to placebo i in reducing the mortality of patients surviving a myocardial 
infarction has not been early established, the results of one comparative study 
indicate that the effect on mortality and recurrent myocardial infarction of 
aspinn (1.5 g daily) are about the same as those of oral anticoagulants

Since no therapeutic effects have been unequivocally shown to dale and 
aspirin has potential adverse effects, many cli.iicians recommend that pro­
phylactic aspirin therapy should not be used routinely in patients surviving a 
myocardial infarction. Pending further accumulation of clinical data on aspinn. 
prophylactic iherapy with other agents (e.g.. (3-adrenergic blockersi should be 
considered.

In one study in men with unstable angina, low doses of aspinn i324 mg 
once daily) reportedly reduced the risk of nonfatal myocardial infarction, 
although not conclusively demonstrated, a reduction in mortality was sug- 
gested. Further studies arc needed to evaluate the efficacy of aspinn m patients 
with unstable angina.

Thrombosis in Other Arteries and Arteriovenous Communications
Although aspirin has generally been ineffective in preventing thromoovis 

after arterial cathetenzation. a single 600-mg oral dose the evening belore 
surgery has been reported to reduce the incidence of thrombosis tollowmg
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raJial-anery catheterization for surgery - Oral doses of aspinn (325 mg lo 1.3 
g daily i have been given prophylacucallv alone or in combination with oral 
doses of dipyridamole (50-75 mg 3 tones daily t to prevent thrombosis in 
patients undergoing percutaneous transluminal angioplasty ol the coronary, 
iliac, temoral, popliteal, ortibial artery: aspinn andor dipyridamole are usually 
given for 2-3 days before and for 3-9 months alter the procedure

Oral doses of aspirin (160 mg once daily) have been shown to be sale and 
effective in reducing the incidence of thrombosis in silastic arteriovenous 
shunts in patients undergoing hemodialysis.
Microarcuiatory Thrombosis

Aspinn has been used as j  component of various regimens for the treat­
ment of thrombotic thrombocytopenic purpura, but its therapeutic value in this 
condition has been difficult to determine In one study, combination therapy 
with aspinn and dipyridamole was considered ineffective and patients receiving 
the combination had an increased risk of severe hleeume . 'implications: there­
fore. some clinicians have recommended that aspirin no longer be used in the 
treatment ot thrombotic ihroinbocyiopcm ' purpura. However, other clinicians 
believe that platelei-aggrcgation inhibitors te.g.. aspmni are useful in Ihe 
treatment of (his condition. The combination of aspinn and dipyndamole has 
been shown to reduce blood concentrations oi cnculating platelet aggregates 
and (i-thromboglohulin in patients with scleroderma: however, the long-term 
effect of such therapy on the disease is not known.

Aspinn has been effective tn the treatment of some patients with throm­
bocytosis associated with a syndrome of spontaneous platelet aggregation and 
symptoms of digital ischemia.
Prosthetic Heart Valves

Because oral anticoagulant therapy alone does not completely prevent 
thrombosis in patients with prosthetic heart valves, aspinn or dipyridamole has 
been used in conjunction with an oral anticoagulant to reduce the incidence of 
thrombosis in these patients. The combinations appcarto be more effective than 
an oral anticoagulant alone. In 2 studies comparing treatment regimens of an 
oral anticoagulant alone or in combination with 500-mg or 1-g daily doses of 
aspinn. patients receiving I g of aspirin daily had an increased risk of Gl 
bleeding while those receiving 500 mg daily did not. In another study compar­
ing treatment regimens of an oral anticoagulant alone or in combination with 
aspinn (500 mg daily) or dipyridamole (400 mg daily), the combination regi­
men with aspirin was associated with an increased risk of bleeding complica­
tions compared to the other regimens. Although some ciinicians consider the 
nsk-to-benefit ratio of combination therapy with aspinn acceptable, many 
others do not. Pending further evaluation of the safely and efficacy of therapy 
w ith aspirin and an oral anticoagulant, most clinicians recommend therapy with 
dipyndamole and an anticoagulant. The value of platclei-aggregation inhibitors 
alone has not been established; however, some clinicians suggest that combina­
tion therapy with aspinn and dipyridamole may be useful in patients unable to 
tolerate an oral anticoagulant.
Venous Thrombosis

The value of aspirin alone or in combination with dipyridamole in prevent­
ing venous thrombosis remains controversial.

Although results of many studies suggest that oral doses of aspinn ( 1.2 -
1.5 g daily in divided doses) may reduce the incidence of postoperative venous 
thrombosis (particularly following hip operations), this has not always been 
found. For the prevention of postoperative venous thrombosis in patients under­
going major abdominal or thoracic surgery, most clinicians recommend low- 
dose hepann therapy. However, low-dose hcpann prophylaxis is usually in­
effective in reducing the incidence of thrombosis after orthopedic surgery, 
including total hip replacement. Some clinicians recommend aspinn prophylax­
is in men undergoing total hip replacement. In one well-controlled study, oral 
doses of aspinn (600 mg twice daily) were more effective than placebo in 
reducing the incidence of thrombosis in men (but not in women) following total 
hip replacement. In another study, aspinn prophylaxis appeared to be effective 
in patients undergoing total knee replacement. However, further studies are 
needed to establish the efficacy of aspirin for the prevention of postoperative 
venous thrombosis following these and other types of surgery. Aspirin has also 
been used in combination with dihydroergotamine for prevention of postopera­
tive deep-vein thrombosis following major abdominal surgery. Although 
limited data show that the combination may be more tffeciive than aspirin 
alone, further study is required to determine the safety, efficacy, and dosage 
of combination therapy with these drugs.

In one placebo-controlled study, oral doses of aspirin (300 mg 4 limes 
i, daily) given in combination with oral doses of dipyridamole (25 mg 4 times

— ---rrr.- - rr* — ’' , v y* • '• *’ v

dailyr were reportedly effective in reducing the incidence of thrninrxivi- in 
patients with rccumng venous thrombosis who haJ decreased platelet survival 
and were rctraciory to treatment with oral anticoagulants

Aspinn has been used alone or in combination with dipyridamole to 
prevent thrombosis in vein grails in patients vs ho undergo aonmoronarv-anerv 
bypass, but results have been conflicting and inconclusive However! in one 
study in which treatment with dipyndamole was started before surcerv iur,J 
continued) and aspinn was added soon alter surgery, the combination inct.nv 
appeared to effectively tcducc the incidence of vem-graft occlusion durinc in", 
first 6 months alter surgery: the long-term eifects remain to be esluhlism 

OTHER USES
In some patients, aspinn appears lo prevent or reduce adverse Gl elteci. ■ 
vomiting, abdominal pain, diarrheal associated with lood intolerance it ;..: 
tion therapy. Aspirin also appears to reduce intestinal fluid loss in some i j '. . ;  
with gastrocntentix. however, further evaluation ol aspirin therapv i- ne--.---.ir 
and fluid and electrolyte replacement remain the principal therapeutic mo.;.. 
ties in the management ol this condition Aspirin has also been report-..: i. 
effectively prevent flushing episodes in one patiem with metastatic rcna, . .  
carcinoma. Although the exact mcchanismts) by which aspirin reduce- ti:e-.- 
adversc Gl effects or flushing is not clearly established, the druu mav intur-- 
the synthesis and/or release of prostaglandins which mediate or cause tnc 
effects.

Aspirin may occasionally be useful for the treatment of hypercalcemia inn; 
occurs with certain types of solid tumors associated w ith prostaglandin-mediat­
ed osteolytic activity; however, other therapies te.g .. IV hydration and diurcsi- 
are usually preferred. In one study in hypercalccmic patients with such tumor- 
flung carcinoma), aspirin therapy ( 1.8-4.8 g daily for 5-7 daysi reduced serum 
calcium concentrations and urinary excretion of a metabolite of prostaeianc-r 
E; both variables returned to elevated levels 3 -4  days after aspirin was di-.v; 
tinucd.

Because of its ability to inhibit the synthesis of prostaglandins, aspirin ha- 
been used in the treatment of patent ductus arterio'us in premature intants and 
in the treatment of Banter's syndrome: however, in both of these conditions, 
other agents (e.g.. indomethacin) appear to be more effective.

Some clinicians have observed a decreased prevalence of cataract- in 
patients with rheumatoid arthritis, with or without diabetes mellitus. who were 
treated with aspirin (2.3-2.7 g daily for 8-10 years). Therefore, it ha- bec- 
suggested that aspinn may prevent the development of cai .acts; however, mi- 
has not been clearly established and further studies are needed. Tucre is n-' 
evidence to date that aspirin can reverse cataracts that have already formed

Aspirin, alone or in combination with dipyridamole, is also being evalu­
ated for potential efficacy in preventing progression of diabetic retinopathv ir. 
patients with diabetes mellitus.

Dosage and Administration
Aspirin is usually administered orally, preferably with food or a laree uuuni : ■ 
(240 mLl of water or milk to minimize gastric irritation. In patients unaba- : 
take or retain oral medication, aspinn suppositories may be administered re-t.i 
Iy: however, rectal absorption may be slow and incomplete. (See Pharma-iw 
netics: Absorption.) Aspirin tablets should not be administered reciulr. mu. . 
they ore likely to cause irritation and erosion o f the rectal mucosa A-m: : 
preparations should not be used if a strong vinegar-like odor is present 
C-.emistry and Stability: Stability.)

If an unpleasant taste or aftertaste, burning in the throat, or ditii-u ••- v  
swallowing occurs with uncoaied aspinn-containing tablets, these cltcct- 
be reduced with film-coated tablets. Although specific data are not a v jiu -  . 
these effects are also likely to be reduced with enteric-coated tablets It c j-” - 
irritation and/or symptomatic Gl disturbances occur with uncoatcd a-nm- 
containing tablets, these effects may be reduced with enteric-coated tablet- • • 
cxicnded-release tablets. If a liquid dosage form of aspirin is desired tv  
short-term treatment of pain, an oral solution may be prepared from comrr..- 
cially availab’r effervescent tablets (Alka-Seltzer*). Dosage must BeSjirclun­
adjusted according to individual requirements and response, using jM h'w e-- 
possible effective dosage. ■-<V*»
PAIN AND FEVER
Aspirin should not be used for self-medication of pain for longer thqjl-Ui dav- 
in adults or 5 days in children, unless directed by a physician, sinjfigp-un ot 
such intensity and duration may indicate a pathologic condiiipn^ffiumng 
medical evaluation and supervised treatment. Aspinn chewing pum'ftablci- 
should not be used for self-medication of sore throat pain for longer ihajr2 daw
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in adults or children, unless directed by a physician, since prolonged use could 
ciiuse mucosal erosions in Ihe mouih. Aspinn or buffered aspinn preparations 
should noi be chested before swallowing tonal least 7 dtvs following tonsillec­
tomy or oral surgery because of possible injury lo oral tissues from prolonged 
contaci with aspinn panicles. In addition, aspinn or buffered aspinn tablets 
should not be placed directly on a tooth or gum surface because of possible 
injury to tissues.

Aspinn should not be used in adults or chi.dren for self-medication of 
marked fever (greater than 39.5CC). fever persisting longer thar. 3 days, or 
recurrent fever, unless directed by a physician, since such fevers may indicate 
senous illness requiring prompi medical evaluation.

To minimize the risk ofoverdosage. no more thjn 5 doses ot aspinn should 
be administered to children for analgesia or antipvresis in any 24-hour period, 
unless directed by a physician

For analgesia or annpyrcsis in adults or children olderlhan 11 years of age. 
Ihe usual oral or rectal dosage of aspinn is 325-65(1 me evert 4 hours as 
necessary, but should not exceed 4 g daily: higher single doses ic.g., 975 mg 
or I gl may be useful tor analgesia in some patients. It a rapiJ response is 
required, the more slowly absorbed dosage forms (i.e., enteric-coated, exiend- 
cd-relcasc tablctsl should not be used. In children 2 -1 1 years of age. the usual 
oral or rectal dosage for analgesia or antipvresis is 1.5 g<m-daily or 65 mg. kg 
daily, administered in 4-6 divided doses: total daily rectal dose should not 
exceed 2.5 g/m: . Alternatively, children may receive rhe following approxi­
mate oral or rectal doses every 4 hours as necessary: children 11 years of age. 
480 mg: children 9-10 years of age. 400 mg; children 6-8 years of age. 325 
mg: children 4-5 years of age. 240 mg: and children 2-3 years of age. 160 mg. 
Dosage in children younger than 2 years of age must be individualized. Chewa- 
blc aspinn tablets may be chewed, crushed, andor dissolved in a liquid, or 
swallowed whole, followed by approximately 120 mL of water, milk, or fruit 
juice immediately after administration of the drug.

The usual dosage of aspirin las chewing gum tablets) for analgesia in 
adults and children older than 11 years of age is 454 mg. repeated as necessary; 
total daily dose should not exceed 3.63 g. The chewing gum tablets should be 
thoroughly chewed for about 15 minutes to ensure adequate dosing and then 
the gum should be expelled from the mouth and discarded. Children 6 -1 1 years 
of age may be given 227-454 mg, repeated as necessary, not to exceed 1.82 
g daily unless directed by a physician. Children 3-5 years of age may be given 
227 mg. repeated as necessary, not to exceed 681 mg daily. Aspirin chewing 
gum tablets should not be used in children younger than 3 years of age unless 
directed by a physician: dosage must be individualized.

The usual oral dosage of aspirin as a highly buffered effervescent solution 
I Alka-Scltzer*) for analgesia in adults and children older than 11 years of age 
is 648 mg every 4 -6  hours as necessary: total dose in any 24-hour period should 
not exceed 2.59 g Because of the high sodium content of this preparation 
iapproximately 24 mEq of sodium per 324 mg of aspirin), it should be used 
with extreme caution, if at all. in patients in whom excessive amounts of 
sodium may be harmful. The solution is prepared by adding each tablet for oral 
solution containing 324 mg of aspinn to approximately 90 mL of water, the 
entire solution must be ingested to ensure adequate dosing. If the solution is 
not ingested immediately, it should be refngeraied. (See Chemistry and Stabili­
ty: Stability.) The usual oral dosage for patients 60 years of age or older and 
children 6 -1 1 years of age is 324 mg every 4-6  hours as necessary, not to 
exceed 1.3 g in any 24-hour period. Children 3-5 years of age may receive 162 
mg every 4 -6  hours as necessary, not to exceed 648 mg in any 24-hour period. 
The preparation should not be used in children younger than 3 years of age 
unless directed by a physician: dosage must be individualized. In addition, 
higher than usually recommended dosages of this preparation should not be 
used unless directed by a physician.

The usual oral dosage of aspinn (as 650-mg extended-release t bletsi for 
analgesia in adults is 650 mg to 1.3 g every 8 hours as necessary, no: ,o exceed 
3.9 g daily, For patients who have difficulty swallowing the 650-mg tablets 
whole, the tablets may be gently broken or crumbled before administration (or 
in the i.iouth). but they must not be ground up if they are to retain the property 
of extended release. An 800-mg extended-release aspirin tablet is also commer­
cially available but is indicated for use only in the symptomatic treatment of 
inflammatory disease: the 800-mg tablet cannot be broken or crumbled and 
must be swallowed whole. Most clinicians believe that extended-release aspirin 
tablets offer no therapeutic advantage over other types of aspinn tablets; this 
is particularly true at high dosages since Ihe elimination half-life of salicylate 
is dose dependent and prolonged at high dosages. However, symptomatic Gl

disturbances and or occult Gl bleeding may be reduced with extended-release 
tablets.
INFLAMMATORY DISEASES
For the symptomatic treatment of rheumatoid arthritis, osicoarthnns. or other 
polyarthrinc or inflammatory conditions, the usual initial adult dosage of 
aspinn is 2.-J-3.6 g daily, administered in divided doses When necessary, 
dosage is generally increased by 325 mg to 1.2 g daily no more frequently than 
at weekly intervals. The usual adult maintenance dosage is 3.6-5.4 g daily; 
however, higher dosages may be necessary. Dosage should be adjusted accord­
ing to the patient's response, tolerance, and serum salicylate concentration.

For the symptomatic treatment of juvenile anhnns. the usual initial dosage 
is 69-90 mg kg daily in children weighing 25 kg or less, or 2 4-3,6 g doily 
in children weighing more than 25 kg. administered in divided doses. Alterna­
tively. some clinicians recommend an initial dosage of 1.5 g rm daily, adminis­
tered in divided doses. When necessary, dosage is generally increased by 10 
mg'kg daily no more frequently than at weekly intervals. The usual mainte­
nance dosage is 80-100 mg l:g daily: up to 130 m gkg daily may be required 
in some children.Although some clinicians have reponed a high incidence of 
chronic intoxication in children receiving 90-100 mg/kg daily, this has not been 
found by many others. However, it ap,>cars that dosages of 100 mg kg daily 
or greater should not be used in children weighing more than 25 kg. Based on 
body surface area, dosage should generally not exceed 3 g m: daily. Dosage 
should be adjusted according to the patient's response, tolerance, and serum 
salicylate concentration. In addition to potentially reducing adverse Gl effects, 
some clinicians suggest that enteric-coated tablets may be swallowed more 
easily by children and may therefore result in increased compliance.

Because of the prolonged elimination half-life of salicylate at high dos­
ages. at least 5-7 days are generally required to achieve steady-state scrum 
salicylate concentrations in the treatment of inflammatory diseases. Therefore, 
some clinicians have suggested that loading-dosc regimens of aspinn may be 
useful to more rapidly attain serum concentrations associated with an anti­
inflammatory' effect. In one small study, healthy individuals were given oral 
doses of 650 mg of aspirin every 4 hours for 4 days tconventional-dose 
regimen) or two 1.3-g doses 4 hours apart followed 2 hours later by initiation 
of a maintenance dosage of 650-mg oral doses every 4 hours through 4 days 
(loading-dose regimen). In this study, the time required to reach a scrum 
salicylate concentration of 150 pg/mL was approximately 15 hours with the 
loading-dose regimen and approximately 48 hours with the conventional-dose 
regimen; serum salicylate concentrations were higher during the first 36 hours 
with the loading-dose regimen. However, the actual clinical importance of any 
difference between these regimens in patients with inflammatory diseases is not 
known: further evaluation of loading-dose regimens in such patients is needed. 
RHEUMATIC FEVER
For the symptomatic treatment of rheumatic fever, dosage and duration of 
aspinn therapy are generally determined by the seventy and duration of acute 
manifestations. For maximal suppression of acute inflammation, the usual 
initial dosage of a:pinn is 4.9-7.8 g daily in adults and 90-130 mgikg daily 
in children, administered in divided doses every 4-6 hours. Patients with only 
polyarthritis and fever usually respond to lower dosages. Subsequent dosage 
should be adjusted according to the patient's response, tolerance, and serum 
salicylate concentration. The initial dosage is generally administered for up to 
1-2 weeks, then decreased to approximately 60-70 mj ':g daily for 1-6 weeks 
or as long as necessary', and then gradually withdrawn over 1-2 weeks. Various 
aspirin regimens have been suggested depending on the seventy of acute 
manifestations, and the clinician should consult published protocols for more 
information on specific dosages and schedules of administration.

In patients with carditis and cardiomegalv or congestive hean failure who 
are treated with corticosteroids, aspinn therapy is usually initiated as steroid 
therapy is gradually withdrawn. In these patients, some clinicians recommend 
an aspinn dosage of 60 mg/kg daily, administered in divided doses. High 
dosages should be used with caution in patients with carditis since congestive 
hean failure or pulmonary edema may be precipitated. Aspirin is usually 
administered for approximately 2-4 weeks after steroids are discontinued. Only 
extremely severe clinical rebounds of rheumatic activity require reinstitution of 
therapy, in w-hich case aspirin is administered in the usual dosage for 3-4 
additional weeks.
THROMBOSIS
For reducing the risk of recurring transient ischemic attacks (TIAs) and stroke 
or death in men (and possibly in women) who have had single or multipleTlAs, 
the usual oral dosage of aspirin is 1.3 g daily, administered in 2 or 4 divided
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doses Only uncoatcd or film-coated, plain aspirin or buffered aspinn tablets 
or capsules should be used since differences in the bioavailability of unhydro- 
Ivzed aspinn might theoretically aficci antithrombotic efficacy: however, no 
data arc available comparing d.flercnt preparations in this regard Lower dos­
ages may also be effective le g . .  -10— 150 mg every 24—IK hoursl. but tunhcr 
evaluation is needed

Aspinn has also been used in varying dosages alone or in combination with 
olher platelet-aesregation inhibitors te .g .. dipyndamole I or oral anticoagulants 
for prophylaxis of other thrombosis-related conditions. (See Uses: Thrombo­
sis.I

For further information on chemistry and stability, pharmacology, 
pharmacokinetics, uses, cautions, chronic toxicity, acute toxicity, drug 
interactions, laboratory test interferences, and dosage and adm inistration 
of aspirin, see Ihe Salicylates General Statement 28:08.04.

Preparations
ASPIRIN

Oral 
Caosuies 

325 ma 
.4 S. A ' Puls olej . Lilly 

Caosuies (containing enteric-coated asoirin particles)
325 mg

Ecoirin' Dnrntru *. Menley & James: Encapnn*. Norwich Eaton 
500 mg

Ecoinn' Maximum Strength Uuentnc *. Menley & James: Encaprin* Max­
imum Strength. Norwicn Eaton 

Tablets
324 mg’
325 mg*

.4.5 .4 *. Lilly; Emptnn1 Burroughs Wellcome; Norwich* Aspinn, Procter
487.5 mg 

Htptrtn*. Blaine 
500 mg*

Norwich* Aspirin Extra Strength. Procter 
650 mg*

Tablets, cnewable 
65 mg

Aspirin Children s. Lannetl 
81 mg

Buxrr Children’ s Clinxahlv Aspirin. GlenDrooK: Si. Joseph' Aspirin lur 
Children Plough 

Tablets, chewing gum 
227 mg

Asnergnn: Plough
Tablets, enteric-coated

324 mg*
325 mg*

.4.5.A. Enseals*. Lilly: Cosprin* 525. Glenbrook; Ecotrtn* Dueninc*. 
Menley & James 

500 mg** ft %APF Arthritis Pain Formula . Whitehall; Ecotrm Maximum Strength 
DnenirtcJ . Menley & James 

650 mg*
4.5.4 Enseals®. Lilly: Cospnn* 650. Glenbrook 

975 mg 
Easprtn*. Parke-Davis 

Tablets, extended-release 
650 mg

Arthritis Baser* Timed-Releasc Aspirin tscoredt. Glenbrook: Measurin*. 
Winthroo-Breon; 1 rim ’ . Verex 

800 mg 
Zorprtn*. Boots 

Tablets, film-coated 
325 mg 

Baser * Aspirin. Glenbrook 
500 n g

Baser* Aspirin Maximum Strength. Glenbrook

Recta1 
Suppositones 

60 mg*
65 mg*
120 mg*
125 mg*
130 mg*
195 rg*
200 mg*
300 mg*
325 mg*

.4.5 4 * Lniy 
600 mg*
650 mg*

.4.5.4 * Lilly 
1 2 9‘

*a\wluh'r nan-i
ASPIRIN WITH BUFFERS 
Oral 

Caosuies 
324 mg with buffers 

Bunerm' .  Bristol-Myers 
500 mg witn Duffers*

Buffenn" Exira-Sirengih. Bnstol-Myers 
Tablets

324 mg with buffers*
AsnerbuC'. Bowman. Bufferin' Bristol-Myers

325 mg with Duffers*
Asenpiin ~. Rorer; Aseripnn AO  Rorer: buftex" Mallard. Sreeartn' 

Columbia 
486 mg with buffers*

Arthritis Pam Formula* . Whitehall: Bufierw" Arthritis Strenetn. Bristol-My­
ers

500 mg with buffers*
Bufferin ~ Extra-Strength. Bristol-Myers 

650 mg with outlets 
Salagen* I scored.. Lannett 

Tablets, film-coated 
500 mg with buffers 

Coma* Inlas-Tab*. Dorsey 
Tablets, for oral solution

324 mg
Aka-Seitier Efiersescent Pain Reiirscr ana Antacid 1" nn I .'hi. ......
and sndtum bicarbonate I h gi Miles

'OWUhlbif b\ nnrpritflnclflr. nwni
ASPIRIN COMBINATIONS 
Oral 

Caosuies
250 mg with Acetaminophen 250 mg and Caffeine 65 mg 

Excednn*. Bnstol-Myers
325 mg with Butalbital 50 mg and Caffeine 40 mg 

Fiorinal' IC-lllt. SandOZ
325 mg with Butaioita '0  mg. Caffeine 40 mg. and Coceme c-'ssr---- '  • 

mg
Fiorinal* with Codeine Ac I iC -lllt Sanooz 

325 mg with Butalbital 50 mg. Caffeine 40 mg. and Cooeme Pncsc-v . ’ : 
mg
Fiorinal® with Codeine No. 7 tC-llli. Sandoz 

325 mg with Butalbital 50 mg. Cafieme 40 mg. and Cooeme Prosorate 2 
mg
Fiorinal* with Codeine No. 3 tC-llh  Sandoz 

325 mg with Propoxyphene Hyorocniorioe 65 me 
Darvon* with .4.5.4. * Pulxules' lC -l\ i. Lilly 

356 4 mg with Caffeine 30 mg and Dmyorocooeme Bitanra’.e 16 mg 
Ssnalgost -DC IC -lllt. Ives

356.4 mg with Caffeine 30 mg 
Ssnalgos®. Ives 

380 mg with Caffeine 30 mg and Cooeme Pnosonate 30 mg 
A.S-A.* and Codeine Compound No. J Pulvules 'CHI .  L<i”»

7 2 5



A L A S K A  S T A T E  L E G I S L A T U R E  

H O U S E  O F  R E P R E S E N T A T I V E S  

R E S E A R C H  A G E N C Y

P.O. Box Y, Stale Capitol 
Juneau, Alaska 99811-3100 

Mail Stop 3100 
(907) 465-3991

March 3, 1987

TO: Representative Pat Pourchot

FROM: Penelope Weyhrauch
Legislative Analyst

RE: The Physiological Effects of Marijuana, Alcohol, Tobacco, Aspirin,
and Salt
Research Request 87.155

Please check the appropriate box and return to Mail Stop 3100 or the above 
mailing address.

( ) I approve the release of this information.

( ) I approve the release of this information, but remove my name.

( ) Keep Confidential.

Date Signature

To assist us in improving the quality of our research services, we would 
appreciate your response to the following questions. Please be assured that 
we will take your comments seriously in performing future research for you.

Was the information objective?

Was it clearly written?

Did it provide answers to (or, at least, useful information on) all 
the questions you posed?

Was the research completed and delivered to you in a timely manner?



TABLE 2 . .  .1  U 1
A  C o m p a r i s o n  o f  t h e  I n g r e d i e n t s  a n d  E f f e c t s  o f  M a r i j u a n a  a n d  A l c o h o l

M a r i j u a n a
.1

A l c o h o l  - M a r i j u a n a A l c o h o l

A c t i v e  c o n s t i t u e n t d e l t a - 9 - t e t r a h y - e t h y l  a l c o h o l G a s t r o i n t e s t i n a l n o  e f f e c t i n f l a m m a t o r y

d r o c a n n a b i n o l ( e t h a n o l ) t r a c t c h a n g e s

( T H C ) L i v e r  a n d  p a n c r e a s n o  e f f e c t i n f l a m m a t o r y

E x c r e t o r y  p r o d u c t d i h y d r o x y - T H C C O j  a n d  F L O c h a n g e s

a n d  o t h e r s E n d o c r i n e  g l a n d s v a r i a b l e v a r i a b l e

P h a r m a c o l o g i c s e d a t i v e * s e d a t i v e - G o n a d s c h a n g e s  r e p o r t e d c h a n g e s  r e p o r t e d
c l a s s h a l l u c i n o g e n a n e s t h e t i c

C o n j u n c t i v a r e d d e n i n g s l i g h t  r e d d e n i n g
H a l f  l i f e 2 4 - 5 2  h o u r s & - 2  h o u r s ( w h i t e  o f  e y e s )

L D m h u m a n 5 0 0  m l ,  h u m a n N e r v e s u n c h a n g e d i n j u r y  w i t h

S o l u b i l i t y l i p o p h i l i c h y d r o p h i l i c c h r o n i c  u s e

T o l e r a n c e p r o v e n p r o v e n A d r e n a l s r e l e a s e  o f r e l e a s e  o f

P s y c h o l o g i c a l p r o v e n  a t p r o v e n

P u p i l  s i z e

c o r t i c o t r o p i n s c o r t i c o t r o p i n s

d e p e n d e n c e h i g h  d o s e s s l i g h t  c o n s t r i c t i o n n o  e f f e c t

P h y s i c a l s l i g h t p r o v e n T e r a t o g e n i c  e f f e c t n o t  k n o w n f e t a l  a l c o h o l

d e p e n d e n c e s y n d r o m e

H e a r t  r a t e i n c r e a s e d u n c h a n g e d I n t r a o c u l a r r e d u c e d n o  e f f e c t

R e s p i r a t i o n u n c h a n g e d u n c h a n g e d p r e s s u r e

B l o o d  p r e s s u r e s l i g h t  d e c r e a s e u n c h a n g e d  w i t h M e m o r y i m p a i r e d i m p a i r e d  t r a n s f e r

a c u t e  u s e ,  c h r o n i c  

u s e  e l e v a t e s

i m m e d i a t e  r e c a l l t o  l o n g  t e r m  

m e m o r y  o n  h i g h

T e m p e r a t u r e s l i g h t  d e c r e a s e s l i g h t  d e c r e a s e  a t
o v e r e s t i m a t i o n

d o s e

h i g h  d o s e s T i m e  p e r c e p t i o n n o  e f f e c t

B r a i n i n t o x i c a t i o n  a t  

h i g h  d o s e s

i n t o x i c a t i o n  a t  

h i g h  d o s e s

F o o d  i n t a k e m a y  i n c r e a s e i n c r e a s e  o r  

d e c r e a s e

B l o o d  v e s s e l s v a r i a b l e  d i l a t i o n d i l a t i o n F o o d  v a l u e n o  e f f e c t 7  c a l o r i e s / g r a m

L u n g s i r r i t a n t ,  c o n t a i n s n o  e f f e c t  1 • S p e e c h b l o c k i n g s l u r r e d

c a r c i n o g e n s S l e e p  p a t t e r n b l o c k s  R E M  s l e e p b l o c k s  R E M  s l e e p

H e a r t n o  k n o w n  e f f e c t t o x i c ,  c h r o n i c a l l y D r i v i n g  s k i l l s i m p a i r e d i m p a i r e d

S o u r c e :  S i d n e y  C o h e n ,  " M a r i j u a n a  a n d  A l c o h o l , "  A m e r i c a n  C o u n c i l  f o r  D r u g  E d u c a t i o n ,  1 9 8 2 ,  p p .  1 1 - 1 2



A LA SK A  STA TE LE G ISL A T U R E  
H O U SE  O F  R E PR E SE N T A T IV E S 

R E S E A R C H  A G E N C Y

P.O. Box Y, Siaie Capiiol 
Juneau, Alaska 99811-3100 

Mail Stop 3100 
(907) 465-3991

March 3, 1987

MEMORANDUM

TO: Representative Pat Pourchot

ATTN: Jeannie Larson

FROM: Penelope Weyhrauch
Legislative Analyst

RE: The Physiological Effects of Marijuana, Alcohol, Tobacco, Aspirin,
and Salt
Research Request 87.155

You asked for a comparison of the physiological effects' of marijuana, 
alcohol, tobacco, aspirin, and salt. I was unable to find a clinical 
comparison of these substances; this memorandum discusses each of the 
substances on which you requested information and compares the effects 
and/or ingredients of marijuana to tobacco and alcohol.

Acute Short-Term Effects. Marijuana affects the intellectual and 
psychomotor processes of humans. Intellectual impairment has been 
documented in tests of: reading comprehension; concept formation; speech; 
choice reaction time (a reaction-time task in which the response depends on 
rapidly discriminating between choices); and the ability to repeat in for­
ward and backward order a succession of digits, and to mentally make a 
succession of repeated subtractions. There is evidence that suggests that 
marijuana use impairs driving ability and related skills.1 Marijuana 
also produces some acuta short-term effect on the cardiovascular and 
respiratory systems.

Marijuana

^"Marijuana Research Findings: 1980", Research Monograph Series 31,
National Institute on Drug Abuse, pp. 15, 16.



T H IS  D O C U M E N T  
H AS  B E E N  R E P H O T O G R A P H E D  

T O  ASSURE  L E G I B I L I T Y

02-576(2/77)
■ Q B f l



H O U SE O F  R E P R E S E N T A T IV E S  
R E S E A R C H  A G E N C Y

P.O. Box Y. Slate Capitol 
Juneau, Alaska 99811-3100 

Mail Slop 3100 
(907) 465-3991

March 3, 1987

MEMORANDUM

TO: Representative Pat Pourchot

ATTN: Jeannie Larson

FROM: Penelope Weyhrauch
Legislative Analyst

RE: The Physiological Effects of Marijuana, Alcohol, Tobacco, Aspirin,
and Salt
Research Request 87.155

You asked for a comparison of the physiological effects' of marijuana, 
alcohol, tobacco, aspirin, and salt. I was unable to find a clinical 
comparison of these substances; this memorandum discusses each of the 
substances on ;<nich you requested information and compares the effects 
and/or ingredients of marijuana to tobacco and alcohol.

Marijuana

Acute Short-Term Effects. Marijuana affects the intellectual and 
psychomotor processes of humans. Intellectual impairment has been 
documented in tests of: reading comprehension; concept formation; speech; 
choice reaction time (a reaction-time task in which the response depends on 
rapidly discriminating between choices); and the ability to repeat in for­
ward and backward order a succession of digits, and to mentally make a 
succession of repeated subtractions. There is evidence that suggests that 
marijuana use impairs driving ability and related skills. Marijuana 
also produces some acute short-term effect on the cardiovascular and 
respiratory systems.

^"Marijuana Research Findings: 1980", Research Monograph Series 31,
National Institute on Drug Abuse, pp. 15, 16.
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Chronic Effects. There is no substantial evidence which exposes the 
possible long-term effects of marijuana. The National Research Council 
stated: "We agree with the conclusion that long-term heavy marijuana use 
will be shown to result in measurable damage to health, just as long-term 
chronic tobacco and alcohol use have proven to cause such damage. At this 
time, however, our judgment as to behavioral and health-related hazards is 
that the research has not established a danger both large and grave enough 
to override all other factors affecting a policy decision."2

Pulmonary Effects. There is no direct evidence that links the smoking of 
marijuana with lung cancer. Recent studies, however, showed that when can­
nabis residuals are applied to the skin of animals, the cannabis "tar" pro­
duced tumors. Marijuana has also been found to contain larger amounts of 
cancer-producing hydrocarbons than tobacco smoke. Benzopyrene, a known 
cancer-producii.g chemical found in tobacco smoke, has been reported to be 
70 percent more abundant in marijuana smoke. Several clinical studies of 
marijuana users have reported symptoms similar to those of laryngitis, 
cough, hoarseness and bronchitis. These symptoms resembled those experi­
enced by heavy tobacco smokers.

Reproductive and Chromosomal Effects. According to the National Insti­
tute on Drug Abuse (NIDA), "...the evidence is consistent--cannabis causes 
decreases in the weight of organs such as testes and ovaries, as well as 
altering various hormone levels that are involved in reproduction and lacta­
tion." The NIDA also stated that "...although there were early reports of 
increases in chromosomal breaks and abnormalities in human cell cultures, 
more recent results have been inconclusive."4

Other Effects. Studies have found that a significant increase in heart 
rate occurs after smoking. Changes found in the functioning of the heart, 
however, appeared to be temporary and were free of adverse consequences. 
Additional evidence showed that "...in patients with already impaired heart 
functions, use of marijuana may precipitate chest pain more rapidly and 
following less effort than tobacco cigarettes." Virtually all the studies 
completed up to 1979 showed no evidence of chronically impaired neuro­
psychologic test performance.

2"An Analysis of Marijuana Policy," National Research Council, Committee 
on Substance Abuse and Habitual Behavior, Commission on Behavioral and 
Social Sciences and Education, 1982, pp. 5, 6.

3"Marijuana Research Findings: 1980," pp. 18, 19.

4"Marijuana Research Findings: 1980," p. 23.

3"Marijuana Research Findings: 1980," pp. 22, 25.
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T o b a c c o

T h e r e  i s  c o n c l u s i v e  e v i d e n c e  t h a t  c i g a r e t t e  s m o k i n g  i s  t h e  m o s t  p r o m i n e n t  

c a u s e  o f  l u n g  c a n c e r ,  a n d  i s  a l s o  a  m a j o r  f a c t o r  i n  d e a t h s  f r o m  h e a r t  

d i s e a s e ,  c h r o n i c  b r o n c h i t i s ,  e m p h y s e m a ,  a n d  o t h e r  d i s e a s e s .  T h e r e  i s  a l s o  

e v i d e n c e  o f  i n c r e a s e d  i l l n e s s  a n d  a  n o t a b l e  s h o r t e n i n g  o f  l i f e  e x p e c t a n c y  

a m o n g  s m o k e r s .  A c c o r d i n g  t o  t h e  N a t i o n a l  O r g a n i z a t i o n  f o r  t h e  R e f o r m  o f  

M a r i j u a n a  L a w s ,  t o b a c c o  w a s  r e s p o n s i b l e  f o r  m o r e  d e a t h s  ( i n  1 9 7 9 )  t h a n  

a l c o h o l ,  a s p i r i n ,  c a f f e i n e  a n d  m a r i j u a n a  p u t  t o g e t h e r  ( A t t a c h m e n t  A ) .

B o t h  m a r i j u a n a  s m o k i n g  a n d  t o b a c c o  s m o k i n g  d r a w  s m o k e  i n t o  t h e  l u n g s ,  w h e r e  

i t  c a n  h a r m  t h e  c e l l s  t h a t  l i n e  t h e  a i r w a y s  ( t r a c h e a ,  n a s o p h a r y n x ,  b r o n c h i ,  

a n d  a l v o l o i )  a n d  i m p a i r  s u c h  c e l l s  a s  l u n g  m a c r o p h a g e s ,  w h i c h  a r e  p a r t  o f  

t h e  i m m u n e  s y s t e m .  W h i l e  c o n t i n u e d  e x p o s u r e  t o  t o b a c c o  s m o k e  h a s  b e e n  

p r o v e n  t o  c a u s e  a  h i g h  r i s k  o f  c h r o n i c  b r o n c h i t i s  a n d / o r  c a r c i n o m a  o f  t h e  

l u n g s ,  t h e r e  i s  n o  s u b s t a n t i a l  e v i d e n c e  t h a t  t h e  s m o k i n g  o f  m a r i j u a n a  

p r e s e n t s  s i m i l a r  r i s k s .  C o n t e m p o r a r y  i n f o r m a t i o n  t h a t  e x i s t s  i n  r e g a r d  

t o  m a r i j u a n a ' s  e f f e c t s  o n  t h e  l u n g s  i s  c o n f o u n d e d  b y  t h e  f a c t  t h a t  m o s t  

m a r i j u a n a  s m o k e r s  a r e  a l s o  t o b a c c o  s m o k e r s .

T h e  m a t e r i a l s  i n  t o b a c c o  c i g a r e t t e  a n d  m a r i j u a n a  c i g a r e t t e  s m o k e  a r e  c o m ­

p a r e d  i n  T a b l e  1 .  T o x i c  s u b s t a n c e s ,  s u c h  a s  c a r b o n  m o n o x i d e ,  h y d r o g e n  

c y a n i d e ,  a n d  n i t r o s a m i n e s  o c c u r  i n  s i m i l a r  c o n c e n t r a t i o n s  i n  t o b a c c o  a n d  

m a r i j u a n a  s m o k e ;  s o  d o  t h e  a m o u n t  o f  t h e  p a r t i c u l a t e  m a t e r i a l  k n o w n  a s  

" t a r s . "  A c c o r d i n g  t o  t h e  s t u d y  w h i c h  a c c o m p a n i e s  T a b l e  1 ,  " . . . I t  i s  n o t  

e a s y  t o  c o m p a r e  t h e  t o x i c i t y  o f  a  g i v e n  n u m b e r  o f  m a r i j u a n a  c i g a r e t t e s  t o  a  

g i v e n  n u m b e r  o f  t o b a c c o  c i g a r e t t e s .  T h e r e  a r e  g e n e r a l  s i m i l a r i t i e s  i n  t h e  

c o m p o s i t i o n  o f  t h e  s m o k e ,  b u t  t h e  v a r i a t i o n s  i n  c o m p o s i t i o n  o f  b o t h  t o b a c c o  

a n d  m a r i j u a n a  c i g a r e t t e s  a n d  d i f f e r e n c e s  i n  s m o k i n g  t e c h n i q u e s  m a k e  s i m p l e  

e x t r a p o l a t i o n s  o f  r i s k s  o f  t o b a c c o  v e r s u s  m a r i j u a n a  s m o k i n g  n o t  v a l i d . " 9

6 E d w a r d  M .  B r e c h e r  a n d  t h e  E d i t o r s  o f  C o n s u m e r  R e p o r t s ,  " L i c i t  a n d  I l l i ­

c i t  D r u g s , "  t h e  C o n s u m e r s  U n i o n  R e p o r t  o n  N a r c o t i c s ,  S t i m u l a n t s ,  D e p r e s ­

s a n t s ,  I n h a l a n t s ,  H a l l u c i n o g e n s  a n d  M a r i j u a n a - - i n c l u d i n g  C a f f e i n e ,  N i c o ­

t i n e  a n d  A l c o h o l , 1 9 7 2 .

7 " A n  A n a l y s i s  o f  M a r i j u a n a  P o l i c y , "  1 9 8 2 ,  p .  5 .

8 " M a r i j u a n a  a n d  H e a l t h , "  R e p o r t  o f  a  S t u d y  b y  a  C o m m i t t e e  o f  t h e  I n s t i ­

t u t e  o f  M e d i c i n e ,  D i v i s i o n  o f  H e a l t h  S c i e n c e s  P o l i c y ,  1 9 8 2 ,  p .  5 7 .

9"Marijuana and Health," p. 27.



TABLE 3 Marijuana and T o b a c c o  R e f e r e n c e  Clga r e c t a  

Analysis of M a i n a c r e a m  Smoke*

TABLE 1

M a r i j u a n a  
C l g a r a t t a  
( I S  » )

T o b a c c o  
C l g a r a t t a  
(85 M l

A v a ra g a  v a l g n u ,  ttg 1113 1110
M o la t u r a ,  p a r c a n t 10.3 11.1
P r e a a u r a  d r o p ,  c a 14.7 7.2
S t a t i c  B u r n in g  r a t a ,  » g / a 0.88 0.80
P u f f  n u a b o r 10.7 11.1

3 . H u tn a t r a a a  saupkv

t .  Gaa p h a a a

C a rbo n  a o o o x id a ,  v o l .  p a r c a n t 3.99 4.S3
■9 17.6 20.2

C a rb o n  d l o x l d a ,  v o l .  p a r c a n t 8.27 9.38
*9 57.3 65.0

A a a o n la ,  ug 228 199
HCN, ug 532 498
C yanog an  {C O j*  ug 19 20
Ia o p r a n a ,  ug 83 310
A c a t a ld a b y d a ,  ug 1200 980
A c a to n a ,  ug 443 578
A c r o l a m ,  ug 92 a s
A c a t o n i t r l l a ,  ug 132 123
B a n ta n a ,  ug 76 67
T o lu a n a ,  ug 112 108
V in y l  c n l o n d a .  n g i 5.4 12.4
O lM t n y l n l t r o a a a m a ,  n g i 75 34
M o t n y l a t h y l n i r r o a a a t n a ,  n g i 27 30
pH , t b l r d  p u f f i i . 56 6.14

f i f t h  p u f f 6.57 6.15
a a v a n tn  p u f f 6.58 6.14
n in t h  p u f f 6,56 6.10
t a n t n  p u f f 6 .SB 6.02

17. P a r t l c u l a c a  p h a a a

T o t a l  p a r t i c u l a t a  a a t t a r ,  d r y ,  a g 22.7 39.0
P t ia n o l ,  ug 76.8 138.5
o - C r a a o l ,  ug 17.9 24
a-  and  g - C r a a o l ,  ug 54.4 65
D la a t b y lp n a n o l ,  ug 6.8 14.4
C a t a c b o l ,  ug 188 328
C a n n a b ld lo l ,  ug 190 -
4S- T a t r a h y d r o c a n n a b ln o l ,  ug 820 -
C a n n a b ln o l ,  ug 400 -
N lc o t l n a ,  ug - 2850
H - N l t r o a o n o r n lc o t ln a ,  n g i - 390
N a p n tb a la n a ,  ug 3.0 1 .2
1 - M a th y ln a p h th a la n a ,  ug 6.1 3.63
2 - H a th y ln a p n th a la n a 3.6 1. 4
S a m  (a) a n t n r a c a n a ,  n g i 75 43
B a n to ( a ) p y r a n a ,  ng*. 31 21.1

i l n d l c a c a a  in o w i c a r c ln o g a n a .
SO Un cU i  BoC fnann a t  a l . .  1 9 7 3 .  1 9 7 4 ;  I r u n n t u n n  a t  a l . .  1 9 7 6 .  1 9 7 7 .
S o u r c e :  " M a r i j u a n a  a n d  H e a l t h , "  R e p o r t  o f  a  S t u d y  b y  a  C o m m i t t e e  o f

t h e  I n s t i t u t e  o f  M e d i c i n e  D i v i s i o n  o f  H e a l t h  S c i e n c e s  P o l i c y ,  

1 9 8 2 ,  p a g e  1 7
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A l c o h o l

A l c o h o l  i s  a  c e n t r a l  n e r v o u s  s y s t e m  d e p r e s s a n t .  A l t h o u g h  i t s  o c c a s i o n a l  

u s e  a p p e a r s  t o  b e  r e l a t i v e l y  h a r m l e s s ,  e x c e s s i v e  o r  l o n g - t e r m  u s e  c a n  b e

h a r m f u l  a n d  e v e n  d e a d l y .  A l c o h o l  a c c o u n t s  f o r  r o u g h l y  7 5 , 0 0 0  d e a t h s  

a n n u a l l y  i n  t h e  U n i t e d  S t a t e s .  A b o u t  t w o - t h i r d s  o f  t h e s e  a r e  c a u s e d  b y

t r a u m a  ( a c c i d e n t s ,  s u i c i d e ,  a n d  h o m i c i d e )  a n d  o n e - t h i r d  a r e  c a u s e d  b y  a c u t e  

a n d  c h r o n i c  a l c o h o l - r e l a t e d  i l l n e s s . 1 0

A l c o h o l  u s e r s  h a v e  a n  i n c r e a s e d  r i s k  f o r  l i v e r  c i r r h o s i s ,  a c u t e  p a n c r e a t i ­

t i s ,  a n d  c a n c e r s  o f  t h e  l i v e r ,  e s o p h a g u s ,  l a r y n x ,  a n d  m o u t h .  D a m a g e  f r o m  

a l c o h o l  a b u s e  c a n  o c c u r  i n  t h e  b r a i n  a n d  i n  t h e  p e r i p h e r a l  r . e r v e s .  A l c o h o l  

a l s o  h a s  a n  e f f e c t  o n  t h e  e n d o c r i n e  s y s t e m  a n d  h a s  p r o p e r t i e s  w h i c h  c a n  

c a u s e  g e n e t i c  a n d  b i r t h  d e f e c t s . 1 1

A  c o m p a r i s o n  o f  s o m e  o f  t h e  e f f e c t s  o f  a l c o h o l  a n d  m a r i j u a n a  i s  p r o v i d e d  i n

T a b l e  2 .  M a t t  F e l i x ,  C o o r d i n a t o r  o f  t h e  S t a t e  O f f i c e  o f  A l c o h o l i s m  a n d

D r u g  A b u s e ,  s a i d  t h a t  t h e  d e t r i m e n t a l  e f f e c t s  o f  m a r i j u a n a  a r e  i n n o c u o u s  a s  

c o m p a r e d  w i t h  t h e  e f f e c t s  o f  a l c o h o l .  H e  s a i d  t h a t  a l c o h o l  i s  m o r e  a c c e p t ­

a b l e  i n  t h e  U n i t e d  S t a t e s  b e c a u s e  i t  h a s  b e e n  a r o u n d  l o n g e r .

1 0 " M e d i c i n e  f o r  t h e  L a y m a n , "  U n i t e d  S t a t e s  D e p a r t m e n t  o f  H e a l t h  a n d  H u m a n  

S e r v i c e s ,  P u b l i c  H e a l t h  S e r v i c e ,  N a t i o n a l  I n s t i t u t e  o f  H e a l t h ,  p .  2 0 .

^ " M e d i c i n e  f o r  t h e  L a y m a n , "  p p .  2 1 - 2 4 .

1 2 S i d n e y  C o h e n ,  M . D .  a n d  P h y l l i s  J .  L e s s i n ,  " M a r i j u a n a  a n d  A l c o h o l , "  

N e u r o p s y c h i a t r i c  I n s t i t u t e ,  C e n t e r  f o r  t h e  H e a l t h  S c i e n c e s ,  U n i v e r s i t y  

o f  C a l i f o r n i a  a t  L o s  A n g e l e s ,  A m e r i c a n  C o u n c i l  f o r  D r u g  E d u c a t i o n ,  1 9 8 2 .
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A s p i r i n

A s p i r i n  c a n  c a u s e  h e a r t b u r n ,  d y s p e p s i a ,  s t o m a c h  d i s c o m f o r t ,  n a u s e a  a n d  

v o m i t i n g .  I t  c a n  a l s o  c a u s e  s t o m a c h  u l c e r s ,  e r o s i o n  o f  a n d  b l e e d i n g  f r o m  

t h e  l i n i n g  o f  t h e  s t o m a c h ,  k i d n e y  d y s f u n c t i o n ,  a n d  g a s t r o i n t e s t i n a l  h e m o r ­

r h a g e .  W h e n  a s p i r i n  i s  t a k e n  o v e r  a  l o n g  p e r i o d  o f  t i m e ,  t h e r e  i s  s o m e ­

t i m e s  e n o u g h  l o s s  o f  b l o o d  i n  t h e  l i n i n g  o f  t h e  s t o m a c h  t o  c a u s e

i r o n - d e f i c i e n c y  a n e m i a .  S t u d i e s  h a v e  a l s o  s h o w n  t h a t  a s p i r i n  m a y  p o s e

s p e c i a l  r i s k s  f o r  c e r t a i n  g r o u p s - - i n c l u d i n g  p r e g n a n t  w o m e n ,  p e o p l e  w i t h  

b l e e d i n g  . d i s o r d e r s ,  t h o s e  w i t h  u l c e r s  a n d  c h i l d r e n  w i t h  v i r a l  

i l l n e s s e s . 1 -3 A s p i r i n  l e a d s  o v e r - t h e - c o u n t e r  d r u g s  a s  a  c a u s e  o f  a d v e r s e

r e a c t i o n s  l e a d i n g  t o  h o s p i t a l i z a t i o n  a n d  i s  a  m a j o r  c a u s e  o f  c h i l d

p o i s o n i n g . 1 4

E x c e s s i v e  a m o u n t s  o f  i n g e s t e d  a s p i r i n  i s  c o n s i d e r e d  a  p o s s i b l e  c a u s e  o f  

m a l f o r m a t i o n s  i n  f e t u s e s  a n d  i s  b e l i e v e d  t o  c r e a t e  t h e  d a n g e r  o f  i n f a n t  

m o r t a l i t y .  A  s t u d y  o f  A u s t r a l i a n  w o m e n  s h o w e d  t h a t  t h e  i n f a n t s  o f  a s p i r i n  

u s e r s  h a d  s i g n i f i c a n t l y  l o w e r  b i r t h  w e i g h t s  a n d  w e r e  m o r e  l i k e l y  t o  d i e  

a r o u n d  t h e  t i m e  o f  b i r t h .  S t u d i e s  a l s o  a s s o c i a t e  t h e  u s e  o f  a s p i r i n  w i t h  

s i g n i f i c a n t  i n c r e a s e s  i n  p o s t  m a t u r i n g  ( t h e  b i r t h  o f  a n  o v e r d e v e l o p e d  

i n f a n t ) ,  l e n g t h  o f  t i m e  s p e n t  i n  l a b o r ,  t h e  l i k e l i h o o d  o f  a  c o m p l i c a t e d  

d e l i v e r y ,  a n d  i n c r e a s e d  h e m o r r h a g i n g  i n  b o t h  m o t h e r s  a n d  n e w b o r n  

i n f a n t s .

Caffeine

C a f f e i n e  s t i m u l a t e s  t h e  c e n t r a l  n e r v o u s  s y s t e m ,  m a k e s  t h e  h e a r t  b e a t  

f a s t e r ,  s p e e d s  u p  m e t a b o l i s m ,  p r o m o t e s  s e c r e t i o n  o f  s t o m a c h  a c i d ,  a n d  s t e p s  

u p  t h e  p r o d u c t i o n  o f  u r i n e .  I t  a l s o  w i d e n s  s o m e  b l o o d  v e s s e l s ,  n a r r o w s  

o t h e r s ,  a n d  i n c r e a s e s  t h e  c a p a c i t y  o f  m u s c u l a r  w o r k .  S t u d i e s  s h o w  t h a t  

c o f f e e  ( d e c a f f e i n a t e d  a s  w e l l  a s  r e g u l a r )  c a n  s t i m u l a t e  s t o m a c h - a c i d  

s e c r e t i o n ,  t h i i s ,  p h y s i c i a n s  c o m m o n l y  a d v i s e  u l c e r  p a t i e n t s  t o  a v o i d  i t s  

c o n s u m p t i o n . 1 0  C a f f e i n e  i s  a l s o  a d d i c t i v e ,  p r o d u c i n g  w i t h d r a w a l  e f f e c t s  

a t  s o m e  d o s a g e s .  T h e s e  e f f e c t s  i n c l u d e  h e a d a c h e s ,  i r r i t a b i l i t y ,  i n a b i l i t y  

t o  w o r k  e f f e c t i v e l y ,  n e r v o u s n e s s ,  r e s t l e s s n e s s  a n d  l e t h a r g y . 1 7

1 ?
1 J C h i l d r e n  w i t h  v i r a l  i l l n e s s e s  s u c h  a s  c h i c k e n  p o x  a n d  t h e  f l u  a r e  

s u s c e p t i b l e  t o  R e y e s  S y n d r o m e  i f  t h e y  t a k e  a s p i r i n .  R e y e s  S y n d r o m e  

c a u s e s  t h e  b r a i n  t o  s w e l l ,  c a u s e s  a  f a t t y  i n f i l t r a t i o n  o f  t h e  l i v e r  a n d  

c a n  c a u s e  d e a t h .

1 4 F l o r a  T a y l o r ,  " A l l  A b o u t  A s p i r i n , "  C o n s u m e r s  R e s e a r c h  M a g a z i n e ,  A u g u s t  

1 9 8 4 ,  p .  2 1 .

1 5 " A 1 1  A b o u t  A s p i r i n , "  p .  2 2 .

1 6 " l s  C o f f e e  S a f e  t o  D r i n k ? , "  C o n s u m e r  R e p o r t s  M a g a z i n e ,  M a y  1 9 8 5 ,  p p .  

2 5 7 - 2 6 8 .

* 7 " L i c i t  a n d  I l l i c i t  D r u g s , "  p .  2 2 .
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A c c o r d i n g  t o  C o n s u m e r  R e p o r t s  M a g a z i n e ,  a l t h o u g h  s t u d i e s  s u g g e s t  t h a t  

c o f f e e  c a n  c o n t r i b u t e  t o  h i g h e r  b l o o d  c h o l e s t e r o l  l e v e l s ,  t h e r e  i s  a s  y e t  

n o  e v i d e n c e  t h a t  r e d u c i n g  c o f f e e  c o n s u m p t i o n  w i l l  h e l p  l o w e r  c h o l e s t e r o l  

l e v e l s  o r  p r e v e n t  t h e m  f r o m  r i s i n g .  R e s e a r c h e r s  i n  a  s t u d y  c o n d u c t e d  i n  

1 9 8 5  n o t e d  t h a t  " . . . t h e  p r e p o n d e r a n c e  o f  c u r r e n t  e v i d e n c e  ' f a i l s  t o  

s u p p o r t '  a  r e l a t i o n s h i p  b e t w e e n  c o f f e e  a n d  c o r o n a r y  d i s e a s e . "  C o n s u m e r  

R e p o r t s  a l s o  s t a t e d  t h a t  n o  w e l l - c o n t r o l l e d  s t u d i e s  o f  h u m a n  b i r t h  d e f e c t s  

h a v e  l i n k e d  a n y  c o m m o n  m a l f o r m a t i o n s  t o  c a f f e i n e  i n t a k e ,  a n d  t h a t  s t u d i e s  

l i n k i n g  c o f f e e  c o n s u m p t i o n  w i t h  c a n c e r  h a v e  p r o d u c e d  i n c o n s i s t e n t  a n d  

c o n f l i c t i n g  f i n d i n g s . 1 0

S a l t

R e s e a r c h  h a s  l i n k e d  e x c e s s i v e  c o n s u m p t i o n  o f  s a l t  t o  h y p e r t e n s i o n  ( h i g h  

b l o o d  p r e s s u r e )  a n d  i t s  p o t e n t i a l l y  f a t a l  c o n s e q u e n c e s ,  h e a r t  a n d  k i d n e y  

d i s e a s e  a n d  s t r o k e s .  T h e  m a i n  p r e c i p i t a n t  o f  h y p e r t e n s i o n  i s  t h e  m i n e r a l  

s o d i u m ,  w h i c h  i s  4 0  p e r c e n t  o f  t h e  s u b s t a n c e  o f  s a l t .  H y p e r t e n s i o n  

a f f l i c t s  a n  e s t i m a t e d  3 4  m i l l i o n  A m e r i c a n s ,  u s u a l l y  p r o d u c i n g  n o  s y m p t o m s  

u n t i l  t h e  s i g n s  o f  p e r m a n e n t  o r g a n  d a m a g e  s u d d e n l y  a p p e a r  a s  a  c h r o n i c  

i l l n e s s  o r  d e a t h .

I  h o p e  t h i s  i n f o r m a t i o n  i s  h e l p f i . l  t o  y o u .  I f  y o u  h a v e  a n y  q u e s t i o n s  o r  

w o u l d  l i k e  a d d i t i o n a l  i n f o r m a t i o n ,  p l e a s e  c o n t a c t  o u r  a g e n c y .

A t t a c h m e n t

l 8 " I s  C o f f e e  S a f e  t o  D r i n k ? , "  p p .  2 6 7 - 2 6 8 .

1 9 J a n e  B r o d y ,  " J a n e  B r o d y ' s  N u t r i t i o n  B o o k - - A  L i f e t i m e  G u i d e  t o  G o o d  

E a t i n g  f o r  B e t t e r  H e a l t h  a n d  W e i g h t  C o n t r o l  b y  t h e  P e r s o n a l  H e a l t h  

C o l u m n i s t  o f  t h e  N e w  Y o r k  T i m e s , "  1 9 8 1 ,  p .  1 9 9 .



ATTACHMENT A

“ H O W  D A N G E R O U S  I S  M A R I J U A N A .  . . 
I N  C O M P A R I S O N  T O  

O T H E R  S U B S T A N C E S ? ”

A c c o r d i n g  to  W orld  A l m a n a c s ,  Life I n s u r a n c e  A c tu a r ia l  ( d e a t h ) R a t e s ,  a n d  t h e  
la s t  12 y e a r s  of t h e  U.S. S u r g e o n  G e n e r a l ’s  R e p o r t s ,  A m e r i c a n s  DIE, d i rec t ly  

o r  pr imarily ,  f rom  t h e  fo l low ing  (selected) c a u s e s  p e r  y e a r  N a t io n w id e .  (Figures are for 19 79 from the Federal Government's Bureau of Mortality 
Statistics, and NIDA, the last complete year at the time of this writing.) 

T O B A C C O ................................................................  200 ,000  to 300,000

A L C O H O L  (not including 50% of all highway deaths
and 65% of all murders)............................................... 18,951 to 130,000

ASPIRIN (including deliberate overdose)....................... 180 to  1,000 p lu s

C A F F E IN E  (from stress, ulcers, and triggering
irregular heartbeats, etc.) ...................................................1,000 to  10,000

O V E R D O S E  (deliberate or accidental) from prescribed
legal or patent medicines and/or mixing with alcohol
e.g., Valium/alcohol  7,101 to  21,000

O V E R D O S E  (deliberate or accidental) from all
illegal drugs .................................................................................... 981 to  3,600

M A R IJU A N A  (including overdose)............................................................. — 0 —

M a r i ju a n a  u s e r s  a l s o  h a v e  t h e  s a m e  o r  l o w e r  i n c i d e n c e  of  m u r d e r s  
a n d  h i g h w a y  d e a t h s  a n d  a c c i d e n t s  t h a n  t h e  g e n e r a l  n o n - m a r i j u a n a  
u s i n g  p o p u l a t i o n  a s  a  w h o le .  Crancer Study, UCLA; U.S. F u n d e d  

($6 million), J a m a i c a n  S tu d y (s )  1 s t  a n d  2 n d ,  1968 to  1974; C o s t a  R ican
S t u d i e s ,  1 9 8 0  to 19 8 2 ;  e t  al.

L O W E S T  T O X I C I T Y

1 0 0 %  of  t h e  s t u d i e s  d o n e  a t  d o z e n s  of A m e r i c a n  u n i v e r s i t i e s  a n d  r e s e a r c h  
fac i l i t ie s  s h o w  p o t  to x ic i ty  d o e s  n o t  e x i s t .  M e d ic a l  h i s t o r y  d o e s  n o t  r e c o r d  
a n y o n e  d y in g  f rom  a n  o v e r d o s e  of m a r i j u a n a  (UCLA, Harvard, Temple, etc.)
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Position Statement on  Psychoactive Substance Use 
and  Dependence:  Update  on  M a r i ju a n a  a nd  Cocaine

This statement is an ad/unct to the position statement on sub­
stance abuse published in the June 1981 issue o f the American 
Jou rna l o f  Psychiatry, which emphasizes diagnosis and treatment. It 
replaces the position statement on marijuana laws published in the 
May 1979 issue o f the Amencan Jou rna l o f Psychiatry. The state­
ment was prepared by the Committee on Drug Abuse‘ o f the 
Council on Psychuttric Services and was approved by the Assembly 
in November 1986 and by the Board o f Trustees hi December 1986.

The misuse o f  psychoactive substances is die nation ’s foremost 
public health challenge. The use and abuse o f a lcoho l, cigarettes, 
illic it drugs (hero in , cocaine, m arijuana, etc.), and licit drugs (seda­
tives and tranquilizers) are by far the largest cause o f preventable 
and premature illness, d isability, and death in ou r society. The 
annual econom ic cost o f  a lcoho l and drug abuse has been estimated 
to be $ 1 3 6  b illion , over fou r times that o f  cancer and nearly a third 
greater than that o f cardiovascular disease (1 ). Illic it drug use has 
increased so rapid ly ove r the past 25  years that it may be difficult fo r  
someone ove r age 50  to  comprehend the extent to  which drugs have 
permeated ou r society. Experience with illic it psychoactlve drugs 
was restricted to 2%  o r  less o f  the popu lation  in most areas o f  the 
country in the early 1960s (2 ). In contrast, the 1 982  household 
survey (3 ) found that a lm ost a third o f  the household popu lation in 
the United Stares age 12 and o lder had had some experience with 
illic it drugs. A lm ost 6 0  m illion  household residents had tried m ari­
juana, and an estimated 2 0  m illion  were current users. In 1982 , it 
was esnmated (4 ) that over 2 0  m illion  had tned cocaine and over 4 
m illion  were current users. The prevalence o f cocaine use and abuse 
has increased dram atica lly  in the ensuing 4  years (4 ).

Illic it drug use is m ost prevalent in young adults. Typ ically , 
children begin experimenting w ith drugs o f abuse by trying a lcoho l 
and cigarettes in early adolescence. By the time they complete 
secondary school, they have established attitudes toward drugs and 
patterns o f  use that w ill carry them through much o f their lives. 
M ost adults addicted to nicotine through smoking cigarettes estab­
lished regu lar smoking in their teens. Adult users o f cocaine and 
opiates generally began drug use in adolescence and may have been 
heavy m arijuana users ( 5 ‘ In addition to  exposing themselves to the 
risks o f  drug use (au tom ob ile accidents, overdose, o r impaired 
physical, em otiona l, and psychological development), adolescents 
are establishing attitudes tow ard  and actual partems o f use that have 
p ro found  long-term  consequences on health. By the time they 
graduate, m ore than h a lf (5 4 % ) o f  high school seniors have tned 
m arijuana and a fou rth  (2 6 % ) are current users. Cocaine use tends 
to begin a few years later than m an juana use, and heavy marijuana

*The Committee on  D rug Abuse includes Edward Kau fm an, M .D . 
(chairperson), Edward Khantzian , M .D ., Joseph Westermeyer, 
M .D ., D orynne Czechow icz, M .D . (consu ltant), Steven M irin , 
M .D . (consu ltant), and R oger M eyer, M .D . (fo rm er member).

use is an im portant risk factor fo r  cocaine use. Nevertheless, cocaine 
use now  is increasing among ou r high school popu lation . In the 1985 
national survey o f high school seniors (6 ), it was found that 17%  
had tned cocaine and alm ost 7%  were current users.

In addition to statistics on the prevalence o f use, there are now 
data from  N ationa l Institute o f  M enta l H ealth  (N IM H ) catchment 
srea studies (7 ) on the lifetime prevalence o f  substance abuse 
disorders, which was found to  vary from  1 5 .0%  to 1 8 .1%  among 
the three sites reponed . These rates were significantly higher than the 
lifetime prevalence o f any other group o f  disorders (except fo r 
phobic disorders at one site).

SO C IA L  CO N SEQ U EN CES  O F  USE O F  M A R IJU A N A  A N D  
O T H E R  DRUG S

Young people may use drugs in an attempt to alleviate p rob lem ­
atic fam ily relationships. 3 ver the sh on  term , drugs may a llow  the 
young person tem porarily  to  ignore in tra fam ilia l strife, including 
developmental adjustmen.s between child and parents and among 
siblings. Regular o t  h.-avy drug use undermines the adolescent’s 
ab ility to w ork  through these prob lem s w ith other fam ily members, 
thereby exacerbating fam ily p rob lem s over the long term . The heavy 
drug user may w ithdraw  socially from  other fam ily members, refuse 
to consider their needs and concerns, and put his o r  her own needs 
above those o f the fam ily . Theft from  other fam ily members (to 
obtain drugs) and lying (to hide drug use) underm ine the trust 
necessary fo r coexistence within the fam ily . Angry outbursts, p rop ­
erty destruction, and in tra fam ily violence can ensue, A lienation o f 
the drug user from  the fam ily , once present, is difficult to repair (8 ). 
Adult substance abusers a lso exert powerfu l effects on their fam ilies. 
Families react variab ly but often go through stages o f denial, 
overprotection, personal mental illness, and fam ily disruption . The 
effects on children in such fam ilies have been so p ro found  that a 
national movement, the Adult Child ren o f A lcoholics, has recently 
emerged to p rovide support and understanding (9 - 1 1 ) .

Heavy drug use can precipitate financial p rob lem s in two ways. 
First, drugs themselves cost money; drug expenses are p ropo rtiona l 
to the cost o f the drug, frequency o f use, and dose consumed. Such 
costs m ount as tolerance develops, habitual use becomes established, 
and larger amounts o f drug are consumed m ore o ften . A second 
source o f financial p rob lem s is unemployment o r job  loss. E arly  drug 
use may seem to facilitate w o rk  by a lleviating fatigue o r  boredom  o r 
helping the user tolerate w ork-re lated  stresses. Eventually , continued 
drug use undermines the person's energy, am bition , concentration, 
p rob lem -solving abilities, perform ance, productivity , and social 
skills in dealing with co-workers and supervisors. Drug-induced 
paranoia , if present, fu rther exaggerates interpersonal dissensions, 
in addition to individual financial loss, theft and unpaid loans from  
other fam ily members can cause financial difficulties fo r  the entire 
fam ily .

The heavy drug user may resort to  crim inality to  financially 
support the drug habit. Theft and illicit d rug selling are the most
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common illegal activities, but p rostitution , robbery, and drug smug­
gling a lso occur. Easy money Irom  crim inal behavior impedes later 
rehabilitation , since the you th fu l person has been learning crim inal­
ity ra ther than a licit occupation during this critical development 
period . Learn ing a jo b  sk ill o r  profession requires hard w o rk , 
willingness to make a commitment and risk fa ilu re , and learning 
responsibility, tasks no t easily accomplished. Frustration, anxiety, 
and fear result to  a greaser o r lesser extent, feelings that m anjuana, 
cocaine, and o the r drugs can alleviate temporarily . Continued drug 
use underm ines the persistence and industriousness needed to suc­
ceed at this developmental task. D rug  intoxication and, later, 
w ithdrawal, im pair the ab iliry to  concentrate, synthesize, and o rga­
nize m ateria l, learn new m ateria l, cpply genera] pnndp les to specific 
prob lem s, exert judgment tn complex tasks and situations, and make 
timely decisions (1 2 ) .

In developing friendships and, la ter, intimscy with persons o f the 
opposite sex, most you th fu l persons experience anxiety, embarrass­
ment, and fear o f  rejection. They may believe that drugs can relieve 
these aven ive feelings as well as alleviate premature e jaculation (in 
males) and vaginismus (in females). H owever, prolonged heavy use 
can reverse these temporary gains in sexual performance, leading to 
anhedonia, amenorrhea, impotence, and rejection by a sexual part­
ner (1 3 ) . The lack o f  judgment seen in young drug and a lcoho l usen 
often results in teenage pregnancy.

Adolescence is the time to  acquire hobbies, sports, and other 
avocations that may last decades, even a lifetime (1 4 ) . By and large, 
drug use does no t enhance these activities. D rug use may in fact lead 
to abandonment o l  these pursuits and may intensify social isolation. 
Instead, the drug user pursues activities that focus on the drug use 
experience and that tend to be banal and boring if done w ithout drug 
use. Thus, w ithout drugs, the chronic user may be bored and at a loss 
fo r stimulating and rewarding activities. Recreational pastimes 
usua lly require a period o f learning and acquiring skills , another 
lengthy process that is abandoned with drug use. D rug use during 
activities involving rapid psychomotor coordination , speed, and 
judgment (e.g., driving a car o r  m o to r boat, water o r snow skiing) 
places the intoxicated person at risk o f  harm ing self o r  others.

In the process o f  becoming an adult, an adolescent learns to accept 
responsibility and cope with adversity. M aturation  demands t  focus 
outside oneself, task o rientation , and the ability to delay gratification 
fo r a time. Th is personality development is impaired by the use o f 
drugs, which furthers an egocentric and present-oriented attitude. I f  
regu lar drug use began early in adolescence and was continued over 
several years, the recovering abuser often has the personality char­
acteristics and m aturation level o f  a much younger person (1 J ) . It  is 
im portan t to note that a lcoho l and cigarettes are "gatew ays," 
predecessors o f  m arijuana use, which is in rum  a predecessor o f 
o ther drug use and abuse (1 6 ) .

CO N SEQ U EN C ES  O F  M A R IJU A N A  USE 

General Medical Consequence j

Tw o distinguished independent scientific groups separately have 
reponed  on m arijuana in the p u t  6  years. Tha Institute o f Medicine, 
N ationa l Academy o f  Sciences, prepared a report on marijuana and 
health that was published in 1 962  (1 7 ) . The Addiction Research 
Center, W o r ld  Hea lth  O rgan ization , prepared a report on the 
Conference o f Adverse H ealth  and Behavioral Consequences o f 
Cannabis, which was published in 1981  (1 8 ) . Both reports con­
cluded that cannabis Ism  both known and suspected health hazards 
that shou ld  be o f  serious nationa l concern .

The health consequences o f  chronic m arijuana use depend to some 
extent on the frequency, dura tion , and intensity o f  use, the age at 
which use begins, and biopsychosocial characteristics o f the user, 
which may contribute to risk in still unspecified ways. For example, 
not a ll individuals who smoke tobacco cigarettes w ill go on ro 
develop carcinoma o f  the lung, but the risk o f this disorder is much 
greater among smokers, and the relative risk increases with the 
intensity, frequency, and ch ron irity  o f  use.

Since the two aforementioned studies were published, further 
evidence o f the harm fu l effects o f  m arijuana has been esublished. In

particu lar, the clearest evidence fo r  h arm fu l changes in physical 
health involves the pu lm onary system (1 9 - 2 2  and a December 1979 
report o f  the AM A  Council on Scientific A ffa irs ). Bronchitis and 
related in flamm atory changes hava been shown repeatedly. M ore 
recently, it has been shown that m arijuana sm oking causes a 
significant reduction in the gas-diffusing capacity o f the lung. 
M oreover, there is considerable evidence to  suggest that long-term  
use, like  tobacco smoking, may lead to pu lm onary cancer. Indeed, 
m arijuana has up to  5 0 %  m ore a ry l h ydrocarbon* in its smoke than 
tobacco, and high levels o f these are associated w ith susceptibility to 
bronchogenic carcinoma. M any m arijuana smokers a lso smoke 
tobacco, and it is postu lated that the combined effects o f  smoking 
both substances m ay substantia lly increase die risk o f  cancer. M ost 
im portant a r t  the p ro found  acute and chronic psychosocial, cogni­
tive, and behaviora l effects associated with m arijuana use by you th . 
Acute to x id ty  is accompanied by negative effects on learning and 
memory, as well as p sychom otor impairment. The typical effects o f 
cannabis resemble a transient acute brain  syndrome; they include 
deficits in attention span, concentration ability, short-term  memory, 
in form ation  processing, and the perform ance o f com plex perceptual 
m o to r tasks. Thus, accidental in ju ry  to  persons driving m oto r 
vehicles, p iloting airp lanes, o r  operating heavy machinery while 
intoxicated with m arijuana ia o f  special concern.

Even when m arijuana use is discontinued, the memory loss 
continues fo r 3 to  6  months. Th is particu la rly  affects adolescents 
who have been having difficulties in schoo l. This consequent nega­
tive reinforcement teada them to return to  m arijuana use.

Specific Psychiatric Concents

Psychiatrists have described three general complications associ­
ated with cannabis; acute adverse reactions, flashbacks, and p ro ­
longed reactions. Acure reactions are characterized by errors in 
judgment and con fusion , which may be fo llow ed  by an amnesic 
period. These are dose related and fa ll w ithin the general category o f 
deliria (2 3 , 2 4 ) . Anxiety may progress to  acute pain reaction with 
overwhelm ing anxiety and a fear o f  losing con tro l in response to 
drug-induced symptoms. Factors related to  setting and/or personal­
ity may lead to severe anxiety.

Flashbacks re fe r to b rie f, spontaneous recurrences o f  mental states 
experienced during m an juana in tox ication  that occur sometime 
after the last drug use. A t this w riting , the exact mechanism fo r 
flashbacks is uncertain.

Prolonged reactions secondary to  m arijuana use include psychotic 
and non psychotic reactions. M arijuana sm oking may trigger a 

. schizophrenic reaction in vu lnerab le individuals. Descriptions o f 
Tong-lasting cannat/is-mduced psychoses appear mainly in medical 
jou rna ls in Asia ;n d  N o rth  A frica , where individuals may use 
cannabis at substantia lly h igher doses than in the United Stares. 
Descriptions o f cannabis psychoses vary by cu lture , and m ost reports 
suggest a persistent de lirium , which includes b izarre behavior and 
the potential fo r  violence and panic feelings in the absence o f a 
" typ ica l" schizophrenia-iika psychotic state. There is fa ir ly  general a 
agreement that persons su ffering from  m arijuana psychosis do not y 
develop psychotic thoughts o r  symptoms characteristic o f  sd tizo- J 
phrenia. M o tt reports describe cannabis psychosis as lasting 1 -6  
weeks among very heavy users o f  high doses o f  cannabis. H owever, 
some reports describe longer-lasting m an juana psychoses in which 
the psychotic episodes do not c lear in the usual time but persist in 
residual fo rm . Repeated in toxications may resu lt in recurrent psy­
chotic episodes. There has been a p rob lem  in relating m anjuana 
psychosis to the experience in Western countries because o f  d iffe r­
ences in smoking patterns in the East and the W est, the d ifficu lty o f 
translating the psychiatric symptom  picture from  one body o f 
literature and cu lture into another, and the impossib ility o f  gener­
alizing from  cases that come to  psychiatric attention to the overa ll 
marijuana-using popu la tion .

Nonpsychotic p ro longed adverse reactions have a lso been de­
scribed. Chronic anxiety states, depressive symptom s, and changes 
in life style (including an "am otiv a tion a l synd rom e") have been 
linked to chronic m arijuana use by a num ber o f  observers. The 
amotivational syndrome includes apathy, loss o f  effectiveness, and 
diminished capacity o r  w illingness to  carry  ou t c o n p le x  long-term
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plans, endure frustration , concentrate fo r  long perioda, fo llow  
routine!, o r  successfully m aiter new materials. V e rba l facility often 
is impaired both in speaking and in writing. Such individuals 
experience greater in troversion , become tota lly  involved with the 
present at die expense o f future goals, and demonstrate a strong 
tendency tow ard  regreaiive, child like, magical thinking. It remains 
unclear whether those w ho are attracted to  heavy marijuana use 
already were inclined tow ard  an am obvariooa l syndrome, o f which 
the m arijuana uae w u  sym ptomatic, o r  whether the amotivadonal 
syndrome developed as a consequence o f  the chronic marijuana uae. 
W hat is clear ia that chron ic m arijuana smokers who develop 
amotivational patterns o f  behavior need to  stop marijuana use if 
they are to  be rehabilitated.

F ina lly , the question o f  marijuana's dependence-producing capa­
b ility is raised frequently. L abo ra to ry  animals do not self-administer 
A’ -tetrahydrocannabinol as they do  opioids, sedative hypnotic 
drugs, a lcoho l, and stimulants. Nevertheless, compulsive patterns o f 
cannabis consumption d o  develop in human beings, and heavy use o f 
m arijuana in humana is associated with the development o f a 
dependence-syndrome. M oreove r, heavy users o f m arijuana appear 
to be at substantially greater risk fo r other form s o f drug abuse d u n  
persons who do not use marijuana. F ina lly , the long persistence o f 
cannabinoids in the body a fter ingestion (up to 9 days a fter a single 
dose) raises die additiona l prospect o f  rox id ty  due to  accumulation 
o f the drug and its metabolites in the brain and other lipid- 
containing organs.

CO N SEQ UEN CES  O F  C O C A IN E  USE

The grow ing popu larity o f cocaine, as a drug f  both use and 
abuse, is testimony o f the willingness o f human beings to consume 
psychoactivc substances w ithout regard to their effects on the brain 
o r o ther body organs.

The adverse effects o f cocaine on health may be divided into the 
general medical, specifically psychiatric, and sodn l sequelae o f acute 
and chronic use. The p robab ility that adverse effects w ill occur is, in 
turn, related to factors such as dose, route o f administration, and 
frequency and duration o f  use. Changing routes o f cocaine adm in­
istration (such as " free  basing”  o r  using "c rack " ) increases the 
seventy o f health consequences. Frequent adm inistration, even over 
short periods o f time, leads to the accumulation o f cocaine in plasma 
and presumably in brain tissue and increases the risk o f adverse 
medical and psychiatric sequelae. Cocaine rapid ly depletes endoge­
nous neurotransm itters, leaving the user in a depressed state. Indi­
vidual tolerance and vu lnerab ility to the physical and psychological 
effects o f the drug also p lay a role.

General Medical Consequences

Some sequalac o f  cocaine use stem from  the drug's local anesthetic 
properties, its direct effects on small capillaries, and i a  ability to 
stimulate sympathetic nervous system activity. O ther medical com ­
p lications are the indirect resu lt o f the drug-using life style.

Until the upsurge o f sm oking crack cocaine, 8 0%  o f  a ll cocaine 
use was by nasal inhalation (snorting). The direct effects o f the drug 
on mucous membranes are responsible fo r a number o f medical 
complicanons. These include rhinitis, erosion o f the mucous mem­
branes, and in severe cases, perforation  o f the nasal seprum [IS), 
Intravenous cocaine use, favored by some lor the rapidity o l onset 
and intensity o f d rug effects, is associated with i l l  o f the complica­
tions that one m ight e xp ea  with any type o f unregulated intravenous 
drug use. These include skin abscess, thrombophlebitis, septicemia, 
hepatitis B, acquired immune deficiency syndrome (A ID S ), and 
tetanus (2 6 ). Smoking the basified e x t ra a  o f  cocaine (free basing o r 
crack smoking) delivers the drug into the pulm onary cap illary bed, 
where it is rapid ly absorbed and re su lo  in a dram atica lly intense 
e tfea  and a m ore rapid onset o f addiction. Free basing and crack 
smoking have been associated with the development o f chronic 
bronchitis and impairment in pulm onary diffusing capacity (2 7 ).

Cocaine's ability to stimulate the sympathetic nervous system may 
result in elevated heart rate and increased susceptibility to premature 
ventricular beao and, in some vulnerable individuals, ventricular

fib rilla tion ,, respiratory arrest, and death (2 8 ) . Acute elevations o f 
b lood pressure, with headache and the potential fo r  cerebral hem­
orrhage, a lso have been described (2 9 ) . Increased body temperature 
due to fa ilu re o f the brain mechanisms con tro lling  heat regu lation , 
coupled with vasoconstriction and hyperactivity, has led to 3ome 
deaths from  hypertherm ia (3 0 ) .

Another untoward e ffe a  o f cocaine is die development o f status 
epilepticus. This may occur either as an acute response to high-dose 
use o r  as 2 result o f a sensitivity to cocaine developed during chronic 
adm inistration. The la tter may be due to a so-called "k in d lin g " 
phenomenon, in which b rain neurons become increasingly sensitized 
to  the e ffeca o f cocaine and fire in response to even re lanvely low  
doses o f the drug (3 0 ) .

A ll o f the adverse medical complications o f  cocaine use are fa r 
m ore like ly after acute adm in istration o f large doses. In many 
instances overdose is unintentional, since the user has little kn ow l­
edge o f the purity o r  even the am ount o f  the drug consumed. 
Overdose deaths have occurred after the fin t  use in apparendy 
healthy individuals with no  preexisting illness. In add ition , repetitive 
use is associated w ith increasing sensitivity in some o f the excitatory 
e ffeca o f  cocaine. F ina lly , a sm all number o f individuals su ffer from  
a congenital lack o f the enzyme pseudocholinesterase and thus are 
unable to m etabolize the drug. In these individuals, even small doses 
can produce dramatic e ffeca . The medical complications o f cocaine 
use are m ore like ly to occur in persons w ith preexisting heart o r  
respiratory disease, hypertension, seizure disorders, o r  comprom ised 
immune function and in those w ho are taking o the r drugs whose 
e ffeca are potentiated by cocaine.

Specific Psychiatric Complications

The acute subjective response to  cocaine is cha raaerized  by 
euphoria, insomnia, increased energy, enhanced mental acuity and 
alertness, and an increase in sensory awareness. However, some 
individuals become hyperexcitable, while others, particu la rly  those 
with underlying depressive disorders, experience dysphoria . Anxi­
ety, concentration difficulties, decreased attention span, and m emory 
problems a lso have been reponed  a fter use o f  cocaine. In individuals 
w ith underlying panic d isorder, the d rug can precipitate panic 
attacks. Some cocaine users may misperceive rea lity and/or experi­
ence auditory , visual, and tactile ha llucinations. F light o f ideas, 
distractibility, pressured speech, restlessness, im pu liiv ity , and p oo r 
iudgment are common. Paranoia and delusions o f  persecution, 
coupled with p ro found  irritab ility  and grandiosity, may lead to 
assaultive and/or hom idda l behavior by some cocaine abusers. 
These alterations in thinking, m ood , and behavior may last a short 
time o r , in certain vu lnerab le individuals, may persist long a fte r the 
drug has been metabolized (3 1 , 3 2 ).

Chronic cocaine use a lso is associated with untow ard  e ffeca  on 
psychological health. Several studies have demonstrated a d ire a  
relationship between cocaine dose, chroni& ry o f use, and the devel­
opment o f cocaine-related psychopathology. C hron ic  cocaine users 
frequently complain o f fatigue, headaches, im pairm ent o f  recent 
memory, concentration difficu lties, and sexual indifference. They 
also s*e m ore like ly to develop a cocaine psychosis (described 
previously).

In some individuals the pow erfu lly  rein forcing e ffeca  o f cocaine 
lead to increased frequency o f  use, escalation o f dose, and the 
eventual development o f psychological and physical dependence. 
The onset o f dependence is particu la rly  rapid with the use o f crack. 
The prim ary reinforcing e ffeca  o f  the drug are p rob ab ly  mediated 
through the limbic system mechanisms responsible fo r  the percep­
tion o f pleasure— specifically, those neura l c ircu ia  thar use norep i­
nephrine and dopam ine as neurotransm itters. O the r fa a o rs  that 
contribute to the development o f  dependence include psychological 
variables, peer pressure, drug availab ility , and (perhaps) some sort o f 
underlying b iological vu lnerab ility .

The tendency tow ard  repetitive use is fu rther enhanced by the 
occurrence o f  a cocaine w ithdrawal syndrome characterized by 
depression, lethargy, fatigue, feelings o f  gu ilt , anxiety , and feelings 
o f helplessness, hopelessness, and w o n h lc M a a . In  some individu­
als, particu larly  those w ith preexisting underly ing depression, tran ­
sient suicidal thougha may emerge.
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The cocaine w ithdrawal syndrome is particu larly marked after 
chron ic high-dose use. The signs and symptoms usually last 1 2 -3 6  
hou rs. In some individuals, however, the depression may last up to 
several weeks. T o  avoid  w ithdrawal, some chronic users w ill self- 
adm inister the d reg  e rw y  2 0 —30  minutes. T h i. pattern o f  use is more 
like ly  to be associated wfafc the development o f cocaine psychosis. 
The serious psychosocial consequences o f  cocaine use include loss o f 
jo b  and prob lem s w ith one's fam ily, friends, and finances.

In summary, both acme and chronic cocaine use are associated 
w ith adverse effects on health. In addition to medical and psychiatric 
sequelae, chron ic cocaine use also is associated with the hazards o f 
a drug-using life  style. These include anorexia and associated weight 
lo s t , m a lnu trition  and vitam in deficiencies, acddenD , and a greater 
like lih ood  that one w ill be the perpetrator o r  victim o f violence.

R O L E  A N D  RESPO N S IB IL IT Y  O F  PSYCH IATR ISTS

Psychiatrists shou ld exercise a leadership ro le in drawing attention 
to  the m a jo r pub lic and mental health consequences o f substance 
abuse in o u r society. Psychiatrists have a responsibility to  educate 
the public abou t how  ubiquitous drug abuse is and how it is both the 
cause and consequence o f  em otional problems. We must be aware /

I that d rug and a lcoho l abuse are o ften the prim ary prob lem  among I 
patients who present themaelvea to  psychiatrists. Psychiatrists ' 
shou ld  take leadership responsibility in assuring that adequate 
train ing in substance abuse occurs a t a ll levels o f  medical education 
and in influencing physician attitudes and behaviors as p a n  o f  this 
train ing process. Psychiatrists a lso should interface with nonmedical 
care givers, such as educators, the clergy, counselors, and self-help 
groups, in im parting an understanding o f  the psychiatric implica­
tions o f  substance abuse. The psychiatrist's ro le  in working with the 
fam ily  is essential.

Evidence has accumulated over the past decade that there is a 
significant association between psychopathology and substance 
abuse. In some instances, suba t a y t  abuse has resulted from  psycho­
patho logy and in other cases hat-been.rhe ranae o f  it. Jn either case, 
fo r  m ost individuals regu lar reliance on drugs is incompatible with a 
life o f  meaningful re lationships, productivity , and satisfaction. Sub­
stances o f abuse are dangerous because they exert powerfu l delete­
rious effects on  human emotions and behavior. M ind-altering dregs, 
including a lcoho l, create illusions that em otional distress can be 
avoided, that desired states o r  behaviors can be augmented, and that 
perform ance can be enhanced o r  improved. During adolescence. 
when pa rticu la rly  intense emotions, behaviors, and performance 
concerns loom  large, this is a seductive and dangerous effect o f  dreg 
use. H ow ever, these dangers also app ly to o ther phases o f life , when 
other developmenta l challenges are encountered and need to be 
mastered.

Psychiatrists shou ld  address the em otional and mental health 
needs o f  substance abusers. Psychiatrists shou ld  educate themselves 
and the public about how  substance abuse affects the psychological 
and social functioning o f individuals and their fam ilies and should 
take acnvc ro les in developing and establishing guidelines and 
p ro toco ls fo r  the assessment and management o f substance abuse 
prob lem s. Psychiatrists shou ld  p rovide the public with in form ation 
on the hazards o f  substance abuse through the media, public 
education campaigns, and contacts w ith o ther care providers and 
pro fessiona l associations. Psychiatrists should take the initiative in 
develop ing guidelines and procedures fo r quality assurance and 
assessment o f  treatment outcome fo r substance abuse treatment 
p rogram s. F ina lly , psychiatrist*, through the American Psychiatric 
Association, shou ld  exercise an ongoing leadership ro le to  assure 
nondiscrim inatory reimbursement practices fo r substance abuse 
treatment services.

Each psychiatrist has a responsibility to understand and leam  
about substances o f  abuse; their psychoactive, toxic, and w ith­
d raw al effects; and how they interact with human emotions and 
behavior. Practicing psychiatrists must routine ly obtain d reg and 
a lcoho l histories, focusing not on ly  on duration , amounts, and 
patterns o f use but a lso on the effects that patients seek and obtain 
from  the dregs they choose. S im ila rly , fam ily histories o f d reg use 
and misuse patterns a lso shou ld be obtained routinely . Psychiatrists

should routinely consider whether their patients with psychiatric 
conditions suffer from  concom itant substance abuse disorders and 
whether panents presenting with substance abuse disorders also 
might be suffering from  coexistent treatable psychiatric prob lem s. 
Psvchiatrists shou ld be cognizant o f  the life-threateiung aspects o f 
substance abuse as background fo r emphasizing the importance and 
necessity o f obtain ing con tro l and abstinence at the onset o f  
treatment. Accordingly, psychiatrists must learn how  to use appro­
priate hospital and o ther residential treatment, support groups (e.g., 
A lcoholics Anonymous and Narcotics Anonymous), pharm aco log i­
cal treatment, and psychotherapeutic modalities (3 3 ) .

Psychiatrists involved in the treatment o f children and youth 
presenting with behaviora l and em otiona l p rob lem s shou ld  be a le rt 
to  the possibility that d rug u te m ay be a contributing facto r. C lose 
cooperation between psychiatrists, prim ary care p roviders, parents, 
and educators is needed to overcome the serious p rob lem s o f  a lcoho l 
and other d reg abuse among o u r youu i.

F ina lly , psychiatric practitioners are well suited to  w o . ;th 
p rim ary care providers in assessing and managing substance 
patients in both outpatient and inpatient settings. They a lso  are abie 
to w ork  with and interface w ith nonmedical caregivers, especially in 
consulting with self-help program s and dreg counselors and helping 
them appreciate the m en til health needs and psychiatric disabilities 
o f  their clients. The psychiatrist has a substantial contribution to 
o ffe r in the management o f  the substance abuser. The psychiatrist 
can provide a dynam ic understanding o f  the patient and can p lan 
individualized m ultidiscip linary treatment and its implementanon. it 
is the responsibility o f  the psychiatrist to emphasize the danger o f 
d reg  use. T o  adopt a more neutra l stance toward d reg use by youth 
and refrain from  warning o f  the dangers to  mental health is to  fa il to 
fu lfill an im portant public health responsibility o f ou r profession.
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d r u g s .  H o w e v e r ,  a c c o r d i n g  t o  C h a r l e s  S m i t h ,  t h e  e q u i p m e n t  w a s  p u r c h a s e d  

a n d  i s  u s e d  p r i m a r i l y  t o  t e s t  t h e  a l c o h o l  l e v e l s  o f  i n d i v i d u a l s  w h o  h a v e  

d i e d  i n  m o t o r  v e h i c l e  a c c i d e n t s .  A c c o r d i n g  t o  M a j o r  K o r h o n e n ,  d r u g  t e s t i n g  

i s  n o t  c u r r e n t l y  e m p h a s i z e d  w i t h i n  t h e  D e p a r t m e n t  b e c a u s e  g e n e r a l l y  c h e m i ­

c a l  t e s t s  i n  A l a s k a  c a s e s  i n d i c a t e  t h e  p r e s e n c e  o f  a l c o h o l .  T h e  c o s t s  

t h a t  w o u l d  r e s u l t  f r c m  a d d i t i o n a l  l a b o r a t o r y  t e s t i n g  t o  d e t e r m i n e  w h e t h e r  

o t h e r  d r u g s  w e r e  a l s o  p r e s e n t  i s  v i e w e d  t o  b e  a n  u n e s s e n t i a l  a d d e d
e x p e n s e . 3

I n  l i g h t  o f  t h e  l i m i t e d  t e c h n o l o g y  i n  d r u g  t e s t i n g ,  s t a t e  g o v e r n m e n t s  h a v e  

c o n s i d e r e d  o t h e r  m e t h o d s  a s  a  m e a n s  o f  i m p r o v i n g  c a p a b i l i t i e s  f o r  e n f o r c e ­

m e n t  o f  h i g h w a y  s a f e t y  l a w s .  I n  s e v e r a l  s t a t e s ,  i n c l u d i n g  M a r y l a n d  a n d  

N e w  Y o r k ,  r o a d b l o c k  o r  c h e c k p o i n t  p r o g r a m s  h a v e  b e e n  e s t a b l i s h e d  a s  a  

m e a n s  o f  c h e c k i n g  f o r  d r u n k  o r  d r u g g e d  d r i v e r s  a s  w e l l  a s  o t h e r  o f f e n d e r s .  

O f f i c e r s  b r i e f l y  q u e s t i o n  d r i v e r s  a n d  l o o k  f o r  s y m p t o m s  s u c h  a s  s l u r r e d  

s p e e c h  o r  i n d i c a t i o n s  o f  b l u r r e d  v i s i o n .

I n  W e s t c h e s t e r  C o u n t y ,  N e w  Y o r k ,  l o c a l  p o l i c e  r e c e n t l y  s e t  u p  a  r o a d b l o c k  

o n  a  p a r k w a y  f o r  e i g h t  h o u r s  o n  a  F r i d a y  n i g h t  a n d  e a r l y  S a t u r d a y  m o r n i n g , .  

T h r e e - t h o u s a n d - t w o - h u n d r e d  m o t o r  v e h i c l e s  p a s s e d  t h r o u g h  t h e  c h e c k p o i n t ;  

9 5  d r i v e r s  w e r e  d e t a i n e d  o n  s u s p i c i o n  o f  D W I .  O f  t h e s e ,  t w e l v e  w e r e  a r r e s t ­

e d ,  o n e  o f  w h o m  w a s  c h a r g e d  w i t h  d r i v i n g  w h i l e  i m p a i r e d  b y  d r u g s .

N o t  o n l y  c a n  t h i s  a p p r o a c h  p o t e n t i a l l y  i n c r e a s e  t h e  p o l i c e ' s  a b i l i t i e s  t o  

a p p r o a c h  i m p a i r e d  d r i v e r s ,  b u t  a l s o  c a n  h e l p  t o  g i v e  h i g h w a y  s a f e t y  o f f i c e r s  

a  m o r e  v i s i b l e  p r e s e n c e .  W e s t c h e s t e r  C o u n t y ' s  D e p u t y  C o m m i s s i o n e r  o f  

P u b l i c  S a f e t y  c o m m e n t e d  t h a t  c h e c k p o i n t s  a s s i s t  i n  c o n v e y i n g  " a  m e s s a g e  

t h a t  w e ' r e  g o i n g  t o  b o  o u t  i n  f u l l  f o r c e  f r o m  t i m e  t o  t i m e ;  s o  i f  y o u ' r e  

g o i n g  t o  d r i n k ,  d o n ' t  d r i v e . " 4  A c c o r d i n g  t o  s o m e  p r o f e s s i o n a l  o p i n i o n s ,

3  C h a r l e s  S m i t h  a d d e d  t h a t  e x c e s s i v e  a l c o h o l i c  c o n s u m p t i o n  a m o n g  A l a s k a ' s  

d r i v i n g  p o p u l a t i o n  a p p e a r s  t o  b e  a  l a r g e r  p r o b l e m  t h a n  d r u g  i n t o x i c a ­

t i o n .  A c c o r d i n g  t o  M r .  S m i t h ,  b e t w e e n  A p r i l  1 9 7 7  a n d  M a r c h  1 9 7 8 ,  

t h e  M u n i c i p a l i t y  o f  A n c h o r a g e  P o l  i c e  D e p a r t m e n t  a d m i n i s t e r e d  i n v o l u n t a r y  

b l o o d  t e s t s  o n  i n d i v i d u a l s  w h o  h a d  r e f u s e d  b r e a t h a l y z e r  e x a m i n a t i o n s .  

D u r i n g  t h i s  p e r i o d ,  2 5 4  p e r s o n s  w e r e  a d m i n i s t e r e d  t e s t s .  O f  t h e s e ,  

t h e  a v e r a g e  b l o o d  a l c o h o l  c o n t e n t  w a s  . 2 6  p e r c e n t  a n d  3 5  c a s e s  h a d  

a l c o h o l  l e v e l s  o f  . 3 0 0  o r  h i g h e r .  W h i l e  s o m e  t h e s e  i n d i v i d u a l s  m a y  

h a v e  b e e n  u n d e r  t h e  c o m b i n e d  i n f l u e n c e  o f  d r u g s  a n d  a l c o h o l ,  i n  o n l y  

t w o  c a s e s  w e r e  i m p a i r e d  c o n d i t i o n s  s o l e l y  a t t r i b u t e d  t o  d r u g  i n t o x i c a t i o n .
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t h e  i m p a c t  t h a t  t h i s  t y p e  o f  m e s s a g e  m a y  h a v e  o n  t h e  d r i n k i n g  d r i v e r  i s  

s i g n i f i c a n t .  I n  r e c e n t  t e s t i m o n y  p r e s e n t e d  b e f o r e  t h e  A l a s k a  S e n a t e  S t a t e  

A f f a i r s  C o m m i t t e e ,  D r .  L a u r e n c e  R o s s ,  a  n a t i o n a l  a u t h o r i t y  o n  t h e  d e t e r r e n t  

e f f e c t  o f  D W I  p e n a l t i e s ,  s t a t e d  t h a t  h i g h w a y  s a f e t y  l a w s ,  r e g a r d l e s s  o f  

t h e  l e v e l  o f  p e n a l t y  i m p o s e d ,  t e n d  t o  l o s e  t h e i r  e f f e c t i v e n e s s  a s  a  p r e v e n ­

t i v e  m e a s u r e  b e c a u s e  m o s t  p e o p l e  r e c o g n i z e  t h a t  t h e  l i k e l i h o o d  o f  t h e i r  

b e i n g  c a u g h t  i s  l o w .  H o w e v e r ,  i f  e n f o r c e m e n t  c a p a b i l i t i e s  m e a s u r a b l y

i n c r e a s e ,  i n d i v i d u a l s  m a y  w e i g h  t h e  r i s k s  o f  a p p r e h e n s i o n  m o r e  s e r i o u s l y .

W h i l e  t h e  c h e c k p o i n t  m e t h o d  d o e s  a p p e a r  t o  o f f e r  s o m e  p r o m i s e  i n  t e r m s  o f  

e n f o r c e m e n t  a n d  p r e v e n t i o n ,  p u b l i c  s u p p o r t  f o r  t h i s  t y p e  o f  p r o g r a m  i s  

o f t e n  l i m i t e d .  T h e  c o u r t s  h a v e  r u l e d  t h a t  r o a d b l o c k s  d o  n o t  v i o l a t e

c o n s t i t u t i o n a l  p r o t e c t i o n s  a g a i n s t  s e a r c h  a n d  s e i z u r e  a s  l o n g  a s  a l l  v e ­

h i c l e s  a r e  c h e c k e d  a n d  c e r t a i n  m e a s u r e s  a r e  f o l l o w e d  b y  t h e  p o l i c e . 5  

N o n e t h e l e s s ,  t h i s  t y p e  o f  p r o g r a m  i s  p e r c e i v e d  b y  s o m e  a s  p l a c i n g  a n  u n d u e  

h a r d s h i p  o n  l a w a b i d i n g  d r i v e r s .

W e  h o p e  t h i s  i n f o r m a t i o n  h a s  a s s i s t e d  y o u .  I f  y o u  w o u l d  l i k e  u s  t o  p r o v i d e

y o u  w i t h  a d d i t i o n a l  i n f o r m a t i o n  r e g a r d i n g  t h e  c h e c k p o i n t  s y s t e m  o r  o t h e r

e n f o r c e m e n t  m e t h o d s ,  p l e a s e  l e t  u s  k n o w .

B B / b b

4  L e n a  W i l l i a m s ,  " T h r e e  T h o u s a n d  T w o  H u n d r e d  C a r s  H a l t e d  i r  a  C h e c k  o n  

D r u n k e n  D r i v e r s , "  N e w  Y o r k  T i m e s , M a r c h  2 7 ,  1 9 8 3 ,  P .  1 .

^  D e l a w a r e  v .  P r o u s e  S u p r e m e  C o u r t ,  4 7  I J S L a w  W e e k  4 3 2 3  1 9 7 9 .  G u i d e l i n e s  

f o r  p o l i c e  a r e  e s t a b l i s h e d  i n  S t a t e  v .  H i  1 l e s h e i m  2 9 1  NW 2 n d  3 1 4 ,  I o w a  

S u p r e m e  C o u r t ,  1 9 8 0 .



Andrew P. Mason,' B. S. and Arthur J. McBay,1 Ph.D., DABFT

Cannabis: P h a r m a c o l o g y  a n d  In te rp re ta t io n  of E f fe c t s

REFERENCE: Mason, A. P. and McBay, A. J .. “Cannabis: Pharm icology and In terpretation ol 
Effe«U,n Journal n f  Forensic Sciences. JFSCA. Vol. 30. No. 3, July 198S. pp. 6l5-tx31.

ABSTRACT: A selective introductory review of the Cannabis literature is presented. Subjects re­
viewed include the relative psychoactivitiesof Cannabis constituents, the disposition and distribution 
of THC and its metabolites, the relative psychoactivities of THC metabolites, and the use of can­
nabinoid concentrations in physiological flu ids in interpretations of the significance of Cannabis- 
induced effects. The pharmacology of cannabinoids in humans is emphasized.

KEYW ORDS: toxicology, marijuana

M arijuana and o th e r Cannabis p roducts are used by a significant p ropo rtion  o f  peop le in ou r 
society. W hen  sm oked o r  ingested , these substances p roduce  pe rcep tua l, cognitive, affective , 
and behaviora l changes in the u ser. T h e  Cannabis constituent that is responsib le fo r the p roduc ­
tion o f the m a jo rity  o f  this psychoactive response is ( — )-trans-d e lta -9 -te trahyd rocannab in o l o r 
T H C  ( / ] .  T here has been g reat concern  that the psychoactive response experienced by m ariju ana 
users has a de trim en ta l e ffec t on the pe rfo rm ance  o f com p lex  coo rd ina ted  psychom otor skills . 
N a tu ra lly , the im pa irm ent o f  p e rfo rm ance w ou ld  be o f greatest concern in those indiv idua ls with 
direct responsibility fo r  the hea lth  and  safety o f  o the rs and in ind iv idua ls whose im paired  actions 
could poten tia lly  be dangerous to  them selves o r  to  o the rs nea r them . M o to r vehicle opera to rs , 
pilots, a ir tra ffic  c on tro lle rs , law en fo rcem en t o r em ergency aid  p e rsonne l, m ilita ry  personne l, 
and industria l w o rke rs are a ll good exam p les o f peop le  whose im paired  pe rfo rm ance cou ld  po ­
tentia lly be dangerous.

D u ring  the last decade, rem a rkab le  progress has been m ade in the ab ility  to analyze b io logica l 
samples fo r  cannab ino id  com pound s . Th is ab ility  was deve loped as a p rerequ isite fo r . and was 
instrum enta l in the acquisition o f da ta  concern ing  the p ha rm aco logy , pharm acok inetics, m etab ­
olism . behaviora l e ffec ts , and  toxico logy o f Cannabu constituents. These ana lytica l m ethods and 
the know ledge derived from  th e ir use in basic research on cannab ino id s a re now being used in a t­
tempts to in terpret the significances o f  cannab ino id  concen tra tions found  in forensic science speci­
mens. The frequency with which these ana ly tica l m ethods are used and the frequency with which 
forensic scientists are  requ ired  to  p rovide estim ates o f  the p rob ab le  significances o f Cannabis- 
induced e ffe c tso r the degree o f im pa irm ent experienced by a Cannabis user based 011 cannab ino id  
concentrations in b io log ica l specimens are both expected to  increase. Use o f  these m ethods and in-

Received for pub lication 17 Sept. IW ;  revised m anuscrip l received lb  Oct. 1984; accepted for p ub li­
cation 19 Oct. 1984.

'G raduate student. D ivision of M ed ic ina l Chemistry and Natural Products. School o f Pharmacy, and 
Office of the Chief M ed ica l Exam iner. University of North C aro lma. Chapel H ill. NC.

;Chief toxicologist. O ffice o f the Chief M ed ica l Exam iner, and professor, Division of Phar­
maceutics. School of Pharmacy, and Department of Pathology. School ol M edicine. University of North 
Carolina. Chapel H ill, NC.
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Andrew P. Mason,1 B.S, and Arthur J. McBay,1 Ph.D.; 
D.A.B.F.T.

Ethanol,  Marijuana, a n d  Other  Drug Use in 600 
Drivers Killed in Single-Vehicle  C r a s h e s  in North 
Carolina,  1978-^981

REFERENCE: Mason, A. P. and McBay, A. J., “Ethanol, Marquana, and Other Dni| Dm In 
600 Driven Killed in SLngle-Vehlcle Cnihea In North Carolina, 1978-1981," Journal 0/  Furensic 
Scirnces, JFSCA, Vol. 29. No. 4. Oct. 1984, pp. 987-1026.

ABSTRACTi Although the use of ethanol, marijuana, and other drugs may be detrimental (0 
driving safely, this has been established by direct epidemiological evidence only for ethanol. In 
this study, ihe incidences of detection of ethanol (and other volatile substances), delta-9-tetrahy- 
drocannabinol (THC), barbiturates, cocaine and benzoylecgonine, opiates, and phencyclidine 
were determined in 3n inclusive population of 600 verified single-vehicle operator fatalities that 
occurred In North Carolina in 1978 to 1981. The Incidence of detection of amphetamines and 
methaqualone were determined for drivers accepted for study during the first two years (n =  340) 
and the last year (n =  260), respectively. Blood concentrations of I l-nor-delta-9-tetrahydrocan- 
nabinol-9-carboxylic acid (9-carboxy-THC) were determined in THC positive drivers. EM IT  can­
nabinoid assays were performed on blood specimens from all drivers accepted for study during 
the third year, and the feasibility of using the EM IT  cannabinoid assay as a screening method for 
cannabinoids in forensic blood specimens was investigated. The incidence of detection of ethanol 
(79.3%) was far greater than the incidences determined for THC (7.8%), methaqualone (6.2%), 
and barbiturates (3.0%). Other drugs were detected rarely, or were not detected. Blood ethanol 
concentrations (BECs) were usually high; 85.5% of the drivers whose bloods contained ethanol 
and 67.8% of a ll drivers had BECs greater than or equal to 1.0 g/L. Orug concentrations were 
usually within or were below accepted therapeutic or active ranges. Only a small number of driv­
ers could have been impaired by drugs, and most of them had high BECs. Multip le drug use 
(discounting ethanol) was comparatively rare. Ethanol was the only drug tested for (hat appears 
to have a significantly adverse effect on driving safety.

KEYWORDS: toxicology, motor vehicle accidents, alcohol, marijuana

It is accepted that e thano l use has a detrimental effect on the perform ance o f drivers be­
cause it im pairs sensory input and perception, judgement and cognition, m otor con tro l, and 
their in tegration and coord ination . It is a lso known that the use o f ethanol is strong ly associ­
ated with tra ffic  fa ta lities . N ationa lly , between 40  and 5 5%  o f a ll drivers involved in fa ta l 
crashes have b lood ethanol concentrations (B EC s ) greater than o r equal to 1.0 g /L  [ / J.3 the

Presented at the 34th Annual Meeting of the American Academy of Forensic Sciences. Orlando, FL. 
8-11 Feb. 1982. Received for publication 9 Jan. 1984; accepted for publication 30 Jan. !<W

'Graduate student. Division of Medicinal Chemistry and Natural Products, School of Pharmacy: and 
Office of Chief Medical Examiner. University of North Carolina, Chapel H ill, NC.

JChief toxicologist. Office of the Chief Medical Examiner and professor, Division of Pharmaceutics, 
School of Pharmacy, and Department of Pathology, School of Medicine, University of North Carolina, 
Chapel H ill. NC.

JI.O g/L =  lOOmg/dL =  100 mg% =  0.10%.
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Cover; A young marijuana plant glistens with crystals rich in 
psychoactlve della-9-letrahydrocannabmol. Although maniuana 
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L e t t e r s '

H ail an d  Farewell
As a p oe t d e ligh ted  not o n ly  by the d iscov ­

e rie s  o f physics but a ls o  by its se rend ip itou s 
and c o lo r fu l n om enc la tu re . I have been  su r­
p rised  by the reticence o f th o se  p rob ing  fo r 
new fundam enta l fo rces to nam e them .

As I was reading  "Evidence fo r  New Force -  
May Be No. 6 "  (SN ; I2/19&26/87, p .388 ), Hail 
and Farewell s tru ck  m e as apt designa tions : 
the fo rm e r fo r the a ttr. c tive Force 6, a p pa r­
en tly  d om inan t from  a lew  feet to  hund reds o l 
ya rd s o v e r the repu ls ive  Force 5, its in fluence 
m ore  c ircum sc rib ed  to  a range app rox im a t­
ing d istances hab itua l fo r  c on ve rsa tion . The 
g lad ia to ria l a llu s ion , too , has m uch to re com ­
m end  it, g iven  th e ir  c on te n tio n  fo r  su ­
premacy, how ever t ran sito ry .

Less ab strac t than  the e q u a lly  an th rop o - 
cen tric  B eau ty  and C harm . H ail and Farew ell 
have the fu rth e r  advantages o f the ba lance

and tangentia l an th rop om o rph ism  o f Sun rise  
and Sunset.

Daniel Zimmerman 
Metuchen, N.J.

T h e chicken, or the egg?
Re y o u r re p o r t  on  new resea rch  su ppo rtin g  

the o ld  A ir Force m yth  that figh te r p ilo ts  a re  
m o re  lik e ly  to  s ire  d augh te rs  than  son s 
("W ha t d o  you  suppose  B -fo rces m ake?" SN: 
12/12/87, p .377 ): Is it p ossib le  that cause and 
e ffect a re  reve rsed  here? C ou ld  it be that that 
typ e  o f o ccupation  a ttrac ts a ce rta in  typ e  o f 
m an, and that that type  may in som e way be 
m ore  lik e ly  to s ire  daughters?

1 . Heilman 
Leonia. N.J.

Som e y e a rs  ago, w h ile em p loyed  at NASA 
at a ra n d om ly  se lec ted  d iv is ion , I su rveyed  a ll 
the b osses to de te rm ine the  sex o f th e ir 
ch ild ren . T h e  re su lt o l m y sm a ll su rv e y

showed that o f 19 bosses con tacted , 9  had a ll 
g ir ls  w h ile o n ly  3 had a ll b oys , and the ra tio  o f 
a l l the g ir ls  o f the b osses to a ll the boys was 
ove r 2:1. T h is , o f c ou rse , d id  not m ean that 
being a boss m ade on e  have g ir ls .

S ince I assum ed the rest o f the em p loyees 
’ ■ad the then -p reva iling  ave rage ra tio  o f g ir ls  
to boys (.100:94), m y conc lu s ion  was that g ir ls  
gave th e ir  fa the rs a lo t  o f se lf-esteem , which is 
a ch a rac te ris tic  requ ired  not o n ly  to seek a 
boss's jo b  but a ls o  to  seek  a fig h te r p ilot's job. 
Thus th e re  is a strong  p o ss ib ility  that men 
b e i ~ ne figh te r p ilo ts  because o f having  m ore 
g r  • i r  than the o th e r way a round .

,d ch a rac te ris tic  I n oticed  is that 
.m a r r ie d  m a les tend  to  s ire ch ild re n  

„n e  sex. S ince figh te r p ilo ts  must be 
- .j.u i nant to cope w ith a ll the t in -so ld ie r 
ru le s and reg u la t io n san d  sa fe ty  p recau tion s , 
an y  second o r  th ird  ch ild ren  b o rn  during  
tra in ing  o rw h i le  on  ac tive  d u ty  w ou ld  tend to 
be a lso  g ir ls .

A. PSaboI 
Lewnburg. NC.
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By RICK WEISS

O nce a month, Robert Randall 
strolls into his neighborhood 
pharmacy in Washington, D.C. He 

chats v ith the pharmacist while his pre­
scription is filled, and a few minutes later 
walks out the door with a 30-day supply of 
the medicine he needs -  300 prerolled 
marijuana cigarettes.
Such has been Randall's routine for the 

past 10 years, ever since he won a court 
order that recognized his medical need to 
smoke marijuana. Marijuana lowers the 
pressure that builds up in his eyes as a 
result of his having glaucoma. He is the 
only glaucoma patient in the United 
States to have won such an order. But if he 
and others have their way —  that is, if 
Federal Administrative Law Judge Fran­
cis Young Jr. rules in their favor later this 
year -  thousands of patients may get 
easier access to the drug for a variety of 
ailments ranging from chemotherapy-in­
duced nausea to spasticity.
Such a decision would be the climax of 

a tedious, decade-long battle by a coali­
tion of groups convinced that pot’s 
therapeutic potential has been unjustly 
ignored. "It’s been like a play by Ionesco 
with footnotes by Kafka," Randall says of 
the unusual legal struggle. “It's been 
absurd, venal and bizarre."

S uch surrealism is not a part of his 
everyday experience, Randall as­
sures. Although he smokes eight to 10 "joints" per day, he says he developed a 

tolerance to marijuana’s psychoactive 
effects many years ago. Meanwhile, he 
says, a “fixation" on marijuana as a drug 
of abuse has kept the Drug Enforcement 
Administration (DEA) from appreciating 
the drug’s medical merits,
Marijuana (Cannabis spp.) is classified 

by the DEA as a “Schedule 1" r rug - one 
that has “no currently accepted medical 
use as a treatment in the Un: ed States” 
and is considered unsafe ren under 
medical supervision. A prei /iption ver­
sion of delta-9-tetrahydi cannabinol 
(THC), the primary active ingredient in 
marijuana, is less tightly restricted and 
was approved by the Food and Drug 
Administration in 1985 as an antinausea 
agent for cancer patients. But its effec­
tiveness is hotly disputed; many patients

and physicians claim that purified THC is 
not nearly as effective as a puff of pot.
As part of a campaign to reverse what 

they believe is a political bias against 
marijuana, the Alliance for Cannabis 
Therapeutics and the National Organiza­
tion for the Reform of Marijuana Laws, 
both based in Washington, D.C., have 
challenged the drug's Schedule 1 status. 
The groups contend that, at minimum, 
marijuana should be classified as a 
Schedule 2 drug -  a status that would 
keep it illegal but would ease the restric- 
tionson research into its medical applica­
tions. Although researchers can apply for 
permission to perform human trials with 
Schedule 1 drugs, few applications are 
ever granted. Proponents of reform say a 
schedule change would speed the recog­
nition, acceptance and availability of ma­
rijuana as medicine.
In one of the final stages of the re­

scheduling challenge, completed earlier 
this month, court-ordered hearings were 
held in New Orleans, San Francisco and 
Washington, D.C. Closing briefs are now 
being prepared by attorneys on both 
sides and should be completed by May. 
After reviewing the briefs and scores of 
volumes of testimony, Judge Young is 
expected to make a recommendation to 
the chief administrator of the DEA before 
the end of the year.
But even then the battle may not be 

over. The DEA is not bound by the judge’s 
recommendation, and in either case the 
DEA's decision can be appealed.

T he case may get even more compli­
cated because the DEA is expected 
within the next few weeks to an­

nounce its decision in a similar case 
involving M D M A  -  an illegal drug that 
some believe has potential as an adjunct 
to psychotherapy. Last year, after lengthy 
hearings, Judge Young recommended 
that the DEA drop M D M A  from Schedule 1 to Schedule 3. Schedule 3 drugs are 
illegal to possess except with a DEA 
license, but are acknowledged as having 
medical potential.

Illustration of Cannabis from the works of 
Dioscorides, a first-century physician.

The DEA ignored that recommenda­
tion, kept M D M A  in Schedule 1 and was 
subsequently sued by one of the drug’s 
proponents, Harvard psychiatry pro­
fessor Lester Grinspoon. Grinspoon 
claimed that Schedule 1 was an overly 
restrictive status for a drug that had, he 
said, “Deen taken in a therapeutic setting 
by thousands of people, apparently with 
few complications." Grinspoon won his 
case in the U.S. Court of Appeals and the 
DEA is now reconsidering its stand. 
Among other things, the case is forcing 
the DEA to redefine some of its schedule 
definitions, which may have an impact on 
the marijuana decision.

A  central issue in both cases is the 
DEA’s definition of the "no ac­
cepted medical use" clause that 

relegates a drug to Schedule 1 status.
“The original definition was that in 

order for a drug to have an accepted 
medical use it had to be lawfully mar­
keted in the United States under the Food, 
Drug and Cosmetic Act," says Charlotte 
Mapes, a DEA attorney. “What the court 
said [in the M D M A  case] is that the 
administrator cannot rely exclusively on 
lack of marketing approval as a condition
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for no accepted medical use."
Indeed, proponents of rescheduling 

say a simple lack ol FDA approval hardly 
counterbalances marijuana's long record 
as a therapeutic agent. Chinese herbal 
catalogues have listed the plant as an aid 
to digestion for thousands of years, and 
as many as 30 marijuana preparations 
were listed in the U.S. Pharmacopoeia as 
recently as 1937. "It appears that every 
society that encounters marijuana ac­
knowledges its therapeutic properties," 
says Alice O'Leary, a cofounder of the 
Alliance for Cannabis Therapeutics.
In the United States, researchers have 

been most interested in marijuana's 
usefulness as an anti-emetic lor cancer 
patients suffering from chemotherapy- 
induced nausea. Several FDA-approved 
Investigational New Drug studies have 
demonstrated its value as such, and in 
some cases its advantages over THC pills.
“Never mind the absurdity of giving an 

oral medicine to someone who is throw­
ing up all the time," Randall says of fhe 
FDA-approved pills. The tablets have 
negative side effects of thei r own, he says, 
adding that in one study “50 percent of 
the patients said they'd rather throw up."
According to testimony by John Mor­

gan, a professor of medicine at City 
College of New York, “Marijuana’s use in 
reducing nausea appears to be quite 
widespread and generally, albeit dis­
cretely, accepted within the oncologic 
community and among patients. Physi­
cians confront profoundly difficult eth­
ical, legal and moral questions because of 
marijuana's inappropriate classification."
Marijuana may also be useful for reduc­

ing some of the neurological complica­
tions inherent to multiple sclerosis, Par- 
kinson's disease and paraplegia. 
Preliminary studies show that it seems to 
work quickly and effectively against se­
vere episodes of muscle spasticity, ac­
cording to testimony by Denis Petro, 
director of clinical research at Fidia Phar­
maceuticals, a major Italian drug com­
pany that specializes in .»eurological 
therapeutics. Other studies have sug­
gested that marijuana may be useful in 
the treatment of asthma, anxiety and 
eating disorders and for improving the 
quality of life in terminally ill patients.
The DEA says that most such studies 

have been poorly designed, are fraught 
with subjective errors and represent little 
more than collections of anecdotal evi­
dence. Proponents of rescheduling con­
cede that few case-controlled, double­
blind studies have been performed on 
marijuana in its natural form. However, 
they add, that shortage exists in large 
part because it is so difficult to get 
research approval for Schedule 1 drugs.

I n addition to the controversy over 
marijuana’s “accepted medical use," 
there is considerable debate over the 

issue of its safety and how to apply the

"lack of accepted safety" clause in the 
Schedule I definition.
“Marijuana has not killed anyone in 

5,000 years," Randall says flatly. But the 
DEA is not convinced.
“Our perception of safety is different 

from theirs," DEA attorney Mapes told 
Science N e w s. "They're saying it’s safe 
because nobody's died. We're saying that 
it has to be shown to be safe."

Broadsides such as this one characterized 
the campaign against marijuana in the 
1930s and 1940s.

Research has suggested that marijuana 
can suppress the body's immune system 
(SN: 7/18/87, p.46), and deficits in short­
term memory among users have been 
reported. According to the most thor­
ough U.S. examination of the health- 
related effects of marijuana, a 15-month 
study by the Institute of Medicine of the 
National Academy of Sciences published 
in 1982, “marijuana impairs motor coordi­
nation and affects tracking ability and 
sensory and perceptual functions impor­
tant for safe driving and the operation of 
other machines." However, the report 
adds, "we have no convincing evidence 
thus farof any effects persisting in human 
beings after cessation of drug use....”

Perhaps most significantly, marijuana 
has a variety of psychological effects. 
Depending on the individual, the dose 
and the setting, it has been known to 
produce everything from sensory en­
hancement and euphoria to intense anx­
iety and paranoia.
“Most doctors do not want to give a 

psychoactive drug to someone when they 
can give a nonpsychoactive one that is 
more effective," says Madeleine Shirley, a 
DEA attorney working with Mapes in the 
current case. With so many new drugs 
being created, she says, “Frankly, there's 
not a lot of interest in marijuana any 
more."

T he debate goes on. The government 
says marijuana is notoriously vari­
able in potency, containing dozens 

of active ingredients in unpredictable 
concentrations. Randall counters that the 
marijuana he buys at his local pharmacy 
-grown on a government pot plantation 
in Oxford, Miss. -  is routinely blended to 
a uniform potency, tested and certified by 
the National Institute of Drug Abuse.
In addition, the DEA claims that smok­

ing is a poor way to get a measured dose 
of a drug, since depth of inhalation and 
the length of time before exhaling can 
affect the amount of drug that gets into 
the bloodstream. But other experts note 
that inhalation has many benefits as a 
means of drug delivery, providing rapid 
absorption and avoiding gastric com­
plications (see related story, p. 120).
Given the lack of scientific consensus 

on such issues, the discussion ultimately 
turns to politics. Statements from the 
Alliance for Cannabis Therapeutics 
clearly suggest that the government's 
hard line on marijuana is motivated by 
political considerations.
But if Alliance members believe there is 

a federal cabal aimed at nipping mari­
juana research in the bud, federal offi­
cials are equally suspicious of the refor­
mers' motivations.
“I think this whole thing has got more 

to it than meets the eye," says Paul Leber, 
director of the FDA's division of neu­
rological and pharmacological drug 
products. “I'm not interested in suppress­
ing a drug just because somebody says 
it's bad. But I do have to ask myself, ‘Is it 
likely to benefit the patient? Or is this 
being used by someone in an un­
scrupulous attempt to foster some non­
sense?’ "
Proponents of reform note that pot 

would still be illegal and tightly con­
trolled underSchedule2or3. Reschedul­
ing would simply encourage much- 
needed research, they say, and might 
open the door to “compassionate use." 
Under its compassionate use rule, the 
FDA allows unapproved drugs to be pre­
scribed when effective alternatives are 
not available. In addition, if the number of 
studies begins to increase, hundreds of 
patients might gain long-sought access to 
the drug as subjects in licensed studies.
In any case, neither of the parties to the 

marijuana dispute foresees immediate or 
widespread availability of the drug. Even 
if the current rescheduling effort is suc­
cessful, the government may still be slow 
to approve new research and to appropri­
ately scale up its marijuana accounting 
and distribution mechanisms. Because of 
marijuana's potential for abuse, says the 
DEA, it would be important to keep 
careful inventories of the drug.

Happily, sighs Shirley, drug approval 
and distribution are not the DEA's re­
sponsibilities. "We just decide what 
schedule it’s in. Getting the drug to the 
people is the FDA's problem." 3
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M A R I J U A N A  E F F E C T S  O N  I M M U N I T Y :  S U P P R E S S I O N  O F  H U M A N  
N A T U R A L  K I L L E R  C E L L  A C T I V I T Y  B Y  
D E L T A - 9 - T E T R A H Y D R O C A N N A B I N O L

Steven c Jspecter, T h o m a s  w . K lein, C atherine N e w t o n , M arlene M o n d r a g o n , Ra y m o n d
W iden and H e r m a n  Fr iedman

Department o f M ed ica l M icrob io lo gy  and Im m uno logy , Un iversity o f Sou lh  F lo rid a  College o f  M ed ic ine, Tampa FI
33612, U .S .A .

{Recieved 18 N ovem ber 1983 a n d  in f in a l  fo r m  17 F ebruary I9R6)

A bstrac t — Delta-9-lclrahydrocannabinol (THC)k Ihe m a jo r psy.'hoactive component o f  m a riju ana , was 
tested fo r its a b ility  to m odu la te  human natu ra l k ille r (NK) cell fun ction . TH C  was toxic for peripheral b lood 
lym phocytes at 20 pg/ml but not at 10 pg/ml or less. Th is component o f m a riju ana  a lso  was inh ib ito ry  for 
NK ac tiv ity  against K362, a human tumor cell line at concen tra tions down to 3 pg/ml w licr, pre-incubatcd 
w ith  Ihe e ffec to r ce lls. Suppression o f  NK function was dependent upon the concen tra tion  o f THC and the 
length o f  tim e o f  pre-incubation but was independent o f  the ra tio  o f  e ffecto r to target ce lls . P rostag landins 
were not in vo lved  in suppression o f  NK activ ity .

T h e  p sych oac tiv e  e ffe c ts  o f  m a r i ju a n a , as w ell as 
som e o f  the p h y s io lo g ic a l and  b io ch em ica l e ffe c ts  o f  
'h is  d ru g , a re  w e ll d o cum en ted . T h e re  is 
c o n s id e ra b ly  less in fo rm a t io n , h ow eve r, con ce rn ing  
thr. a b i li ty  o f  m a r i ju a n a  and  its c om p on en ts , such as 
d e 'ta -9 - te t ra h y d ro c a n n a b in o l (T H C ) ,  to  in flu en ce  
v a r io u s  aspects o f  the im m un e  system . A cu te o r  
c / iro n ic  e x p o su re  o f  h um an  o r  m ouse  p e rip h e ra l 
b lo o d  le u k o c y te s  ( P B L )  to  m a r i ju a n a  have y ie lded  
e q u iv o c a l re su lts  when these_ee lls w ere exposed  to  
sp ec ific  (a n tig en s ) o r  n on sp ec ific  (p la n t  m itog ens ) 
s t im u li (M a tsu y am a  &  J a r v ik , 1 9 77 ; M u n son  & F eh r, 
1 9 3 3 ; W h ite , B r in  &  J a n ic k i , 1 9 7 5 ) . A  n um be r o f  
re p o r ts  have  ap p ea red  in d ica tin g  th a t m a r i ju a n a  has 
d e tr im en ta l e ffe c ts  o n  im m u n ity , suppressing  
a n itb o d y  re spon se s (L e v y , F a r r a r ,  H a r r is , D ew ey & 
M u n s o n , 1 975 ; L e v y  &  H ep p n e r , 1981 ; R o s e n k ra n tz , 
M i l le r  &  E s b e r , 1 9 7 5 ) , c e ll-m ed ia ted im m une  . 
re sp on se s  and  m ac rop h ag e  fu n c t io n  (H u b e r , 

T f t B i a y  e re ! ra j* he a , *H  in 'd sV T Irs f '& '?6 rhb e 'fg tfr , 
1 9 8 0 ; L e v y  &  H e p p n e r , 1 9 79 ; N ah a s , S u c iu -F o c a , 
A rm a n d  &  M o r is h im a , 1 9 7 4 ) , but the re  a re  a n um be r 
o f  o lh e r  re p o r ts  ind ica tin g  n o  e ffe c ts  o f  T H C  on  
these re spon ses (L a u , T u b e rg c n , B a r r , D o m in o , 
B e n ow itz  h  J o n e s , 1 9 76 ; P e te rs o n , G ra h am  & 
L em b e rg e r , 1 9 7 6 ; R a c h e lc fs k y , O p c lz , M ic k ey , 
L e ss in , K iu c h i , S ilv e rs te in  &  S tie h m , 1976 ).

N a tu ra l k i l le r  (N K )  c e lls , wh ich  a re  recoen ized  as— ~ ~ ~ v—. ......... . r , •being im p o r ta n t in host de fenses against tu m o r ce lls
'iTnci "m lc ro b iaT m 'fc c t io ifs ] jV a v c 'n o t been "exam in ed
'■_fpr jh je i r  suisceptTwTity.to’ m o d u la t io n  B y T f fC T Y li e s e

ce lls  a re  c on s id e red  a f irs t  lin e  o f  d e fen se  against
in fe c t io n s  and  o ft e n  in h ib it tu m o rs  b e fo re  they can
becom e w e ll e s tab lish ed . N K  ce ll fu n c t io n  has been
d em on s tra te d  to  be in flu en ced  by a va rie ty  o f
sut>«tances w h ich  in h ib it  o r  enhance im u n o lo g ic
respon s iveness (B ru n d a , • H e rb c rm an  &  H o ld e n ,
1 980 ; D r o l le r ,  S ch n e id e r &  P e r lm a n , 1978 ; H cn ncy ,
K u r ib a y a sh i , K e rn  &  G i l l i s . 1981 ; O e h le r , L in d sa y ,
N u n n , H o ld e n  &  H e rb c rm a n , 1 978 ). P ro s ta g la n d in s
and  c o r t ic o s te ro id s  c le a r ly  in h ib it N K  fu n c t io n . . .
w h ile  in te r fe ro n s  and  in (e r le u k in s  enhance a c tiv ii y .
C o n s id e r in g  the im p o r ta n c e  oT N K  ce lls in host
res is tance , it was o f  in te rest to  e xam in e  the e ffe c ts , i f
a n y . o f  T H C  on  N K  a c t iv ity . T h e  resu lts o f  the

' p resen t s tu d y  in d ica te  th a t T H C  suppresses hum an
N K  ce ll a c t iv ity  in  v itro .

E X P E R IM E N T A L  PRO CED U RES

B lood donors  

H e a lth y  d o n o rs  w h o  d en ied  a h is to ry  o f  m a r i ju a n a  
use se rved  as a s o u rc e  o f  P B L  f o r  these stud ies . 
T h ir t y  m l b lo o d  w ere c o lle c ted  by  venepunc tu re  and
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Tab le  I .  C y to to x ic ity  o f  T H C  over a 3 h lime period fo r hum an peripheral b lood
leukocytes

A dd ition  Mean percent cy to to x ic ity  a fte r treatm ent for*
to cu ltu res*  30 m in 60 ntin 120 m in 180 min
Medium 4.0* 6.7 10.5 13.9
DMSO (0.17a‘ ) 4.2 8 4 9.7 16.5
TH C  (pg/ml)
20 21.9 36.6 40.5 51.4
10 4.3 7.0 8.5 14.6
J 3.7 5.8 7.1 11.3
2 4.0 6.5 6.6 15.3
1 3.9 6.0 7.6 —

•Cells in cuba ted  in TH C  at ind ica ted  concentration, w ashed tw ice in m edium  lo  
remove excess TH C  and tested fo r cyto tox ic ity at Ihe tim es ind ica ted .

’ Mean percent cytotoxicity - ■J” ™!*'1"!" «P « im cn ..l x  |(X) 
counts/mm maximum relene

measured by *'Cr re lease from  three separate cu ltu re s u sing  2 x  10* cells/well. 
V aria tion  between rep lica tes was a lways less than 57i o f  the coun ls/m in . 
Representa tive experim ent from  one patient.
•Concentration o f  D M SO  equ iva len t to that used to d ilu te  TH C  to 20 pg/ntl.

T ab le  2. Suppression o f  n a tu ra l k ille r  cell ac tiv ity  by TH C  as function  o f time o f  exposure
A dd itio n  Percent sp ec ific  cyto tox ic ity  a fte r in cuba tion  w ith  TH C  for*
to cu ltu re s 28 h 4 It 3 It 2 h I h 0 It
C on tro l (medium) 31.0 43.0 32.5 57.3 48.5 54.0
D M SO  (0.1 To)’ 36.0 40.6 33.0 47.5 46.4 39.7

(116.3)* (94.4) (101.5) (82.9) (95.7) (73.5)
TH C  (20 pg) — 0.6 0.5 4.0 4.3 55.3

(1.4) (1.5) (7.0) (8.9) (102.4)
(10 pg) 0.6 15.6 8.6 26.4 28.17 47.4

(1.8) ,(36.3) (26.5) (46.1) (59.2) (87.8)
(1 Pg) — 41.7 35.5 52.3 45.2 50.3

(97.0) (109.2) ______________£__ (91.3) (93.2) (93.1)
•Cells incubated in TH C  at tim es in d ica ted , washed twice in m edium  to  remove excess TH C  and tested in 
4 h NK assay aga in st K562 target ce lls .
’ C oncen tra tion  o f DM SO  equ iva len t to that used to d ilu te TH C  to 20 pg/ml.
’ Percent o f  con tro l.

P B L s  se p a ra te d  by  F ic o ll -  H y p a q u e  c e n tr i fu g a t io n  
fo r  use in the  N K  a ssa y . C e lls  w ere  a d ju s te d  to  1.1 x  
l 0 ‘ / m l  R P M I  1640  m ed ium  su p p lem en te d  w ith  IO°/o 
fe ta l b o v in e  sc rum  and  a n tib io t ic s  a n d  d is trib u ted  
in to  12 x  7 5  m m  p la s t ic  tu b e ! ( 0 . 9  m l p e r tu b e ).

T H C  treatm ent 

T e t ra h y d ro c a n n a b in o l ( T H C )  w as o b ta in e d  f ro m  
the N a t io n a l In s t itu te  o n  D ru g  A b u s e , R esea rch  
T e c h n o lo g y  B ra n c h , R o c k v i l le ,  M D  and

reconstitu ted  a t 2 0  m g p e r m l in d im e th y l s u lfo x id e  
(D M S O ) . T h is  s to c k  was d ilu ted  in R P M I  1640  
m ed ium  im m ed ia te ly  p r io r  to  a d d it io n  to  c u ltu re s . 
D M S O  was a ls o  d ilu te d  in a s im ila r  R P M I  1 640  and  
inc luded  as c o n t r o ls . T H C  was added  to  tub es in 0 .1  
m l am oun ts  to  y ie ld  f in a l c o n c e n t ra t io n s  o f  2 0 , 10 , 5 , 
2 and 1 p g /m l. C o n t r o l c u ltu re s  w ere in cub a ted  in 
e ithe r m ed ium  o n ly  o r  D M S O  d ilu te d  in m ed iu m  to  a 
fin a l c o n c e n t ra t io n  o f  0 . 1 7a . C e lls  w ere in cuba ted  
w ith T H C ,CaLitacious»Ug><*f»r»n»iftft.f r o !ft . l  t o J 8 . l v  

T aT 3 7 0C .. iiu i.h unuC ied^ tm © »pb» r© *o  W .7 ft .C Q i* 2 5  °/o
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00

THC (jig/m l)
Fig. I .  E ffect o f  T H C  on hum an na tu ra l k ille r ce ll a c tiv ity . 
E ffector cells were in cu ba te d  in increasing concen tra tion  o f 
THC (• ) , DMSO (o)-or R P M I 1640 m edium  (X) fo r 3 h, 
then washed and in cu ba te d  w ith  J x  IO1 target ce lls at a 
ratio 30:1. Each po in t represents the mean o f seven 

experim en ts ±  S .E .M .

•w as atta ined by ly s in g  ta rg e t ce lls  w ith  0 .1  m l 1 0%  
sod ium  dodecy l s u l fa t e ,  m ix in g  w e ll and  rem ov in g
0 .1  m l o f  the m ix tu re . T h e  rem a in in g  ce lls  in  (h e  
p la te s were then c e n t r i fu g e d  at 5 0 0  g f o r  10 m in  a i.d
0 .1  m l supe rn a tan t f lu id  rem ov ed  and  p laced  in 7 x  
35  mm  glass tubes f o r  c o u n t in g  in a g am m a  c o u n te r 
(U n ite d  T e ch n o lo g ie s , D ow n e rs  G rove ., I L ) .  S p e c ific  
c y to to x ic ity  was c a lc u la te d  u sing  the fo rm u la  

%  sp e c if ic  c y to to x ic ity  -  
expe rim en ta l r e le a s e - s p o n ta n e o u s  re lease  

m axim um  r e le a s e - s p o n ta n e o u s  re lease  
T ox ic ity  o f  th e  T H C  f o r  Ivm n h n c v t rs  was■ i. - ' ‘ fTi-iri-iir t r n i i  n - i  ^m easu red using l y m p h o c ytes ln b e lle d  w ith l r C r . As 

""can be seen rn  T a b le  I , w hen  c u l’tuV e 'dToF ljp 'tb  3 h in 
T H C  lym phocy tes w e re  k i lle d  by the 2 0  p g /m l d ose  
bu t n o t low er d oses ra n g in g  f ro r r , 10 to  I p g /m l. T h e  
D M S O  con tro l w as n o t  s u b s ta n t ia lly  d if fe r e n t  f ro m  
leu kocy tes in cuba ted  in c u ltu re  m ed ium  a lo n e . 
V isu a l counting f o r  v iabM ity  u sing  try p an  b lu e  dye  
exc lu s ion  c o n firm ed  these  re su lts . O n  the basis o f  
these findings ce lls  w e re  a lw ay s re ad ju s ted  a fte r  
in cub a tio n  in T H C  s o  th a t c e ll c ou n ts  re fle c ted  the 
n um be r o f  v iab le ce lls  a t  'h e  t im e  o f  in it ia t io n  o f  the 
N K  assay .

a ir . A fte r  in c u b a t io n , c e lls  w ere su sp ended  in 5  m l 
R P M I 1640 to  d i lu t e  the T H C ; then  c e n tr ifu g e d  at 
5 0 0  g fo r  10 m in  a t  4 ° C . T h e  su p e rn a ta n t f lu id  was 
rem oved , the p e lle t w as resttspended  in 5 m l R P M I 
1640  and c e n tr i fu g e d  ag a in  to  rem o v e  u n b o u n d  
T H C . S u p e rn a tan t f lu id  was aga in  rem ov ed  and  ce lls  
w ere resuspendcd in  R P M I  1 640  and  a d ju s te d  to  2 .5  
X 10 ‘  v iab le  c e l ls /m l ,  as assessed by  t ry p a n  b lu e  dye  
exc lu s ion .

Natura l k ille r cell assay 

Targe t ce lls w e re  the N K  sen s itive  K 5 6 2  
e ry th ro leu kem ia  c e ll l in e  w h ich  is c o m m o n ly  u sed  to  
assess hum an N K  a c t iv i ty . C e lls  w ere la b e lle d  w ith  
ch rom ium -51 (N a , ” C r 0 , )  as d e sc rib ed  p re v io u s ly  
(M o o d y , S pec te r, B e n d in e li i &  F r ie d m a n , 1 9 8 4 ) . 
C e lls  were washed f . e e  o f  execess c h rom iu m  and  
ad ju sted  to  5 x  lO V m l R P M I  1 6 4 0 . 0 .1  m l was 
added  to  w ells o f  a 9 6  w e ll r o u n d  b o t to m  m ic ro t ite r  
p la te  fo r  the assay . E f f e c t o r  c e lls  w e re  ad ded  to  w e lls 
in 0 .1  m l m edium  so  th a t  2 .5  X 10* c e l ls /m l y ie ld ed  
an e ffe c to r : ta rget r a t i o  o f  5 0 :1 . T h e  m ic ro t ite r  p la te  
received a lso  ta rg e t c e l ls  o n ly  o r  ta rget c e lls  p lu s  0 .1  
m l m ed ium . T h e  f o rm e r  w e re  used to  m easu re  
m ax im um  re lease a n d  th e  la t te r  sp o n ta n e o u s  re le a se . 
T h e  p lates were c e n t r i fu g e d  at 2 5 0  g f o r  2  m in  and  
then incubated f o r  4  h a t 3 7 ° C . M a x im um  re lease

R ESU LTS

P re trea tm en t o f  le u k o c y te s  w ith  T H C  in doses 
rang ing  from  I to  2 0  p g /m l f o r  u p  to  18 h revea led  
th a t there was aJjx j^L .c?JA li,PJ15h iP -.be jw een the tim e 
o f  e x P jjs u r e j j i d ^ j j^ .^ s u j . t jp g  s.upi)Session o f  N K  

r-?£tj | v | t y JT ^ b le .2 ) ;  V i r t u a l ly  a l l N K  a c t iv ity  was lo s t 
upo rT exposu rc  to  2 0  p g /m l T H C  fo r  3 h an d  10 p g / 
m l f o r  18 h . In c u b a t io n  f o r  I o r  2  h re su lted  in 
p ro p o rt io n a te ly  less s u p p re s s io n , w hereas a d d it io n  
o f  T H C  d irec tly  in to  th e  4 h N K  assay  (t im e  0 ) had  
n o  app rec iab le  e ffe c t e v e n  at 2 0  p g /m l.

A d d it io n a l e x p e rim en ts  w ere p e r fo rm e d  u sing  a 
p re - in cuba tion  o f  3 h in  T H C , then  rem o v a l o f  the 
d ru g  f o r  the N K  a ssa y . A s  can  be seen in F ig . I ,  as 
lit t le  at 5 p g /m l T H C  h a d  a m a rk e d  su p p ress ive  
e ffe c t on  N K  fu n c t io n . H o w e v e r , 2  o r  I p g /m l had  
n o  no ticeab le  e ffe c t . S u p p re s s io n  was h ig h ly  dose  
dependen t with a s t r o n g e r  e ffe c t  n o ted  as the  d ose  
in creased  to  20  p g /m l. T h e  N K  dep ress ive  e ffe c ts  o f  
T H C  were observed o v e r  a b ro a d  rang e  o f  e f fe c t o r  to  
ta rg e t ce ll ra tios . H o w e v e r , e x am in a t io n  o f  p e rcen t 
re d u c tio n  o f  c y to to x ic it y  vs p o s it iv e  c o n t ro ls  
revea led  tha t a con s is ten t su p p re ss iv e  e ffe c t  o f  T H C  
at lO a n d  2 0 p g /m l is a c h ie v e d  at a l l E :T  ra t io s  (T a b le  
3).
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Table 3. E ffec t o f  T H C  on natural k ille r cell activity at difference effector to  target cell ratios
Addiiions Percent specific cyloxicity
lo  cultures 50 :1* 25:1 12:1 6:1 3:1
C ontro l (m edium ) 49.1* 38.8 22.2 12.1 7,0
DM SO  (0.!«7*) 65 .8 47.1 31 .2 17.3 10.3

(1 3 4 .0 )' (1 2 1 .4 ) (1 40 .5 ) (1 4 4 .2 ) (1 47 .1 )
TH C  (20 pg) 0 .9 0 .0 0.8 0 .2 0 .0

(L8) (0 ) (3 .6 ) (0 .2 ) (0 )
(10 pg) 9 .8  • 5 .0 3.4 2 .8 1.3

(20 .0 ) (1 2 .9 ) (1 5 .3 ) (1 2 .2 ) (18 .6 )
(1 Pg) 53 .0 38.4 23.9 12.8 7 .9

(107 .9 ) (9 9 .0 ) (107 .7 ) (1 0 6 .7 ) (112 .9 )
•E ffe c to r ila rg e t.
’ Mean o f  iw o indiv idua ls.
'Percent o f  c o n tro l.

D IS C U S S IO N

T he  d a ta  p re sen ted  d em o n s t ra te  th a t d e lta  9 - T H C , 
when added to  h u m a n  p e r ip h e ra l b lo o d  le u k o c y te s , 
decreases the ir a b i l i t y  t o  fu n c t io n  in the 4 h N K  cell' 
c y to to x ic ity  assay . T h is  a c t iv ity  w as d ependen t u p on  
the leng th  o f  t im e  M e  e f fe c t o r  c e lls  w ere  expo'sccfYd 
T H C  and  the d o s e  o r  T H C . 'K i l l i n g  w as in d e p e n d e n t"  re c en t ly  been re p o rte d  to  a lte r  N K  ce ll fu n c t io n . T w o  
o f  t lie 'e f fe c id r t o T a rg e i^ c e i l r a t io  o v e r  a w ide  ra n g e , sep a ra te  re p o rts  in d ic a te  th a t c ith e r e n d o rp h in s
A lth o u g h  T H C  w as c y to to x ic  f o r  P B L  at a d o se  o f  2 0  (K a y ,  A lle n  &  M o r le y , 1 9 8 4 ) o r  e n k ep h a lin  (F a ith ,
p g /m l, this c a n n o t  be the e x p la n a t io n  f o r  the L ia n g , M ung o  &  P lo t n i k o f f ,  1 9 8 4 ) can  enhance N K
suppressive e f fe c t s  o f  the d ru g  since ce lls  w ere  a c t iv ity . C o tiv e rse ly , m o rp h in e ..a u d ..l.'-o_pjoid s tre ss
re ad ju s ted  at in i t ia t io n  o f  Ih e  N K  assays . L o w e r  re su lted  in dep re ss ion  o f  N K  c y to to x ic ity  (S lia v it ,
doses , i.e . 10 p g /m l a n d  5 p g / tn l,  w ere a ls o  h ig h ly  L ew is , T e rm n n , G r a le  &  L ic b e s k in d , 1 9 8 4 ) . W h ile

h ig h ly  s ign ifican t o b s e rv a t io n  s ince T H C  has been 
im p lic a te d , in e x p e rim en ta l in fe c tio n  m od e ls , in 
en han cem en t o f  su sc e p tib ility  to  in fe c tio n  (B ra d le y , 

“ i9 8 4 ; Ju e t-Jen son , 1 9 u r, M o ra li 'a h T K Iy k k e r r rS m ith . 
H a r r is  &  M u n s o n , 1 9 7 9 ) . Such  enhanced  
su sc ep tib ility  c ou ld  be d u e  to  supp ressed  N K  a c t iv ity .

In te re s t in g ly , o th e r  p sy ch on c liv e  agents have

suppressive f o r  N K  c e ll fu n c t io n  bu t d id  n o t h ave  a n y  
e ffe c t on  e f fe c t o r  c e ll v ia b i li ty .

T h e  m ech an ism  b y  w h ich  T H C  is c a p ab le  o f  
suppressing  N K  a c t iv i ty  is as yet u n c le a r . P re lim in a ry  
expe rim en ts to  d e lin e a te  th is m echan ism  h ave  sh ow n  
that in d om e th a c in  h a s  n o  e f fe c t  in re v e rs in g  th is 
supp ression  (u n p u b lis h e d  d a ta ) . T h u s  su p p re ss io n  
c anno t be a t t r ib u te d  to  in d u c t io n  o f  p ro s ta g la n d in s , 
since in d om e th a c in  is k n ow n  to  in h ib it  p ro s ta g la n d in  
synthesis (B r u n d a  et at., 1 9 8 0 ) . T h is  is an  im p o r ta n t  
ob se rva tion  s in c e  p ro s ta g la n d in s  h ave  been  sh ow n  to  
suppress N K  fu n c t io n  in o th e r  sys tem s (B ru n d a  el 
at., 1980 ; D r o l l e r  et at., 1 9 7 8 ; K e n d a l l &  T a rg a n ,

these d a ta  d o  n o t a l lo w  an y  g e n e ra liz a t io n  ab ou t 
p sych oac tiv e  agents a n d  N K  a c t iv ity , they  d o  lead  lo  
sp e cu la t io n  a b o u t p o s s ib le  m echan ism s f o r  the 
im m u n o m o d u la to ry  a c t iv it ie s . S u p p re ss io n  o f  N K  
fu n c t io n  cou ld  be g en e ra ted  in d ire c t ly  b y  T H C  by 
s t im u la t in g  the re le a se  o f  im m un o su pp re s s iv e  
h o rm qq e s  lik e  a d re n o c o r i lc o s tc ro id s , w h ich  a re  
k n ow n  to in h ib it  N K  a c t iv ity  (C o x , H o lb r o o k , 
G ra s s o , Specte r &  F r ie d m a n , 1982 ; H o c h m an  &  
C u d k ow itz , 1 9 7 9 ) ; o r  b y  in h ib it io n  o f  in te r fe ro n  
syn th es is . M o rp h in e , f o r  e x am p le  is k n ow n  to  
d ep ress in te r fe ro n  le v e ls  (H u n g , L e fk o w it z  &  G eb e r, 
1 9 7 3 ) . W h ile  th e  m echan ism  o f  T H C  induced

1980 ). I t  is a ls o  p o s s ib le  th a t the  l ip o p h i lic  n a tu re  0 f ,« ^ u x p p i^ » o < v « r a u n ^ u D > 5 5 n B S a i^  .
T H C  re su lts  in  a n  in te r fe re n c e  w ith  io n  ch an n e ls  in .,fig flc ffU fid .b X f l& C C a & X C k Q . a c A K R & & S Q lc jd e d 
the N K  c e ll m e m b ra n e . R e c e n t ly , a p re lim in a ry  
re p o r t  has a p p e a re d  (S c h lic h tc r  &  S id e l l ,  19 8 5 ) “ ' ” '^ ''" '
d e m o n s J . r a t jn t _ a .^ u p p r e s 5 i ' , a . . „ f t U N ^ J c i l l jn ? 4 lL - v t e ^ .v / e r f g e m e i i r _ S UpPorted by grant DA  03646 from  
p o tass ium  a n d  c a lc ium  c h a n nel b lo c k e rs . T h is  ([,e National Institute on D rug Abuse. 
ic d u titJ  H R 'U l l lV N jfT n T H C T x p o s e c f  P B L  m ay  be a

Datn
IlnuN

i
C ox .

Droi

Paiti

HI!n:

Hot

Him

Hun

Juii
Ka>

Ken

Lai

Lei

Lev

Lr.\

Ma

Mo

Mo

Mi

Na

° i

Pi

R ■

Ri I 

Si j 

Si |  

\\



' ....
. 1 .  -  — v  . .  I  a .  ~

Pergamon J o u r n a ls
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Summary

The immunomodulatory e f f e c t s  o f  morphine and the  a c t i v e  components of 
m a r i ju a n a ,  p a r t i c u l a r l y  t e t r a h y d r o c a n n a b in o l ,  on v a r io u s  a s p e c t s  o f  
th e  h o s t  immune p a ra m e te r s  i n c l u de a l t e r a t i o n s  in  humor a l ,  
c e l l - m c i  ^ te<j and lnnat.e^immunl t y T ^ t-ioBt VtudTes~have shown 
immunosuppressive e f f e c t s  "due^t’o'' use o f  t hese  a bused s u b s t a n c e s , 
a l th o u g h  th e r e  a r e  r e p o r t s  t h a t  they  may not produce any"SieTetrlous 
e f f e c t  and may even enhance some a s p e c t s  o f  h o s t  immunity. They
r e d C A P P J V T ^ & M t t t ^ o d - n J j / o b ^ a l . . p a t h o g e n s  in  an im a ls .

„— rrr|| . t| ■  .

Morphine and m a r i ju a n a  have profound e f f e c t s  on the  Immune param ete rs  o f  
t h e i r  u s e r s .  The a d v e r se  e f f e c t s  o f  morphine can lead  to  v a r io u s  immune 
d y s f u n c t io n s  i n c l u d i n g i n c r e a sed s u s c e p t l b l l j . ty . j :o^ la f .e r . t lnna . .and .  .neoplasms. 
S i m i l a r l y ,  the  w idesp read  use  CT m ari ju an a  f o r  r e c r e a t i o n a l  PUrpOSSB ftSVS 
ra i s e d  co n c ern s  abou t i t s '  c a r d i a c  c o m p l i c a t i o n s , p sychomotor Imp a i rm e n t . 
R e n e t ic  h a z a r d s ,  DavchoDathol o t t ^ a r H 'a fllil rTnns~and. J.miBune s u p p re s s io n  I I ) .  
f r d n i c a l l y , d e l t a - 9 - t e t r a h y d r o c a n n a b i n o l  (THC), the  major psycfioac£TV£'' 
i n g r e d i e n t  in  m a ri ju an a  has  been shown to  be an anj: lemet l c - d r u g , ln _ c a n c eJT_ 
p a t i e n t s .  The co m bina t ion  o f  th ^ se  f a c t o r s  has made THC an a c t i v e l y  
i n v e s t i g a t e d  d ru g .  Human and an im al s t u d i e s  have r e v e a le d  a myriad o f  e f f e c t s  
a t t r i b u t e d  to  THC ( 2 ) .  T h is  rev iew  summarizes s t u d i e s  t h a t  have been 
perform ed in  man and an im a ls  to  un d e rs ta n d  morphine and m ari juana  m odulation  
of Immune r e s p o n s e s .

M orphine-Induced Immune A l t e r a t i o n s  In Man.

S e v e ra l  s t u d i e s  have drawn a p a r a l l e l i s m  between morphine abuse and immune 
* '{ ((’' ^ ‘“’' i n h i b i t i o n .  In  v i t r o  s t u d i e s  showed t h a t  polymorphon u c le a r  ce lls_ iP iflO _and  

^  \ |  monocyteo from p a t i e n t s  s u b je c te d  to  morphine t r e a tm e n t  W5re s e v e r e ly
■ I  d e p re s se d  in  t h e i r  p h a g o c y t ic  and k i l l i n g  p r o p e r t i e s ,  a s^w e ll  a l f  t h e l r  a b i l i t y
1 A ^^^^nrifehT fY S 'te ' ' 'S U p£foV ide '"( '37^  O p ia te  a d d i c t i o n  a l s o  caused a l t e r a t i o n s  in  the  
v \  {  f r e q u e n c i e s  o f  T and n u l l  lymphocytes in  human p e r i p h e r a l  b lood .  A s tudy  by 

S»^^McDonough e t  a l  showed t h a t  as a r e s u l t  o f  o p ia te  a d d i c t i o n  th e re  was a
s i g n i f i c a n t . . d e c r e a s e  in  th e  muhti, aL,XJ.YBPh0 C.Yte^,that.X<?rm r o s e t t e s  w ith  

r*aVgpp r p f T K ] e e l  l a (sRBC). This  d e c re a s e  was accompanied b y 'a  "concurren t  
r e a s e  in  th e  number o f  n u l l  c e l l s .  However, th e r e  was no s i g n i f i c a n t

These a l t e r a t i o n s  in  T and n u l l  c e l l
- Inci

change in  th e  number of
n u l l  c e l l s ,  
lym phocytes .

■̂ To whom che r e p r i n t  r e q u e s t  should  be add ressed
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C opyr igh t  (c) 1987 Pergamon J o u r n a l s  L td .
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T able 1. . Summary of  Che e f f e c t s  of morphine or  m ari juana on v a r io u s  a s p e c t s  
of the  immune sys tem .

Immune Response
MORPHINE MARIJUANA OR THC

Suppressed
Not

1 Enhanced A lte re d Suppressed
Not

Enhanced A lte re d

R e s i s t a n c e  to :
C .a lb ic a n s  
L.monocytogenes 
K.pneumoniae 
Tumor
V i r a l  i n f e c t i o n s

1 0 *

1 0

14

61

60,61 ,62

P h ag o cy to s is  3 ,1 0 ,2 0  
Phagocyte k i l l i n g  3 ,20  
Superox ide  3 ,1 0 ,2 0  

g e n e r a t io n

33,51,54 42

Antibody l e v e l s  
Primary a n t ib o d y  

response  
Secondary a n t i ­

body response

1 1

31 ,49 ,50
49 ,53 ,54

49

46

I n t e r f e r o n  l e v e l s 15,16 55 ,57 ,59

B la s to g e n ic  
re sp o n se  to :  

PHA 
Con A 
LPS 
PWM

4
2 1 , 2 2

26,27
51
51
52

3 / ,3 8 ,3 9  

40

Lymphocyte 
f r e q u e n c ie s :  

T c e l l s  
N ull  c e l l s

4
4

•A

6

6

28 ,29 ,30

NK c e l l  a c t i v i t y 13,17 1 2 32 ,52 ,58

C e l l u l a r  immunity 18,19 39 ,49 ,50 36,41

♦Numbers i n d i c a t e  r e f e r e n c e ( s )  i n ’which the  n e r v a t i o n s  were r e p o r t e d .

f r e q u e n c ie s  were r e v e rse d  by t r e a tm e n t  o f  t h i lymphocytes in  na loxone ,  a 
morphine a n t a g o n i s t .  T h is  r e v e r s a l  was p a r a l l e l e d  by an in c re a s e  in the 
a b i l i t y  o f  th e s e  Lymphocytes t o  be s t i m u la te d  by phy tohem agglu tin in  (PKA)
( 4 ) .  S u b seq u e n t ly ,  i t  was shown th a t  uhe d e c re a s e  in  SRBC -rose tting  was due 
to  a m orphine-induced  d e p r e s s io n  o f  SRBC r e c e p to r  l e v e l s  on T c e l l s  ( 5 ) .  In 
c o n t r a s t  to  the  r e s u l t s  of th e s e  s t u d i e s ,  Bocchin i e t  a l  showed th a t  
in c u b a t io n  o f  normal human lym phocytes in  e i t h e r  morphine or  naloxone caused 
an in c r e a s e  in  th e  f r e q u e n c ie s  o f  th e se  c e l l s  as w e l l  as  t h e i r  r e s p o r s e  to  PHA 
s t i m u la t io n  ( 6 ) .
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ous a s p e c ts

>R THC

Not
ced A l te re d

• There i s  a l s o  c o n v in c in g  e v id en c e  of  th e  p resence  o f  o p io id  r e c e p to r s  on 
v a r io u s  ty p e s  of  human immune c e l l s .  Wybran e t  a l  were th e  f i r s t  to  p rov ide  
ev idence  of r e c e p t o r s  s p e c i f i c  f o r  morphine on normal human T lymphocytes 
( 7 ) .  This o b s e r v a t io n  has  been confirm ed by o th e r  workers ( 4 ,8 ) .
S u b seq u e n t ly ,  the  p re se n ce  of  o p io id  r e c e p to r s  have been dem onstra ted  on human 
PMN and monocytes i 9) ,  and p l a t e l e t s  ( 8 ) .  The p resence  of  op io id  r e c e p to r s  on 
immune c e l lB  may a l lo w  f o r  m odu la t ion  of s p e c i f i c  immune fu n c t io n s  in  the  
p resence  of exogenous o p i a t e s .

M orphine-Induced  Immune A l t e r a t i o n s  in  Animals

42

S tu d ie s  have been perform ed in  an im als  to  e l u c i d a t e  the  mechanisms by 
which morphine a f f e c t s  th e  immune sys tem . Morphine a d m in i s t r a t i o n  in  mice 
caused a profound in c r e a s e  in  s u s c e p t i b i l i t y  to  b a c t e r i a l  and funga l  
i n f e c t i o n s .  V ar ious a d m i n i s t r a t i o n  sc h e d u le s  were shown to  p o t e n t i a t e  
i n f e c t i o n s  due t o  K l e b s i e l l a  pneumoniae and Candida a l b ic a n s  ( 1 0 ) .  The 
in c re a s e d  s u s c e p t i b i l i t y  was p a r t l y  due to  a dec reased  r e t i c u l o e n d o t h e l i a l  
system a c t i v i t y  a s  w e l l  a s  a r e d u c t io n  in  th e  number of  phagocytes  and no t due 
to  a d i r e c t  c y t o to x ic  e f f e c t  of th e  d ru g .  A reduced c a p a c i ty  to  produce^ 
su p e ro x id e  was a l s o  o b se rv e d .  These o b s e rv a t io n s  a re  in  agreement with 
a l t e r e d  d i s e a s e  r e s i s t a n c e  in  man ( 3 ) .

46

37 ,38 ,39

40

36,41

i a
the 
PHA) 
was due 
5) .  In

caused 
»e co PHA

Chronic a d m i n i s t r a t i o n  o f  morphine a l s o  i n h i b i t e d  th e  prim ary sn t lb o J y  
response  of mice to  SRBC, and th e  sp le en :b o d y  w eigh t r a t i o .  These e f f e c t s  
were an tag o n iz ed  by na loxone i n d i c a t i n g  t h a t  morphine i n h i b i t s  the  immune 
system in  a s p e c i f i c  manner v ia  l tB  i n t e r a c t i o n  w ith  o p io id  r e c e p to r s  ( 1 1 ) .

O ther  s t u d i e s  i n  a n im a l r  have shovn t h a t  morphine can a f f e c t  n a t u r a l  
k i l l e r  (NK) c e l l  a c t i v i t y  ( 1 2 ,1 3 ,1 7 )  perhaps y i e ld in g  reduced r e s i s t a n c e  to  
tumors ( 1 4 ) .  I n t e r f e r o n  (1 5 ,1 6 )  and a v a r i e t y  of  o th e r  c e l l - m e d ia t e d  
r e a c t i o n s  a r e  a l s o  a l t e r e d  C18-23). The e f f e c t  o f  morphine on NK c e l l  
a c t i v i t y  in  an im a ls  i s  n o t  w e l l  d e f in e d .  The drug has  been shown to  enhance 
th e  a c t i v i t y  of th e s e  c e l l s  i n  mice ( 1 2 ) but a su p p re s s io n  was observed when 
s i m i l a r  expe r im en ts  were perform ed in  r a t s  ( 1 3 ,1 7 ) .  The a b i l i t y  o f  an im als  to  
mount a re sp o n se  to  t u m o r 'c h a l l e n g e  was a l s o  a f f e c t e d  by morphine t r e a tm e n t .  
R a ts  e iven  i n j e c t i o n s  o t  morphine e i t h e r  be fo re  or  a f t e r  c h a l le n g e  w ith  a 
mammary a s c i t e s  tumors showed a s i g n i f i c a n t  d e c re a s e  in  s u r v iv a l  time and 
p e rc e n t  s u r v i v a l .  I t  was p o s t u l a t e d  t h a t  morphine enhances the  s u s c e p t i b i l i t y  
to  tumor v ia  i t s  i n h i b i t i o n  6 $ NK c e l l  a c t i v i t y  (1 4 ) .  Reduced p hagocy t ic  o r  
c y t o to x ic  a c t i o n s  o f  monocytes could  a la o  a f f e c t  cance r  r e s i s t a n c e .  In v i t r o  
s t u d i e s  u s in g  c e l l s  from m o r p h in e - t r e a te d  mice have dem onstra ted  th a t  PMN and 
mononuclear c e l l s  from t h e s e  an im als  were reduced in  t h e i r  a b i l i t y  to  
phagocy t ize  and k i l l  C. a l b i c a n s  and a l s o  in  t h e i r  g e n e r a t io n  of supe rox ide  
(20).

In vivo s t u d i e s  in  r a t s  r e v e a le d  t h a t  an im als  c h r o n i c a l l y -  t r e a t e d  w ith  
morphine e x h ib i t e d  an i n a b i l i t y  t o  produce a t u b e r c u l in  r e a c t io n  (1 8 ) ,  a 
measure of  c e l l - m e d ia t e d  immunity (CMI), as  w e l l  as  a d ep ressed  a b i l i t y  to  
produce an in f lam m ato ry  r e a c t i o n  in  re sp o n se  to  c a r ra g een a n  (1 9 ) .  This e f f e c t  
was dose -dependen t and i n h i b i t e d  by na loxone .  Reduced m itogenes ia  may a l s o  be 
im p o r ta n t  in  d i s e a s e  r e s i s t a n c e  f u n c t i o n s  a s s o c ia te d  w ith  ln f la m a t io n .  
Lymphocytes from m o r p h in e - t r e a te d  mice (21) and gu inea p ig s  (22) were 
d ec reased  in  t h e i r  r a i to g en ic  re sp o n se  to  s t i m u la t io n  w ith  Concanavalin  A 
(Con A).

Such changes ,  which can a l s o  In c lu d e  morphine s u p p re s s io n  of sp leen  and 
body w e ig h t ,  aud p la q u e - fo rm in g  c e l l s  of mice ( 2 3 ) ,  show ev idence of  
s i g n i f i c a n t  changea in  immune f u n c t i o n s .  A r e d u c t io n  in  number and s i t e  of 
s p le n ic  germ inal c e n t e r s ,  t o t a l  sp le e n  c e l l u l a r i t y  and thymic s i s e  was
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obaerved .  H i s t o l o g i c a l  exam ina tion  re v e a le d  t h a t  t h e r e w a a  a lo s s  of 
p e r i p h e r a l  d e f i n i t i o n  of s p l e n i c  f o l l i c l e s  ( 2 3 ) .  There i s  H a l t e d  in fo rm a t io n  
on morphine and p ro d u c t io n  of  iw iu n o lo g i c t l  p r o t e i n s .  Another a d v e rse  e f f e c t  
of  morphine i s  tha  d e p r e s s io n  of s e ru a  i n t e r f e r o n  t i t e r s .  Mice t h a t  were 
t r e a t e d  w ith  morphine had dep re ssed  l e v e l s  o f  serum I n t e r f e r o n  fo l lo w in g  
i n j e c t i o n  w ith  p o l y i n o s l n i c :  p o ly c y t i d y l i c  a c id  (p o ly  I :C )  ( 1 5 ,1 6 ) .

These s t u d i e s  have shown t h a t  th e re  I s  a s t r o n g  p a r a l l e l i s m  between h o s t  
s u s c e p t i b i l i t y  to  d i s e a s e s  as a  r e s u l t  of exposure  to  morphine and a l t e r a t i o n s
In the  phys io logy  and f u n c t io n s  of  immune c e l l s .

E f f e c t s  o f  THC on Human Immune Systems

S e v e ra l  approaches  have been used to  s tu d y  th e  e f f e c t s  of m ari juana  or  i t s
a c t i v e  component, t e t r a h y d r o c a n n a b in o l  (THC), on human immune sys tem s.  These 
in c lu d e  u s in g  c e l l s  i s o l a t e d  from c h ro n ic  m a r i ju an a  smokers , c e l l s  from normal 
v o lu n te e r s  exposed to  m ari juana  smoke o r  u s in g  c e l l s  from normal donors  and 
expos ing  th e s e  c e l l s  to  THC in  v i t r o .  R e s u l t s  o b ta in e d  from human s tu d i e s  
have been e q u iv o c a l .  S e v e ra l  s t u d i e s  have found THC to  be immunosuppressive 
w h ile  o th e r s  have been e q u iv o c a l .

A survey  of 51 ch ro n ic  m ari juana smokers showed t h a t  the  response  o f  t h e i r  
c e l l s  to  s t i m u la t io n  w ith  a l l o g e n e i c  c e l l s  o r  PHA was d e p re s se d .  These 
o b s e r v a t io n s  were supported  by In  v i t r o  s t u d i e s  which showed t h a t  normal human 
lymphocytes in c u b a te d  in  THC were d ep re ssed  in  t h e i r  b l a s to g e n ic  re sp o n se  to  
s i m i l a r  s t i m u l i  ( 2 6 ,2 7 ) .  P e r ip h e r a l  blood lym phocytes  from c h ro n ic  m ari juana  
smokers c o n ta in e d  reduced number of  T lym phocytes t h a t  form r o s e t t e s  w ith  SRBC 
(2 8 -3 0 ) .  A s i m i l a r  r e d u c t io n  could a l s o  be ac h ie v e d  by in  v i t r o  in c u b a t io n  of  
n o r a a l  lymphocyte* In  THC (2 8 ) .  Although m a r i ju an a  use  was a b le  to  i n t e r f e r e  
w ith  T lymphocyte f u n c t io n  as  measured by r o a e t t l n e  and PHA-Btlmulation, t h i s  
e f f e c t  waa t r a n s i e n t  and v a r ie d  between i n d i v i d u a l s  ( 3 0 ) .

However, s e v e r a l  o th e r  s tu d i e s  have shown t h a t  m a ri ju an a  smoking o r  THC i s  
no t  im m unosuppressive . The sk in  r e sp o n se s  of  22 c h r o n ic  m ari juana  smokers 
a g a i n s t  2 ,4 -d in i t ro c h lo r o b e n x e n e  (DNCB) showed no s i g n i f i c a n t  d i f f e r e n c e  from 
th o se  o f  normal c o n t r o l s  ( 3 6 ) .  The b la s to g e n ic  re sp o n se  o f  c e l l s  from c h ro n ic  
m a r i ju an a  smokers to  PHA (37-39)  and pokeweed m itogen (PWM) (40) were a l s o  
s i m i l a r  to  th o se  o f  c e l l s  from normal c o n t r o l s .  An e v a lu a t io n  of the  immune 
s t a t u s  o f  1 2  h e a l t h y  ch ro n ic  m ari juana  smokers r e v e a le d  t h a t  w h ile  th e r e  was 
an i n i t i a l  d e p r e s s io n  of v a r io u s  immune p a ra m e te rs  in  s e v e r a l  s u b j e c t s ,  th e se  
v a lu e s  r e tu r n e d  to  normal over time ( 4 1 ) .  T he^va lues  in  th e  o th e r  s u b je c t s  
were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from normal. 'The a u th o r s  concluded t h a t  
m ari ju an a  smoking d id  not produce any- s i g n i f i c a n t  im pairm ent o f  e i t h e r  humoral 
o r  c e l l - m e d ia t e d  immunity (4 1 ) .  F u n c t io n a l  com parisons of  macrophages from 
m ari juana  Bmokera and non-smokers showed t h a t  th e s e  c e l l s  have s i m i l a r  
c a p a c i t i e s  to  phagocy tose  C. a l b ic a n s  (42) a l th o u g h  m a r i ju an a  smoking has been 
shown to  be more I n ju r i o u s  to  the  lungs  than  c i g a r e t t e  smoking (4 3 ) .

O ther  immune a l t e r a t i o n s  t h a t  have been a s s o c i a t e d  w ith  m ari juana  or  THC 
in c lu d e  n i g n i f i c a n t l y  reduced serum IgG l e v e l s  in  c h ro n ic  smokers (3 1 ) ,  
i n h i b i t i o n  of  NK c e l l  a c t i v i t y  (3 2 ) ,  i n h i b i t i o n  of  p h a g o c y t ic  a c t i v i t y  (3 3 ) ,  
e l e v a t io n  of  serum IgD l e v e l s  ( 3 1 ) ,  d ec re a s e d  T:B c e l l  r a t i o  as a r e s u l t  of 
reduced T c e l l  number* (29 ,33 )  and i n h i b i t i o n  of  l e u k o c y te  m ig ra t io n  ( 3 4 ) .
THC a l s o  I n h i b i t e d  DNA, RNA and p r o t e i n  sy n th e se s  i n  PHA-stim ulated  normal 
human lymphocyte* (3 5 ) .

R e s u l t*  from human s t u d i e s  have thus  shown many i n c o n s i s t e n c i e s .  The 
f i n d in g s  p ro b ab ly  r e f l e c t  how v a r io u s  pa ra m e te rs  may a f f e c t  th e  outcome of  any 
s tu d y .  F a c to r*  such a s  se x ,  age ,  hormonal b a la n c e ,  n u t r i t i o n a l  s t a t u s ,  l e n g th
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o f  exposu re  to  the  drug as w e l l  as  i t s  q u a l i t y ,  and o th e r  drugs may have had a 
s i g n i f i c a n t  I n f lu e n c e  on th e  outcome of th e s e  i n v e s t i g a t i o n s .  Some s t u d i e s  
may be s u s p e c t  I f  c a r r i e d  ou t in  the  p a s t  s i x  y e a r s  in  a r e a s  where r a t e s  of 
i n f e c t i o n  w ith  human immunodeficiency v i r u s  (HIV) were s i g n i f i c a n t  in  
in t r a v e n o u s  drug u s e r s ,  s s  the  v i r u s  i s  immunosuppressive.

E f f e c t s  o f  THC on the  Humoral Immune System o f  Animals

S tu d ie s  performed in  an im als  have produced more c o n s i s t e n t  f in d in g s  than  
th o se  in  humans. In most c a s e s  THC i s  a s s o c i a t e d  w ith  immunosuppression of 
v a r io u s  immune p a ra m e te rs .  The g r e a t e r  c o n s is te n c y  observed in  anim al a tu d i e s  
p ro b ab ly  r e f l e c t s  the  I n f lu e n c e  of g e n e t i c  f a c t o r s ,  c o n s i s t e n t  doseage l e v e l s ,  
c o n t r o l l e d  d i e t s ,  and use  of  o th e r  d ru g s .

S e v e ra l  s t u d i e s  have shown an immunosuppressive e f f e c t  o f  THC on the 
humoral immune re sp o n se  of a n im a ls .  A d m in is t ra t io n  of THC p r i o r  to  o r  post  
imm unization  of  mice w ith  SRBC s i g n i f i c a n t l y  reduced th e  number of  plaque 
forming c e l l s  in  t h e i r  s p le e n s  (44-48)  s b  w ell  as h em ag g lu t in in  t i t e r s  
( 4 9 ,5 0 ) .  A c o n c u r re n t  l o s s  o f  ge rm ina l  c e n t e r s  and f o l l i c u l a r  d e f i n i t i o n ,  , 
t o g e th e r  w ith  a r e d u c t io n  o f  s p l e n i c  lym phocytes ,  and reduced sp le e n  and body 
w e ig h ts  were observed  in  mice t r e a t e d  w ith  THC e i t h e r  b e fo re  o r  a f t e r  
im m uniza tion  w ith  SRBC ( 4 4 ,4 5 ) .  Although THC caused an i n h i b i t i o n  o f  the  
p r im ary  anti-SRBC re sp o n se ,  i t  d id  n o t  su p p ress  th e  secondary  response  i f  THC 
was g iven  to g e th e r  w i th  th e  secondary  a n t ig e n i c  c h a l l e n g e .  However, i f  THC 
was g iven  d u r in g  p r im ary  im m uniza tion ,  th e  response  to  secondary  c h a l le n g e  was 
su p p ressed  i n d i c a t i n g  an i n h i b i t i o n  o f  the  memory a s p e c t  o f  humoral immunity 
( 4 9 ) .  A s tu d y  by Levy and Heppner (46)  found th a t  THC only  changed the  
k i n e t i c s  o f  p laque forming c e l l  p ro d u c t io n .  Mice t r e a t e d  w ith  THC were shown 
to  produce peak p laque  forming c e l l  numberj 24 -  48 hours  l a t e r  than  c o n t r o l  
mice w h ile  th e  numbers d id  no t vary  s i g n i f i c a n t l y .  In c o n t r a s t  to  th e  f in d in g  
of  o th e r  i n v e s t i g a t o r s ,  th e y  d id  n o t  obse rve  any s i g n i f i c a n t  re d u c t io n  in  
h e m a g g lu t in in  t i t e r s  i n  TH C -treated  mice.

In  v i t r o  o b s e r v a t io n s  t h a t  su p p o r t  o th e r  f in d in g s  of THC-induced 
s u p p r e s s io n  of  humoral immunity In c lu d e  d em o n s tra t io n  of  a reduced b l a s to g e n ic  
re sp o n se  o f  s p l e n i c  lymphocytes to  E s c h e r ic h ia  c o l l  l ip o p o ly s a c c h a r ld e  (51) o r  
PWM ( 5 2 ) ,  which a r e  bo th  B c e l l  m itogens ,  and a d ep ressed  in  v i t r o  
p r im a r y - l i k e  immune re sp o n se  oS mouse sp le n o c y te s  a g a in s t  SRBC ( 5 3 ,5 4 ) .  THC
was s u p p r e s s iv e  i f  i t  waa p r e s e n t  d u r in g  the  e n t i r e  6  day c u l t u r e  p e r io d  o r  
f o r  th e  f i r s t  24 hours  fo l lo w in g  a n t i g e n i c  s t i m u l a t i o n .  This  i n d i c a t e s  t h a t  
th e  p re se n c e  of  THC d u r in g  the  p e r io d  fo l lo w in g  a n t ig e n i c  s t i m u la t io n  was 
c r i t i c a l  f o r  an immunosuppressive e f f e c t  (5 3 ) .

E f f e c t s  of THC on C e ll-M ed ia ted  Immunity of  Animals

The immunomodulatory e f f e c t  of THC on th e  CMI of an im als  has a l s o  been 
d em o n s tr a te d .  In v i t r o  and in  v iv o  measures of  CMI t h a t  have been s t u d i e s  in  
r e l a t i o n  to  THC-induced immune m odula tion  in c lu d e  de layed  type 
h y p e r s e n s i t i v i t y  (DTH) to  SRBC ( 3 9 ,4 7 ) ,  r o s e t t e - f o r m in g  T c e l l  numbers (4 5 ) ,
b l a s to g e n ic  re sp o n se s  o f  lym phocytes to  PHA (51) and Con A ( 5 4 ) ,  ak in  g r a f t  
s u r v i v a l  ( 5 0 ) ,  mixed lymphocyte r e a c t i o n  and m ig ra t io n  i n h i b i t i o n  f a c t o r  
a c t i v i t y  (5 5 ) .  Most o f  th e s e  s t u d i e s  rev e a le d  an Immunosuppressive e f f e c t  of 
THC. For example, th e  DTH resp o n se  to  SRBC was s i g n i f i c a n t l y  lowered in  mice- 
t r e a t e d  su b c u tan e o u s ly  w i th  THC a t  a dose of  100 mg/kg f o r  4 days ( 4 9 ) ,  o r  i n  
mice fed THC p e r o r a l l y  a t  a dose of  30 mg/kg ( 3 9 ) .  Skin g r a f t  s u r v iv a l  was 
i n c re a s e d  in  mice a s  a r e s u l t  of t r e a tm e n t  w ith  THC (5 0 ) .  This i n d i c a t e s  a 
s u p p r e s s io n  of. th e  c e l l u l a r  mechanism invo lved  in  g r a f t  r e j e c t i o n .  F in a l l y ,  
th e  b la sc o g e n lc  response  of  lymphocytes to  PHA and Con A, which a r e  both T



2508 Morphine and Marijuana: Imraunomodulation Vol. 41, No. 23, 1987

• • •
c e l l  m itogens ,  was d ep re ssed  in  mice C rea ted  w ith  THC ( 5 1 ) ,  and In monkeys 
a d n i n l s t e r e d  m ari ju an a  smoke ( 5 2 ) .

-  -.r^s O ther  s t u d i e s  have d em o n s tra ted  an Immunosuppressive e f f e c t  o f  THC on
o th e r  “ e c h a n lsa s  in v o lv e d  in  immunity. These in c lu d e  i n h i b i t i o n  of ph ag o c y t ic  
f u n c t io n  ( 5 4 ,5 6 ) ,  i n t e r f e r o n  p ro d u c t io n  (5 5 ,5 7 )  and NK c e l l  a c t i v i t y  ( 5 2 ,5 8 ) .  
THC, a t  l e v e l s  t h a t  a r e  a t t a i n a b l e  by smoking m a r i ju a n a ,  I n h i b i t e d  macrophage 
sp re a d in g  and p h a g o c y t ic  f u n c t i o n  ( 5 1 ) .  In  v i t r o  and in  v iv o  I n t e r f e r o n  
p ro d u c t io n  were a l s o  d ep re ssed  by THC. Mice t r e a t e d  w ith  THC produced lower 

“ e x c i t e r s  o f  i n t e r f e r o n  in  re sp o n se  to  s t i m u la t io n  w i th  po ly  I :C  o r  Herpes 
- >-,v*simpKx Type 2 v i r u s  (5 7 ) .  S p le n o c y te s  from normal mice a l s o  produced l e s s  

• ■̂ ' - . I n t e r f e r o n  in  in  v i t r o  c u l t u r e s  in  th e  p re se n ce  o f  THC ( 5 9 ) .—ntf
These s t u d i e s  have thus  been a b l e  to  p rov ide  s t r o n g  ev id en c e  o f  th e  

^ im m u n o su p p re ss iv e  e f f e c t s  o f  THC p a r t i c u l a r l y  in  a n im a ls .  Such e f f e c t s  were 
c l e a r l y  dem onstra ted  by s t u d i e s  t h a t  showed t h a t  an im als  exposed to  THC were 

- m o r e  s u s c e p t i b l e  t o  i n f e c t i o n s .  THC i s  c a p a b le  o f  e x a c e r b a t in g  v i r a l  
' - • ^ r e i n f e c t i o n ,  a s  haa been shown in  mice (6 0 ,6 1 )  and gu inea  p ig s  ( 6 2 ) ,  as  w e l l  as  

. ^ r e d u c i n g  r e s i s t a n c e  to  b a c t e r i a l  p a thogens  ( 6 1 ,6 3 ) .  The r e s i s t a n c e  of  mice to  
.T r L l s t e r l a  monocytogenes, which i s  used as  a measure of  CMI, was I n h i b i t e d  by 

:;?*Z .frtC in  a doee dependent manner ( 6 1 ) .  Thus, th e s e  f i n d i n g s  r e f l e c t  an 
^ .7 , 'C - in h ib l t io n  of CMI by THC, s u p p o r t in g  in  v i t r o  o b s e r v a t io n s .

There a re  th u s  obvious d i f f e r e n c e s  i n  th e  s u s c e p t i b i l i t y  o f  man and 
~ ^ r ftp ^ nlm ala t o  the  inmunomodulatory e f f e c t s  o f  m a r i ju an a  and THC. C le a r ly  an im als  
• ^ P S t u d i e s  show t h a t  THC i s  im m unosuppressive and r e d u c e s  d i s e a s e  r e s i s t a n c e .

'riT .Whether such changes occur  r e g u l a r l y  in  man i s  l e s s  c l e a r  due t o  few er s t u d i e s  
"and problems of d e te rm in in g  d o se .  Due to  th e s e  d i f f e r e n c e s  i t  i s  very 

^ . d i f f i c u l t  to  sake d e f i n i t i v e  c o n c lu s io n s  on th e  s u p p re o s iv e  e f f e c t a  o f  t h i s  
drug  on th e  human Immune sys tem . They may have s i g n i f i c a n t  re le v a n c e  due to  

. th e  c u r r e n t  AIDS ep idem ic ,  where lmmunomodulation o f  T c e l l s  would be exp : te d  
to  a l t e r  th e  growth of  th e  v i r u s ,  and p o s s i b ly  i t s  i . ' . f e c t i v i t y .
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Developmental Effects of Cannabis  
G a b r i e l I n a h a s  a n d  H e n r y  C l a y  F r i c k

College o f  Physicians and Surgeons o f  C o lu n b ia  U n ivers ity , New York, 
New York 10032

C a n n a b i s  p r e p a r a t i o n s  ( H a r i h u a n a ,  H a s h i s h )  h a v e  b e c o m e  t h e  

_ . n o . a . t _ f r . e g u e n t l y _ _ u s g . d .  i  l  L i c i t . d r . u ^ - _ i r L - t h a - J J n i - t e d - S t a t e s  a n d  t h e  

. . W e s t e r n - W o r - 1  d .  B e s i d e s  t h e  c h e m i c a l  e u p h o r i a n t  D e l t a - 9 - T e t r a l n y d T o -  

c a n n a b i n o i  w h i c h  C a n n a b i s  c o n t a i n s ,  6 0  o t h e r  c a n n a b i n o i d s  h a v e  b e ­

e n  i d e n t i f i e d  a s  w e l l  a s  3 6 0  o t h e r  c o m p o u n d s  s u c h  a s  S t e r o l s ,  T e r -  

p e n e s ,  F l a v i n o i d s ,  F u r a n  d e r i v a t i v e s  a n d  a l k a l o i d s .  M a r i h u a n a  s m o ­

k e  o f  a  m a r i h u a n a  c i g a r e t t e  c o n t a i n s  i n  i t s  g a s  p h a s e :  C a r b o n  M o n o ­

x i d e ,  A c e t a l d e h y d e , A c r o l e i n ,  T o l u e n e ,  N i t r o s a m i n e ,  V i n y l  C h l o r i d e  

a n d  i n  i t s  p a r t i c u l a t e  p h a s e :  P h e n o l ,  C r e s o l ,  f t e t h y l . I t  a l s o  c o n ­

t a i n s  t w i c e  a s  m u c h  N a p t h a l e n e  a n d  C a r c i n o g e n s  ( B e n z a n t h r a c e n e  a n d  

B e n z o p y r e n e )  t h a n  i n  a  t o b a c c o  c i g a r e t t e  o f  t h e  s a m e  w e i g h t .

A v a i l a b l e  e v i d e n c e  i n d i c a t e  t h a t  C a n n a b i s  e x e r t s  s i g n i f i c a n t  

e f f e c t s  i n  a l l  p h a s e s  o f  r e p r o d u c t i o n  a n d  d e v e l o p m e n t  i n  m e m b e r s  

o f  b o t h  s e x e s  i n  a l l  s p e c i e s  w h i c h  h a v e  b e e n  s t u d i e d :  t h e s e  i n c l u ­

d e  f i s h ,  b i r d s ,  r o d e n t s  ( m i c e ,  r a t s ,  h a m s t e r s )  r a b b i t s ,  d o g s ,  h o r ­

s e s ,  m o n k e y s  a n d  h o m o  s a p i e n s .  S e v e r a l  r e v i e w s  h a v e  b e e n  w r i t t e n  

o n  t h e  s u b j e c t  ( N a h a s  1 9 8 4 ,  R o s e n k r a n t z  1 9 8 5 ) .

E x p e r i m e n t a l  s t u d i e s  h a v e  r e p o r t e d  t h a t  n e g a t i v e  d e v e l o p m e n ­

t a l  e f f e c t s  c a n  b e  c a u s e d  b y  C a n n a b i s  i n  t h r e e  w a y s :

1 .  P r e c o n c e p t i o n  e x p o s u r e  w i t h  r e s u l t i n g  d a m a g e  t o  t h e  g a m e t e s ,  

_ s p . e r m - o r _ o v u m - ( - g a m e t o t o x i - c - i t y ) .

2 .  P r e n a t a l  e x p o s u r e  w i t h  r e s u l t i n g  d a m a g e  t o  t h e  e m b r y o  a n d  t o  

t h e  f e t u s  d u r i n g  o r g a n o g e n e s i s .

~  3 ■  _ _ P g s t n a t a l . e x D O S L . r ' e ^ h . r o u g h - m a l e - m a 4 - - m - U W . w . i . t h - X £ S j j l  t i  n g  d a -

m a g e  t o  t h e  . . . g r o w i  n g  - o f  f s  p r - i  n g 7 ~ a n d ~ b e h - a  v i o r a l - * t o x i  c i t y .  \

P R E C O N C E P T I O N  E X P O S U R E  

C a n n a b i s  m a y  b e  g a m e t o t o x i c  i n  m a l e  a n d  f e m a l e .

E v i d e n c e  i n  t h e  m a l e .

A d m i n i s t r a t i o n  o f  d e l t a - 9 - T H C  o r  c r u d e  m a r i h u a n a  e x t r a c t  

( C M E )  d e c r e a s e s  t e c H m ! a r  i n  p i g e o n ?  ( V y a s  a n d  S i n g h ,  1 9 7 6 ) ,  

r o d e n f s  ( D i x i t  e t  a l . ,  1 9 7 4 ) ,  a n d  d o g s  ( D i x i t  e t  a l . ,  1 9 7 7 ) .  T h i s  c o  

o r g a n  i s  s e n s i t i v e  t o  C a n n a b i s  p r e p a r a t i o n s  i n  m a n y  d i f f e r e n t  ;

r o u t e s  ( B l o c h  e t  a l . ,  1 9 7 8 ) .  I m m a t u r e  a n d  m a t u r e  a n i m a l s - a r e  ! ^

e q u a l l y  a f f e c t e d .  F u j i m o t o  e t  a l .  ( 1 9 7 8 )  r e p o r t e d  t h a t  a d u l t  r a t s  _

t r e a t e d  w i t h  C ME  ( 1 5  a n d  7 5  m g / k g  o r a l l y )  f o r  7 7  d a y s  p r e s e n t e d  

a  s i g n i f i c a n t  r e d u c t i o n  i n  p r o s t a t e ,  . . e m i n a l  v e s i c l e ,  a n d  e p i d i -  

d y m a l  w e i g h t .  . O l i g o s p e r m i a  i n  t h e  e p i d i d y m i s  w a s  a l s o  p r e s e n t .
I

fZ r? ,- p ,9ase  send  requests lo r  reprints to D r. Gabriel Nahas. ;
■ S L .,. ! _  1
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T h i r t y  d a y s  a f t e r  c e s s a t i o n  o f  t r e a t m e n t ,  t e s t i c u l a r  f u n c t i o n  a n d  

o r g a n  w e i g h t  a p p e a r e d  t o  r e t u r n  t o  c o n t r o l  l e v e l s .  A b n o r m a l  f o r m s  

o f  s p e r m  w e r e  r e p o r t e d  i n  m i c e  t r e a t e d  f o r ' 5  d a y s  w i t h  d e l t a - 9 - T H C  

( 5 - 1 0  m g / k g ,  i . p . )  o r  C B D  ( 1 0 - 2 5  m g / k g )  ( Z i m m e r m a n  e t  a l . ,  1 9 7 9 ) ,  

a n d  i n  r a t s  e x p o s e d  t o  m a r i h u a n a  s m o k e  f o r  7 5  d a y s  ( H u a n g  e t  a l . ,  

1 9 7 9 ) .  C B D  d e c r e a s e d  t e s t i c u l a r  s i z e  a n d  s p e r m a t o g e n e s i s  ( a t  a l l  

s t a g e s )  i n  r h e s u s  m o n k e y s  ( 3 0 - 3 0 0  m g  o r a l l y )  ( R o s e n k r a n t z  e t  a l . ,

1 9 8 1 ) .

H e m b r e e  e t  a l .  ( 1 9 7 6 )  o b s e r v e d  1 6  p a t i e n t s  i n  a  h o s p i t a l  w a r d  

b e f o r e ,  d u r i n g ,  a n d  a f t e r  a  4 - w e e k  p e r i o d  o f  m a r i h u a n a  s m o k i n g  ( 5 -  

2 0  c i g a r e t t e s  a  d a y ,  e q u i v a l e n t  t o  1 0 0 - 4 0 0  m g  d e l t a - 9 - T H C ) .  M a r i ­

h u a n a  a d m i n i s t r a t i o n  w a s  a s s o c i a t e d  w i t h  d e c r e a s e d  s p e r m  c o u n t ,  

s p e r m  m o t i l i t y ,  a n d  a n  i n c r e a s e d  i n c i d e n c e  o f  a b n o r m a l l y  n o n - o v o i d  

s h a p e d  s p e r m  c e l l s  ( F i g . l ) .  T h e s e  c h a n g e s  w e r e  m o s t  m a r k e d  4  w e e k s  

f o l l o w i n g  o n s e t  o f  s m o k i n g  a n d  1  w e e k  a f t e r  t h e  s m o k i n g  p e r i o d  h a d  

t e r m i n a t e d ,  i n d i c a t i n g  t h a t  e f f e c t  o f  t h e  c a n n a b i n o i d  i s  e x e r t e d  

o n  s p e r m i o g e n e s i s  s i n c e  h o r m o n a l  s u p p r e s s i o n  o f  s p e r m a t o g e n e s i s  

t a k e s  l o n g e r  t h a n  a  m o n t h  a n d  i s  u s u a l l y  n o t  a s s o c i a t e d  w i t h  a n  

i n c r e a s e  i n  a b n o r m a l  f o r m  a n d  d e c r e a s e  i n  m o t i l i t y .  H e m b r e e  e t  a l .  

( 1 9 7 9 )  c o n c l u d e d  t h a t  t h e  i n h i b i t o r y  e f f e c t  o f  C a n n a b i s  s m o k e  o n  

s p e r m a t o g e n e s i s  w a s  a l s o  e x e r t e d  d i r e c t l y  o n  t h e  t e s t i c u l a r  g e r m i ­

n a l  e p i t h e l i u m  ( b e s i d e s  t h e  p o s s i M e  i n d i r e c t  e f f e c t  o f  T H C  o n  

s p e r m a t o g e n e s i s  t h r o u g h  g o n a d o t r o p i n  s u p p r e s s i o n ) .  M a n y  e x p e r i ­

m e n t s  r e v i e w e d  e l s e w h e r e  ( R o s e n k r  m t z ,  1 9 8 5 )  a n d  b e y o n d  t h e  s c o p e  

o f  t h i s  p a p e r  h a v e  b e e n  c a r r i e d  o i . t  t o  c l a r i f y  t h e  m e c h a n i s m  

c a u s i n g  m o r p h o l o g i c a l  c h a n g e s  i n  - D e r m :  T H C  e x e r t s  i t s  e f f e c t s  o n  

t h e  h y p o t h a l a m o - p i t u i t a r y  a x i s  a n c  a l s o  w i t h  o t h e r  n o n - p s y c h o a c t i ­

v e  c a n n a b i n o i d s  d i r e c t l y  o n  t e s t i c u l a r  c e l l s .  A l l  o f  t h e s e  a l t e ­

r a t i o n s  o f  g o n a d a l  f u n c t i o n  i n  t h e  m a l e  h ^ v e  n o t  b e e n  a s s o c i a t e d  

i n  m a n  w i t h  a n  i n c r e a s e d  i n c i d e n c e  o f  • d e v e l o p m e n t a l  d e f e c t s  i n  h i s  

o f f s p r i n g .

H o w e v e r  m a l e  p r e c o n c e p t i o n  e x p o s u r e  t o  C a n n a b i s  h a s  b e e n  a s s o ­

c i a t e d  i n  m i c a . W - i . t h - d e v e l  o p m e n t a - l - d e - f e c - t s - o - f - h 4 - s - a f - f s p r i n g .  D a l  -  

t e r i o  e t  a l .  ( T 9 8 2 )  t r e a t e d  m a l e  m i c e  o r a f f y  w i ' t K ' T a ' r g e  d o s e s  o f  

C ME  ( 2 5  m g / k g  f o r  5  d a y s ,  o r  a  s i n g l e  d o s e  o f  5 0  m g / k g ) ,  a n d  w i t h  

C B N  o r  T H C  ( s i n g l e  1 0 0  m g / k g  d o s e ) .  S u c h  t r e a t m e n t  w a s  a s s o c i a t e d  

w i t h  a  r e d u c t i o n  i n  f e r t i l i t y ,  i n c r e a s e d  p r e -  a n d  p o s t  n a t a l  l o s ­

s e s ,  a n d  r e d u c e d  l i t t e r  s i z e  p e r s i s t i n g  s e v e r a l  w e e k s  a f t e r  d i s ­

c o n t i n u a t i o n  o f  t r e a t m e n t .  C y t o g e n e t i c  s t u d i e s  o f  s p e r m  c e l l s  

i n d i c a t e d  i n c r e a s e d  f r e q u e n c y  o f  c h r o m o s o m a l  a b n o r m a l i t i e s  i n c i u -  

r d i n g ,  r - i  n g  _ t r a n s  1 o r a t i o n s  a n d  n o n  d i s j u n c t i o n .  T h e s e  s a m e  e f f e c t s  

r ' r A / e r e  a t r s n r v e d - i r r d J O x  o f  t h e  F l - S t ' t ' s p n n g  o f  t h e  t r e a t e d  m i c e .  M a -  

^ ^ y _ y j o r  t e r a t o l o g y  w a s  r e c o r d e d  i n  t h r e e  o f  t h e s e  F I  o f f s p r i n g .  ■ O a l -  

J  t e r i o  e t  a l .  ( 1 9 8 2 )  c o n c l u d e  t h a t  c a n n a b i n o i d s  c a n  b e  g a m e t o t o x i c .

E v i d e n c e  i n  t h e  f e m a l e .

H e n  r i c h  e t  a l " . '  ' ( T 9 8 3 )  h a v e  r e p o r t e d  t h a t  3 0 - d a y  o l d  f e m a l e  

m i c e  v / e r e  g i v e n  0 . 1  m g  T H C  i . p .  f o r  2 1  d a y s .  O v u l a t i o n  w a s  i n d u -
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c e d  b y  F S H  a n d  c h o r i o n i c  g o n a d o t r o p i n ,  i n j e c t e d  t o  t h e  t r e a t e d  f e ­

m a l e s  a n d  c o n t r o l s ,  w h i c h  w e r e  t h e n  m a t e d  a n d  s a c r i f i c e d  2 4  t o  4 8  

h r s  l a t e r .  T H C  t r e a t e d  a n i m a l s  p r e s e n t e d  a  h i g h e r  i n c i d e n c e  o f  

a b n o r m a l  f e r t i l i z e d  o v a  i n  t h e i r  e a r l y  s t a g e  o f  d e v e l o p m e n t  t h a n  

u n t r e a t e d  m i c e .  S u c h  s t u d i e s  s u g g e s t  t h a t  c h r o n i c  T H C  a d m i n i s t r a ­

t i o n  m a y  h a v e  a  s i g n i f i c a n t  e f f e c t  o n . _ o . v . a £ i a n  o o c y t e  o r  o n  e a r l y  

e m b r y o n i c  d e v e l o p m e n t  o f  t h e  m i c e .  ’  ^

I n  1 1 i e J 3^ u m a f t , j \ g n a l e . p j r m t e ^  T H C  a c u t e l y  i n h i b i t s  F S H T LH

a n d  p . r o n a c t i n . , - a i i d - d i - s r u p t - s - a v a r i l n - £ y c l e s _ . a n d _ a v u l a t i o n _ ( - S m T t h .............

1 9 7 9 ) .  T o l e r a n c e  t o  t h e s e  e f f e c t s  d e v e l o p s  ( S m i t h  e t  a l .  1 9 8 3 ) .

I n  w o m e n  s m o k i n g  m a r i h u a n a ,  a  d i s r u p t - i o n . j c d L t h e _ m e n s r u a l  c y c l e  h a s  

b e e n  r e p o r t e d .  T o l e r a n c e  t o .  t h e s e  . e f f e c t s  a l s o  d e v e l o p s ~ ' ( 7 1 e T T d e l - . 

s o n  e t  a l . ,  1 9 8 5 ) . P o s s i b l e  g a m e t o t o x i c ' e f f e r t s -  o f  T H C  i n  t h e  h u m a n  

f e m a l e  n e e d s  t o  b e  a s c e r t a i n e d .

r ■i
P R E N A T A L  E X P O S U R E

i *
R a d i o a c t i v e  d e l t a - 9 - T H C  c r o s s e s  t h e  p l a c e n t a  t o  a c c u m u l a t e  i n  

' - ' t h e  T e W s ^ J f n S r e g n a n ’t  m i c e  ( h r e u d e n f h a l  e t  a l . ,  1 9 7 2 ;  H a r b i s o n  a n d  

H a n t i M a = P l a t a 7 ~ 1 9 7 2 ;  K e n n e d y  a n d  W a d d e l l ,  1 9 7 2 ;  P a c e  e t  a l . ,  1 9 7 3 )  

h a m s t e r s ,  ( I d a n p a n - H e i k k i l a  e t  a l . ,  1 9 6 9 )  a n d  d o g s  ( M a r t i n  e t  a l . ,

1 9 7 6 ) .  T h e  d r u g  d e p o s i t s  i n  y o l k  s a c ,  f e t a l  t i s s u e s ,  a n d  a m n i o t i c  

f l u i d .  M a r t i n  e t  a l .  ( 1 9 7 7 )  r e p o r t e d  t h a t  r a d i o a c t i v e  d e l t a ‘ 9 - T H C  

w a s  c o n c e n t r a t e d  i n  t h e  b r a i n  o f  t h e  d o g  f e t u s  2 0  m i n  a f t e r  i n j e c ­

t i o n  i n t o  t h e  m o t h e r .  T h e r e  i s  a  T H C  c o n c e n t r a t i o n  g r a d i e n t  o f  

m o t h e r  — »  p l a c e n t a  - * >  f e t u s  ( B l o c h ,  1 9 8 3 ) .  L o s s  o f  d e l t a - 9 - T H C  

f r o m  f e t u s  a n d  p l a c e n t a  w a s  l o w e r  t h a n  t h a t  f o u n d  i n  t h e  m o t h e r ,  

w h i c h  m a y  p r o l o n g  f e t a l  e x p o s u r e  t o  t h e  d r u g  ( M a n t i l l a - P l a t a  a n d  

H a r b i s o n  ,  1 9 7 6  a , b ) .

A s  i s  t h e  c a s e  w i t h  o t h e r  x e n o b . i o t i c s  t h a t  c r o s s  t h e  p l a c e n t a  

e m b r y o t o x i c i t y ,  t e r a t o g e n i c i t y  a n d  f e t o t o x i c i t y  h a v e  a l l  b e e n  

r e p o r t e d  i n  d i f f e r e n t  p r e g n a n t  a n i m a l s  o f  d i f f e r e n t  s p e c i e s  t r e a ­

t e d  w i t h  c a n n a b i n o i d s .  I n c i d e n c e  o f  e i t h e r  o f  t h e s e  t h r e e  d e v e ­

l o p m e n t a l  d e f e c t s  i s  d e p e n d e n t  u p o n  t i m e  a n d  l e n g t h  o f  a d m i n i s t r a ­

t i o n ,  d o s e  a d m i n i s t e r e d ,  o r  n a t u r e  o f  s u b s t a n c e  a d m i n i s t e r e d ,  a n d  

r o u t e  o f  a d m i n i s t r a t i o n  a n d  s p e c i e s  s t u d i e d  ( R o s e n k r a n t z ,  1 9 7 9 ;  

B l o c h ,  1 9 8 3 ) .  T h e  h i g h e r  t h e  d o s e ,  t h e  m o r e  l i k e l y  o n e  o f  t h e s e  

d e f e c t s  w i l l  o c c u r .

E m b r y o t o x i c i t y .  O r a l  d o s e s  o f  d e l t a - 9 - T H C  o f  5  t o  5 0  m g / k g  i n  m i -  

c e  a n d  o f  1 2  t o  5 0  m g / k g  i n  r a t s  d u r i n g  d a y  6  t o  1 5  o f  p r e g n a n c y  

i n c r e a s e s  i n c i d e n c e  o f  r e s o r p t i o n -  ( R o s e n k r a n t z ,  1 9 7 9 ) .  O p t i m a l  

s u s c e p t i b i l i t y  t o  e m b r y o t o x i c i t y  o c c u r r e d  b e t w e e n - d a y s  7  a n d  9  o f  

g e s t a t i o n . ,  W h e n  d o s e s  a d m i n i s t e r e d  w e r e  i n c r e a s e d  f r o m  4 5 0  t o  6 0 0  

m g / k g ,  2 1  t o  1 0 0 %  f e t a l  r e s o r p t i o n  w a s  o b s e r v e d .  ' M i c e  e x p o s e d  t o  

i n h a l a t i o n  o f  m a r i h u a n a  ( 0 . 8 - 3 . 8  m g / k g )  d u r i n g  t h e  s a m e  p e r i o d  o f  

g e s t a t i o n  a l s o  d i s p l a y e d  a n  i n c r e a s e d  i n c i d e n c e  o f  f e t a l  r e s o r p ­

t i o n .  T h e s e  f i n d i n g s  a r e  i n  a g r e e m e n t  w i t h  t h o s e  o f  J o n e j a  ( 1 9 7 6 ,

1 9 7 7 )  a n d  o f  M a n t i l l a - P l a t a  a n d  H a r b i s o n ,  o b s e r v e d  i n  m i c e ,  a n d  o f  

F r i e d  ( 1 9 7 6 )  w h o  r e p o r t e d  i n c r e a s e d  r e s o r p t i o n  o f  r a t  f e t u s  e x p o ­

s e d  t (

b e e n  ‘ 

c o r r e '  

f e t a l  

e f f e c t  

p l a c e r  

s e d  b }  

r o p e p t  

n a n c y , 

F e t o t t  

t a l  c t  

r a b b i  * 

r e s o r t  

l l e r  t 

1 9 7 5 ;  

H a r b i • 

( 1 9 8 2  

m g / k g  

t e d  w  

a n d  C 

w i t h  

e p  c \

II-
Efir-:

G'o»o
4*

s*
6*

CBC .  
•fa­

ff
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C r e a t e d  f p ,  

a d  2 4  t o  4 8  

i d a n c e  o f  

o n e n t  t h a n  

a d m i n i s t r a -  

r  o n  e a r l y

i t s  F S H ,  LH 

a n  ( S m i t h  

a l .  1 9 8 3 ) .  

a l  c y c l e  h a s  

a s  ( H a n d e l -  

i n  t h e  h u m a n

c c u m u l a t e  i n  

H a r b i s o n  a n d  

a t  a l . ,  1 9 7 3 )  

r t i n  e t  a l . ,  

a n d  a m n i o t i c  

d e l t a - 9 - T H C  

a f t e r  i n o ' e c -  

a d i e n t  o f  

e l t a - 9 - T H C  

h e  m o t h e r ,  

- P l a t a  a n d

t h e  p l a c e n t a  

1 1  b e e n  

a c i e s  t r e a -  

n r e e  d e v e -  

a d m i n i s t r a -  

s t e r e d ,  a n d  

t z ,  1 9 7 9 ;  

e  o f  t h e s e

m g / k g  i n  m i -  

p r e g n a n c y  

O p t i m a l  

7  a n d  9  o f  

m  4 5 0  t o  6 0 0  

e x p o s e d  t o  

a  p e r i o d  o f  

a l  r e s o r p -  

o n e j a  ( 1 9 7 6 ,  

m i c e ,  a n d  o f  

f e t u s  e x p o -
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s e d  t o  m a n h u a n a  s m o k e  f r o m  d a y  1  t o  1 4  o f  g e s t a t i o n .

T h e  m e c h a n i s m  o f  e m b r y o t o x i c i t y  o f  t h e  c a n n a b i n o i d s  h a s  n o t  

b e e n  i d e n t i f i e d  b u t  R o s e n k r a n t z  ( 1 9 7 9 )  n o t e d  t h a t  t h e r e  w a s  a  

c o r r e l a t i o n  b e t w e e n  m i d g e s t a t i o n  v a g i n a l  b l e e d i n g  a n d  e x c e s s i v e  

f e t a l  r e s o r p t i o n .  T h i s  o b s e r v a t i o n  s u g g e s t e d  a  p o s s i b l e  d i r e c t  

e f f e c t  o n  t h e  e n d o m e t r i u m  a n d  a s s o c i i . c e d  d e v e l o p m e n t  o f  f e t o ­

p l a c e n t a l  c i r c u l a t i o n .  A  s i m i l a r  r e s u l t  c o u l d  a l s o  h a v e  b e e n  c a u ­

s e d  b y  t h e  e f f e c t  o f  t h e s e  s u b s t a n c e s  o n  m a t e r n a l  c o n t r o l  o f  n e u ­

r o p e p t i d e s  a n d  h o r m o n e s  r e q u i r e d  f o r  m a i n t e n a n c e  c f  n o r m a l  p r e g ­

n a n c y .

F e t o t o x i c i t y .  T h e  g r o w t h  o f  t h e  f e t u s  w a s  a l s o  i m p a i r e d  b y  p r e n a ­

t a l  a d m i n i s t r a t i o n  o f  c r u d e  m a r i h u a n a  e x t r a c t  o r  T H C  i n  m i c e ,  r a t s ,  

r a b b i t s ,  a n d  h a m s t e r s .  T h e  s a m e  d o s e  g i v e n  o r a l l y  t h a t  i n c r e a s e d  

r e s o r p t i o n s  ( 5 - 3 0  m g / k g )  r e s u l t e d  i n  r e t a r d a t i o n  o f  g r o w t h ,  s m a -  

■' H e r  w e i g h t ; :  a n ~ d .  r e d a c e . d ^ u - r >x i ^ a l - o f - ' t h 6 - f e t u s ^ - ( - B e n e  r . i  e e  ~ e t  a l . ,

‘  1 9 7 5 ' ;  H a r b i s o n  e t  a l . ,  1 9 7 7 ;  d o n e j a ,  1 9 7 7 ;  M a n t i l l a - P l a t a  a n d  

H a r b i s o n ,  1 9 7 6  a . b ;  S o f f i a ,  1 9 7 9 ;  W r i g h t ,  1 9 7 6 ) .  N a h a s  e t  a l ,  

( 1 9 8 2 )  r e p o r t e d  t h a t  o r a l  a d m i n i s t r a t i o n  o f  C ME  ( n o t  e x c e e d i n g  2 5  

m g / k g  o f  c a n n a b i n o i d )  f r o m  d a y  6  t o  1 9  o f  g e s t a t i o n  w a s  a s s o c i a ­

t e d  w i t h  d e c r e a s e d  f e t a l  a n d  p l a c e n t a l  w e i g h t s  ( T a b l e  1 ) .  S z e t o  

a n d  C o o k — ( i - 9 ^ 3 ^ - t i m i T r l 3 " t e T 5 y - 5 - 'm g ~ T H ( ? 7 ~ - f T V - r r ' t o  a  p r e g n a n t  e w e ,  

w i t h  m e a s u r a b l e  T H C .  D e c r e a s e  i n  h e a r t  r a t e  a n d  d i s r u p t i o n  o f  s l e ­

e p  c y c l e  w e  r e  J i b s e r v e d  J f l , .  f e t u s . ^ c ^ g w e ^ T O T = w f e a S  u r a ' f c f F " !  f f C l --------
■^TabTe^lf^   ____ ' —

EH tcu of G w njtju  Ex itk u  on F aal Otv«loom«n( in th t N iw Z tilm d  Rabbi: (main llrttr data)

Numbar
of Nu/nwr of fmiw* Numb* of rMon>tlo/n

X Total
Lorn oiaean-
p %  U i t k  f ctwi t»l haO H

Corocrw ftol
(Haifa Iuim  aHon loc (|l (ft Igl (tl

4*
5*

M 1.1 4.6 8.4 0 1  0 1  1.0 9.4 11.1 111 10.9 161.4 45.26 47.7 1.94

14 4.2 5.2 9.4 0.9 1.0 1,9 I 1 J  11.9 5.1 1 9 J  110.7 17.02**"' 411  4.91 -•*

14 2.8 5.2 9.0 C l  0.1 0.8 9.8 11.2 12.7 8.0 151.6 29.90-‘* 41.4 4.98*
Control t r a i / d  by nibcutuiaout ln)»cooB o f I m lA | o f Im io iuc  n k ia o n  c onum m j 1 ft T»**n 10.

*T fM itd  by fubcMCuiBOui imacoo* e f 1 m lf t f  o f c tn rub li aa tnc i diuohmd In th i p r*a 4 (A j lo lu oon  lo d  conuinlnd 3 m i o f THC. 0 ^ 5  m | o f CBD ♦
> '  CBC. and 0 .4$ m | o f  CBN.

‘ T ru cad  by u x n u n r ic  a d m k m m b o o o f l m lfb | o f  cuuu ba  ax tne t In anuna «Q tad cootaialnc 3 m i THC, 0 .43  m ( o f CBD ind C3C. tad 0 .43 tn f 
. • . y M f .  o f  CBN,

€* p  < 0 .0 3  fX m U ji-W A fllau rt).
"  ? " ’ * <  OjOI (Kn iU ii-W aW j t i l l ) .

w -  ••• P < 0-001 (XmUA^Willli (lit).

^ r -  f r o m  N a h a s  e t  a l .  ( 1 9 8 2 )

_4

_ f T  B l o o d  c o n c e n t r a t i o n  i n  b o t h  f o r  8  h o u r s .  T h e  f e t o t o x i c i t y  a n d  e m -  

" J r r  ° r y o t o x i c i t y  r e l a t e d  t o  C a n n a b i s  e x p o s u r e  a n d  r e p o r t e d  i n  r o d e n t s  

^ a s  a l s o  b e e n  o b s e r v e d  i n  p r i m a t e s  ( S a s s e n r a t h  e t  a l . ,  1 9 7 9 ) .  A  

■j&L g r o u p  o f  f e m a l e  r h e s u s  m o n k e y s  g i v e n  a n  o r a l  d a i l y  d o s e  o f  2 . 4  m g /  

* 9  t o  4 . 8  m g / k g  d e l t a - 9 - T H C  f o r  1  t o  4  y e a r s  h a d  n o  d e c r e a s e  i n  

n u m b e r  o f  c o n c e p t i o n s  b u t  p r e s e n t e d  a  4 2 %  l o s s  o f  t h e  p r o d u c t s  o f  

- ^ ■ '-  c o n c e p t i o n  a t  a l l  s t a g e s  o f  d e v e l o p m e n t ,  f r o m  f i r s t  t r i m e s t e r  t o  

^ j . W f l y  i n f a n t  d e a t h .  T h e r e  w a s  n o  s p e c i f i c ,  c o n s i s t e n t  c o n g e n i t a l
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a n o r . i a l y .  T h e  r e p r o d u c t i v e  l o s s  i n  t h e  c o n t r o l  g r o u p  w a s  8  t o  1 1 % .  

S u r v i v i n g  m a l e  i n f a n t s  h a d  a  r e d u c e d  b i r t h  w e i g h t  a n d  s h o w e d  a l t e ­

r e d  a u t o n o m i c  a n d  b e h a v i o r a l  r e s p o n s i v e n e s s  t o  v i s u a l ,  a u d i t o r y ,  

a n d  s o c i a l  e n v i r o n m e n t a l  s t i m u l i .  T h e r e  w a s  n o  e v i d e n c e  o f  a  d e f i ­

c i t  r e l a t e d  t o  d r u g  e x p o s u r e  o f  t h e  s p e r m  o f  d e l t a - 9 - T H C  f a t h e r s .  

A l s o ,  e v i d e n c e  f o r  a  c o n t r i b u t i o n  o f  d i r e c t  d a m a g e  t o  t h e  o v a  w a s  

l a c k i n g .  T h e s e  s t u d i e s  d i d  n o t  s u g g e s t  a n y  c u m u l a t i v e  e f f e c t  o v e r  

s e q u e n t i a l  p r e g n a n c i e s  i n  i n d i v i d u a l s  d r u g g e d  f e m a l e s .  S a s s e n r a t h  

s t a t e s  t h a t  " t h e  a b s e n c e  o f  f r a n k  s p e c i f i c  t e r a t o l o g y  a n d  t h e  n o n ­

s p e c i f i c  n a t u r e  o f  p r e g n a n c y  i n t e r r u p t i o n  a n d  m o r p h o l o g i c a l  c h a n g e s  

s u g g e s t  t h a t  t h e  d r u g  m i g h t  h a v e  i m p a i r e d  t h e  m a t e r n a l  s u p p o r t  o f  

t h e  f e t u s " ,  e . g . ,  p l a c e n t a l  c i r c u l a t i o n  a n d  f u n c t i o n ,  a  c o n c l u s i o n  

s i m i l a r  t o  t h a t  r e a c h e d  b y  R o s e n k r a n t z  ( 1 9 7 9 ) ,

T e r a t o g e n i c i t y . " H i g h  d o s e s ' O f  c r u d e  m a r i h u a n a  e x t r a c t  o r  o f  d e l t a -  

9 - T H C  a r e  t e r a t o g e n i c  i n  a n i m a l s "  ( M a r i h u a n a  a n d  H e a l t h ,  I O M  R e p o r t

1 9 8 2 ) .  O n e  m i g h t  a d d  i n  c e r t a i n  s p e c i e s .  G e r b e r  a n d  S c h r a m m  

( 1 9 6 9 )  r e p o r t e d  t h a t  s u b c u t a n e o u s  i n j e c t i o n  o f  c r u d e  m a r i h u a n a  

e x t r a c t s  g r e a t e r  t h a n  2 0 0  m g / k g  i n  h a m s t e r s  a n d  2 5 0  m g / k g  i n  r a b ­

b i t s  w e r e  t e r a t o g e n i c  ( r u n t i n g ,  e n c e p h a l o c e l e ) . B l o c h  ( 1 9 7 8 ,  1 9 8 3 )  

h a s  e v a l u a t e d  t h e  c o n f l i c t i n g  r e p o r t s  c o n c e r n i n g  t j j p  t p r a t n g e n i c  . 

p o t e n t i a l  o f  C a n n a b i s ,  a n d  f o u n d  e v i d e n c e  o f  a  c l e a r  t e r a t o g e n i c  

r e s p o n s e  i n  m i c e  ( l i a n t i l l a - P l a t a  e t  a l . ,  1 9 7 3 ,  1 9 7 5 ;  M a n t i  1 1  a - P  1 a -  

t a  a n d  H a r b i s o n ,  1 9 7 6  a , b ;  H a r b i s o n  e t  a l . ,  1 9 7 7 ;  J o n e j a ,  1 9 7 6 ;  

K o s t e l l o w  e t  a l . ,  1 9 7 8 ) .  T h e  m o s t  f r e q u e n t l y  d e s c r i b e d  l e s i o n  w a s  

^ c l e f t  p a l a t e  a n d  e x e n c e p h a T y !  A s  r e p o r t e d  o y " J f f n e T f  

m i c e '  t r e a f e c T o r a n y ^ v / T t r r A O O  m g / k g  o f  T H C ,  1 2 %  o f  l i v e  f e t u s e s  

w e r e  d e f o r m e d .  O t h e r  i n v e s t i g a t o r s  h a v e  f o u n d  c o n g e n i t a l  d e f e c t s  

i n  d e n t a l  d e v e l o p m e n t s  i n  r a t s  ( d e l t a - 9 - T H C ,  T - ^ u  m g / k g / d a y j  i n -  

e l u d i n g  i m p a i r e d  i n c i s o r  e r u p t i o n  ( F r i e d ,  1 9 7 6 )  a n d  m a x i l l a r y  

" a s y r f f i i e T r y ’‘ ( ' S i e g e  1 e t  a l .  ,  T 9 7 7 ) l —

F u r t h e r m o r e ,  s u b s t a n c e s  s u c h  a s  p h e n o b a r b i t a l  w h i c h  i n t e r a c t  

w i t h  d e l t a - 9 - T H C  m e t a b o 1 i s m  w i l l  e n h a n c e  t h e  t e r a t o g e n i c  p o t e n t i a l  

o f  t h i s  d r u g  i n  m i c e  ( p r o d u c t i o n  o f  c l e f t  p a l a t e ,  H a r b i s o n  e t  a l . ,

1 9 7 7 ) .  Z e b r a f i s h  ( T h o m a s ,  1 9 7 5 )  p l a c e d  i n  a  m e d i u m  c o n t a i n i n g  1 0  

p p m  o f  d e l t a - 9 - T H C  p r o d u c e d  o f f s p r i n g  w i t h  c u r v e d  s p i n e  a n d  b u l ­

b o u s  t a i l s .

O t h e r  s p e c i e s  o f  r o d e n t s ,  s u c h  a s  h a m s t e r s  a r i d  r a t s ,  a r e  l e s s  

s e n s i t i v e  t h a n  t h e  m i c e  t o  t h e  t e r a t o g e n i c  e f f e c t s  o f  l a r g e  d o s e s  

o f  d e l t a - 9 - T H C  o r  C a n n a b i s  e x t r a c t ,  a n d  s e v e r a l  i n v e s t i g a t o r s  

( H a r l e y  e t  a l . ,  1 9 7 3 ;  W r i g h t  e t  a l . ,  1 9 7 6 )  h a v e  f a i l e d  t o  d u p l i c a ­

t e  t h e  e a r l y  o b s e r v a t i o n s  o f  P e r s a u d  a n d  E l l i n g t o n  ( 1 9 6 8 )  w h o  r e ­

p o r t e d  m a l f o r m a t i o n s  i n  r a t s  t r e a t e d  i n t r a p e r i t o n e a l l y  w i t h  C a n n a ­

b i s  r e s i n .

O t h e r  s t u d i e s  f a i l e d  t o  d e m o n s t r a t e  t e r a t o g e n i c i t y  o f  1 t o  

2 5 0  m g / k g  o f  T H C  a d m i n i s t e r e d  p e r  o z  o r  s u b c u t a n e o u s l y  t o  r a t s  

f r o m  g e s t a t i o n  d a y  5  t o  1 5  ( B o r g e n  e t  a l . ,  1 9 7 1 ,  1 9 7 4 ;  P a c e  e t  

a l .  ,  1 9 7 1 ;  U y e n o ,  1 9 7 5 ;  D a n e r j e e  e t  a l . ,  1 9 7 5 ;  V a r d a r i s  e t  a l . ,

1 9 7 6 ;  W r i g h t  e t  a l . ,  1 9 7 6 ) .  T h e  l a r g e  a m o u n t s  o f  c a n n a b i n o i d s
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t r e a t e d  f e -  

a d  2 4  t o  4 8  

i d e n c e  o f  

o n e n t  t h a n  

a d m i n i s t r a -  
r  o n  e a r l y

i t s  F S H ,  LH 

a n  ( S m i t h  

a l .  1 9 8 3 ) .  

i l  c y c l e  h a s  

a s  ( f l e n d e l -  

i n  t h e  h u m a n

c c u m u l a t e  i n  

H a r b i s o n  a n d  

a t  a l . ,  1 9 7 3 )  

r t i n  e t  a l . ,  

a n d  a m n i o t i c  

d e l t a - 9 - T H C  

a f t e r  i n j e c -  

a d i e n t  o f  

a l t a - 9 - T H C  

h e  m o t h e r ,  

- P l a t a  a n d

t h e  p l a c e n t a  

1 1  b e e n  

s c i e s  t r e a -  

n r e e  d e v e -  

a d m i n i s t r a -  

s t e r e d ,  a n d  

t z ,  1 9 7 9 ;  

e  o f  t h e s e

m g / k g  i n  m i -  

p r e g n a n c y  

O p t i m a l  

7  a n d  9  o f  

m  4 5 0  t o  6 C 0  

e x p o s e d  t o  

a  p e r i o d  o f  

a l  r e s o r p -  

o n e j a  ( 1 9 7 6 , 

m i c e ,  a n d  o f  

f e t u s  e x p o -
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s e d  t o  m a r i h u a n a  s m o k e  f r o m  d a y  1 t o  1 4  o f  g e s t a t i o n .

T h e  m e c h a n i s m  o f  e m b r y o t o x i c i t y  o f  t h e  c a n n a b i n o i d s  h a s  n o t  

b e e n  i d e n t i f i e d  K u t  R o s e n k r a n t z  ( 1 9 7 9 )  n o t e d  t h a t  t h e r e  w a s  a  

c o r r e l a t i o n  b e t w e e n  m i d g e s t a t i o n  v a g i n a l  b l e e d i n g  a n d  e x c e s s i v e  

; v  f e t a l  r e s o r p t i o n .  T h i s  o b s e r v a t i o n  s u g g e s t e d  a  p o s s i b l e  d i r e c t  

e f f e c t  o n  t h e  e n d o m e t r i u m  a n d  a s s o c i a t e d  d e v e l o p m e n t  o f  f e t o -  

-  p l a c e n t a l  c i r c u l a t i o n .  A  s i m i l a r  r e s u l t  c o u l d  a l s o  h a v e  b e e n  c a u -  

i w  s e d  b y  t h e  e f f e c t  o f  t h e s e  s u b s t a n c e s  o n  m a t e r n a l  c o n t r o l  o f  n e u -  

7  r o p e p t i d e s  a n d  h o r m o n e s  r e q u i r e d  f o r  m a i n t e n a n c e  o f  n o r m a l  p r e g -  

v  n a n c y .

F e t o t o x i c i t y .  T h e  g r o w t h  o f  t h e  f e t u s  w a s  a l s o  i m p a i r e d  b y  p r e n a -  

-■ t a l  a d m i n i s t r a t i o n  o f  c r u d e  m a r i h u a n a  e x t r a c t  o r  T H C  i n  m i c e ,  r a t s  

r a b b i t s ,  a n d  h a m s t e r s .  T h e  s a m e  d o s e  g i v e n  o r a l l y  t h a t  i n c r e a s e d  

,V‘ r e s o r p t i o n s  ( 5 - 3 0  m g / k g )  r e s u l t e d  i n  r e t a r d a t i o n  o f  g r o w t h ,  s m a -  

1 ) a r  w e t f f i £ T - ~ a r T d _  r e d u c e c L ^ u x u i - v a T - f r f ^ f  h e ~ f  e  t  u s ^ - 4 - B - a n e r i e e  ~ e t  a l . ,  

" I T  1 S 7 5 ' ; ,  H a r b i s o n  e t  a l . ,  1 9 7 7 ;  J o n e j a ,  1 9 7 7 ;  M a n t i l l  a - P l  a t a  a n d  

H a r b i s o n ,  1 9 7 5  a . b ;  S o f f i a ,  1 9 7 9 ;  W r i g h t ,  1 9 7 6 ) .  N a h a s  e t  a l .  

( 1 9 8 2 )  r e p o r t e d  t h a t  o r a l  a d m i n i s t r a t i o n  o f  C ME  ( n o t  e x c e e d i n g  2 5  

m g / k g  o f  c a n n a b i n o i d )  f r o m  d a y  6  t o  1 9  o f  g e s t a t i o n  w c s  a s s o c i a -  

. . - r . -  t e d  w i t h  d e c r e a s e d  f e t a l  a n d  p l a c e n t a l  w e i g h t s  ( T a b l e  1 ) .  S z e t o  

a n d  C o o M ^ 5 ) - a t i n m r l ‘S T f f r 5 a _' 5  ■ m g - f H e i - r r V r r  t o  a  p r e g n a n t  e w e ,  

w i t h  m e a s u r a b l e  T H C .  D e c r e a s e  i n  h e a r t  r a t e  a n d  d i s r u p t i o n  o f  s l e ­

e p  v d e  w e  r e  c b s e  r y e d _ j n f e . t u s ~ a n d - - e w e T C v r t t t e m e a s  11 r a F f F "  i n r .—  

^TabTe^-T: —

EHtcti of Cannabis Extract! on F«n! D m loom «ru in tti« Ntw Zealand Rabbit (mean litter data)

Numt»r of vttaU Ivnjw* Number ol fMOrotiOIH
Croue anbnth tool

Ore-* % Utm
lm*\ Coroor* tmoiww

Un total p«ano luwo ntfon 'ow («| Ul

TcnM
piac«*v

Ul Ptaoa/
wirghi

Ul Ul
< 14 3.8 4.6 8.4 O.J OJ 1,0 9.4 11.7 16.5 10.9 363.4 45.26 47.7 5.94
j*  U  4.2 3.2 #.4 0.9 1.0 1.9 I I J  11.9 S .l I9 J  330.7 37.02, **r 0 .2  4 .9I” *
I*  14 3.8 3.2 9.0 OJ 0.3 0.8 9.8 11.2 12.7 1.0 331.6 39.90*d <3.4 4.98*

‘Control trvaiid by nibcuuitaoiii injocooo of 1 m(A| of t»ton>c aofuoon nnuu\in| 1% T«mr 10. 
r_  *Tr*«i«d by tubruonwm  mtactxja of 1 mi/Vc of canrubu u a i c t  d iuc jw d In in* pr*oadii\| aoludon and conuunina 5 m| of THC. 0.65 m| of CBD ♦

’ CwC.iAd 0.<3 m| of CBN.
*Tmt#d b> latrinrvrtc idrrWnnboB of I mVfc| o f ouuubl* ixcnc i In msut»4 oQ and ootaixinc 5 m| THC, O iJ mf of CBD and CBC, and 0.45 m|_ of CBN,

P <  0jQ5 fXritkal'WaHU un).
«  . !**P <0.01 (KnJiUi-WAmi in ik

r,#* p < 0.001 fXruUA^WiiUi u n ) .

T.r, f r o m  N a h a s  e t  a l .  ( 1 9 8 2 )

a*. •__ j

* r  B l o o d  c o n c e n t r a t i o n  i n  b o t h  f o r  8  h o u r s .  T h e  f e t o t o x i c i t y  a n d  e m -  

. * ; i 7  b r y o t o x i c i t y  r e l a t e d  t o ^ C a n n a b i s  e x p o s u r e  a n d  r e p o r t e d  i n  r o d e n t s  

s  a "*s o  1 3 6 6 1 1  o b s e r v e d  i n  p r i m a t e s  ( S a s s e n r a t h  e t  a l . ,  1 9 7 9 ) .  A  

: g r o u p  o f  f e m a l e  r h e s u s  m o n k e y s  g i v e n  a n  o r a l  d a i l y  d o s e  o f  2 . 4  m g /

'3 ' - .  * 9  t o  4 . 8  m g / k g  d e l t a - 9 - T H C  f o r  1  t o  4  y e a r s  h a d  n o  d e c r e a s e  i n  

• f o  n o m b e r  o f  c o n c e p t i o n s  b u t  p r e s e n t e d  a  4 2 %  l o s s  o f  t h e  p r o d u c t s  o f  

^ - ' -  c o n c e p t i o n  a t  a l l  s t a g e s  o f  d e v e l o p m e n t ,  f r o m  f i r s t  t r i m e s t e r - t o  

e a r l y  i n f a n t  d e a t h .  T h e r e  w a s  n o  s p e c i f i c ,  c o n s i s t e n t  c o n g e n i t a l
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3 t o  1 1 % ,  

/ e d  a l t e -  

d i  t o r y ,

) f  a  d e f f -  

r a t h e r s . 

o v a  w a s  

' e c t  o v e r  

i s s e n r a t h  

t h e  n o n -  

i l  c h a n g e ' :  

j p o r t  o f  

> n c l u s i o n

o f  d e l t a -  

' O M  R e p o r t  

;iramm 
l u a n a  

i n  r a b -  

‘ 7 8 ,  1 9 8 3 )  

o g e n i  c  

o g e n i c  

l l a - P l a -  

1 9 7 6 ;  

s i o n  w a s  

) in 
u s e s  

d e f e c t s  

y )  1 n -  
a r y

i
n t e r a c t  

o t e n t i a l  

e t  a l . ,  

n i n g  1 0  
d b u l  -

a r e  l e s s  

i  d o s e s  

o r s

J u p l i c a -  

/ h o  r e -  

1 C a n n a -

1 t o  

• a t s  

• e t  

a l . ,

■ i d s
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r e q u i r e d  t o  p r o d u c e  t h e i r  e f f e c t s  i n  a n i m a l s  m a k e  i t  d o u b t f u l  t h a t  

t h e s e  x e n o b i o t i c s  c o u l d  b e  g r o s s l y  t e r a t o g e n i c  i n  m a n .  T h e y  m i g h t  

h o w e v e r ,  f a c i l i t a t e  t h e  t e r a t o g e n i c i t y  o f  o t h e r  t e r a t o g e n s  b y  

l o w e r i n g  t h e  t h r e s h o l d  a t  w h i c h  t h e s e  e x e r t  t h e i r  e f f e c t s  ( H a r b i -  

_ o n ,  1 9 7 7 ) .  D e s p i t e  t h e  l a c k  o f  u n i f o r m i t y  o f  a b e r r a t i o n s  o f  

C a n n a b i s - e v o k e d  t e r a t o g e n i c  e f f e c t s ,  a  c o m m o n  o b s e r v a t i o n  h a s  b e e n  

t h a t  o f  a  d o s e - r e l a t e d  i n c r e a s e d  i n c i d e n c e  o f  e m b r y o t o x i c i t y  a n d  

f e t o t o x i c i t y  ( R o s e n k r a n t z ,  1 9 7 9 )  i n  a l l  s p e c i e s  s t u d i e d ,  m i c e ,  

r a t s ,  h a m s t e r s ,  r a b b i t s  a n d  p r i m a t e s .  T h e s e  t o x i c  e f f e c t s  o n  

e m b r y o  a n d  f e t u s  d e v e l o p m e n t  o c c u r  w i t h  d e l t a - 9 - T H C  d o s e s  w h i c h  

a r e  c o m p a r a b l e  t o  t h o s e  o f  c h r o n i c  m a r i h u a n a  u s e  i n  m a n .

P E R I N A T A L  E F F E C T S

D a l t e r i o  e t  a l .  ( 1 9 8 1 )  h a v e  r e p o r t e d  t h a t  m a t e r n a l  e x p o s u r e  

i n  m i c e  t o  d e l t a - 9 - T . H C  o r  C B N  t h e  d a y  b e f o r e  p a r t u r i t i o n ,  a n d  f o r  

6  d a y s  p o s t p a r t u m ,  p r o d u c e d  l o n g - t e r m  a l t e r a t i o n s  i n  b o d y  w e i g h t  

r e g u  1 a t i  o n ,  p  i  t u  i t  a r y -  g o n a d .5 L . f  u n ' d . t l b h i ^ _ e i i . d o . c i i i n e . - r e s  p o n s . i  v - i  t y  -  t o  

f W l H S  a n d  a ^ i l T i l c o p u T i i i o r V - b e b a v . i j o . ^  E f  . f e j ^ t s ~ o . f - ~ p  e x i n  a t  a  l e x - '

p O s T i m i d  n o t  b e c o m e  a p p a r e n t  u n t i l  j u s t  <g e f o g H ^ b e v I y r ^ > < -----------

 i J i l - k - - p r o d u G t i o n — i n - p r e g n a n t — a n d H a c t a t T n g * i c o ^ i r T ^ t r e a t e d

w i  t T r - n i a r i i n T c m a  § . T t r a c t s * “ 5 ^ T H C f t a C ^ a T k e d T y  i W i ' b T t e r i y i t a r g e n - e t ' '

* a l ; 7 ' 1 9 7 1 ;  S z e p s e n w o i  e t  a l . ,  1 9 7 9 T !

T h e  p a s s a g e  o f  d e l t a - 9 - T H C  i n t o  m o t h e r ' s  m i l k  w h e r e  i t  i s  

c o n c e n t r a t e d  b e c a u s e  o f  i t s  e l e v a t e d  f a t  c o n t e n t  w a s  f i r s t  d o c u ­

m e n t e d  b y  J a c u b o v i c  e t  a l .  ( 1 9 7 3 )  i n  t h e  r a t  g i v e n  a  s i n g l e  i n t r a ­

v e n o u s  i n j e c t i o n  o f  0 . 2  t o  i  m g / k g  d o s e ,  a n d  c o n f i r m e d  b y  C h a o  e t  

a l .  ( 1 9 7 6 )  i n  t h e  s q u i r r e l  m o n k e y .  R a d i o a c t i v i t y  w a s  a l s o  p r e s e n t  

i n  u r i n e  a n d  f e c e s  o f  s u c k l i n g  i n f a n t ? .  S i m i l a r  f i n d i n g s  w e r e  

r e p o r t e d  i n  t w o  w o m e n  s m o k i n g  m a r i h u a n a  ( P e r e z - R e y e s  e t  a l . ,  1 9 8 2 )  

w h o  w e r e  f e e d i n g  t h e i r  i n f a n t s .  T h e i r  m i l k  c o n t a i n e d  e l e v a t e d  

c o n c e n t r a t i o n s  o f  t h e  c a n n a b i n o i d s  w h i c h  w e r e  e l i m i n a t e d  i n  f e c e s  

a n d  u r i n e  o f  t h e  i n f a n t s .

P O S T N A T A L  D E V E L O P M E N T

B o r g e n  e t  a l .  ( 1 9 7 1 )  u s i n g  a  . c r o s s - f o s t r - i n g  t e c h n i q u e ,  r e ­

p o r t e d  t h a t  o f f s p r i n g  o f • r a t s  g i v e n  d e l t a - 9 - T H C  o n  d a y s  1 0  t o  1 2  

o f  g e s t a t i o n  w e r e  r e t a r d e d  i n  t h e  d e v e l o p m e n t  o f  v i s u a l - p l a c i n g  

r e f l e x e s  a n d  c l i f f  a v o i d a n c e .  O t h e r  s i m i l a r  s t u d i e s  o f  l e a r n i n g  

d e f e c t s  i n  o f f s p r i n g  o f  r a t s  i n j e c t e d  w i t h  c a n n a b i n o i d s  ( G i a n u s t o s  

a n d  A b b a t i e l l o ,  1 9 7 2 ;  V a r d a r i s  e t  a l . ,  1 9 7 6 )  h a v e  b e e n  r e v i e w e d  

e a r l  i e r .

M a r i h u a n a  a n d  i t s  p u r i f i e d  c o m p o n e n t s  

i m p a i r  d e v e l o p m e n t  p r o c e s s  i n  e x p e r i m e n t a l  

d e f i c i t s  w e r e  d e m o n s t r a t e d  i n  2 1  t o  6 5  d a y  

t r e a t e d  w i t h  C a n n a b i s  e x t r a c t s  o r  d e l t a - " 9 - T H C  d u r i n g  g e s t a t i o n  

( G i a n u s t o s  a n d  A b b a t i e l l o ,  1 9 7 2 ;  V a r d a r i s  e t  a l . ,  1 9 7 6 ) .  L u t h r a

a d m i n i s t e r e d  p r e n a t a l l y  

a n i m a l s .  L e a r n i n g  

o l d  p u p s  f r o m  r a t s
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( 1 9 7 9 )  r e p o r t e d  t h a t  T H C  1 0  t o  1 5  m g / k g  a d m i n i s t e r e d  t o  g e s t a t i n g  

a n d  l a c t a t i n g  r a t s  b y  t h e  o r a l  r o u t e  p r o d u c e d  s i g n i f i c a n t  d e c r e ­

m e n t s  i n  R N A ,  D N A  a n d  p r o t e i n  c o n c e n t r a t i o n  i n  t h e  d e v e l o p p i n g  

b r a i n  o f  t h e  o f f s p r i n g .  T h e s e  f i n d i n g s  m a y  b e  i m p o r t a n t  i n  t h e  

l i g h t  o f  t h e  r o l e  o f  p r o t e i n  a n d  n u c l e i c  a c i d s  i n  l e a r n i n g  a n d  

m e m o r y  ( B a r o n d e s ,  1 9 7 0 ;  G l a s s m a n ,  1 9 0 9 ) .  D a l t e r i o  e t  a l .  ( 1 9 8 2 )  

r e p o r t e d  t h a t  m a t e r n a l  e x p o s u r e  o f  m i c e  t o  c a n n a b i n o i d s  e i t h e r  2  
o r  4  d a y s  b e f o r e  p a r t u r i t i o n  r e d u c e d  b r a i n  a m i n e  c o n c e n t r a t i o n  

( d o p a m i n e ,  n o r e p i n e p h r i n e  i n  t h e  a d u l t  m a l e  o f f s p r i n g ) .

S a s s e n r a t h  e t  a l .  ( 1 9 7 9  a )  h a v e  a l s o  r e p o r t e d  b e h a v i o r a l  

a n o m a l i e s | i n  o f f s p r i n g  o f . t h e  T H C  t r e a t e d , r h e s u s  m o n k e y s  w h i c h  

d i s  pi a y .  M l .  e n h a n c e d  r e s p o n s i v i t y  -  b o t h  a u t o n o m i c  a n d  b e h a v i o r a l " -  

t t f v i s u a l  a n d  a u d i t o r y  s t i m u l i ,  2 .  l e s s  f e a r  a n d  a v o i d a n c e  b e h a v i o r  

i n  a  n o v e l  e n v i r o n m e n t ,  a n d  3 .  o v e r s t i m u l a t i o n  a n d  a s s e r t i v e n e s s  

i n  r e s p o n s e  t o  p e e r  s e r i a l i z a t t o n --------------------------------------------------  * -------------------

L L I I U L H L  R E P O R T S  O F  D E V E L O P M E N T A L  E F F E C T S  O F  C A N N A B I S

T h e  u s e  o f  C a n n a b i s  h a s  b e e n  m e n t i o n e d  i n  s i x  c l i n i c a l  r e p o r t s  
d e s c r i b i n g  c o n g e n i t a l  a n o m a l i e s  i n  o f f s p r i n g  o f  m o t h e r s  w h o  h a a  

c o n s u m e d  t h e  d r u g  d u r i n g  p r e g n a n c y  ( B o g d a n o f f  e t  a l . ,  1 9 7 2 ;  C a r a -  

k u s h a n k y  e t  a l . ,  1 9 G 9 ;  G e l e h e r t e r ,  1 9 7 9 ;  H e c h t  e t  a l . ,  1 9 6 8 ;  J a c o b ­

s o n  a n d  B e r l i n ,  1 9 7 2 ;  O a z i  e t  a l . ,  1 9 8 5 ) .  I n  t h e  f i r s t  f i v e  r e p o r ­

t s ,  t h e  u s e  o f  C a n n a b i s  w a s  a s s o c i a t e d . w i t h  t h a t  o f  o t h e r  p s y c h o ­

a c t i v e  d r u g s  ( L S D ,  a m p h  ‘ f a m i n e s ,  b a r b i t u r a t e s )  a n d  m a j o r  m a l f o r m a ­

t i o n s  w e r e  r e p o r t e d .  I n  t h e  r e p o r t  o f  Q a z i  e t  a l . ,  t h e  m o t h e r s  

a d m i t t e d  s m o k i n g  m a r i h u a n a  d a i l y  d u r i n g  p r e g n a n c y ,  w h i l e  c a t e g o r i ­

c a l l y  d e n y i n g  u s e  o f  a l c o h o l  a n d  o t h e r  p s y c h o a c t i v e  s u b s t a n c e s .

T h e  f i v e  r e s u l t i n g  i n f a n t s  d i s p l a y e d  s y m p t o m s  o f  i n t r a u t e r i n e  

g r o w t h  r e t a r d a t i o n  -  l o w e r  b i r t h  f r e i g h t ,  s h o r t e r  h e i g h t ,  s m a l l e r  

h e a d  c i r c u m f e r e n c e ,  a b n o r m a l  n e u r o l o g i c a l  m a n i f e s t a t i o n s  a n d  

f a c i a l  a n o m a l i e s .  T h e s e  a n o m a l i e s  a r e  s i m i l a r  t o  t h o s e  d e s c r i b e d  

i n  t h e  f e t a l  a l c o h o l  s y n d r o m e ,  w h i c h  w a s  f i r s t  s c i e n t i f i c a l l y  

d o c u m e n t e d  i n  1 9 6 8  ( L e m o i n e  e*-  a l . ) ,  c o n f i r m i n g  o b s e r v a t i o n s  m a d e  

s i n c e  r e c o r d e d  h i s t o r y .

T w o  o t i i e r  r e p o r t s  a p p e a r e d  i n  1 9 8 2 .  I n  t h e  f  i  r s t  , G r e e n l  a n d

e t  a l .  ( 1 9 8 2 )  r e p o r t  a  p r o s p e c t i v e  s t u d y  o n  t h e  e f f e c t s  o f  m a r i -

u s e ,  w i t h  t h e  e x c l u s i o n  o f  o t h e r  d r u g s ,  i n  3 5  p r e g n a n c i e s .  I n f a n t s  

b o m  t o  u s e r s  e x h i b i t e d  s i g n i f i c a n t l y  m o r e  m e c o n i u m  s t a i n i n g  ( a  

c o n d i t i o n  t h a t  d o u b l e s  t h e  r i s k  o f  n e o n a t a l  d e a t h ) .  U s e r s  h a d  a  

h i g h e r  p r o p o r t i o n  o f  p r o t r a c t e d  o r  a r r e s t e d  l a b o r  a n d  o f  p r e c i p i t a ­

t e  l a b o r ,  a s  w e l l  a s  a  h i g h e r  p r o p o r i t o n  o f  a b n o r m a l  f e t a l  r e s t s .

I n  t h e  s e c o n d  s t u d y ,  o n  a  c o h o r t  o f  1 , G 9 0  m o t h e r / c h i l d  p a i r s  

( H i n g s o n  e t  a l . ,  1 9 8 2 ) ,  m a r i h u a n a  u s e  d u r i n g  p r e g n a n c y  ( n = 1 8 1 )  w a s  

a s s o c i a t e d  w i t h  i n f a n t s  w h o  w e r e  3 0 0 g .  l i g h t e r  t h a n  i n f a n t s  o f  

n o n - u s e r s  ( p  < . 0 0 1 ) ,  a n d  c o n t r o l l i n g  f o r  c o n f o u n d i n g  v a r i a b l e s  

l i g h t e r  b y  1 0 3 g  ( p < i . 0 . 0 1 ) .  C o m p a r e d  w i t h  n o n - u s e r s ,  w o m e n  w h o  

h a d  u s e d  m a r i h u a n a  d u r i n g  p r e g n a n c y  d e l i v e r e d  s m a l l e r  i n f a n t s . ,  a s
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) g e s t a t i n g  

m t  d e c  r e ­

a l  o p p i ' n g  

i t  1 n  t h e  

l i n g  a n d  

t l .  ( 1 9 8 2 )  

duller 2 
i t r a t i o n

i v i o r a l  

• s - w h i c h  

b e h a v i o r a l  -  

; n c e  b e h a v i o r  

i r t i v e n e s s

’N A B  I S

i c a l  r e p o r t s  
w h o  h a a

9 7 2 ;  C a r a -

1 9 6 3 ;  J j i c o b -

f i v e  r e p o r -

h e r  p s y c h o -

r  m a l f o r m a -

m o t h e r s

e  c a t e g o r i -

s t a n c e s .

t e r i n e

,  s m a l l e r

s  a n d

d e s c r i b e d

i c a l l y

t i o n s  m a d e

r e e n l a n d  

o f  m a r i -  

e s .  I n f a n t s  

i n i n g  ( a  

e r s  h a d  a  

f  p r e c i p i t a -  

t a l  r e s t s ,  

p a i  r s

( n = 1 8 l )  w a s  

a n t s  o f  

3 r i a b l e s  

o m e n  w h o  

n f a n t s ,  a s

r  w e l l  a s  i n f a n t s  w h o  w e r e  n e a r l y  f i v e  t i m e s  m o r e  l i k e l y  t o  h a v e  

f e a t u r e s  c o m p a t i b l e  w i t h  t h e  f e t a l  a l c o h o l  s y n d r o m e .

; t '  Q a z i  e t  a l .  ( 1 9 8 5 )  r e p o r t e d  i n  f i v e  c a s e s  a b n o r m a l i t i e s  i n  

f i .  o f f s p r i n g  a s s o c i t e d  w i t h  p r e n a t a l  m a r i h u a n a  e x p o s u r e  i n  T a b l e s  2  

a  3 , " T h e  w e i g h t  o f  e v i d e n c e  i n d i c a t e s  t h a t  C a n n a b i s  i s  d a m a g i n g  

t o  t h e  f e t u s  a n d  t h e  n e w b o r n "  c o n c l u d e d  F i n n e g a n  a n d  F e h r  i n  t h e i r  

1 9 8 3  r e p o r t  t o  t h e  W o r l d  H e a l t h  O r g a n i z a t i o n  -  A d d i c t i o n  R e s e a r c h  

F o u n d a t i o n  o n  t h e  H e a l t h  H a z a r d s  o f  C a n n a b i s .

T a b l e  2 .

1 -
it
•vif,

•irW •

i'x','

Parental inrorm ilion o f 5 caict

C ite  No.

1 2 J 4 5

Mnthrt

Age. ) n n 2 1 2 0 2 0 19 2 0

Prc*ioul prcpnancid 0 1 1 1 4

Pregnancy complication* 0 0 0 0 0

Alcohol 0 0 0 0 1 pint rvni/week

C iprc llcs, picki/day - Vi v-w - 1

cocaine once in 2  weeksOther drugi 0 0 0 0

M irihuinn. jo in ti'd iy 2 2-J 2 14 5-4
Weight p in  during preg.lincy 2 c lO lb c “ 9 lbs

fa ihrr
Age. >C3I» 27 29 18 29 2 0

M arihuana + + 7 + 7

Alcohol + + ? - 7

Olher drug* i 7 7

f r o m  Q a z i  e t  a l . ( 1 9 8 . § )  w i t h  p e r m i s s i o n  

T a b l e  3 .

Summary o f abnormal find inp  of 5 infanli prenalally exposed lo marihuana

Cate Nc.

I* 2 3 4 3*

C eiialion. weeks 35 40 33 36 40
Binh weifhi. | 1.360 2.310 2.116 1.630 2.340
Oinh length. cm • 29.5 43.5 48 7 7
Small head + + + + -
Trem ori + + + 7 ♦
Epicanihut •f •f + + +
Pourriorly rotated u n + + + - ♦
Lon* philtrum + + •f 4- -
H i|h-archtd palate ♦ - - + +
Abnormal palm creates + - + -
Age at postnatal examination, months 3 2 1 13 If
Percentiles

Length < 5 5 5 5 < 3
Weight < 5 5 5 5 < 5
Head circumference < 5 5 < 5 < 3 3

• Died.
k M other alto used cocaine and alcohol.

p e r m i s s i o n


