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The Xanthines:
Coffee, Cola, Cocoa, and Tea

Clifford J. Stratton

The following case history provides a vivid illustration of the ef-
fects of gross xanthine abuse:

An ambitious 37-year-old Army lieutenant colonel was referred
from a military medical clinic to a psychiatric outpatient facility because
of a two-year history of ‘‘chronic anxiety.”” The symptoms, which oc-
curred almost daily, included dizziness, tremulousness, apprehension
about job performance, ‘‘butterflies in the stomach,’’ restlessness, fre-
quent episodes of ‘‘diarrhea’’ (two or three loose stools per day), and
persistent difficulty in both falling and remaining asleep. Scores on the
Hamilton Anxiety Scale were significantly elevated. He was unable to
delineate any precipitating factors, but he did note that one year
previously the symptoms were accentuated by the arrival of a new boss
who expected a 12 to 14-hour work day from his subordinates.

Three complete medical workups had been negative. [Two dif-
ferent series of drugs over a fourteen-month period] had produced no
relief. . . . In reply to questioning from the psychiatrist, he described
consuming at least 8 to 14 cups of coffee a day (‘‘My coffeepot is a per-
manent fixture on my desk’’). He also frequently drank hot cocoa
before bedtime to relax (an average cup of cocoa contains approximately
250 mg. of theobromine, another xanthine derivative). Furthermore,
his soft drink preference was exclusively colas (3 to 4 a day). Total caf-
feine intake thus approximated 1,200 mg. a day [see Table 1].

He responded with incredulous cynicism when informed that caf-
feine toxicity might be causing his symptoms. Consequently, he was in-
itially unwilling (or unable) to limit his intake of coffee, cocoa, and
colas. When symptoms persisted, however, he voluntarily reduced his
daily intake of caffeine, and four weeks after his initial visit he reported
distinct improvement of his long-standing tremulousness, loose stools,
and insomnia. His job apprehension continued unabated. . . . To re-
inforce a cause-and-effect relationship, he was “‘challenged’” with large
doses of caffeine for several days in succession. He experienced a

Clifford ]. Stratton is an associate professor of human anatomy at the University of Nevada-Reno School of
Medicine.

Appreciation is expressed to Lynn Stirling, a graduate student at the University of Nevada-Reno School of
Medicine, for his assistance in preparation of the manuscript.
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prompt recurrence of symptoms until the pattern of consuming large
doses of caffeine again ceased. Scores on the Hamilton Anxiety Scale
obtained three months later were significantly lower.!

The spectrum of xanthine usage ranges from this kind of very
serious abuse to abstention or the occasional consumption of
chocolate and cocoa products, coftee, cola drinks, or tea. Between
these extremes are found all combinations of xanthine consumers,
with most people in the world using these drugs every day of their
adult lives, and the majority possibly abusing them.2 For example,
the per capita consumption of cottee in America is three-and-one-half
cups per day, an average intake of from 350 to 525 mg. of caffeine.
Even 50 to 200 mg. of caffeine per day is considered medically a
physiologic dose that may produce side effects. Two major phar-
macology medical school texts? refer to doses of caffeine exceeding
250 mg. as significant. So, two cups of coffee or tea contain a clinical-
ly significant dose of this drug, and taking even a single cola drink can
produce a minor stimulating effect and subsequent depression.

The purpose of this article 1s to identify what the xanthines are
and where they are found, how they act on our bodies, why people
use them, and what our knowledge of them says about the Word of

Wisdom.

WHAT ARE THE XANTHINES AND WHERE ARE THEY FOUND?

Caffeine, theobromine, and theophylline are three alkaloids that
occur in many plants throughout the world. Because they are so
closely related both chemically and in their actions on the human
body, they are collectively called the xanthines. From earliest times,
man has made food solids and beverages from the extracts of plants
that contain these substances.# Table 1 illustrates some common
dietary sources of xanthines. A close examination of the table reveals
that there are significant quantities of these drugs present in many
popular commodities.

Coffee is derived from the seeds of Coffea arabica and its related
species. According to legend, Arabian ‘‘shepherds reported that

1], F. Greden, ‘‘Anxiety or Caffeinism: A Diagnostic Dilemma,’’ American Journal of Psychiatry 131
(1974): 1091. _

2lbid., p. 1092.

3], C. Ritchie, “‘Central Nervous System Stimulants, the Xanthines,”" in Pharmacological Basis of
Therapeutics, ed. L. S. Goodman and A. Gilman (New York: Macmillan Co., 1975), chap. 19, pp. 367-78;
E. B. Truitt, ‘“The Xanthines,"” in Dri/l's Pharmacology in Medicine, ed. J. R. Dipalma, 46th ed. (New York:
McGraw-Hill, 1971), pp. 82-98, 547-49.

4G. E. Vail, J. A. Phillips, L. O. Rust, R. M. Groswold, and M. M. Justin, Foods: An Introductory Col-
lege Course (Boston: Houghton Mifflin Co., 1973), pp. 82-84; Encyclopaedia Britannica (Chicago: William
Benton Pub., 1974), 4:811, 818, and 18:16.
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goats that had eaten the berries of the coffee plant gamboled and
frisked about all through the night.”’s An Arabian priest in a
monastery obtained the plant and became the first known person to
make and drink a beverage from it, allowing him to undergo long
nights of prayer.¢ The cotfee shrub produces a fruit called a **cherry”
that contains two oval coffee beans. These are dried, hulled, roasted,

and ground. Instant and freeze-dried coffee are produced by extract-
ing ground coffee with water and freeze-drying the extract, by drying
it on a drum in a vacuum, or by spraying it into a heated chamber.
Decaffinated coffee is obtained by steaming green coffee and treating
it with a chlorinated organic solvent which dissolves out nearly all the
caffeine. Coffee contains the xanthine caffeine (see Table 1).

Cocoa, obtained from the seeds of Theobroma cocoa, was used 1n
the New World long before Columbus. It grows as a bean in pods
seven to twelve inches long, each containing from thirty to forty beans
(seeds). The beans are removed, allowed to ferment for several days,
dried, and hulled. The resulting ‘‘nibs’’ are ground into a semi-
liquid paste called ‘‘chocolate liquor.”” The liquor solidifies to a
hard, brown block when cooled and is sold as baking chocolate or bit-
ter chocolate. Milk chocolate for candy bars is made by adding milk,
sugar, and flavorings; and sweet chocolate for cooking is made by
adding only sugar and flavorings. Sometimes the liquor is squeezed
in a hydraulic press to remove the cocoa butter. The defatted residue
is the common ‘‘cocoa’’ used to make hot cocoa drink and also used
in manufacturing confections as well as pharmaceutical and cosmetic
preparations. Cocoa that has been treated with alkali to produce a
less acid flavor is called ‘‘Dutch’’ chocolate. Cocoa and chocolate
contain the xanthines theobromine and caffeine (see Table 1).

Tea 1s the national drink of most of the human race, being most
popular in Asia, the Middle East, and the United Kingdom. The
beverage use of tea probably started in China long before the birth of
Christ. Tea is the dried leaves of Thea sinesis, an evergreen shrub.
The young, unopened leaf bud is considered the highest quality.
Black tea 1s made by rolling the leaves after they have withered and
are soft. The rolling releases enzymes that cause chemical reactions
within the leaf, and oxygen 1s taken up as a result. The leaves are
spread out in order to absorb a maximum of oxygen. They are then
heated and dried to be ready for use. For green tea, the leaves wither
and are rolled, but are immediately heated and dried. Instant tea is

Ritchie, “"Central Nervous System Stimulants, the Xanthines,”" p. 367.
¢Ibid.

373

Published by BYU ScholarsArchive, 1980



BYU Studies Quarterly, Vol. 20, Iss. 4 [1980], Art. 7

3w 001 3w 0 dw 001 Z0(oN
fxgxsx STUB[MWING 121UN0D)-2Y1-19aQ) Auep
Jw o¢ gur 0 dw (¢ IR (15 1:31:7s B3 B
P[0 121UN0D)-2Y1-12A0) AUBW
dw 9 3w 0 dw (9 UIIPaIXy
dw 7¢ gw Q dw z¢ ysinbuep ‘jopiy ‘punodwod unadwy ‘adon)
Sw z¢ dw 0 dw 7¢ 1373]3S owolrg ‘punodwod uindse ‘uneuy
s ko - SISIT[BUY 121UNOD)-3YI-I2A()
dur ¢ dw 0 3w (¢ [BISTIN
3w o gw dw oF [BUTION]
dw 7¢ duw 3w 7¢ punodurod uoare(
dw 001 dw 0 dw 001 10319587
dw z¢ 3w dw g¢ (surayyed ‘unadeuayd ‘umndse) s, OV
wxnnnxl19]q€1 12d 2sop) :suonedpapy uondridsaig
sorkork - STYI0
paysijqnd 1ou syunowy '219 '[B2130 "YW PIIOAE[J-IE[020Y)
dw 001 dw ¢g 3w (1 uoodsa[qel ‘(Juryeq) 020> paropmod
Jw 671 3w 91 w ¢ 91E[020UD YIIM PIIFA0I AJEUOIIIJUO))
dwr g¢¢ gw /¥ Sw /8 wxxxJBd "ZO g ‘Teq Apued 218[00Yd [IN
dw 96 dw 18 3w (1 xxxJB] 20 8/¢ 1 ‘Teq Apued 21B[020YD YT
dw ¢Cp 3w Qz¥ 3w ¢¢ 'Z0 T ‘21e[020Y2> Furyeq
:$10Np0oId €020 1Y)
dw 0 dw 0 gw 0 dno ‘zo 9 ‘qoien)
surqjdydoays Sw ¢-1
3w 88-1¥% dw 7 pue Juidjyed Jw 18-8¢ oD 20 9 ‘B3]
gw ¢9-1¢ duw 0 gw ¢9-1¢ £xJUTAIIS "ZO 71 ‘B[0D)
w y-7 duw dw p-7 «dnd "zo 9 ‘pareurapyedsp ‘33j50)
3w 0¢1-001 dw 0 dw 0CT1-00T dno ‘zo 9 ‘pamaiq ‘33§30
dw ¢61 dw ¢/1 3w g1 dnd 'zo 9 ‘(31€]020YD 10Y) €0OI0D JURISU]
dur g7z 1sea[ 1y dw $87-877 paysiiqnd 1ou junowy dno 'zo 9 ‘0202 renday
:saderonag
Saurguvy;
1o] UIULOLIGOIY | autaffr") 22410

o1-(SOUTYIUEY JO $INOG UOUWIWIOT) JWI0

I H19V.L

374

https://scholarsarchive.byu.edu/byusq/vol20/iss4/7



Stratton: The Xanthines: Coffee, Cola, Cocoa, and Tea

IHT (LLGY) 1L 4011019055y 2112121(] UpILawsyy 241 Jo pusnof | ‘UEH U0 utagye) jo spayy ndonoyddsq pue ndojoisAyd,, ‘vosuaydaig ‘T “dor
P9I
P1qIn
'L6-96 "dd ‘mopsi g fo piog 0SIPIN\ PUE 20SIPI Mer
'9L-£9¢ "dd |, ‘ssuniuey 2yl ‘SIUB[NWNIS WISAG SNOAIIN] [BNIUY),, ‘AU
"L6—96 "dd ‘(8¢6T ‘'0D) Joog 121383 :AND) YT I[eS) uOHrtLdis U] UiIPOY \ ‘wopsi f JO pio 4 ‘208IPIX\ ' T PUE 208IPIM Y [
LT CT1Z:¢ “(€S6T oUf SIvYSIIqNg 2JUINISINU] YIOL MIN) ZSIUY [ 'V P2 ‘Sdoun) smouosg ur ‘sishreuy ‘Zuissadord ‘uoneaniny) eodon),, ‘11eYy0) ‘W Jor
"6Z-8ZLY (8LG1) 1€ worgrugnp] ppatuzy”y Jo puinof uvsrsuyy | ‘seay
Josad4] puespudlg ‘spuelq ‘syidualig SnOIIEA Ul JUIRJJED) JO UONEBIIUDUOY) ‘[ POYISW -0 dnswoloydondadg maN ' “Ba] UT 2UuIjje)) Jo Apnig v, , ‘191s5010) 'S "(Je
0€ (6L61) YL uo1112055Yy 9112121(]
upIiuyy 247 Jo puinof  ‘$38eIdadg UOWWOY) JO IUIUOY) JUIJJE)),, ‘SWEI[[IMIW "W PUe 1ajung T "W 'snd1y sman gaing D Y3 yarm Ul Ul st yargm *zo 1ad surapged “Jw ¢
01 7' ¢ WO UTeIu0d $2FeI2A3( B[0D UBIIIWY 1BY) Pa[e2Ad] ") (] ‘U0lFUIyse 4\ ‘UONEBIDOSSY JULI(] 1JOS [EUONIEN Y2 JO SATINIIXD UL YA ‘Q/G] ‘UONEdIUNWWOD [euosidd ¢ °d
‘8961 Arenue( 0z ‘(yein) ‘LD aye] BS) smaN 724259 Y3 JO UONIIS © ‘spuiws Avp-1a110T JO 151y ) snsaf Jo goingy ag [ fo smapN SmIN gaing) |, ‘SHULI(] B[OD) UT JUTJJED), 5
"1€-0€01 :(CCO1) BS1 4OUPII0STY foApajy Uupsniasyy 241 fo pruinof  ‘v0207) PUE BA] ‘22JJ0) UI WNIPOS PUE SUTUUE] ‘SIUTYIUEY,, ‘UBWOA\ A\ PUE JUNIEW ‘0 "),

g1'd]dwres ® 1snl are o[qe1 ay1 ur 250y, ‘spunodwiod 121UNO0I-3YI-19A0 pue suonedrpaw uonddsard Auew ur 1U3s33d T8 SIUTYIULK 4 sk

("SQUIYIUEX UTEIUOD 10U Op PUE sauTwe Jnawrwiyedwis Jo/pue asonxap 1edns oyl ureluod A[pensn sa13[yIe 233j0d> pue [ooyds Yy uedawy 03
papraoxd sowmnawos siiid dad ay ) ,,°g[0d,, J0 , ‘80300, ‘31 . ‘33JJ0O1, SIWEU 2yl Jeaq 10U Op A3Y1 124 ‘opimpiom afes 10§ paredard A[[eniowwod a1e

3S3Y31 JO SUOTIN003(] ;833 U0dUuOo () pi:235ed BUBIEND) () ¢ :SIUE[d QIS X (€) 71 (dUIajged 1U2032d 7 IN0OQE) | UBPNS Y3 JO S2ATIBU Y3 Aq Pamayd sinu ning
ay3 ‘sinu [0y, (Z) r:+(3urag3ed 3Ud12d (7' T INOQE) , SIMNIUNOD ULILIWY YInog AUew Jo JULIp [euoneu ay3,, ‘ 21 (1) ur 1u3s31d 2T SOUTYIVEY s

o1 "STBQ ApUE) 21E[0d0YD J[IW UEBIISWY UBYl JUIU0D duIyiuex ul 1aydry A[3ysis are syeq Apued 218[000Yd 199MS1)

-11q pue 21e[0d0d Y[Iw ysI{Fuy pue sieq Apued 312[030Yd 133MSI111q UBdIdWY 22uno 12d aurajyed “Fw oz Sutureiuod se 21e[0d0YD 193MS PIISI] ,,UIJJE)

U0 139Yg 198, , UONIENSIUTWPY 3ni(J PUE POO, IUSWUIIAOL) SIIBIS PaNU[) Yl ¢LG] PUE [LG] U] "1e[od0yd y[Tw jo 3duno 12d surworqoayl ‘Juw 971 snid

auragyed "Sw § aq 031 parsodal sem (9LG1 ‘UOIEIUNWWOD [U0sIad) 12IN1DEJNULW 21E[020Yd UBIIIWY 2U0 Aq paonpoid 31e[odoyd Jiw 3y ‘Jeq 'zo 7’|

12d surworqoayl “dw z/ snjd surayyed *w 9—ieq Apued a1e[0d0yd y[rw :dnd 'zo 9 12d sutworqoay) ‘Fw ¢/ snyd aurayyed ‘Fwr (—e020d :sanfeA FUIMO[[0]
Y1 PI[eIAII (9/G1) BIISWY JO $318IG PIIIU[) Y3 JO UONENOSSY | SIDINIIBJNUE 21B[020Y7) Y JO IATINIIXD UE YIIM SUOIIBITUNUWIWIOD [BUOSID 4 s

¢ 9YEIUT Juryruex 303 1oy dnd 1ad surpjdydoays "Jw | pue surwoiqoayl "Fw 7z saindy

SUTIJJED 2A0QE U3 JO YOES 01 PPy “dwI [/—DINEWOINe 355j00) "IN B WoIj €3] u0ldr] pue [duldjjed "Jw [9—Uuowd] pue JEZNs (iim B3] PId] BIISAN -2UI19]

-Jed "dw 9/ —uowa[ pue Jedns Yum ea] pad] uoadry aurayged ‘dw ¢ ¢—3eq 1oy ‘yoe[q ‘ea] uoidry :aurdjyed ‘Fw 79—3Feq 10y ‘¥oe[q ‘B3] 2S0Y PAY :pauTel
-U0d £ Yaduans-wnipaw jo dnd 'zo 9 € 18y PI[BIAII SEI] U JUIIUOI JUIIJJEd JO UOTIRUTWINIP Y2 J0J POYI2W-011W I1112w010ydondads MIU V.«

g 193¢ 100y awAi ] 3p[O s, bieg se
yons s1aylo pue "Fur 7¢—ary 191 " Sw ¢¢—DY 191 ' Fwr p¢—e[0D) DY 'Fw ¢p—rejo) 1sdag Fw 0¢—qe] ' Fw p¢—iaddag '3q 191 8w ¢—ma(q
urelunopy "Swr 19—i1addag 1 "8wr (9—e[0) B0 318 UBd "ZO 71 12d 1U21U0d JUIdJFed JO $AINFTY (GLGT) IUIIND 1SOW YL, ,,'SINU B[OY JO 1DBNXI,
10 , 2ulayed, | FUTUTEIUOD SB [2]E[ J19Y3 UO PIIEITPUT ST SINU B[O WOIJ PAIISP € A9U1 18y ] ~IWEU JI2Y] U , B[O, JABY 10U Op SYULIP , B[0D,, AUEB .,

(~dnd 13d suragyed “Fw (¢ 01 87 UIMIIQ UTEIUOD UBD PUEB , 22]J dUIIJJED
1u2212d /G, , 21€1S 10U OP SPUEIQ 93JJ0D PIIBUIIJJEIIP JWOG "231F JUTIJJed 1u2212d /(G 278 YIIYM SPUEI]Q 22JJ0I PAIBUIIJJEIIP 2501 JOJ T8 $2INF1J 259 [ 4

375

Published by BYU ScholarsArchive, 1980



BYU Studies Quarterly, Vol. 20, Iss. 4 [1980], Art. 7

made 1n much the same way as instant coffee. Tea owes much of its
flavor to the complex mixture of more than twenty substances that
make up the tannins it contains. Tea contains the xanthines caffeine,
theophylline, and theobromine (see Table 1).

Cola-flavored beverages contain an extract from kola nuts ob-
tained from the Cole acuminata tree. Carbonated beverages were
first made by early Europeans to imitate the popular and naturally ef-
fervescent waters from famous springs that were reputed to have
therapeutic value. Today carbonation is achieved by cascading the
chilled beverage mixture in thin layers over a series of plates in an
enclosure containing carbon dioxide gas under pressure. Cola drinks
contain the xanthine caffeine (see Table 1).

HOW DO THE XANTHINES ACT ON THE BODY?

Xanthines have both good and bad effects on the body, and
these effects are generally determined by the size and frequency of
dosage. Anyone who has experienced the distress of a headache and
has had the pain alleviated by an aspirin compound that included
caffeine (see Table 1) can attest to the advantages of the proper
medical use of the xanthines. But anyone who has activated a
stomach ulcer from daily doses of caffeine can attest to the bad effects
of improper use of the xanthines.

The correct use of xanthine drugs continues to be a major con-
tribution to the improvement of life. Caffeine and theophylline are
widely prescribed today by physicians. For example, caffeine in com-
bination with sodium benzoate i1s used as a stimulant, and
theophylline in combination with EDTA dilates the lung bronchioles.
Theobromine was fairly popular as a medication in the early 1900s,
but its use has since declined.?”

Although xanthines are best known to the layperson for their
stimulating and pain-relieving effects, let me briefly summarize all
their known pharmacological properties in man, both good and bad,
including some of their less obvious medical contributions. The
following information is taken from the pharmacology textbook cur-
rently used in most medical schools'® and from the scientific
literature. Table 2 summarizes their relative actions and lists the
unit-prescription dose.

7C. J. Dorfman and M. E. Jarvile, ‘‘Comparative Stimulant and Diuretic Actions of Caffeine and
Theobromine in Man,"’ Clinical Pharmacology and Therapeutics 11 (1970): 871.

®Ritchie, ""Central Nervous System Stimulants, the Xanthines,” pp. 367-78.
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1. Brain and spinal cord.’® Caffeine and theophylline are
powerful central nervous system stimulants. They stimulate all por-
tions of the cortex of the brain, resulting in greater sustained intellec-
tual effort and a more perfect association of ideas. Reaction time is
diminished, muscle activity is increased, and there is also a keener ap-
preciation of sensory stimuli.

If a person has become depressed by barbiturates or other drugs,
caffeine or theophylline may be administered to speed up breathing
to an acceptable level, since they act on the respiratory center of the
brain.

Overindulgence or abuse of the use of caffeine and theophylline
products leads to ‘‘chronic xanthine poisoning’’ which may produce

the following symptoms:  diarrhea, dizziness, apprehension,
restlessness, a high level of anxiety, and a ringing or hissing noise in
the ears.

2.  Cardiovascular systems.2° All three xanthines have a power-
ful action on the heart and blood vessels. Xanthines cause the blood
vessels that feed the brain to constrict, decreasing both the blood flow
and the oxygen tension of the brain. This action is responsible for the
striking relief from headaches obtained from xanthine consumption.
Note in Table 1 that almost all prescription medications, over-the-
counter analgesics, and cold preparations contain significant amounts
of caffeine for that purpose.

All of the xanthines stimulate the heart directly to increase the
force of contraction, the heart rate, and the output. Theophylline is a
valuable drug in the emergency treatment of heart failure where the
heart is filled with blood due to a venous obstruction. Because the
xanthines dilate the blood vessels that nourish the heart, causing in-
creased blood tlow, they are used in the treatment of coronary artery
disease and other coronary insufficiencies.

Large doses result in tachycardia (a rapid beating of the heart,
over 100 beats per minute). Continued stimulation occasionally
results in permanent heart irregularities. Such are sometimes ‘‘en-
:ountered 1n persons who use caffeine beverages to excess.’’2!

19\/. Sprugel, P. Mitznegy, and F. Heirn, ‘*The Influence of Caffeine and Theobromine on Locomotive
Activity and the Brain GMP/cAMP Ratio in White Mice,’’ Biochemical Pharmacology 26 (1977): 1723-24; A.
M. Poisner, ‘‘Direct Stimulant Effect of Aminophylline on Catecholamine Release from the Adrenal
Medulla,"’ Biochemical Pharmacology 22 (1973): 469, 474-75.

20T, de Gubareff and W. Sleator, Jr., *‘Effects of Caffeine on Mammalian Atrial Muscle and Its Interac-
tion with Calcium,”’ Journal of Pharmacological and Experimental Therapeutics 148 (1965): 205-208; M. L.
Marcus, C. L. Skelton, L. E. Grauer, and S. E. Epstein, ‘‘Effects of Theophylline on Myocardial Mechanics,”’
American Journal of Physiology 222 (1972): 1361-65; D. M. Fowell, J. A. Winslow, V. P. Sydenstricker, and
N. C. Wheeler, “'Circulatory and Diuretic Effects of Theophylline Isopropanolamine,’’ Archives of Internal
Medicine 83 (1949): 150-57; and F. A. MacCornack, ‘‘The Effects of Coffee Drinking on the Cardiovascular
System: Experimental and Epidemiological Research,”’ Preventive Medicine 6 (1977): 104-19.

21Ritchie, ‘‘Central Nervous System Sumulants, the Xanthines,”' p. 369.
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Stratton: The Xanthines: Coffee, Cola, Cocoa, and Tea

3. Smooth muscle.?? The xanthines, particularly theophylline,
relax the smooth muscles that surround the bronchioles (the air tubes
that go to the lungs). They are used to relieve respiratory distress,
especially in the treatment of certain cases of bronchial asthma.

4. Skeletal muscle 3? Caffeine and theobromine strengthen the
contraction of the voluntary muscles of the body (e.g., arm and leg
muscles), resulting in an increased capacity for muscular work. Abuse
may result in shaking or trembling.

5. Kidneys.** Theobromine and theophylline increase the pro-
duction of urine and are sometimes used as diuretics. Overuse causes
more frequent urination.

6. Guastric secretion.?> Moderate doses of caffeine increase the
amount of acid secreted into the stomach. Repeated daily doses of
caffeine have been shown to contribute to ulcers. For this reason, ex-
cessive use of coffee and cola beverages is a concern to many physi-
cians. Abuse of these stimulants may also cause nervous or ‘‘butter-
fly’” stomach.

7. Body metabolism.3¢ The xanthines cause an increase in the
basal metabolic rate (they increase the amount of energy produced by
the cells). Ingestion of 500 mg. of caffeine (about four cups of
coffee—see Table 1) increases the basal metabolic rate ten percent to
twenty-five percent. However, the effects are not seen until a few
hours after the drug 1s taken. As would be expected, this stimulation

22]bid., p. 374.

23Sprugel, Mitznegy, and Heirn, ‘‘The Influence of Caffeine and Theobromine,”’ pp. 1723-24.

24A. Goldstein, G. Kaiser, and R. Warren, ‘‘Psychotropic Effects of Caffeine in Man,"" Journal of Phar-
macological and Experimental Therapeutics 150 (1965): 14,

23de Gubareff and Sleator, ‘‘Effects of Caffeine on Mammalian Atrial Muscle,”” p. 205.

26Ritchie, ‘‘Central Nervous System Sumulants, the Xanthines,”” p. 368.

21Sprugel, Mitznegy, and Heirn, ‘‘The Influence of Caffeine and Theobromine,’’ pp. 1723-24.

28Ritchie, ‘‘Central Nervous System Sumulants, the Xanthines,”” p. 368.

29Poisner, ‘‘Direct Stimulant Effect of Aminophylline,”” pp. 474-75.

30Marcus, Skelton, Grauer, and Epstein, ‘‘Effects of Theophylline on Myocardial Mechanics,”” pp.
1362-63.

3tFowell, Winslow, Sydenstricker, and Wheeler, ‘‘Circulatory and Diuretic Effects of Theophylline
Isopropanolamine,”” p. 153; Ritchie, “‘Central Nervous System Stimulants, the Xanthines,”" p. 369.

32A. R. Dowell, “‘Effect of Aminophylline on Respiratory Center Sensitivity in Chayne-Stokes Respira-
tion and in Pulmonary Emphysema,’” New England Journal of Medicine 273 (1965): 1450.

33Marcus, Skelton, Grauer, and Epstein, ‘‘Effects of Theophylline on Myocardial Mechanics,”” pp.
1362-63; Goldstein, Kaiser, and Warren, ‘‘Psychotropic Effects of Caffeine in Man,’’ p. 14; Sprugel, Mitz-
negy, and Heirn, *'The Influence of Caffeine and Theobromine,”” pp. 1723-24.

3Ritchie, ‘‘Central Nervous System Stimulants, the Xanthines,”" p. 371.

3], A. Roth, A. C. Ivy, and A. J. Atkinson, ‘‘Caffeine and ‘Peptic’ Ulcer,”” Journal of the American
Medical Association 126 (1944): 814-20; H. L. Bockus, ed., Gastroenterology (Philadelphia: W. B. Saunders
Co., 1974), 1:513; M. H. Sleisenger and J. S. Fordtran, ‘‘Peptic Ulcer Pathogenesis,”’ Gastromntestinal
Disease: Pathophysiology, Diagnosis and Management (Philadelphia: W. B. Saunders Co., 1978), p. 814.

36Ritchie, *‘Central Nervous System Stimulants, the Xanthines,”” pp. 367-78.
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is usually followed by a period of sluggishness or mild body depres-
sion.

Just as the correct use of the xanthines can be greatly benetficial,
their abuse can damage the body. Overindulgence leads to a condi-
tion described as ‘‘chronic poisoning.”” The case history presented at
the beginning of this article 1s an example. In chronic xanthine
poisoning it may be that only some of the symptoms the man in that
case experienced will be evident simultaneously but, in some in-
stances, there may be several additional symptoms. A few or several
of these symptoms may be manifested even in persons who ingest on-
ly small quantities of xanthines.

A “‘certain degree of tolerance and of psychic dependence (i.e.,
habituation) develops . . . even in those individuals who do not pat-
take to excess,”” but only moderately ingest xanthines.?7 It 1s not sur-
prising, therefore, that the withdrawal from xanthines by individuals
habituated to them usually results in a “‘withdrawal headache.’’38
The headache is at first localized but then becomes a generalized,
throbbing pain. It 1s sometimes accompanied by nausea, nasal/sinus
congestion, depression, drowsiness, and a disinclination to work.39

There is little doubt that the popularity of the xanthine
beverages results from their stimulant action.4® Figures 1 and 2 il-
[ustrate the United States per capita consumption of the xanthines. A
person who ingests colas, coffee, tea, or chocolate in order to ex-
perience a temporary increase in intellectual effort and/or muscle ac-
tivity should understand the consequences of his action. Not only
will he experience a longer time period of decreased efficiency later,
he will also run the risk of habituation. More importantly, he will be
exposing most of the vital organs of his body to the drug. Because he
does not feel the increased heart rate, dilation of heart vessels, the
decreased blood tlow and oxygen tension of the brain, the increased
gastric secretion nor the increased body metabolism, but only
observes the stimulation and the diuretic effect, the price only ap-
pears small. He would never think of needlessly taking even one dose
of a drug that adversely affected so many body organs, much less tak-
ing the drug several times each day. Besides, the consumption of

37]bid., p. 376.

38A. Goldstein and S. Kaizer, ‘‘Psychotropic Effects of Caffeine in Man, III. A Questionnaire Survey of
Coffee Drinking and Its Effects in a Group of Housewives,”’ Clinical Pharmacology and Therapeutics 10
(1969): 487; A. Goldstein, S. Kaizer, and O. Whitby, ‘‘Psychotropic Effects of Caffeine in Man, IV. Quan-
titative and Qualitative Differences Associated with Habituation of Coffee,”’ Clinical Pharmacology and
Therapeutics 10 (1969): 496.

39Greden, ‘‘Anxiety or Caffeinism,”’ p. 1090.

“Ibid., pp. 1089-92.
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Stratton: The Xanthines: Coffee, Cola, Cocoa, and Tea

both caffeine and theobromine in a chocolate bar to increase mental
and voluntary muscle activity (e.g., for typing) is self-defeating;
theobromine neutralizes much of the caffeine efftect.4

A well-nourished bndy has no unnatural cravings and provides
optimum intellectual effort and muscle activity without the ingestion
of drugs. Often xanthines eventually become toxic to people who
have come to rely on their use in order to be efficient. However, after
withdrawal symptoms and a week or so of feeling fatigued, they
report that they feel more alert and efficient without the drug than
they were while under its influence.42

Because theobromine, unlike caffeine and theophylline, only
slightly stimulates the central nervous system, some people incorrectly
assume that its other effects are minimal. This has resulted in the in-
gestion of cocoa and chocolate by people who refrain from catfeine
and theophylline in tea, coffee, and cola drinks. As early as 1939, 1n
an article appearing in the Journal of the American Medical Associa-
tion,*3 a question concerning the use of cocoa and chocolate was
answered: ‘‘In considering cocoa as a beverage for children, it should
be regarded as a stimulant similar to coffee.”” Today, as a result of
many years of research and clinical experience with the xanthines, it 1s
known that theobromine is more potent than an equal amount of cat-
feine in causing heart stimulation, dilation of heart vessels, smooth
muscle relaxation, and diuresis#4 (see Table 2).

Many people are aware that cola drinks contain a harmful drug,
but because they do not know the quantity of that drug, they ra-
tionalize that it must be in such small quantity that they can ingest
significant amounts without effect. Yet, many cola drinkers readily
admit to the mental and physical ‘‘pick-up’’ obtained from a cola
drink when they are tired or even slightly fatigued.

Many of the soft drinks on the grocers” shelves contain caffeine
(see Table 1 note). Per capita consumption of soft drinks since 1900
has increased quite dramatically, as seen 1n Figure 1. Per capita con-
sumption of soft drinks in 1942 was approximately one-and-a-halt
12 oz. bottles (or 18 ounces) per week. In 1978 (the most recent com-
plete figures), it was more than five times that figure (eight 12 oz,
bottles or 96 ounces) per week per person. This would have been 627
soft drinks a year per person, and 539 (or six out of every seven drinks)

41Sprugel, Mitznegy, and Heirn, ‘‘The Influence of Caffeine and Theobromine,”’ pp. 1723-24; Ritchie,
“Central Nervous System Stimulants, the Xanthines,”” p. 368.

42Greden, ‘‘Anxiety or Caffeinism,”” p. 1091.
4Cited in L. D. Widtsoe, How to Be Wel/ (Salt Lake City: Deseret Book, 1943), p. 94.
“Ritchie, “‘Central Nervous System Sumulants, the Xanthines,”” p. 368.
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Figure 1. United States Per Capita Consumption of Soft Drinks4s
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M. R. Jacobson, ‘‘Nutrition Scoreboard, Your Guide to Berter Eating,”” Center for Science in the
Public Interest (New York: Avon Books, 1975), p. 137; “'FDA Ponders Caffeine Ban,"” 21 Aprl 1979, and
tables on per capita consumption and top ten drinks, 18 May 1979, Beverage Industry, ed. John C. Maxwell,
Jr. (New York: The Maxwell Division, Wheat First Securities, Inc.).
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United States Civilian Annual Per Capita Consumption
of Coffee, Cocoa Products, and Tea4é
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contained caffeine—a total of 17,800 mg.4’ (The lethal oral dose of
caffeine to man is 3,000 to 10,000 mg., depending on an individual’s
size, weight, etc.; but this would need to be a single dose.) Of course
there are many Americans who do not consume cola drinks, meaning
that the average caffeine consumption among cola drinkers was
significantly more than 17,800 mg. that year. And, this frequently
was in addition to coffee, tea, and cocoa product consumption.

The two most popular soft drinks in the United States from 1973
through 1978 contained approximately 65 mg. and 43 mg. caffeine
per 12 oz. serving respectively® (see Table 1 note). These two soft
drinks continue to sell more than twice as many units as do all the rest
in the top ten put together.49 In 1978, the sales of these two drinks
contained 2,781,000,000,000 mg. of catfeine.’® The total amount of
caffeine consumed in America annually in all cola-containing soft
drinks has not been determined, but it has been significantly greater
than this two-and-a-half trillion mg. per year since seven of the ten
top-selling soft drinks in the United States contain caffeine.>!

Recently released figures demonstrate that Americans between
the ages of twenty-five and forty-four are the major purchasers of
cola-containing beverages. In 1977 that age group spent $1.3 billion
on cola drinks as opposed to $210 million in the ‘‘under twenty-five”’
age group.>?

HOW DOES CAFFEINE AFFECT CHILD HYPERACTIVITY,
BIRTH DEFECTS, AND CANCER?

Recently, the Federation of American Societies for Experimental
Biology recommended that the Food and Drug Administration
remove caffeine from the Generally Recognized as Safe List for food
additives. The Food and Drug Administration would then specify
limited conditions under which caffeine could be used.>?

Many of my pediatrician colleagues counsel their young patients
to minimize consumption of or to abstain from xanthine products,
since drug potency is related to body weight. To an adult weighing
150 lbs. “‘a cup of instant coffee or a can of cola beverage could give

41*'Consumption of Soft Drinks by Company,”” 2 April 1976: “'FDA Ponders Caffeine Ban,” 21 April
1979; tables on per capita consumption and top ten drinks, 18 May 1979; and *‘Soft Drink Sales Remain at
Record Levels Despite Softening Economy,'’ 4 April 1975, Beverage Industry, ed. John C. Maxwell, Jr. (New
York: The Maxwell Division, Wheat First Securities, Inc.).

48Bunker and McWilliams, ‘‘Caffeine Content of Common Beverages,”’ p. 30.

“Beverage Industry, 4 Apnl 1975, p. 1, and 21 Apnl 1979.

0Calculated from fns. 47 and 48.

$\Beverage Industry, 21 April 1979.

2]bid., 18 May 1979, p. 28.

33]bid.
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about 1 mg. caffeine per kilogram of body weight. In a very young
child, the cup of chocolate or candy bar would give the same propot-
tion of caffeine to body weight. When this child drinks a can of cola,
. . . caffeine intake 1s comparable to an adult drinking 4 cups instant
coffee. A nursing mother should be aware that caffeine passes into
her milk and that this could have a stimulating effect on her infant.

Restlessness, irritability, sleeplessness, and nervousness are some
of the symptoms’’ of xanthine-induced child hyperactivity.4

Xanthines might also affect the fetus. In the United States each
year about one in seven pregnancies ends in stillbirth, miscarriage, a
malformed infant, or a similar reproductive problem, due to various
causes including xanthine abuse. Last year the Center for Science in
the Public Interest, located in Washington, D.C., wrote to ‘12,500
obstetricians and gynecologists and 1,500 midwives urging them to
advise pregnant women not to consume caffeine.’’’> The concern is
based on several human and laboratory animal studies which
demonstrated that catteine may be responsible for a variety of birth
defects: delayed fetal development,’¢ missing fingers and toes,’
disruption of the normal fetoplacental unit,’® and an effect on some
cellular processes of the fetus.’9

One study on caffeine and pregnancy will be of particular in-
terest to the readers of BYU Studies. A retrospective study was con-
ducted in which 75 percent of the population studied were members
of The Church of Jesus Christ of Latter-day Saints. Of the pregnant
women who had consumed at least 600 mg. caffeine per day, 94 per-
cent lost their babies to spontaneous abortion, stillbirth, or
prematurity with death within forty-eight hours. Only 22 percent of
the women who had zero daily caffeine consumption lost their
children. Although there were probably other factors affecting the
data, such as lack of smoking and alcohol consumption, the re-
searchers concluded ‘‘the results of the survey do suggest that a daily

4Bunker and McWilliams, ‘‘Caffeine Content of Common Beverages,”” p. 31.

33 Associated Press, ‘‘Consumer Group Urges Warning on Use of Caffeine in Pregnancy,”’ New York
Times, 18 November 1979, p. 32.

6P, E. Palm, E. P. Arnold, P. C. Rachwall, J. C. Leyczek, K. W. Teague, and C. J. Kensler, ‘‘Evaluation
of the Teratogenic Potential of Fresh-Brewed Coffee and Caffeine in the Rat,”” Toxicology and Applied Phar-
macology 44 (1978): 1-16; 1. Borlée, M. F. Lechat, A. Bouckert, and C. Misson, ‘‘Le Caf¢: Facteur de Risque
Pendant la Grossesse?’’ Louvain Medicine 97 (1978): 279-84.

57Groupe d’Etude des Risques Tératogénes, ‘‘Tératogénese Experimentale: Etude de la Caféine Chez la
Souris,”” Therapir 24 (1969): 575-80.

s8E. F. Gilbert and W. R. Pistey, ‘‘Effect on the Offspring of Repeated Caffeine Administration to Preg-
nant Rats,”’ Journal Gfﬂepmdﬂmﬂﬂ and Fertility 34 (1973): 495-99.

9P, S. Weathersbee and J. R. Lodge, ‘‘Alcohol, Caffeine and Nicotine as Factors in Pregnancy,”’
Postgraduate Medicine 66 (1979): 165-71.
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caffeine intake of 600 mg. or greater may predispose a woman to
reproductive difficulty.’’60

With so many common compounds proving to be carcinogenic,
it 1s not surprising that caffeine would be tested to see whether it too
is carcinogenic. The tests show there is no direct evidence that caf-
feine causes cancer in humans.¢? However, fibrocystic breast disease,
a benign condition, recently has been linked to caffeine consump-
tion. When twenty afflicted women abstained from caffeine, thir-
teen experienced a remission of all symptoms. 62

A report published last year (1979) stated that from 20 to 30 pet-
cent of all Americans ingest 500-600 mg. of caffeine a day, and 10
percent may consume more than 1,000 mg. a day.%®> The Food and
Drug Administration will soon release the results of a lengthy study it
has undertaken on the effects of caffeine. The preliminary reports in-
dicate that the findings will strongly contirm the suspected hazards. %4

WHY DO PEOPLE CONSUME LARGE QUANTITIES OF
XANTHINE-CONTAINING FOODS IF THEY ARE NOT HEALTHFUL?

There are three basic reasons people use foods containing large
amounts of the xanthines. Primarily, people are uninformed. Much
of our knowledge about the xanthines has come about only within the
last decade, and it takes time to spread scientific information. This
knowledge must counter the fact that people enjoy consuming xan-
thine products. In practically every culture in the world, xanthine
beverages play important cultural-social roles. The British ‘“‘cup of
tea’”’ and the American ‘‘cotfee break’ are well-established cultural
mores.

Second, the stimulant effect and the undesirability of the
withdrawal symptoms felt when intake is interrupted also promote
sustained consumption.

Third, and of very significant importance in the developed coun-
tries, 1s the sustained, massive advertisement by companies that
market these products. Figure 2 illustrates the per capita consump-
tion of coffee, cocoa products, and tea in America. Note that the
yearly per capita consumption (since 1940) of coffee, cocoa products,

60P. S. Weathersbee, L. K. Olsen, and J. R. Lodge, ‘“Topics in Primary Care, Caffeine and Pregnancy: A
Retrospective Survey,’’ Postgraduate Medicine 62 (1977): 64-69.

61], Timson, ‘‘How Harmful Is Your Daily Caffeine?’’ New Scientist 78 (1978): 736-37.

62] P. Minton, M. K. Foecking, J. T. Webster, and R. H. Matthews, ‘‘Caffeine, Cyclic Nucleotides, and
Breast Disease,”” Surgery 86 (1979): 105-109.

6], F. Greden, ‘‘Coffee, Tea and You,'' The Sciences 19 (1979): 6.

64R. Reinhold, **Caffeine Quandary Ilustrates FDA’s Plight,”” New York Times, 8 January 1980, pp. C1,
C2.
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and tea has not changed dramatically—a slight decrease for coffee
and cocoa products and a slight increase for tea. Figure 2
demonstrates the dramatic increase in the United States per capita
consumption of soft drinks from 1900 to 1978. Much of this change is
the result of increased and more effective advertisement. Through
massive media exposure the American public has been led to believe
these products are desirable. For example, in 1978 (the latest
available figures), $410 million were spent on the television advertise-
ment of confectionary and soft drinks, including chocolate confec-
tionary and cola drinks. This compares with $313 million for all beer
and wine commercials and $103 million for all insurance adver-
tisements using the same media. The $410 million figure in 1978 was
almost twice the amount ($220 million) spent in 1975, just three
years earlier.6> In 1979, more soft drinks were consumed than milk
and juices combined. %S

WHAT IS THE RELATIONSHIP BETWEEN
XANTHINES AND THE WORD OF WISDOM?

As Latter-day Saints, we need to understand how modern proph-
ets have interpreted the Lord’s counsel that ‘‘hot drinks are not for
the body or belly.”’67 Joel H. Johnson, an early member of the
Church who was with the Prophet Joseph when the Word of Wisdom
was received in 1833, recorded in his journal an interesting sermon
that the Prophet gave five months later:

““I understand that some of the people are excusing themselves in
using tea and coffee, because the Lord only said ‘hot drinks’ in the
revelation of the Word of Wisdom.

““The Lord was showing us what was good for man to eat and drink.
Now, what do we drink when we take our meals?

““Tea and coffee. Is it not?
“Yes: tea and coffee.

“Then, they are what the Lord meant when He said ‘hot
drinks.’’’68

Patriarch Hyrum Smith, speaking to a congregation in Nauvoo
almost nine years later, reiterated that interpretation: ‘‘‘There are
many who wonder what this [reference to ‘‘hot drinks’’] can mean;

65Calculated from ‘‘U.S. Bureau of the Census, Statistical Abstract of the United States,”’ 1979, p. 596.

$6Beverage Industry, 18 May 1979.
67Doctrine and Covenants (Salt Lake City: The Church of Jesus Christ of Latter-day Saints, 1921), 89:9.
6] H. Johnson, Voice from the Mountains (Salt Lake City: Juvenile Instructor Office, 1881), p. 12.
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whether it refers to tea, or coffee, or not. Isay it does refer to tea, and
coffee.” 69

Dr. John A. Widtsoe, an LDS apostle and a chemist of inter-
national reputation, was an early authority on the Word of Wisdom.
He thought the Lord purposefully used the term ‘‘hot drinks’’ rather
than ‘‘tea and coffee’’ because by so doing the “‘host of other in-
jurious habit-forming beverages’’ and products that would be used in
the future would automatically ‘‘become subject to the Word of
Wisdom. Indeed, the use of the words, ‘hot drinks’ implies a
knowledge beyond that possessed by man when the Word of Wisdom
was received.’’70

The medical research referred to in this article stands as a witness
of the validity of the ‘‘hot drinks’’ instruction in the Word of
Wisdom. When this revelation was given in 1833, catteine had been
discovered as a substance, but its physiological effects were not known
and the announcement of its discovery was buried in scientific
publications. ‘‘It 1s very unlikely that the Prophet Joseph had heard
of it.”’71 But even if he had, no one at that time knew of its harmful
effects.

In 1976, the results of two major studies comparing the longevity
and healthfulness of Latter-day Saints to nonmembers were pub-
lished.’? In summary, the male death rate in Utah County (85 per-
cent LDS) was 35 percent below the national average. Female death
rate was 28 percent less. Male and female Latter-day Saints were con-
tracting cancer 29 percent less frequently than nonmembers, and the
death rate of Latter-day Saints in Utah and Los Angeles counties due
to heart attack and cardiovascular disease was 33 to 50 percent less
than among non-LDS. Mormons had a 51 percent less incidence of
bladder and kidney disease than non-Mormons. Such dramatic

results leave little doubt about the validity of the teachings of the
Word of Wisdom.

$9Times and Seasons 3 (1 June 1842): 800; see also Bruce R. McConkie, Mormon Doctrine, 2nd ed. (Salt
Lake City: Bookcraft, 1966), pp. 368-70.

10W idtsoe and Widtsoe, Word of Wisdom, p. 99.

1]bid.

2] L. Lyon et. al., ‘‘Cancer Incidence in Mormons and Non-Mormons in Utah, 1966-1970,"" New
England Journal of Medicine 294 (1976): 130-31; J. E. Enstrom, ‘‘Cancer Mortality among Mormons,"’
Cancer 36 (1975): 826-29, 831; J. E. Enstrom, ‘‘American Heart Association Conference Report,”” Tampa,
Florida, March 1975; also cited in Bill Davidson, ‘“What Can We Learn about Health from Mormons?’’ Fama:-
ly Circle, January 1976, pp. 78-82.
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