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ABSTRACT '

14

Four experimentslwere conducted.with weanling hice"aﬁd.day old
: chicks to determine the_effectsrof.aietary'qaffeine on growth, nutrient
‘-_utiiization and»tiésue eﬁzymatic»activity for a period of four weeks.
In two éxperiménts, the growth.of.mite.fed diets coﬁtaining caffeine
leﬁels from 370 to 24200 ppm showéd statistical depressions at 1500 ppm
and gieater. A leﬁel of 4000‘ppm.affeéted mortality and the rate
.incfeased'with'caffeine cbncentrétion uﬁtil 100% mortality was obtained
at 12;100 and 24,200 ppm. Calcium, protein, and fat digestions were
not affected by caffeine but phosphorus absorptions were deéreased at
ZOOOFto 6070 ppm.'-Liver\xanthine,oxidasé activity was unaltered by<
the &arious céffeine treatments.’>Glutamic oxalgcétic transaminase
racfivity of kidney.homogenates sﬁowed’significanf elevatiﬁn at 6000 and
6070 ppm whereas the increased enzymatic activity of liver tissue waé
not found to be significantly diffefent.A |
Chicks were fed diets éonsisting of 55 to 3550 ppm caffeine.
Body weights were Aepreséed at 888 ppm.aﬁd above. Nitrogen retentions
were reducedvét 3000 to 3550 ppm whéreas calcium, phosphorus, and fat
retentions were unaltered by cgffeiﬁé? There were no significant
differences in glutamic oxalacetic transaminase activity of liver

homogenates due to caffeine supplementation,
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CHAPTER 1
INTRODUCTION AND REVIEW OF LITERATURE

= The';onsumption of qafféine; as a componénf of popular beverages,
dates from ancient tiﬁés;v Thié_algaléid is ingested as a constituené of
-coffeerand cola flavoréd drinksband isiingested with two.other xanthine
deriﬁatives——theobrdmine,from coCoavaﬁa thophylline from tea.

Pharmacologig_effects bf these. alkaloids are well definedf
.Mediéinally, they are used:as stiﬁuiéhts for cardiac muscle, skeletal
ﬁuscle and central nervous system; they are also employed as milk
diuretics (The Merck Indek 1968),7

' Oﬁe gm. ofﬁcaffeine:may be t6xi¢ go humans; the lethal dosevis
apprﬁximately 10 gm. (Clarke 1969).. As one cup of instant coffee
provides 80—100 mg. caffeine ana one“éup of strong percolator coffee
furnishes up to 150 mg. caffeiﬁe'(Woiman 1955), the habitual.coffee
drinker can consume a toxic amount'bf fﬁis alkaloid. Toxicity may be
enhanced Ey the availability of>éaffeiﬁé in other popular drinks,'in
.pharmaceutical prepafations as No-Doz and in combination with other
. drugs as>analgesic mixtures.

Despite the large consumptionvofAcaffeine as a food constituent,
and itSvtherapeutic.value, reports ;once&hing physiological and
Vpsychological effects are often coﬁtradictory. Conf%icting results
have been obtained frbm researcﬂ, invéstigating the relationship of
,caffeige to genetics, reprodﬁction;jglucose and lipid metabolism.

o



Review of Literature

Caffeine Metabolism and Distribution-
Cafféine was administered to tw6 hﬁman subjects in a one gram |
dose and 66% of it was reCovered in the urine during the.following
48 houré, in equai amounts ;f'methyiﬁric7acids and methylxanthines
(Cornish andAChristﬁénA1957). MEtaBdlités found were 1,7—dimethyl_
-xanthine, 7—methylxanthine; lfmethylxanthine, l1-methyluric acid, and
1,3—dimethyluric acid,"Demethyiation of éaffeine (1,13, 7 trimethyl-
f#anthine) ﬁay océur in order of in;reasing stability at methyl groups
"3;V7,_and 1. Appareﬁﬁly, démethyiation 6f caffeine, theobromine, -and
theophylline ceases with monoﬁethylxanthines as evidenced by ﬁo
accumulation‘bf;xantﬁineVin the urine-an&lnegligible increase in uric
acid excretion. o |
Caffeine is.metébblizedlrapidlj éﬁd almost completely in maﬁ
asvonly 17 was excréted unchanged-in a;24-hour-urine sample, after
506 mg. of caffeine was adﬁinistéred'by.means of intravenous injection
(Axelrod and Reichenthal 1953); ‘Plasga_peak levels of caffeine occurred
one hour after either oral'or intravenous aaministration of 7 mg;/kg.
The bio—half.iifevwés estimated to bé“3.5 hours for man and 5 hours for
dogs. Even with'contiﬁﬁous ingéétion, limited day to day accumulation
ofAcéffeine in man was dgterminedlby'its diéappearance from the plasma,
~ the morning following coffee consumption;i-
~Caffeine distribution in thé tissuéS’is proporfional to their
water content and passes freely acroés all cellular membranes. Goldstein

and Warren (1962) found caffeine in the’same concentration in human



ovaries, testes, and plasma, implying thential genetic damage for

- . habitual coffee drinkérs.

Géneticé‘

The mutageniéity of caffeine ﬁas been established in E. Coli
(Koch 1956), Drosophilia énd human cells ig_yig;g_(Kuhlmann‘ét_al.
21§68). The principle of dominanﬁ lethal mutation, as an indicator of‘
.genetic damage, has'Been employed 5y.vafious researchers to obtain
evidence of thé mutagenic effect éf ¢affeine on mammals in vivo.,
Epstein et al. (1970)»treated-maie.miéé With caffeine by wvarious forms
~ of administrationviﬁ doses ﬁp t6.é4O mg./kg. for acute studies and in
smaller amounts for longer term studiés;. Suﬁsequent mating of these
:mice and autopsy of mated:femalés were émployed to assay dominant
lethal mutationé (determined by the number of pre-implantation losses
E and early foetal:deaths)., There was no relationship between caffeine
and mutagenic effects; however, éregnaﬁcy rate was significant1§
reduced in females mated to test animais. Confirmation of the failure
of caffeine to induce AOminant lethal mutations was reported by Adler
- (1969), who treated male miée with a single intraperitoneal dose of
250 mg./kg. - Kuhlmann:ef al. (1968) re?orted that caffeine, added to
‘drinking water at a cbnéeﬁtration of 0.025 to 0.5%, gave evidence of

mutagenicity in male mice.

‘Reproduction
The consumption of 40.fo 50 mg._caffeine/kg;/day by albino rats
for 3 1/2 years (Bachmann et al. 1946) resulted in the normal number of

litters and normal offspring. Epstein et al. (1970}, as previously



:>rep6rted, foundra'reduction'in prégn;ﬁcy“rate iﬁ femalermice-matéd to

"maléé that had béeﬁ treéted‘with doseéiﬁp-to 240 mg. caffeine/kg. In -
.'addition, Nishimura and Nakai (1960) showed that a singie intraperitoneal
- dose of'250>mg. caffeine/kg. to pregnant ﬁice caused death and mélforma—

tions of the ékeletal system of the embryo.

Effects on Bléod Glucose

The effect of caffeiﬁe onvbldod-glucose level is confusing, as
published studieé report both -elevation and depression. Wachman et al.
(1970) and Cheraskiﬁ et al. (1967) showed an increase in blood glucosa
concentration;inrhumantsubjects for ué to 2 hours after ingestion of
250 mg. caffeine. A relatioﬁsﬁip between human’diabetes and caffeine
intake Was suggeéted (Kuftiﬁeg and Méyer 1964) when an elevatién in
blood glucose Was:found in obese Hyperglypemic mice after injection
with 2 mg. caffeine. When lean'animals were injected with 5 mg.
éaffeine, a 24 hour deérease in blood glucose occurred, followed by a
return to normal. Consumption of 875 mg.rcaffeine/day for 20 days
(Naismith et él. 1970) showed no‘cofrelation between caffeine ingestion
"and blood glucose; insuiin, or ﬁlasmé lipids in human subjects.

Feinbérg et al.(1968)'reported:hyéoglycemia with a concomitant
rise in serum free fatty acid (FFA) level after human subjects ingested
220 mg. caffeine with 1 gm. glucose/ké. It was determined previously
that cafféine-blocks the iﬁactivation of cyclic AMP (in wvitro by
Sutherland) and that this cyclic nﬁcleétide promotes the conversion of

liver glycogen to blood sugar (glycogenolysis). The mechanism to
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j_to account for the hypoglycemia found by Feinberg et.al. (1968) is not

established.

--Effécts oﬁ Piasma Lipids

| Although Naismith'etvalf-(1970) indicatéd'plaSma lipidé to be
qﬁgltered by caffeine consumptioﬁiinxﬁﬁmans, other a&ailable reports
showed aﬁ increaée in lipid fractions. Data from a study by Naismith,
Akinyanju, and Yudkin (1969) With'réts gave evidence of an increase in
"ﬁlaéﬁa cholesterol and phospﬁolipia.cdncentration; -Bellet, Kershbaum,
and Finck.(1968) foundia rise inrplasma'free fafty acids after human
éonSumption of 250 mg. caffeiﬁe.‘ Thelméchanism for the‘increase in FFAf
. by caffeine ié not qléarly defiﬁed;‘the_only evidence is that caffeine
:linéreases-catechdlamines.(Bellét'et“al; l969) which in turn may affect

‘plasma free fatty acid levels. -

Growth Studieé .

There are few published.reports pertaining to the nutritional
aspects of caffeine. Chaée (1928)>force fed doses of caffeine ranging.
from 94 mg./ké;lto 150 mg./kg; to chicks for 90 dgys. A decrease in
- growth and a slight loss of appetite resulted.

Bachmann et al. (1946) inves#igated the effects of caffeine on
thévgrowth of albino rats for a73>1/2'yeay duration. Caffeine, sup~
~ plemented to drinking watér, wés consumed at a level of &O to .

50 mg./kg./day. The rate of growth of the test-animalé was unaltered.

Inhibited gfowth of femalé albino rats was observed when doses

 greater than 150 mg. caffeine/kg./day were administered by intragastric
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"cannula for 100 days (Boyd et al;;l§65),r There was.a high‘Correlation
between -the percentage of gréwth.inhiﬁition and increase in dosage.
Feed consumption was decreased bnly;fof éne week preceding death. There
was no correlation between inhiﬁitidn'ofvfood intake and increase in
doéage#l ' |
-Naismith’ék al;’(1969)>reportéd éﬁ initial reductidn in growth
rate énd feed'boﬁsumpﬁion of malé rats féd é sfarch—baséd diet
suppleﬁented with caffeine.(l40'mé;/ioo gm. diet) for 54 days.: After
the fourth day, no further reductions ﬁere obse?&ed. The dietary intake
coffespoﬁded torl2 cups/day by ai70lkg. man. |
‘Because of the iimited dété a§éiléb1e, this thesis consists of
éxperiments'designed to analyze the effectg of caffeine én growth,

utilization of some dietary nutrients ‘and some tissue enzymatic activity.



CHAPTER 2

.DIETARY-CAFFEINE STUDIES WITH MICE

. Exﬁerimental Procédufef'

Weanling Charles RiVér mice (U. of A. stock), Qeighing-an
average of 9 gms., were'randomly sglecﬁed aﬁd distributed among two
experiments for a pefiod of four Wéeks each. Twelve micé (6 males and
6 females) were.assigned_to eagh,treatment with two mice of the same
sex being housed together in‘each faiséd wire screen»éage. Powdered
-feed,'in feeders with wire screens ' to prevent wastage, and distilled
_ watér were supplied gg_libitum fof fhé duration of each experiment.

In ﬁhe first‘experiment'(NFl);‘céffeine, from Métheson; Coleman
and Bell Co. was added to the basal diet (Table 1) to provide eight
treatments consisting of 0, 370, 770, 1506, 3030, 6070, 12,100, and
. 24,200 ppm caffeine. The basal diet:for experiment M-2 %as sﬁpplemented
with caffeine, furnishing six‘treatments éontaining 0, 2000, 3000, 4000,
5000,. and 6000 ppm céffeine; Chromiﬁm.oxide was added to the diets as
an index for the determination erdiétary nutrient absorptions.

Data including body weights and feed consumption for the third
and fourth weeks plus mortality data,for the four weeks were recorded.

. Feces samples were collectéd and refrigerated for the entire experimental.
‘ period, |

At the termination of both experiments, 10 animals per treatment

‘were sécrificed By decapifation (with the exception of experiment M-1,

3 E



Table 1. Basal Diet Composition for Both Mouse Experiﬁents

Percent Percent
. S , . of Diet of Diet
- Ingredient o I Exp. M-1 . ‘Exp. M-2
" Whole egg S ‘ 23.00 - 23.00
Cerelose : : . - 53.81 53 81
Salt _— B T .. 0.20 . o 0.20
Cellulose ‘ 1 o R o 3.00 - ~3,00 :
‘Trace mineral mix™ . - S 0.20 : 0.20
"Vitamin mix purified™ = - . . - 4,00 o 4,00
Corn oil - ST o ' 1.00 2.00
-Calcium carbonate - L ' 1.84 0.42°
Dicalcium phosphate - o e o - , 1.96°
Sodium phosphate mono S : < » 0.73 -
Choline chloride’ T - . 0.20 . 0.20
Chromium oxide . Sl : : 0.20 : 0.20.
Bentonite . ST 11.82 11.01
Total . ~ 100.00 ©100.00

1. Supplied as mg./kg. (ppm) of diet: iron 20, FeSO,-7H O, zinc 60,
Zn0; molybdenum 1, Na,MoO°2H,0; manganese 60 .Mné calc1um 168,
CaCO3; copper 4, CuSO4=5H20;,iodine 1.5, KI; and cobalt 1.5,
CoCly, 6H,0 in glucose monohydrate carrier.

2, Supplied the following per kg. of diet: 10,012 I.U. vitamin A
palmitate, 961 1.C.U. vitamin Dy, 8.7 I.U. d-alpha-tocopheryl
acetate, 30 mcg. vitamin Byy, 6.6 mg. 2-methyl-napthoquinome,

12 mg. rlboflavin 88.1 mg. niacin, 15.2 mg. d-calcium pantothenate,
4 mg., thiamine hydrochlorlde, 0.9 mg. folic ac1d 1.8 mg. pyridoexine,
91 mcg. biotin, 50 mg. ethoxyquln



; treatmeht 6, in which case only the five surviving mice were utilized).
" Livers and Kidneys were excised and frozen immediately with dry ice.
Tissues'Were stored at ~4°C until homogenates were analyzed for the

' 'act1v1ty of xanthlne ox1dase (Horecker and Heppel 1949) and glutamlc

-'”uoxalacetlc transamlnase (Slgma 1961) ' Changes in optlcal densities were

- recorded from a Coleman spectrophotometer;

Feed and feces were- analyzed for Cr2 3 (Czarnocki Sibhald and
. Evans 1961), calc1um by flame photometry (Coleman 1958), phosphorus .
.l.(Koenlg and Johnson 1942), proteln by the KJeldahl method and fat
(Goldflnch extractlon) Data were analyzed statlstlcally by analysis

. of variance and Duncan's multiple range test (Duncan_1955).

’ Results and Discussion

Data from the first study show a significant decrease in the
fourth Week ‘body welght of mice fed 1500 ppm caffeine (Table 2).
Growth was reduced further at. the 3030 to 6070 levels. The feedlng of
oA12,100 ppm caffeine caused 1007 mortallty by day 11,‘and 24,200 ppm
caused 100% mortality by day 2.. A 58Zimortality rate occurred in mice
fed 6070 ppm caffeine, whereas levels of 3030 ppm or less produced no
adeaths

The effect of dietary caffeine'leyel on fourth week body weight
was determined by calculation of the regression line, using data from
Table 2, Equation for the line: Y.= -.0027X + 25,7289. The correla-
rtion-coefficient, r = -,9412, is highlybsignificant (P = .01) and

dietary level is a.good predictor for body weight. The negative
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Table 2. Effect of Caffeine on the;Growth of Young Mice (M-1)

L Calculated
v 4th Week g Consumption
Dietary Body Feed Consumed of Caffeine % :
Treatments Weight - . Mouse/Week Mouse /Week Mortality
. {ppm added) . . . (gms.) ~ (gms.) (mg.) :
0 25,6 28 0 | 0
570 . 26,1 29% 117 0"
770 . 25.5° 28° 293P 0
1500 20.6° 24 36° 0o
3030 13.9% 132 37° -0
6070 11,44 11® 67° - 58
12100 - - 100
24200 - S e

- 100

1. Means not having common letter superscripts are~significantly
-different at the 0.05 level of probability (Duncan 1955).
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~regressionrcoefficient and.correlatibnvcoéfficienf>iﬁdicate the inverse
"lrelationship between caffeinevlevél'aﬁdlbodysweight,

There was a significanf“decréasevin Fhe feed consumption of mice
at 3030 ppm caffeine and a.reductipﬁ; a1though‘not sigﬁificant at
1500 ppm.- | |
The amount of caffeine ingested increased significantly at
1500 ppm and a further increase was noted at 6070 ppm. Only five mice
survived freatment 6 (6070 ppm) andfthe ﬁithin tréatmenf.variaﬁility
found in caffeine consumption ﬁakégithe vélue of the mean consumption
- . for the- treatment questiénable. 'Caffeine éonsumption appeared to
ﬁlateau at 1560 to 3030 ppm, coincidiﬁg with a largerdecrease in weight
and ‘feed intake. |
Increasing levels of diet;ry Cafféine had no effect on calcium,
nitrogen or fat absorptions,'és shown in Tablé 3. Highrlevels (3030 and
6070 ppm) appeared to feduce fhé amount of phosphorus absorbed.
| The activity of liver glutamiq oxalacetic transaminase (Table 4)
was significantly élevéfea in mice fed 770 to 3030 ppm caffeine. An
increase in activity over that of~the contro1 group occurred in mice‘fed
370 and 6070 ppm, but this Was not significant. Glutamic oxalacetic
transaminase activity o‘f kidney homogen.ates showed a statistical increase
at 6070 ppm compared with the controié and the‘groﬁps 6n 370 and 1500 Ppm
-caffeine,
' In the second experiment, progressive significant depressions in
_growth rate occurred in mice fed dietary treatments of 2000, 4000, and )

- 6000 ppm caffeine (Table 5). A 30% decrease in body weight resulted in



“Table 3. Effect of Caffeine on Dietary Nutrient Absorption (M-1)

12

- Dietary A v % » 7% %

. Treatments Calcium Phosphorus Nitrogen Fat
(ppm.added) ‘Absorption Absorption | Absorption Absorption

0 25.07" - 54.75 83.39 94.87

370 23.19 62.95V" 84.11 94.96

770 26.04 54.78 84.37 94.75

1500 25.10 65.665  84.38 94,74

i 3030 ©22.16 43.52 84.08 " 94.51

6070 26.50 129.96 83.52 95.17




.13_

. Table 4. Glutamic Oxalacetic Tfansaminase Activityl in Response to -
Caffelne in Mice (Mel) : :

Dietary | Tissue -

Treatments : :
- (ppm) .. Liver Kidney

| i ) '

0 - 51,722 63.42°

370 ' 64.49%P 67,772
770 75.09° 70.97%°

1500 72.22] 65.20%
3030 75.04° 73,327

6070 ab 84.70°

68.707 "

1. Enzymatic activity is expressed as change in 0.D./min./gm. protein.

Protein is measured at 280 mu

2, Means not having common letter superscripts are significantly

different at the 0.05 level of .probability (Duncan 1955).
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Calcﬁléted
e . e Consumption
- Dietary 4th Week Feed Consumed of Caffeine %
Treatments = - Body Weight . . Mouse/Week Mouse/Week Mortality
(ppm added) ... .. .. (gms.) (gms.) _(mg‘) -
. - - . -
0 26.3% By 0 0
2000 - 18.3° a7t 342 0
~ 3000 16.6° - 15¢ 46% 0
© 4000 12.2° 11P 43° 8
5000 10.8%° - - gab 372 17
6000 8.9% 6% 35% 17

1. Means not.having commonxletter superscripts are significantly

different at the 0.05 level of probability (Duncan 1955).
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mice fed ZOOQ ppm, compared with.thatvbf-the.control group. At 4000 ppm,
.5-54%:reduction_inrgrowfh ratélﬁaé‘ébéérved,and at 6000 ppm, a 66%.
'ﬂdifferenge in Wéight was found. k

The relationship of growth'to dietary‘caffeine concentration
was determined by computatipn of liﬁeéf regression. The regression
. equétion: Y ¥_—,0029X +'25,1928f“1Tﬁé.highly significant correlation
‘coefficient; r = ~:9860 (Pv=f;01), indicates a decline in:body weight
as a reéult of caffeine iﬁc?émeﬁ£$;3  ”

-Dietary caffeine produced SZEmortality ét a level of 4000 ppm-
éﬁd 17% mortality at both 5000 aﬁd 6OQQ ppm. At 3000 ppm or less, the
ﬁortality rate was zero. In this experiment,7the mice tolerated a
larger quantity of caffeiﬁé than that report¢d in the literature. The
mice fed'6000.ppm incurred the 17% ﬁéfﬁality rate before the cdlléction
of consumption data for.fhe thirdménd fourth Weeks. The daily consump-
tion for this group,:determiﬁéd‘from.the fourth week data; was 562 mg./kg.
Kuftinec and Mayer (1964) reported the LD50 under conditions of ad 1lib
feeding to be 400 mg./kg. for lean mice.

Feed iﬁtake was significantly'%educed in mice fed diets con-
taining 2000, 4005, énd 6000.§pm-caffeine. Consumption of caffeine was
not statistically altered in mice fhét ingested 2000 to 6000 ppm,
implying a plateau of ihtake at thesé-dietary levels.

Further-examiﬁation of the plateau effect was performed by
linear regression of cafféine consumptipnron dietary leQel, as
illustrated in Figure‘l.. Data pointé afe‘from both experiments with

the omission of treatment 6, experiment 1, due to the large within
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treatment variability in ééfféiné'cdnsumptioﬁ. 'The calculated
correl%tion.coefficieﬁt for the.firét‘éQuation; r = .9937, is'highly
.significantrat_the .01 proBabilify igvel“aﬁd iﬁdicates a linear increase
in caffeiﬁe conéumption witﬁ'iﬁcreménté.of-dietary levels to 1550 ppm,
the point of infe:sectidn, Aiplateau is demonétrated by the second line
- .as the cérrelation ;oefficiéﬁtg = .0009; indicates dietary levels of
. 1550 ppm to 6000-ppm'have no efféct'éﬁléaffeine ingestion. . inbthis
. caée, the consumpfion of caffeine leQeled.éff at 38.3 mg.; the value
for the mean intake. | |
'Thié plateau implies{ﬁhét caffeine iﬁgeétion regulates feea
éonéumption.' The regréésioq-of feed consumption-on caffeine intake is
shown in Figure 2 and includeé:data.from Bdtﬁ experiments, with the
' exclusion of treatmen£.6,'experiﬁent lff The first line is inferpreted
as no linear xeiationship between feed intéke and caffeine consumption,
" as the correiation coefficiént,f¥>= .4264. Intersection of the
_regreésion lines would indicéte tﬁaﬁfféedxéonsumption begins to decline
“at 15 mg. caffeine ingestion. 'HoWévef; the correlation for the second
line'is not meaningful, as r = -.5696 (compared with tabular r = .707
at p = .05 and 6 error d.f.) and-th¢~amount of caffeine ingested
apparently has little effect_én»feed éonSUmption, as determined by
linear regreséion. | | |
Calcium, nitrogen and fat absofptions wéré unaltered by supple-
ments of caffeine, as-shownrin Tabie 6. .fhosphorus absorption was
- generally reduced with incréasing levels- of caffeine up to 6000 ppm
“where it wés decreased compafed with theicontrol group and the mice fed

2000 ppm.



30-

X

25-

20-
"
€
o
©
@
(3
5 I5-
o
c
o
(44
©
[ 4
&

10-

X
5-0 1 ' ' ] 1 . '
o 10 20 30 40 50 60
Caffeine ingested, mg.

Figure 2. Effect of Caffeine Ingestion on Feed Consumption of Mice

8T



- 19

. 'Table 6. Effect'of Cafféine on Diefafy-Nutrient.Abso:ption‘(MF2)

. Dietary | 72N & - % %

- Treatments . Calcium - . Phosphorus .. - = Nitrogen Fat '

.. (ppm added) - 'Absorption:. : Absorption ~~ Absorption Absorption

L _' 0 | j_iZl.OS o _3” 33;;3f - 85.98  97.43
2000 324 2862 #h.80 9493
3000 2271 24.22 ©83.57 95.27
4000  19.94 '1' 246 84.04 - 95.75

os000 174 2332 8267 93.98

60000 - 23.41  fA 25.35 82.58 -1.  95.66
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:Tﬁe'différence in.pﬁosphbruélabsdrption found between the
;Control,g;oups for both experimentsvmay be explained by the‘pefcentage
of availéble phosphorus of the two diéts,  The first diet consisted7§f
‘;342%, assayed‘(,346Zlcaléulated) whereas .509% phosphofus, assayed
”3(.542% calculatéd) was availéﬁle in the second expefimental diet.
4 Therefore, phosphorus aBsorpﬁién at 54.75% was higher inrthe controls
'_ for therfirst experiment.dué to increased digestive efficiency for that
hﬁtfient;
| | The analysis of livéf:tissue for'xaﬁthine oxidase activity
éh0wedino statiétical.differéncés among the treatments (Table 7),
.leutamic'oﬁalacetic transaminase activity of liver homogenates was mot
significantly altered by 2000 to.6000 PPMm céffeine, although an increase.
.Was‘observed cbmpared Wifh the activity of the controi group. A
signifi;ant elevation in glﬁtamié oxalacetic transaminase activity
occurred'iﬁ kidney ﬁémogenateé of mice fed 6000 pﬁm cafféine.b
 'AThe various levels of éaffeine fed to mice apparently had no
effect on the oxidation.df hypoﬁaﬁthine and xanthine as evidenced by the
lack of differences in liver iaﬁthine oxidase activity. It is implied
,tﬁét ﬁrig acid formatibn waé ﬁét éltered by dietary caffeine. In human .
experiments, Cornish andVChriétmén (l957) found no change in urinary
excretion of either xanthine df uric acid after oral administration of
caffeine. | |
Data of liver glutamic oxalacetic transaminase response to
_ caffeine'ipdicates a sigﬁificéﬁtly increased enzymatic activity from

770 to 3030 ppm in the first experiment, although experiment 2 levels



‘ jTéble;?. Tissue Enzymatlc Act1v1tyl in Response to Dietary Caffeine in

Mice (M—Z)
Dietary. , Liﬁer - Liver - Kidney Glutamic
Treatments * Xanthine Glutamic Oxalacetic : Oxalacetic
" (ppm added) Oxidase . Transaminase Transaminase
. ' - —

-0 - 13.23% 0 80.36% . 61.742
12000 | - 8.47% 90.05% ' - 57.06%
3000 9,322 109.572 T e4.102

4000 13557 0 105,947 L 67.36°
- 5000 12.30% 106.26° - 67.61%
6000 8. 74 o 89.37® ~ 80.03°

1. Enzymatic activity is expressed as change in 0.D./min./gm. protein.
Proteln is measured at 280 my. -

- "2, -Means not having common letter-éu@erscripts are significantly
. different at the 0.05 level of probability (Duncan 1955).

N
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were not‘statistically.eleﬁated, Anai&sis of variance ef the second
" -experiment showed this.lack ef-treafmeﬁt differences Wes due to a higﬂ
.ﬁithin treatment (errox) mean'sqﬁare; deqofed by‘sz, and therefore a
large standard efror Qf.a treatmen£ means (e;) fOr the determination of
;the mulfiple,fange‘test, ;ﬁiffereﬁeeé betweethreatment’means~could nOf'
be.feund sigpif?ceﬁt:When comﬁared ﬁith>therleast”significant ranges:

(significant studentized ranges, tabular values, times sg).

Summary

‘Body weights ofvmice-in expefimepﬁ 1 Were‘significantly
-depfessed by dietér& levels of 1500 and 3030 ppm caffeine. The second
lexperlment showed progre581ve growth reductions at 2000 4000, and
6000 ppm’ caffelne. There was a 20% reductlon in the growth rate of mice
fed 1500 ppm caffeine, a 30/ reductlon at 2000 ppm, 46% reduction at
3030 ppm, 54% reductlon at 4000 ppm, and 66% reduction at 6000 ppm.
- The toxic level ofrcaffeine is estimated to be between 770 and 1500 ppm,
based on growth. This is similar to the report By Naismith et al. (1969)
that weightefeduetionsvwere found in rats fed 1460 ppm caffeine.

A_levelAdf‘4OOO ﬁpm caffeiﬁe producea_S% mortality, 5000 and
GOOd ppm produced 17% mortality, respectively, and a 587 mortality rate
occurred at 6070ﬁppm.' The feeding of either 12,100 or 24,200 ppm
caffeine resulted iﬁ lOO%imofﬁality.' No deafhs occurred at levels below
4000 ppm.

Significent reductioﬁs in feed consumption generally paralleled
growfh depressione. .Caffeine consumption showed a plateau of intake at

dietary levels of 1500 to 6000 ppm.
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_. Cafféiﬁe supplemehtationﬁﬁad ﬁb éffect‘on 'caZ‘L’c:i.ums ﬁfotein, 6r
fét digestion,;‘Phoéﬁhofus.utilizatiéﬁ ﬁay'be impaired ét:2000.t0
607d ppm aé abéofptions were décreaséd in mice fed these dietary levels.
Thefe were no éhanges in_liver’enzymatic activity for'xanthine
oxidase as a result of caffeine treatmeﬁts éf 2000 to 6000 ppm;->LiVer
glutamic.dxalécetié transaminasé aéﬁivity'was'sigﬁificantly increased
ét_levels of 77O,t0 3030 ppm in thébfirsf.experimeﬁtg however, an
increased reséonse_found in the secéndiexperiment could,nét bé provén
. statistically different. qutamicroxala;etic transaminase activity in
kidney tissue was significantlyielevated at 6000 and 6070 ppm .caffeine.
This may éuggestvpossible tissué'damage to mice fed 6000 ppm.or greater
améunts oé.caffeine. |
' Upon1exaﬁinatioﬂ of_the.pérémeféré-measured in these experi-
menfs,»it appearé that tﬁe reducéd growth éf the_experimentél animals
‘was due to a decéease in appefite andafeea consumﬁtion, and impairment
of phosphorus digestion. An alteiation iﬁ glutamic oﬁalaéetic
transaminase activity may‘have been aicpntributing'factof at thé

cellular level.



CHAPTER 3 -
DIETARY CAFFEINE STUDIES WITH CHICKS

Experimental Procedure

: Tﬁo-exﬁerimeﬁte Wefe eonducted with day old Hubbard b:oiler
chicks from the-University of.Afizona stock. The birds were randomly
'dlstrlbuted among three repllcate groups (peﬁs) per treatment and were
housed in electrically heated batterles Wlth ralsed wire floors. Each
'replicate contained 6 birds (an equal.number of males. and females).
Feedvand water were suppliedigé_libitum'fprvthe four week experimental
peridds. | |

| Caffeine was supplied iﬁ.ihcremenes to the basal diet (Table.8),
Iformulating eight . treatments of 0, 55, 111, 222, 444, 888, 1775? and
3550 ppm caffeine fdr fhe first experiment and O,SSOO, 1000, 1500, 2000;
2500, 3000, and 3500 ppm caffeine for the second experiment. Chromium
oxide was included in both experimental diets for the calculation of
» retentions.' |

initial third end fourth week feed weights were recorded for

each pen.and third and fourth week body Welghts were notedlr Fecal
samples were collected dur:Lng the fourth week

© Ten animals per treatment were sacrificed upon completion of the
second experiment. Livers Wefe femoved; frozeh immedietely with dry ice
epd‘etored,at —4°C."Tissueshwere:sugsequently assayed for glutamic

24
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Table 8 Basal D1et Compos1t10n for Both Chlck Experlments

Percént of

- Ingredient - . . BEERE Diet
Ground milo - o _ 46.17
Soybean meal = : ST : 23.32
Fish meal S e 17,12
Whey - ' Lo 1.00-
Dist. dried sol. =~ . - S - 1.00

- Animal fat S IR 5.00
DL-methionine 1 T R _ 0.10
"Pr~9 vitamin mix IR 2.50 -
Dicalcium phosphate =~ =~ . - : 1.10
Calcium carbonate R 0.75
Salt . AP o 0.20
.Trace mineral mix e v 0.20 -
Chromium oxide P ' - 0.20
Bentonite S 11.34
. Total 100.00

Supplied the following per kg. of diet: 9,925 I.U. vitamin A
palmitate, 1,537 I.C.U. vitamin D5, 5.5 I.U. d-alpha-tocopheryl

acetate, 13 mcg. vitamin By9, 2.2 mg. 2-methyl-napthoquinone, 4.5 mg.

riboflavin, 28 mg. niacin, 11.3 mg. d-calcium pantothenate,
930.1 mg. choline chloride and 125 mg. ethoxyquin.

Supplied as mg./kg. (ppm)rof~diet: iron 20, FeSO4-7H90; zinc 60,

'Zn0; molybdenum 1, NagMoOy - 2Hy0; manganese 60, MaO,y; calcium 168,

CaCO4; copper 4, CuSO4°5Hy0; iodine 1.5, KI; and cobalt 1.5,

CoCly- 6H20 in glucose monohydrate carrier.
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~oxalacetic,transaminasevactivity;:usinéaa-Coleman spectrophotometer
vli_for recording:opticalrdensity Changesllr:

7 Analyses of feed and feces were performed for Cr203 (Czarnocki
'vfet al 1961), calc1um by flame photometry (Coleman 1958), phosphorus
" (Roenig and Johnson 1942), proteln by the Kjeldahl method, and fat°
l vStatlstlcal analyses of data were" determlned by analy81s of variance

~ and Cundan's multiple range test (Duncan 1955).

"Results and Discussion

Fourth week bod§ welghts of chicks were progre531vel§ reduced
at 888, 1775, and 3550 ppm caffelne, as 1ndlcated by the results of
-the first experiment in Table-9.,aTherevwere no statistical differences
‘in the growth:of chicks fed up.to 444vppm;v Growth-rate depressions were
14/ at 888 ppm, 372 at. 1775 ppm, and 68/ at 3550 ppm,- when compared
with the weight of the control group,

The influence of dietary caffeine level on growth was investi-
:gated by linear,regreesion; The'equatlon of the line: Y = -.1294X +
650.5671. Correlation between caffelne'ppm and bodyiweight was very
high as calculated T %p—.9957 at  the 99% level of significance (P = .01).
.The‘detrimental effect of high caffeinewlevel is evident, based on the
‘criterion of growth. B

- There were progressive»significant reductions in the feed
consumption of chicks onrdietary levels of 888, 1775, and 3550 ppm
;caffeine, Feed intake . for the four Week perlod was not altered in chlcks
- fed diets conta1n1ng up to 444 Ppm. There were no 81gn1f1cant differences

in feed conversions due to the'respeCtive treatments up to 1775 ppm



Table 9. Effect of Caffeine on- Body Welghts and Feed Utlllzatlon of
R Grow1ng Chicks (C—l)

Feed V Calculated

o - o o Conversion Consumption
. Dietary 4th Week - TFeed Consumed  gms. Feed/ of Caffeine
- Treatments . Body Weight' B1rd/4 Weeks- gms. Body Bird/4 Weeks
'.:(ppm added) ~  (gms.) - - . (gms.) - Wedight - (mg.)
. 1 B
0 e w76 1707 0
55 oewmd o 10t 165 592
111 633 1079¢ S1.712 1207
222 6224 - 10s3¢ T 1,697 234°
bk 6219 1039 1672  460°
888 - 545¢ o 925¢ 1.70% g219 |
1775 . L~ VLR B% s 1303°
2 3 2.03° 1403°

3550 195 ©395%

1. - Means not having common letter superscripts are significantly
different at the 0.05 level of probability (Duncan 1955).
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céffeiné;: feed'convefsion_wasvleast‘effiéiént at 3550 ppm, the highest
level ofAcaffeine fed.J.Céﬁsumptiéﬁ of ééfféine was essentiélly incfeasedﬁr
with dietary incrementé ﬁﬁtil.£hé intaké appeared to remain aﬁ a
. constant leﬁel fromvl775 to 3550 ppm. Growth and feed intake showed the .
‘greatest decliﬁe at fhis plateau of infake,.
The dietary freétments did not affect calcium, pﬁosphorgs, or
v:fat'reteﬁtion as shown by the data“summarized in Table 10. Nitrogeq
»’retention‘éppearéd to‘be réduced ét*l775 and 3550 ppn caffeipe,,indicat_
ing decreased utilizatipﬁ ofithis nutrient as a result of feeding high
levels of caffeine. o | |

‘Treatment meénéﬁfrom thelsécoﬁdféiperiment, éresented in
Tablé 11, generally éhowed a progressive.statistical depression in the
growth of chicks for eachvincreasing'levei of caffeine, gfeatér than
"500 ppm. The feeding of 500'§Pm.haa no effect on body welight. Gro&th
_'raté wasAreduced 20% a£ 1006 bpm, éoﬁparéd with the control group.
Furthér»feductions in growth were 30% at 1500 ppm, 43% at 2000 ppm,
“53% at 2500 ppm and 66% at 3500 ppm.

Tﬁe decline in Eodinéight-éésociated with ingreasing dietary
caffeine‘level showed a higﬁ degfee of correlation, as. r = -.9799
(P = .,01). The linear equation,.éé determined by regression analysis
. of body weight on caffeine level: Y ; -.1345X + 660.1208.
- A reduced pattern in feed consuﬁption occurred with increasing
'>ievels of caffeine greater tﬁén SOijpm."Feed conversioﬁs Qefe not ’
significantly altered b§ incfeasiﬁg'éaffeine concentration up to a

level of 2000 ppm. Feed utilizafion:was'then decreased in efficiency



Table 10. Effect of Caffeine on the Retention of Dietary Nutrients

(c-1)
Dietary - 2 A g g

- Treatments ..~ Calcium Phosphorus - Nitrogen - Fat
.- {ppm added) Retention Retention Retention Retention

o 2225 3215 65.51 . 94.92

55 :"' 16.14 ”‘27°45. - "56i41‘_4 frr 193.43

 111 2609 348 64.94 | ' 93.26

220 2810  39.30 62.66 93.94

sh o 2676 37.91 64,935 96.42

888 29,42 39.44  60.30  92.93

1775 '_ 259 494 os1.85 93.08

3550 28,05 . - 42,02 51,61 91,80
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Table 11.. Effect of Caffeine on Body Weighté.ahd Feed Utilization of

Growing Chicks (C-2)

Feed Calculated
’ S T Conversion . Consumption
"Dietary : 4th Week  Feed Consumed gms., Feed/ of Caffeine
Treatments . Body Weight  Bird/4 Weeks gms. Body Bird/4 Weeks
'(ppm.added) ;_ - (gms.) - - (gms.) Weight (mg.)
o . et - 1un® L™ 0
500 662" 1146 1.68° 573
1000 ©os10% . e26d 1,79 926"
1500 - 4esd 0 7m®  1.76% 1176°¢
2000 C6sS o ess” T 1.88™ 1367°¢
2500 298> . e03®® 2.01°% 1508de
3000 . 268% . s90® | 2,19¢ © 1769°
3500 2142 469° 2.19¢ 1642%

- 1. Means not having common_letter'sﬁperscripts are significantly
) different at the 0.05 level of probability (Duncan 1955).
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at thé'ZSQO to 3500 ppm l_evels° 'Caffeihe consumption-incréased with
,'dietary'levél'up-to 1500 ppm. lintéke;éeemea to level-off gradually
' from the 1500 to _2000- ppm l‘levetl”‘to 3500 ppm. A
| Linear regressibﬁ ahalyéis'qf'calgulatéd caffeine consumption
on diétaryrlevel Was_ﬁérfprméaAforiboth'chick expefimenté énd,is shown
" in Figure:3, :The X and Y;points'ﬁlottéd are data. from Tables 9 and.ll,r
'The'firsf line‘indicates an increaserin caffeine consumption with
:diétary levels'pp to 1725 ppm,'tﬂevinteréeétiOn point. The corfelation
for,this line is very high, as ?ié .9860 at the';Ql probability level

and Fhere is a good linééi relationship between caffeine intake and
diefary'level to>l725bppm._ The'ééCOnd line shows a decreased intake
rate of>ca£feiné. Tﬁe correlétiénnﬁetween caffeine consumption and
‘ppm is not significant és cglcﬁiated T = ;5754 (éompared Qith tabula?.
r of .811 at P = .05 with 4 error dff{)Q 'The¥efore; dietary levels of
:1725 to 3550 pPpPMm aéparenfly had iitile gffeét on caffeine consumﬁtion°
The decreasedvraté‘of caffeiﬁé.éonsumption, interpreted as a
plateau effect, infers.phat caffeine cohtrolled_feed consumption. The
influence of caffeine'ingestioﬁ on feéd cénéumption was analyzed for
-both experiments by iineaf regression,'illust:ated in Figure 4. There
is no:linear felationship betweén caffeine intake and feed consumption,
as demonétrated by the-Cofrelation,coéfficient for the first equation,
r = .1333, However, the intérsection of the lines indicates a decline
~in feed conSumﬁtion at 585 mg. cafféiﬁe'asvthe.correlation for the
.second line is very high at r =_;8974v(¢ompareﬁ with tabular r = ;765,

P = .01 with 8 error d.f.)..v
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..  fTﬁer¢ were no diffe;encesvin fat fefeﬁtions as a resulf of |
:fee@ing.SOO'té 3500'ppm éafféine'(Téﬁlé i25;  Treatments of 500 to
2500 p§m had no effect on nitrégen‘fetention whereas 3000 to 3500 ppmv
both may have . depressed nitrogen reteﬁtion. \

.Table 13 indicates the_mean enéymatic activities for“glutamid
.oxaiaéeti¢‘trénsaminase in liﬁer_tissué};for'thejvariOus treatments
~utilized. Tﬁe étatiétical diffgfénce in the activities found at 1500
ahd_SSQO ppm éannot‘be interp:etéa aé a true dec£ease at the highest
1evelovanalysis>of &arianée showed the treatment mean square was less
than thé~errof ﬁean Square,rresﬁiting in a nonsignificant f-valué of
less thaﬁ.l. Therefbre,'it-is>conc1uded that there were no differénces
in li§¢r_glutamic oxalaceticrtfénsaminase éctivity due to caffeine

treatments.

'E,Summérzvi

A level of 888 pbﬁ;céffeiné or above progressively depfessed
féurthbﬁeék bédy Weighté of ¢hinsf fTéxicit& for these animals was |
apéarently between 500 and 888 ppm éaffeine. Growth was depressed(l4%
-at 888 ppm, 20% at 1000‘p§m, 30% ét_lSOO ppm, 37% at 1775 ppm, 437% at
2000 ppm, 53% at 2500 ppﬁ,-66i at.3500 ppm;Aand 68% at 3550 ppm. Chasé
(1928) reported a marked decreésé in the’gfoﬁth-bf chicks that were |
éontrolled fed smaller ambunts‘of caffeine.

’ Reduétiqns in feed intake showed.essgnfially the same statistical

response to dietary caffeine. concentration as found with growth depres-

sions. It appears that appetite was adversely affected by a minimum
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‘Table 12. Effect of Caffeine on the Retention of Some Dietary Nutrients
(c-2) o o . . : -

Dietary . , o % o . %
- Treatments " ~ Nitrogen ' Fat

. (ppm added) ' ‘ . Retention , . Retention

o sn13 R LI

500 I  48.45 B  am

1000 o stes S 934y
1500 o B Cos1.78 9Lz
'ﬂfzooo R V v‘ R '52;031 - L 92.00

2500 - o IR ,'f-49‘72' o " - $91.25

3000 o me T s

3500 4361 . 90.68
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Table 13. Liver Glutamic Oxalacetic Transamlnase Act1v1tyl in Response
: to Dletary Caffeine in Chicks (C-2)

~ Dietary Treatments

. (ppm added) - -f : _:- ei'l ; - - Liver
o e  se.05®
500 o IR S  57.55%
1000 '7;_,; - 51407
S0  63.43P
2000 . s3.90®
2500 - - R 51,7530
"'3000 o I 51.38%
3500 L 43.98°

1. Enzymatic act1v1ty is expressed as change in 0.D./min./gm. proteln
’ Protein is measured at 280 mu.

2. Means not having common letter'suéerscripts are significantly
different at the 0.05 level of probability (Duncan 1955).
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ievel betWeeﬁ'SOO and_BOQ ppmﬂééffei#e,"Coﬁsuﬁption of‘caffeiﬁe
seemed to plateau from éﬁbroxiﬁéﬁei§ i775 to 3550 pme' Eeed'conversions_
Were'not statisticélly altefed to ZQOO'bpm-caffeine,'indicating utiliza—
' tion>of,nutrients WaéiequéllyAeffiéient-fof Ehe vﬁrious treatments - to
this level. . Thé reduction in féeé>conversioﬁs at. 2500 té 3550 ppm
suggests aﬁ inéfficiency'in nutrieﬁt_utilizatibn at these high caffeiﬁe
levels. | . |
. 'Caffeine may:héve iqterféfed with protein'digestion at 3000 to
3550 ppm as evidenced By the redué?ibn in nitrogen retentions at these
; lévélé.' However, digestion»of-calcium; phosphorus and fat was not |
affécted by caffeinelas retentions- of these:nutrients were unaltered.
‘LVAnélysis of-liver'tissue fbf activity of glutamic oxalacetic
tféhséminase showed'ﬁ6~signifidantkdifferénces among treatments dué.to
‘dietary éaffeiné. 1Clihica11y,-gléyatioﬁ of glutamic oxalacetic
transaminase and glutaﬁi; pyrﬁﬁié;transa@inase acfivities indicatés
tissue damage.. Therefore,_thé‘dééa showing on change in activity is
.,intefpréted as no impairmént»in ihe liver function of caffeine-treated
chické,. | |
it is_pdstulatéd that the.féduced_growth rates of the chicks
resulted from decreased feéd conépmption, and both inefficient feed
utilization and impairment in protein digestion found at the higher

levels of caffeine.
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