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Abstract : This study was conducted to identify the effects of caffeine on the lipid and
protein components or blood chemistry levels of the serum as well as the total homogenate,
mitochondrial and microsomal fraction of the rat(Sprague-Dawley, female) liver.

Acute test were conducted to determine those effects. The acute test was conducted by
dividing rats into 7 groups according to the time lapsed after a single oral administration of
100mg/kg caffeine(that is control, 2hrs, 4hrs, 8hrs, 24hrs, 48hrs and 72hrs lapsed group).

The concentrations of glucose, urea nitrogen, uric acid, creatinine, total protein, albumin, A/G
ratio, triglyceride, total cholesterol, HDL-cholesterol, free fatty acid, phospholipid as well as the
activities of alanine aminotransferase(ALT), aspartate aminotransferase(AST) and alkaline
phosphatase(ALP) were measured in the serum of each experimental groups.

The concentrations of the carbonyl group, malondialdehyde(MDA) and the patterns of the
SDS-PAGE(Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis) were analyzed to
determine the oxidative damages and metabolic changes on the lipid and protein components in
the serum, and total homogenate, mitochondrial and microsomal fractions of the rat liver.

The results obtained from this study were summarized as follows;

1. The concentrations of serum glucose were significantly higher(p<0.01) between 4(143.0mg/
dl) and 8hrs(138.0mg/dl) in comparison to that of the control(101.1mg/dl) after a single oral
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administration of caffeine(100mg/kg). While on the other, there were no significant differences in
the concentrations of urea nitrogen, uric acid, creatinine, total protein, albumin and albumin/
globulin(A/G) ratio in comparison to those of the control.

2. The concentrations of total cholesterol and HDL-cholesterol in serum were significantly
higher(p<0.01) between 4(77.4mg/dl, total cholesterol) and 8hrs(64.7mg/dl, HDL-cholesterol) in
comparison to those of the control(62.8, 46.7mg/dl) after a single oral administration of caffeine
(100mg/kg). On the other hand, the concentrations of triglyceride in serum were significantly
lower(p<0.01) after 8hrs(38.8mg/dl) in comparison to that of the control(66.5mg/dl).

3. The activities of AST in serum was significantly higher(p<0.05) from 2hrs(149U/L) to 8hrs
(178U/L) in comparison to the control(112U/L) after a single oral administration of caffeine
(100mg/kg). The activities of ALT in serum were significantly higher(p<0.01) at 4(45.5U/L),
24(49.3U/L), 48(46.8U/L) and 72 hrs(42.3U/L) in comparison to that of the control(39.7U/L)
after a single oral administration of caffeine(100mg/kg). On the other hand, there were no
significant differences in the activities of ALP in comparison to that of the control.

4. The concentrations of free fatty acid in serum were significantly higher(p<0.01) at 8hrs(65.
Omg/dl) in comparison to that of the control(37.6mg/dl) after a single oral administration of
caffeine(100mg/kg). However, there were no significant differences in the concentrations of
carbonyl group and malondialdehyde within serum, and liver homogenate, mitochondrial and
microsomal fractions in comparison to that of the control.

5. The patterns of SDS-PAGE in serum, mitochondrial and microsomal fraction of the liver

showed no significant differences.
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Table 1. Effects of caffeine on the concentrations of glucose, urea nitrogen, uric acid and creatinine in serum according to the

time lapsed after single administration of caffeine* (mg/dl)
Time lapsed (hour) Glucose Urea nitrogen Urc acid Creatinine
0 101.0° + 9.2 248 + 26 263 £ 038 088 £ 0.08
2 1229° + 5.0 247 + 18 255 + 059 085 + 0.07
4 143.0° + 8.0 242 + 29 2.68 + 0.68 0.89 =+ 0.09
8 138.0° = 6.6 250 + 2.3 249 + 045 0.86 £ 0.16
24 119.9*° + 66 242 + 23 257 = 0.80 092 + 0.04
48 1024* + 6.8 238 £ 16 2,65 = 0.34 092 + 0.09
72 1044* + 7.3 241 £ 19 267 = 081 0.84 01133

it

"¢ Means with different superscripts within groups of the time lapsed are ditferent(p<0.01).

The results are expressed as means = S.D. obtained of 10 rats.

*: Caffeine was orally administrated with the dose of 100mg per body weight(kg) singly.

Table 2. Effects of caffeine on the concentrations of triglyceride, total cholesterol and HDL-cholesterol in serum according to the

time lapsed after single administration of caffeine* (mg/d!)
Time lapsed (hour) Triglyceride Total cholesterol HDL-cholesterol
0 665 + 38 628 + 3.2° 467 + 58
2 527 + 62° 72.7 + 6.6 59.7 £ 52°
4 424 + 51° 774 + 67° 642 + 46
8 388 + 4.8° 734 + 57 647 + 68°
24 618 + 5.4° 66.9 = 9.4 51.6 + 4.2°
48 683 £ 6.1° 642 1 45™ 46.4 + 62°
72 639 + 4.7 61.8 + 1.9° 475 + 68

a,bed

5% Means with different superscripts within groups are different(p<0.01)

The results are expressed as means £ S.D. obtained of 10 rats.

*: Caffeine was orally administrated with the dose of 100mg per body weight(kg) singly.
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Table 3. Effects of caffeine on the concentrations of total protein, albumin, globulin and A/G ratio in serum according to the

time lapsed after single administration of caffeine* (g/dl)
Time lapsed (hour) Total protein Albumin Globulin A/G ratio(%)
0 82 £ 07 39 £ 03 43 £ 08 093 + 0.20
2 79 £ 05 37 £ 03 43 + 04 0.87 + 0.10
4 76 + 03 37 £ 02 39 £ 01 095 + 0.06
8 81 + 06 39 £ 01 42 + 06 096 + 0.11
24 77 = 08 37 £ 05 40 + 04 093 + 0.11
48 78 £ 07 37 £ 04 41 + 04 089 + 0.11
72 80 £ 05 39 £ 03 41 = 02 096 + 0.04

The results are expressed as means + S.D. obtained of 10 rats.
*: Caffeine was orally administrated with the dose of 100mg per body weight(kg) singly.

Table 4. Effects of caffeine on the activities of aspartate aminotransferase (AST), alanine aminotransferase(ALT) and alkaline

phosphatase(ALP) in serum according to the time lapsed after single administration of caffeine* (U/L)
Time lapsed (hour) Aspartate aminotransferase Alanine aminotransferase Alkaline phosphatase
(AST, GOT) (ALT, GPT) (ALD)
0 12 + 185 39.7 + 65 530 + 163
2 149 + 24.6™° 355 + 2.5° 545 + 17.9
4 167 + 16.4° 455 + 14.5° 305 + 193
8 178 + 50.6° 380 + 22° 495 + 217
24 143 + 182%° 493 + 127 470 + 12.3
48 134 + 348%2C 468 + 4.8° 437 £ 209
72 98 + 34.6™° 423 + 109° 41.0 + 208

ABC Means with different superscripts within groups are different(p<0.05).

*pede Means with different superscripts within groups are different(p<0.01)

The results are expressed as means + S.D. obtained of 10 rats.

*: Caffeinc was orally administrated with the dose of 100mg per body weight(kg) singly.

Table 5. Effects of caffeine on the concentrations of free fatty acid, phospholipid, carbony! group and malondialdehyde in serum
according to the time lapsed after single administration of caffeine*

Time lapsed (hour) Free fatty acid(mg/dl) Phospholipid(mg/dl) (nfnaér/(’;g g ggn) (nﬁﬁ?ngglﬁzg;)
0 376" £ 59 1342+ 157 1.65 £ 0.06 0.36 = 0.04
2 521° £ 41 1384 + 149 1.65 + 0.08 0.34 + 0.04
4 624 + 41 1390 = 118 1.67 £ 0.11 0.37 £ 0.02
8 65.0° + 4.1 1417 + 123 1.73 + 0.05 0.36 = 0.02
24 391 + 36 1331 £ 116 1.64 £ 0.08 0.35 £ 0.03
48 38.0" + 44 1360 + 163 1.67 £ 0.06 0.34 = 0.04
72 383" + 4.6 1316 + 137 1.62 £ 0.07 0.37 = 0.03

**< Means with different superscripts within groups are different(p<0.01)
The results are expressed as means + S.D. obtained of 10 rats.
*: Caffeine was orally administrated with the dose of 100mg per body we:ght(kg) singly.
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Table 6. Effects of caffeine on the concentrations of carbonyl group in total homogenate, mitochondrial and microsomal fraction

of pooled liver according to the time lapsed after single administration of caffeine*

(nmol/mg protein)

Time lapsed (hour) Total homogenate

Mitochondnial fraction Microsomal fracton

0 115 + 0.06
2 1.07 + 0.07
4 1.04 £ 0.08
8 1.10 £+ 0.06
24 1.09 + 0.07
48 1.05 + 0.06
72 115 + 0.05

066 + 0.05 127 + 0.08
0.66 + 0.07 125 + 007
0.67 + 0.06 118 + 0.09
0.69 + 0.07 116 + 0.07
0.65 + 0.07 120 + 0.01
0.66 + 0.04 124 + 0.04
0.68 + 0.04 1.25 £ 0.05

The results are expressed as means + S.D. obtained from 3-5 tests.

*: Caffeine was orally administrated with the dose of 100mg per body weight(kg) singly.

Table 7. Effects of caffeine on the concentrations of malondialdehyde in total homogenate, mitochondrial and microsomal frac-

tion of pooled liver according to the time lapsed after single administration of caffeine*

(nmol/mg protein)

Time lapsed (hour) Total homogenate

Mitochondrial fracion Microsomal fraction

0 452 + 0.28
2 412 + 021
4 434 + 0.25
8 482 + 0.30
24 4.07 £ 015
48 4.16 + 0.38
72 432 + 032

234 + 0.05 112 £ 0.04
232 + 016 1.04 + 0.08
231 + 015 120 + 0.02
254 + 0.09 120 + 0.06
253 + 009 L19 + 0.04
254 £ 0.06 119 + 0.02
253 £ 013 L14 £ 007

The results are expressed as means + S.D. obtained from 3-5 tests.

*: Caffeine was orally administrated with the dose of 100mg per body weight(kg) singly.
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Fig 1. Comparison of the protein profiles in pooled serum.
A: control, B: 2hr lapsed, C: 4hr lapsed. D: 8hr lapsed,
E: 24hr lapsed, F: 48hr lapsed, G: 72hr lapsed, M: Standard
molecular weight mark.
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Fig 2. Comparison of the protein profiles in mitochondrial frac-
tion of pooled liver.
A: control, B: 2hr lapsed, C: 4hr lapsed, D: 8hr lapsed, E:
24hr lapsed, F: 48hr lapsed, G: 72hr lapsed, M: Standard
molecular weight mark.
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Fig 3. Comparison of the protein profiles in microsomal fraction
of pooled liver.
A: control, B: 2hr lapsed, C: 4hr lapsed, D: 8hr lapsed, E:
24hr lapsed, F: 48hr lapsed, G: 72hr lapsed, M: Standard
molecular weight mark.
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cardial infarction, arteriosclerosis®] Y EA=Z 243}
BB RaL glon, aFe) mA9 Hole
AN gy o g vAe EARE ¢
Z% 9\1];]_5,28,47,59.

FEARAA BFgET AP Aol GFE v
caffeined A ¥ 5 &< Sprague-Dawley rat(female)ol]
R Qe ARHEAE 1Y 2 Bugel 3
3}2-¢) malondialdehyde9} carbonyl group] FHaFg 4
8}, SDS-PAGEE o] £ 3}e] & 3} mitochondria ¥ mi-
crosome ¥ 9] @A LAY WsE BAFoEH
caffeineo] A2 % B FHL L WAE 4FE T

d3k7] Aste] £ AHE A AU

i oz ol

¢
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AR glucose FFS B4 3 2 (Table 1), caf-
feined 13 475 4% A4 HE2 glucosed] FFW
she 2413 AFARE FH8E7] AlRtete 44z A
Ao} 71 A UERg oh(p<0.01). 121} urea nitrogen,
uric acid, creatinine®] 3ol = o4 Q& ko] W
7F YA ol F A caffeineo] F-oJH FolH BFo] F7}
8 22 Cheraskin 5'%70] Abghol) A caffeine 5o 3}
Y %o} 242t ZHAFH A5ah on, Oberman 5
““o] moused) caffeineg 13 B33l YFAso| 1803
old A% A&dAdE Bus FAE AL BYgE
g, ol Aol FEo|H caffeineo] phosphorylase bE
phosphorylase a2 &4 8} A A glycogen®. 2 H B glucose
FHE FAANAGE BP0 xqe o] caf-
feine o] 2 218} cAMP phosphodiesterase 4] 0] & 7] 5]
o} cAMP7} SAMPZ 2a5% E3lc] cAMP7} 245
A3 qEoz 4z4dr

A\ total cholesterol?} HDL-cholesterol 3t 2k(Table 2)
& caffeine 50 2A12F F5-E] 8A]Z} Alo]of] 7} Egke
W (p<0.01). AR MO triglyceride & W2 caf-
feineol] ]3] FaFol f3A4 A 74 A tHp<0.01). ©]
Akinyanju 570} rato] 50459t coffeer} 4% AR
Fo3 4 w cholesterolo] )& 7o) Hl3}e] &L o3k
%7t JEhRgiths B39, Naismith 50| rato]
coffeed H7HE AR E FANE 9 caffeine ¥ § o)
EETE AW cholesterol 37t 453 St
Bel B Ado) A caffeinec] FodH F9 cholesterol 3}
FZ7He] Anrt YA

o] B A caffeineo] T Tl A PH ) cholesterol 3}F
o] F7t8ke AL caffeined] 3] BF ol fre} ¥ free fatty
acid7} acetyl-CoA R thA}E o] cholesterold] F ¢ 239l
mevalonate 2 A5 7] g & cholesterole] 3} o] =
Mg Aoz AzEY, dAZ 9E JH BE 5823
£.3] liver, adrenal cortex, skin, intestine, testis % aortacl] A]
cholesterol & 438 =7} 120 A XU microsomed} cy-
tosol &8 o| A cholesterol g4do] F& dojr}A FHr}. o)
A dAE 79 cholesterol> ¥ AW lipoproteind} 2
et B 28 597 8 F(arteriosclerosis)} HA
S/ A1 (coronary heart disease) & fFriEris B
7 e,

8 A% triglyceride ¥ caffeineo] E ¥

TAA ol e BFY #FAE BA=H(P<0.01), o

do e rlr

£ Akinyanju 570] rato] /| 509 %9} coffee 3HAEE
w43ty trglyceride FFo] FadPoe Bud,
Naismith 5*0] ratof] coffee 35412 E 54QF 0 FodA
87 triglyceride FFo] T4 A ZAaPDE Bag
dAst e, ol Aol FoIH caffeined] <3
adipose tissuet] o] cAMP7} 24 g o2 A A z|u 23
9] triglyceride 2 #-¥ lipolysis7} £z 8 A2 Algd
o},

At A o] Hek(Table 3} Y273 vlud o &
o4 Sle Aol g HAE + glded, AW AST
(aspartate aminotransferase), ALT(alanine aminotransferase),
ALP(alkaline phosphatase)?] EAZAHEE RA s A3
(Table 4) AST7} caffeine 5% 2, 4, 8, 24, 4847+ 7 3}
Aol a9 AL F7HE Q25 (p<0.05), ALPE A
oA ol e BHEY Ao)E Holx] gt
23y ALTE caffeine 13) 5o 3 4, 24, 48, T2A| 7+ A
FAjols BAEE F7HE ArHp<0.01). o] 9hgko] AST
9} ALT7} caffeine B & A7} 2718 AL 7ho
FEFE MAe 4FY FEF wAANE oA caf-
feineo] YA H OB FABH L FEFG v g A4
9 caffeine For = FEE 1|47 & Aoz ¥
T led o] ofH7hA ASTS ALT A4 ko <
Pl oAl ol 4E8E Vo] BEA U a5
of F7kgtel izt ASTS}F ALTY &4 X7} F7hgrhes
0%} AW F9 caffeineo] 7Hol| A methylations}
demethylation 59} ¥ &) thAl g += #4>Y 3} Eol§ caf-
feine 0 & Ql8ted FFAAA I AFg wol & o)
FARAM M g R WE oz AR,

A el A gate) @ (Table 5)& gzt w e
caffeineo] F@ F §A7b7tA] FFo] Frlstgom(p
<0.01), ¢1A A &L caffein Eo] & ZNHFEL &
Ao Feo4 Sl
of gHdy E4qRE 3 $istal  carbonyl
groupS HIZEMHE A3 gz {94 e Aol
o] gixlen N A#AHgE <l malondialdehyde 3L
oA AE Aol7t AAHA Fgtrt. o)k go] HAHY
SO BFEAE Beller 5] Al -
feine € 13 Foaty A e uat daFo] F5
6025 E 180&7HA o4 UA F7HEtA 1, Patwar-
dhan 0] A}ghol | caffeine 250mg 2 18] A1 5f 3
A3, FAR AR A AR g £t
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At B3, Feinberg 5°0] A}gHol Al coffeeE 414 A
1Y AW FrAuate] §3Fe] FoAF A2 Al
o 94 A FARE Bud fAE AHE B Y
o o) gA AW FHALTAS TFo| caffeine FoA T
M Z7leE AL caffeined] 23 cAMP phos-
phodiesterase &4jo] JAE o024 cAMPZ HE SAMP
2 degradation 5¥ H & Aetde] cAMP/ X HOoR
# lipolysis7} & 21 ¥ o] triglyceride2 H B A|3Ato] g
g Ao 7shE Aoz AtgEnh

a#y A ds A E 47129 mitochondriash mi-
crosome 39} carbonyl group® malondialdehyde 3}2kof
caffeinec] u|X&= F&S ZAFS|E 7 3}(Table 6, Table 7)
o4 e Ao o] JAAEA ko, YA M E
7)Ao A sodium dodecyl sulfate-polyacrylamide gel
electrophoresis(SDS-PAGE)E B3 @¥jd 458 &
Zg AFig 1,2, 3) T3 A AgH &4 B
28 & Qe o)& caffeineo] x| 23} A Abg)
Aoz GEg 1A FA7] R OZ AR

ool M HHE vie} 2o caffeine FEA W Y
B rzA 4 AR 271R A ggEd Ad 24
Ao B g3kS v Jse FUE £ e
B3 caffeine £ 2 913l 1 glucose, cholesteral,
free fatty acid®} 3+&-& A5 A7) 2L triglyceride 338 7t
2 A 719, caffeine A= A3} k22 L ZHAE 47
1 malondialdehyde9} carbonyl group &hkoll = 43S
WA 2] §gtow, SDS-PAGES B3 vla TN
£ A A FEAN d0E FAHEAE caf-
feineo] 1Y A F&g vXA R Y& AT

AT

4 E

Caffeine(100mg/kg body weight)& Sprague-Dawley rat
(female)ol] 13] BTF A F 2,4, 8,24, 48, 12A1 7+ A1}
SER EEREENERPEPEE TR ERPE
MAE G 4987 Q5o BA gcose, urea i
trogen, uric acid, creatinine, triglyceride, total cholesterol,
HDL-cholesterol, total protein 2 albumin 333} aspartate
aminotranferase(AST), alanine aminotransferase(ALT)$} al-
kaline phosphatase(ALP)& 49 @A E ZH4st1, Y
W free fatty acids} phospholipid 3% w3 BAM 33} o}

& 43 2tzz 9 X 471309 carbonyl
groups} malondialdehyde k& EAa et 2ea FA
G AZ 2718 R WFNEFY FAEHE L sodium
dodecyl sulfate-polyacrylamide gel electrophoresis(SDS-PAGE)
2 Zotate] o] HstA Ao RE EAg gt

1. @A glucose §aF 27 (101 Img/dlyol W] 3}
caffeine 5o 4A17koj A 84| 7+ A A ol 143.0mg/dl, 138.
Omg/dlZ 7 eS8 (p<0.01), urea nitrogen, uric
acid, creatinine 3ol &= ¥ 371 ¢l

2, g total cholesterol® HDL-cholesterol &gk&
caffeine o} & 4A]7h3h BA| A O] 27 (62.8mg/d], 46.
Tmg/dDel H3he 77.4mg/d], 64.Tmg/dlE F7IR ot (p
<0.01), triglyceride $3F-& ) Z27(66.5mg/dl)el] H]3h
caffeine o 8A| 7HA] 388mg/dl2 713 A U thp
<0.01). 28y H AW total protein®} albumingF B A/
G ratiod) &= ¥ 3 & #AF T F+ fAUh

3. 8AUW AST A 5= o) Z2F(112U/L)o) ¥ 8} caf-
feine o 2417 TRE 149ULE B/ Z7}shol
BAIZY A 178ULR b A e 9 (p<0.05),
ALTY AL g Z7(39.7U/L)e ulsta] 4455U7L),
24(49.3U/L), 48(46.8U/L), 72(42.3U/L)A 7+ 7 TA o &4
T} 27489 21 (p<0.01), ALPS] B4 Fol: Wl
A,

4. BHU KAt ke &7 (37.6mg/dl)o
] 3} caffeine Fo] 3 8A1 7t A Aol 65.0mg/dlE = A
UEbE o1 (p<0.01), QA B FFL2 Agke] Aol
et FA%E BT ob&y s 77 A, mi-
tochondria, microsome & carbonyl group®} malon-
dialdehyde 3ol 3= o] 7} A% Tt

5. SDS-PAGEE F3f ¥z HAIE 47 % gdide
A &3 RE B 2D Ry dRdy At
A &4e 128 £ o

2

HnE8
1. Acheson KJ, Markiewicz BZ, Anantharaman K, et al.
Caffeine and coffee: their influence on metabolic rate
and substrate utilization in normal weight and obese
individuals. Am J Clin Nutr, 33:989-997, 1980.
2. Akinyanju P, Yudkin J. Effect of coffee and tea on
serum lipids in the rat. Nature, 214:426-427, 1967.

- 804 -



el

10.

11.

12,

13.

14.

15.

16.

Alexander F. An introduction to veterinary phar-
macology. 3rd ed. London, Churchill livingstone, 144-
147, 1976.

. Anderson J, Hollifield GH, Owen JA. The effect of caf-

feine, deoxyribose nucleic acid and insulin on the
metabolism of glucose by adipose tissue in vitro.
Metabolism, 15:30-38, 1966.

. Banner W, Czajka PA. Acute caffeine overdose in the

neonate. Am J Dis Child, 134:495-498, 1980.

. Bellet S, Feinberg LI, Sandberg H, et al. The effect of

caffeine on free fatty acids and blood coagulation
parameters of dogs. J Pharmacol Exp Ther, 159:250-
254, 1968.

. Bellet S, Kershbaum A, Aspe J. The effect of free fat-

ty acids. Arch Intern Med, 116:750-752, 1965.

. Bellet S, Kershbaum A, Finck EM. Response of free

fatty acids to coffee and caffeine. Metabolism, 17:702-
707, 1968.

. Blecher MB, Merlino NS, Ro'Ane JT. Control of the

metabolism and lipolytic effects of cyclic 3, 5'-ade-
nosine monophosphate in adipose tissue by insulin,
methyl xanthines, and nicotinic acid. J B C, 243:3973-
3977, 1968.

Boyd EM. The acute oral toxicity in guinea pigs of a-
cetylsalicylic acid, phenacetin, and caffeine, alone and
combined. Toxicol Appl Pharmacol, 2:23-32, 1960.
Carlson LA, Butcher RW, Micheli H. Fat mobilizing
lipolysis and levels of cyclic AMP in human and dog
adipose tissue. Acta Med Scand, 187:525-528, 1970.
Cheraskin E, Ringsdorf WM, Barrett RA. Effect of caf-
feine versus placebo supplementation on blood-glu-
cose concentration. Lancet, 1:1299-1300, 1967.
Cheraskin E, Ringsdorf WM. Blood-glucose levels aft-
er caffeine. Lancet, 2:689, 1968.

Clark WG, Craig brater D, Johnson AR. Goth's med-
ical pharmacology. St. Louis, The C V Mosby Com-
pany, 302-307, 1988.

Clozel M, Branchaud CL, Tannenbaum GS, et al. Ef-
fect of caffeine on thyroid and pituitary function in
newborn rats. Pediatr Res, 17:592-595, 1983.

Colton T, Gosselin RE, Smith RP. The tolerance of

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

- 805 -

coffee drinkers to caffeine. Clin Pharmacol Ther, 9:31-
39, 1968. )

Danellis JV, Harris CG. The effect of in vitro and in
vivo caffeine, theophilline, and hydrocortisone on the
phosphodiesterase activity of the pituitary, median em-
inance, heart, and cerebral cortex of the rat. Proc Soc
Exp Biol Med, 128:1016-1021, 1968.

DeCastro O, Sandberg H, Feinberg LJ, et al. Effects of
various routes of caffeine administration on oral and
intravenous glucose tolerance tests in dogs. Meta-
bolism, 18:163-171, 1969.

Feinberg LJ, Sandberg H, DeCastro O, et al. Effects of
coffee injestion on oral glucose tolerance curves in nor-
mal human subjects. Metabolism, 17:916-922, 1968.
Gidez LI, Roheim PS, Eder HA. Effect of plasma free
fatty acid concentrations on triglyceride synthesis by
the perfused liver. Fed Proc, 21:289, 1962.

Gilbert NC, Dey F, Trump R. The effect of the methy-
lated xanthines on the clotting time of the blood. J
Lab Clin Med, 32:28-33, 1947.

Gilboe DP, Nuttall FQ. Stimulation of liver glycogen
particle synthase D phosphatase activity by caffeine,
AMP, and glucose 6-phosphate. Arch Biol Biophy,
219:179-185, 1982.

Gilboe DP. The mechanism of caffeine-enhanced glu-
cose stimulation of liver glycogen synthase phos-
phatase activity. Biochem Pharmacol, 35:2097-2103,
1986.

Hanahan DJ, Dittmer, JC, Waraschina EA. A column
chromatographic separation of classes of phospholipids,
JBC, 226:685-700, 1957.

Hartley R, Smith LJ, Cookman JR. [mproved HPLC
method for the simultaneous determination of caffeine
and its N-demethylated metabolites in plasma using
solid-phase extraction. J Chromatogram, 342:103-117,
198S.

Heaney RP, Recker RR. Dietary caffeine and calcium
excretion. Nutritional Review, 46:232-234, 1988.
Heyden S, DeMaria W, Johnston WW, et al. Caffeine
effects on cholesterol and development of aortic and

coronary atherosclerosis in rabbits. J Chron Dis, 21:



28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41

677-685, 1969.
Hoff W. Caffeine in pregnancy. The Lancet, 1:1(8279):
1020, 1982.

Hogeboom GH. In methods in enzymology. Vol 1.
New york, Academic Press, 16-19, 1955.

Hooser SB, Beasley VR. Current veterinary therapy-
methylxanthine poisoning(chocolate and caffeine tox-
icosis). Philadelphia, WB Saunders Co, 191-192, 1986.
James EF. The extra pharmacopoeia. 29th ed. London,
The pharmaceutical press, 1521-1524, 1989.
Johansson S. Cardiovascular lesions in sprague-dawley
rats induced by long-term treatment with caffeine.
Acta Path Microbiol Scand Sect A, 89:185-191, 1981.
Jorda A, Portoles M, Guasch R, et al. Effect of caf-
feine on urea biosynthesis and some related processes,
ketone bodies, ATP and liver amino acids. Biochem
Pharmacol, 38:2727-2732, 1989.

Kasvinsky PJ, Fletterick RJ, Madsen NB. Regulation
of the dephosphorylation of glycogen phosphorylase a
and synthase b by glucose and caffeine in isolated
hepatocytes. Can J Biochem, 59:387-395, 1981.
Kasvinsky PJ, Schechosky S, Fletterick RJ. Synergistic
regulation of phosphorylase a by glucose and caffeine.
JBC, 253:9102-9106, 1978.

Kuftinec DM, Mayer J. Extreme sensitivity obese hy-
perglycemic mice to caffeine and coffee. Metabolism,
13:1369-1375, 1964.
Laemmli UK. Cleavage of structural protein during the
assembly of the head of bacteriophage T,. Nature, 27:
680-685, 1970.

Levine RL, Garland D, Oliver CN, et al De-
termination of carbonyl content in oxidatively mod-
ified protein. Methods Enzymol, 186:464-478, 1990.
Lillemoe KD, Magnuson TH, High RC, et al. Caffeine
prevents cholesterol gallstone formation. Surgery, 106:
400-407, 1989.

Lopes JM, Aubier M, Jardim J, et al. Effect of caf-
feine on skeletal muscle function before and after fa-
tigue. J Appl Physiol, 54:1303-1305, 1983.

Mayers PA. Harper's review of biochemistry. 20th ed.
California, Lange Medical publication, 174-180, 1983.

42,

43,

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

- 806 -

Mayers PA. Harper's review of biochemistry. 20th ed.
California, Lange Medical publication, 232-236, 1983.
Mayers PA. Harper's review of biochemistry. 20th ed.
California, Lange Medical publication, 1983; 249-256.
Mitchell MC, Hoyumpa AM, Schenker S, et al. In-
hibition of caffeine elimination by short-term ethanol
administration. J Lab Clin Med, 101:826-834, 1983.
Naismith DJ, Akinyanju PA, Yudkin J. Influence of
caffeine-containing beverages on the growth, food u-
tilization and plasma lipids of the rat. J Nutr, 97:375-
381, 1969.

Nehlig A, Daval JL, Boyet S, et al. Comparative ef-
fects of acute and chronic administration of caffeine
on local cerebral glucose utilization in the conscious
1at. Europ J Pharmacol, 129:93-103, 1986.

Nishimura H, Nakai K. Congenital malformations in
offspring of mice treated with caffeine. Proc Soc Exp
Biol Med, 104:140-142, 1960.

Oberman Z, Harell A, Herzberg M, et al. Changes in
plasma cortisol, glucose and free fatty acids after caf-
feine ingestion in obese women. Isr J Med Sci, 11:33-
36, 1975.

Okawa H, Ohishi N, Yagi K. Assay for lipid perox-
ides in animal tissues by thiobarbituric acid reaction.
Anal Biochem, 95:351-358, 1978.

Patwardhan RV, Desmond PV, Johason RF, et al. Ef-
fect of caffeine on plasma free fatty acids, urinary ca-
techolamines, and drug binding. Clin Pharmacol Ther,
28:398-403, 1980.

Peter JM, Boyd EM. The influence of sex and age in
albino rats given a daily oral dose of caffeine at a
high dose level. Canad J Physiol Pharmacol, 45:305-
311, 1967.

Renner E, Wietholtz H, Huguenin P, et al. Caffeine: A
model compound for measuring liver function. Hepa-
tology, 4:38-46, 1984.

Ruby DR, Lee S. Coffee and hypokalemia. J Famil
Prac, 26:679-680, 1988.

Scherf D, Schlachman M. The effect of methyl xan-
thines on the prothrombin time and the coagulation of
the blood. Amer J Med Sci, 212:83-89, 1946.



56.

57.

58.

59.

60.

61.

. Schlosberg AJ. Acute and chronic effects of caffeine

on brain monoamine levels and endocrine function in
the rat. Arch Int Pharmacodyn, 267:149-160, 1984.
Schlosberg Al, Fernstrom JD, Kopczynski MC, et al.
Acute effect of caffeine injection on neutral amino a-
cids and brain monoamine levels in rats. Life Science,
29:173-183, 1981.

Scott NR, Chakraborty J, Marks V. Determination of
the urinary metabolites of caffeine and theophilline by
HPLC. J Chromatogram, 375:321-329, 1986.

Slater TF, Sawyer BC. The stimulatory effects of car-
bon tetrachloride and other halogenoalkanes on perox-
idative reaction in rat liver fraction in vitro. Biochem
J, 123:805-814, 1971.

Smith SE, McElhatton PR, Sullivan FM. Effects of ad-
ministrating caffeine to pregnant rats either as a single
daily dose or as divided doses four times a day. Food
Chem Toxicol, 25:125-133, 1987.

Song CS, Lee TC. Effect of chemical inactivants on
viral polypeptide of newcastle disease virus. Res Rept
RDA(V), 30:77-89, 1988.

Steinfelder HJ, Petho-Schramm S. Methylxanthines in-
hibit glucose transport in rat adipocytes by two in-

62.

63.

64.

65.
66.

67.

68.

69.

Z7

dependent mechanism. Biochem Pharmacol, 40:1154-
1157, 1990.

Takayama S, Kuwabara N. Long-term study on the ef-

fect of caffeine in wister rats. Gann, 73:365-371, 1982.
Whiting SJ, Whitney HL. Effect of dietary caffeine
and theophilline on urinary calcium in the rat. J Nutr,
117:1224-1228, 1987.

Yeh JK, Aloia JF, Semla HM, et al. Influence of in-

jected caffeine on the metabolism of calcium and the

retention and excretion of sodium, potassium, phos-
phorus, magnesium, zinc and copper in rats. J Nutr,
116:273-280, 1986.

DA A N g, HRZ, 1993 149172,

ol#®, At ddset ME, oAl 301-
309, 1988.

d, AAE. AYFALAY. 108 A, FE
A}, 104-106, 1986.

sAe, A4 214, e 94 3 Au7 o

W axEe AR g A

7379, 1984.

HA%, 29E, 2AE, 94, g g 2 AR
Fof7} Rato]l Qloj A A A3l A& 4. &

2-3}8}3] %), 1:92-97, 1991.

AEoEeA, 2

- 807 -



