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Abstract : This study was conducted to identify the effects of caffeine or combinations of
caffeine and iron or vitamin E on the lipid and protein components in the MDBK(Mardin-Darby
Bovine Kidney) cells.

For the In vitro test, MDBK cells in a-MEM(Minimum Essential Medium) were divided into
4 treatment groups according to drug types and dosages as follows; the control(group A), group
B was treated with 0.3mM caffeine, group C was treated with 0.3mM caffeine and 0.3mM ferric
chloride, group D was treated with 0.3mM caffeine and 0.3mM vitamin E. Those groups were
further divided into 5 subgroups according to the time lapsed(control, 4hrs, 8hrs, 24hrs and
48hrs lapsed group).

The concentrations of the carbonyl group and malondialdehyde(MDA) and the patterns of the
SDS-PAGE(Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis) and fatty acid compositions
were analyzed to determine the oxidative damages and metabolic changes on the lipid and protein
components in the MDBK cells.

The results obtained from this study were summarized as follows;

1. The concentrations of carbonyl group and malondialdehyde in MDBK cells of group C

were significantly higher(p<0.01) in comparison to the control, and increased according to the
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time lapsed. But the results of groups B and D were little different in comparison to the group C.

2. As the analytical results of fatty acid compositions in MDBK cells, the proportions of

palmitoleic acid and linoleic acid in groups B, C and D were lower in comparison to the control,

while the proportion of arachidonic acid in groups B, C and D were significantly higher(p<0.01)

in comparison to the control.

3. In order to determine the oxidative damages to the protein in MDBK cells, the patterns of
the SDS-PAGE were examined and the patterns of SDS-PAGE in groups C and D were
significantly different between 43kd and 200kd of molecular weight.

Key words : MDBK cells, carbonyl group, malondialdehyde, fatty acid composition.
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Table 1. The conditions of gas chromatography for analysis
_ of fatty acid composition

Irems Conditions
Neumatics

Carrier gas Nitrogen
Colamn head pressure 25 psi
Split ratio 100:1

Septum purge 5ml/min

HP-1 capillary column

Column (Crosslinked Methyl Silicone Gum)
Column internal diameter  0.20mm

Film thickness 0.11pm

Length 25m

Phase ratio 450

Detecror FID(Flame lonization Detector)

Oven temperature
Initial temperature 45T

Program rate 5% /min
Final temperature 280TC
FID temperature 300T
Injection port temperature  250T
Integrator
Threshold -2
Attenuation 270
Peak width 0.04
Retention time 25 min
Chart speed lem/min
Injection volumn 1
EAME  RE AR HL BN E 89 FEA
A3 FIAG% ool derd Ae BEAE Fahel
g4d oA el 2 HARFYILSD)EA S HA

sel,

g I

HHAMET2| carbony! group EakHS} v G A L5
(MDBK cells)ol| caffeine 2 caffeine®} @2 T & caffeine
7} vitamin EE A28 3 4, 8 24, 482417t ATA] car-
bonyl group?] $e¥stE Hwa 2 2 e Table 20 4]

o} o), caffeine X&) F(BF)NAE i 4N 7 A3A
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Table 2. Effects of caffeine, iron and vitamin E on the concentratons of carbonyl group in MDBK cells* according to the time

lapsed {nmol/mg protein)

Time lapsed(hour)
Expenmental group - - — —

4 8 u 48
A 2.04* = 0.08 - - 2+ 005
B 2.08 + 0.10 213 + 0.06 2.18° + 0.03 224° + 008
C 2.64° £ 0.07 2.83¢ + 0.04 303" + 010 324" + 013
D 217 £ 0.04 238 = 0.04 246% + 0.04 2588 = 0.04

- Means with different superscripts within groups and the tme lapsed are different(p<0.01)

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

*: MDBK cclls were grown in CO, incubator(5% CO,).

A: Control group.

B: 0.3 mM caffeine was treated in the MDBK cells of ¢-MEM.

C: 0.3 mM caffeine and 0.3mM ferric chloride were treated in the MDBK cells of a-MEM.
D: 0.3 mM caffeine and 0.3mM vitamin E were treated in the MDBK cells of a-MEM.

Table 3. Effects of caffeine, iron and vitamin E on the concentrations of malondialdehyde in MDBK cells* according to the time
_lapsed

__ (nmol/mg protein)

Tlmc apscd(hour)
Experimental group

4 8 24 48
A 7.80° + 0.72 - o i 806 + 081
8.13" = 0.70 8.43 + 071 8.61* + 0.36 9.13* * 098
C 33.24° + 1.8 40.24° + 2.96 31.10" + 1.53 25.24° + 153
D 10.32° + 0.16 10465 + 0.17 10.59° + 0.50 1043 +

+ 0.13

+bed< Means with different superscripts within groups and the time lapsed are different(p<0.01).

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

*: MDBK cells were grown in CO, incubator(5% COy).

A: Control group.

B: 0.3 mM caffeine was treated in the MDBK cells of a-MEM.

C: 0.3 mM caffeine and 0.3mM ferric chloride were treated in the MDBK cells of a-MEM.
D: 0.3 mM caffeine and 0.3mM vitamin E were treated in the MDBK cells of a-MEM.

2.08nM/mg protein©] 21} 48417 A Aol 224nM/  7hA] @3Fo] F}E S th(p<0.01).

mg proteing 1 0 9(p<0.01), caffeine? HE F A4 M Z 32| malondialdehyde Bfakuda} : w4 &
FCH) M= o ZF(2.04nM/mg proteinyol] B} 3te] 44] Zof caffeine 2 caffeined} B T caffeine} vitamin
b A Ao 2.64nM/mg protein . 2 o] FFHG L EZ g3t & 4, 8, 24, 484] Z} 74 5 Al malondialdehyde
H(p<0.01) A Azte] A#el et O Frbshd  FRAFE TAIE Aoy Table 3o)4 9 2ol caffeine
4847+ AN o) = T ZF(2.230M/mg protein)e] B8 3. A EBR)IAE dxREH Fo4 AE et §ldl
24nM/mg protein7hA] ko] F7FEATHp<0.01). T o4, caffeines} HE FAHIFCHAME g2
caffeine® vitamin E A A FOB)ANAE 272 80nM/mg protein)oll H3ka] 4A]7F B3} Aloll = 33.24nM/
04nM/mg protein)oll B} 3to] 44|+ A apAlo] 2.17nM/mg mg protein, 8A] 7+ A 3} A ol = 40.24nM/mg protein7} 4]
protein® & F4 ¥ Z7Hp<0.01)E HYchrt At 745 9 1(p<0.01), 4827+ 7 3FAloll= 25.24nM/mg pro-
NZho) ZAutstel wet & Zrhste] 48A17 ZAlo]  tein®] FEE Mof thE F(8.06nM/mg protein)el] w|af
= 2 74(2.230M/mg protein)o]l B] 8} 2.58nM/mg protein o] F 7|5 9 th(p<0.01). £ caffeined} vitamin E FA
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Table 4. Comparison of the effects of caffeine* on the major fatty acid compositions in MDBK cells** according to the time laps-

ed (%)
Ti“(‘goﬁ‘rp)“d 160 161 18:0 181 182 183 20:4
control  1052° + 03¢ 310" = 0.07 2151 + 020 59.06 + 133  241* + 0.03 ND 340° 016
4 1216° + 017 274 + 016 2120 + 030 5852 + 096 203°° + 007 ND 3.35* + 021
8 1034% + 024 207° + 023 2248 + 049 5943 + 074 219" 4 013 ND 349*°-~ 017
24 10.06™ + 017 222° + 027 2270° + 038 5881 + 088 191° + 014 ND 430>+ 0.30
48 953° + 016 203" + 019 2236 + 020 5981 + 066  1.77°+ 020 ND

451° + 0.18

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

*P¢ Means with different superscripts within groups are different(p<0.01).
The results are expressed as means + S.D. obtained from 3 tests. N.D: Not detected.

*: 0.3 mM caffeine was treated in the MDBK cells of a-MEM.
**. MDBK cells were grown in CO, incubator(5% CO,).

Table 5. Comparison of the effects of caffeine and iron* on the major fatty acid compositions in MDBK cells** according to the

time lapsed (%)

Time lapsed 16:0 16:1 18:0 18:1 18:2 18:3 204
(hour)
conrol  10.52° + 034 310" £ 007 2151 + 020 59.06 + 133  241* + 0.03 ND  340° + 0.6
4 1076' + 017 273% + 030 2159 + 091 5824 + 059  2.03° + 0.08 ND  465° + 030
8 10.75° + 0.13 2.40% + 025 2231 + 051 5750 £ 1.00 1.82° + 0.13 ND  522° + 017

24 9.71* + 0.30

48 9.02° + 045 216% + 021 22.11 + 058

2.10° £ 033 2235 + 041

5913 + 086 171" + 0.10 N.D 5.00° + 0.25

59.81 + 130 178 + 0.07 ND 5.12% £ 0.20

ABE Means with different superscripts within groups are different(p<0.03).

&4 Means with different superscripts within groups are different(p<0.01).

The results are expressed as means + S.D. obtained from 3 tests. N.D: Not detected.

*;: 0.3 mM caffeine and 0.3mM ferric chloride were treated in the MDBK cells of a-MEM.

**: MDBK cells were grown in CO, incubator(5% CO,).

A 2OD)ANME Y2 TF(7.8nM/mg protein)oll ¥ 3}
4X 7} A3 A o 10.320M/mg protein. 2 H-94 U= F
7HE B om(p<0.01), 48A2F AHA o dZFE.
06nM/mg protein)ol] ¥] 3} 10.43nM/mg proteinZ} 2| 57}
< 91 thp<0.01).

BHUMZFHO| A RN Mo W G EF
(MDBK cells)ol] caffeineS 2] & 4, 8, 24, 48X| 7} 733}
A caffeineo] W FA XF] At 2 v]AE WsHE
gas chromatography 2 #24H Z )= Table 4ol g} ol
palmitic acid(16 : 0y ChZ2(10.52%)0] B13h ]9 4A17H5
o 1216%% ZAu|&o] F7HE T 48AI7F Z A4
= 953%2 7048101 (p<0.01), palmitoleic acid(16 : 1) o

Z7(310%)0 HlE WoF 8X A 207%2 ZAHATHp
<001). 3 stearc acid(18:0)8] ZAH &L WEICL
S1%)el wlste] wj % AR 2248% 74 F7HE UL Hp
<0.05), linoleic acid(18:2)= ) ZT(241%)9| B] 3] Wi 44]
A 203%E A e, 4817 A dE 1.77%7}
A W gAIZEe] Aoj Ao whet 2AH o] A HATHp
<0.01). ¥R o] arachidonic acid(20: 4y R F(3A%) )
) < 24471(4.30%) F-E Bl &0 F7HE 2 THp<0.01).
Caffeine3t & FA|ol FALF Hr] A
Ab 240l v]A = 4 B ZA3}(Table 5), palmitic acid
T ZT(10.52%)0 v & Wi 48AZF AHA] 2HE
9.02%)0] 7+ 3 21 (p<0.01), palmitoleic acid(16: 1)
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Table 6. Comparison of the effects of caffeine and vitamin E* on the major fatty acid compositions in MDBK cells** according

to the time lapsed (%)
Ti“(‘ﬁoﬁrf;“d 16:0 161 18:0 18:1 182 18:3 20:4
control 1052 + 034 3.10° + 007 2151* + 020 59.05 + 132 241" + 003 ND 341 + 016
4 1127* + 033 250° + 0.04 21.02° + 045 5891 + 059 170" + 0.11 ND  460° = 014
8 1092* + 027 241+ 016 23.02° £ 035 5734 + 120 1.78° + 0.07 ND 453" = 017
24 10147+ 028 2245 + 010 22.33% +£ 020 5941 + 072 175" % 0.08 ND  413b + 012
48 970 + 025 2.36° + 013 2291°¢ + 058 5941 + 099 142° * 012 ND

420° + 0.08

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

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

The results are expressed as means % S.D. obtained from 3 tests. N.D: Not detected.
*: 0.3 mM caffeine and 0.3mM vitamin E were treated in the MDBK cells of ¢-MEM.

**; MDBK cclls were grown in CO, incubator(5% CO,).

W 2E(3.10%)el H)e) W F 43 BFHA 273%2 A
Huor 4827 AFHAd s 216%7HA ZAHUTHp
<0.05). Linoleic acide 27 (241%)0] vj < 4A17H5 2.
3% ZFagon A FAde L8%7HA] A
5 1 THp<0.01). ¥l arachidonic acid(20:4)e] ZAJH)
&2 g 2FBA0%)0) vlal ik 4AZHR 4.65%2 Z7}
40w 24412 A ol 5.00%, 4847 3 Al o =
512%7MA %94 AA F7HE A THp<0.01).

Caffeine3} vitamin EE FAlo Mg ojGHEFu) 9
2wk} 243 B B(Table 6), palmitic acid(16 : Oy= )22
(10.52%)0l] ]3] wljoF 2441747 48X]17F A T A o] 10.14,
9.70%2 7+4 5810 (p<0.05), palmitoleic acid(16 : 1) ]
F2(310%) v v 4R A ZAdu] g o] 250%7H]
248 AHp<0.01). TR WA stearic acid(18: 0)= ¥
e hEFQL51%)0) vl&] g SAIZHA ZAIn| &0
23.02%7+ A 715 9 oH(p<0.05). E 3} linoleic acid(18 : 2)&
YZ2E41%) Hl8) W g 4A 2 ATA] 2AHEo| 1
70%7} ] 7+2(p<0.01)3 ¥, arachidonic acid(20 : 4)=
FF(3.41%)0 v) 3 v g 4AZHA H] &o] 460%71A] F7t
5 0}(p<0.01) 4821274 A] A & H Ak

Caffeine, ferric chloride % vitamin E& X{2/5t1 S
AlZkg G2t o SMZF(MDBK celis)el THEE 24 ¢
0.3mM caffeine &= 2 0.3mM caffeine®} 0.3mM FeCl, &
= 0.3mM vitamin EZ2 EA]d] MDBK A EFof A g3t
F 2471 4,8, 24, 4840 AN PATFU T4
WAe ANgFoR vusE AGE Fig 1949 2
o], caffeine®} FeCLE F Ao A2] g Tl A vk 423k

5-E] 43kd(kilo-dalton)9} 200kd £ Zo|A @A A7 g
T gee & ¥gE Jehglen, g 8RN E
0<% o Ag W3} veygr) ¢ caffeined} vitamin
E FA 5o 2o Mk 43kd9} 200kd Ate]o} EAj 28

29

18

I J XL MN

N ABCDETFGH

Fig 1. Comparison of the protein profiles in MDBK cells*.*: 0.3
mM caffeine, 0.3mM femic chloride and 0.3mM vitamin E
were treated in the MDBK cells of a-MEM and were grown
in CO, incubator(5% CO,).A: Control, B: 4hr lapsed-caffeine
(0.3mM), C: 4hr lapsed-caffeine(0.3mM) & FeCl;(0.3mM), D:
4hr lapsed-caffeine(0.3mM) & vitamin E(0.3mM), E: 8hr
lapsed-caffeine(0.3JmM) & FeCly(0.3mM), F: 8hr lapsed-
caffeine(0.3mM) & vitamin E(0.3mM), G: 24hr lapsed-
caffeine(0.3mM), H: 24hr lapsed-caffeine(0.3mM) & FeCl,(0.
3mM), I: 24hr lapsed-caffeine(0.3mM) & vitamin E(0.3mM),
I: Control, K: 48hr lapsed-caffeine(0.3mM), L: 48hr lapsed-
caffeine(0.3mM) & FeCly(0.3mM), M: 48hr lapsed-caffeine(0.
3mM) & vitamin E(0.3mM), N: Standard molecular weight
mark.
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caffeine?} vitamin EX 2] A} 2|2 ol @A 9] 3 48tE¢)
malondialdehyde®} carbonyl groupe] &S EA3)al,
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Ao} zZAugo] 7HAE I, palmitoleic acid®} linoleic
acid= 4A17F AFA] BEH 724 E% 00 (p<0.01), stearic
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3 Aoz A7, linoleic acid?] ¥]-&o] 743 aa-
chidonic acid®] w]&o] Z7}5 2L o« series7} chain elon-
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