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We investigated which laboratory animal would be the most suitable for studies on the
mechanism of adriamycin (ADR)-induced lipid peroxidation. Lipid peroxide (LPO) levels of the
main organs on the 3rd day after ADR administration (when a remarkable increase of LPO level in
mouse heart was seen) were determined. Both the normal LPO levels and the increase ratios of LPO
levels after ADR administration in all the studied tissues of mice, except for the serum, were higher
than those in rats and guinea pigs. Next, strain differences in 9 strains of male mice (DDY, ICR,
C3H, BALB/c, C57BL, DBA/2, BDF,, CDF, and B6C3F;) were examined, and clear strain
differences were recognized. Further, sex and weekly age differences of LPO tissue levels in CDF,
strain mice were shown. It was concluded that DBA/2 and CDF, strains of male mice were the most
suitable laboratory animals for studies of the mechanism of the lipid peroxidation induced by ADR.
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The anthracyclic antibiotic adriamycin (ADR) is one of the most clinically useful cancer
chemotherapeutic agents against human tumor.?* The mechanism of antitumor action is said
to be based on the inhibition of deoxyribonucleic acid (DNA) biosynthesis.*” However, its
administration to humans and animals is known to cause a severe cardiotoxic side-effect
which is a major clinical handicap limiting its cumulative dosage.” Myers et al.®?
demonstrated that this ADR-induced cardiotoxicity in mice was associated with an increase
of lipid peroxide (LPO) level in the myocardium, and we® confirmed a specific increase of
LPO level in the myocardium of mouse. However, Adachi et al.”’ reported that administration
of ADR induced a very small increase of LPO level in the myocardium of mouse. This dis-
crepancy might be a consequence of differences of species, strain, sex and/or weekly age of
the animals. However, there is no report on such differences. Therefore, this study was design-
ed to examine the effects of these difference on the increase of LPO levels in animal organs in-
duced by ADR administration.

Experimental

Animals Nine strains (DDY, ICR, C3H, BALB/c, C57BL, DBA/2, BDF,, CDF, and B6C3F,) of male mice
and female CDF, strain mice (5 weeks old and weighing 18—20 g), male Sprague-Dawley strain rats (5 weeks old and
weighing 120—150g) and Hartley strain guinea pigs (weighing 300—350 g) were obtained from Shizuoka
Agricultural Cooperative Association for Laboratory Animals (Hamamatsu, Shizuoka, Japan). Animals were used
after being housed in a room at 25+ 1 °C with 559 relative humidity and with free access to standard laboratory diet
and water for over a week. Male CDF, strain mice (3, 5, 7 and 9 weeks old) for the experiment on weekly age
difference were used immediately after purchase.

Apparatus——Fluorescence intensities were measured with an SPF-125 fluorescence spectrophotometer
(AMINCO).

Reagents——ADR injection, 10mg/vial (ADRIACIN®), was purchased from Kyowa Fermentation Inc.,
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Tokyo, Japan. This agent was thawed and diluted with sterile isotonic saline to obtain a 1.0 mg/ml solution. The other
chemicals used in this study were of the highest purity available.

Methods ADR at a dose of 15mg/kg was intraperitoneally injected into the animals. Control animals were
injected with the same volume of sterile isotonic saline alone. The animals were killed by cervical dislocation on the
4th day after ADR administration. After sampling of blood from the heart, organs such as the liver, heart, kidney,
lung and spleen were dissected out rapidly and washed in ice-cold isotonic saline. Each organ were blotted and
weighed to obtain the wet weight. The tissue samples were homogenized in 100 vol (v/w) of isotonic saline at 4°C in a
glass Potter—Elvehjem type homogenizer with a Teflon pestle. Determinations of LPO level in the serum and tissue
samples were carried out according to Yagi et al.'® and Tanizawa et al.,'! respectively.

The results shown in figures are mean values+S.D. Statistical analyses were done by using Student’s ¢-test.

Results and Discussion

Biological membranes are made up of double layers of phospholipids. The phospholipids
contained large amounts of highly unsaturated fatty acids such as linoleic acid, linoleinic acid
and arachidonic acid. Consequently, the membranes are easily peroxidized by radical or non-
radical mechanisms through the actions of superoxide radical, hydrogen peroxide, singlet
oxygen and hydroxy radical. Lipid peroxidation in the membrane is usually prevented
because several protective systems exist. However, once the protective systems are damaged
by drugs, diseases and aging, excessive peroxidation can take place. This may be followed by
membrane damage, changes of enzyme activities, and loss of function. However, it is not yet
clear which laboratory animal is the most suitable for studies on these processes.

We® previously described the time course of LPO levels in tissues of CDF, male mice
after ADR intraperitoneal administration. However, we did not investigate the effects of
differences of species, strain, sex and weekly age of animals on the LPO levels before and after
ADR administration. Therefore, this report complements our previous paper.®

Species Difference

LPO levels in the tissues of normal or ADR-treated male CDF, strain mice, Sprague—
Dawley strain rats and Hartley strain guinea pigs are shown in Table 1.

i) Serum——LPO levels in normal rats and mice were twice as high as that in normal
guinea pigs. The increase ratio of LPO level in ADR-treated rats was the highest (144%

TaBLE 1. Effect of Species Differences on the Increase of Lipid Peroxide Levels
in Tissues of CDF; Mice on the 3rd Day after ADR Administration

Lipid peroxide?

Mice Rats Guinea pigs

Serum Normal 14.8+ 0.8 157+ 24 8.2+ 09
ADR 16.2+ 1.0 226+ 1.49 10.2+ 1.07

Heart Normal 195.3+22.8 123.5+11.5 98.6+ 9.2
ADR 425.8+25.59 145.7+13.3% 133.2+14.19

Lung Normal 164.9+17.2 96.0+ 5.3 764+ 7.5
ADR 184.7+14.8 115.8+ 8.29 114.5+12.39

Liver Normal 215.6 +25.5 119.3+12.1 126.8+10.9
ADR 4959 +31.19 149.1 +15.09 135.2+14.3

Spleen Normal 274.1+12.8 100.4+ 4.4 145.8+10.2
ADR 381.0+21.6% 91.8+ 7.2 180.8 +18.37

Kidney Normal 284.1+15.7 111.0+10.4 914+ 9.2
409.1 +38.69 158.7+13.1% 106.0+12.0”

ADR

a) Serum, (nmol/ml serum); tissue, (nmol/g tissue).
Values are expressed as means +S.D. of 5—6 animals. Significant differences from the normal value are indicated by
b) p<0.05, ¢) p<0.01 and d) p<0.001.
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compared to normal rats; p <0.01) among the 3 species.

ii) Heart The normal LPO level in mice (195.3 nmol/g) was the highest, correspond-
ing to 156 and 1989, of those in rats and guinea pigs, respectively. The increase ratio of LPO
level in ADR-treated mice was 218%, (p <0.001). In contrast, those in ADR-treated rats and
guinea pigs were 118 and 1359, respectively.

iii) Lung——The LPO level in normal mice (165nmol/g) was about twice as high as
those in rats and guinea pigs. The increase ratios of LPO levels in ADR-treated mice, rats and
guinea pigs were 112, 120 and 1509, respectively. These figures are lower than those obtained
in other organs.

iv) Liver The normal LPO level in mice (215.6 nmol/g) was the highest, correspond-
ing to 192 and 1709, of those in rats and guinea pigs, respectively. The LPO level in ADR-
treated mice was remarkably elevated to 230%, (p <0.001) compared to the normal state. On
the other hand, that in ADR-treated rats was elevated to only 1259 and no elevation was
observed in guinea pigs.

v) Spleen——The normal level of LPO in mice (274.1nmol/g) was the highest,
corresponding to 2739% in rats and 1889, in guinea pigs. The increase ratios of LPO levels in
ADR-treated mice and guinea pigs were 1399 (p <0.001) and 1249, (p <0.01). On the other
hand, no increase of LPO level was observed in ADR-treated rats. '

vi) Kidney——The normal LPO level in mice (284.1 nmol/g) was 256 and 3119, of those
in normal rats and guinea pigs, respectively. The LPO levels in ADR-treated mice, rats and
guinea pigs were elevated to 144% (p<0.001), 143% (p<0.001) and 1169, (p<0.05),
respectively.

The normal LPO levels in all the studied tissues of mice, except for the serum, were higher
than those in rats and guinea pigs. The increase ratios of LPO levels in tissues of mice on the
3rd day after ADR administration, when the LPO levels had reached approximately their
peaks, were also generally higher than those of rats and guinea pigs. From these results, it was
concluded that the mouse is the most suitable animal for studies on the mechanism of ADR-
induced lipid peroxidation in vivo.

Strain Differences in Mice

LPO levels in the tissues of normal or ADR-treated male DDY, ICR, C3H, BALB/c,
C57BL, DBA/2, BDF,, CDF, and B6C3F, strain mice were determined. The results are
shown in Table II.

i) Serum The normal LPO level in C57BL strain (20.6 nmol/ml) was the highest,
followed by B6C3F, and CDF, strains in that order. The LPO level in ADR-treated C57BL
strain was elevated to 1249 (p <0.001) and was the highest among the 9 strains of mice used.
The increase ratios of LPO level in ADR-treated DBA/2, ICR and CDF, strains were about
110% (p<0.01), and no increase was observed in the other strains.

ii) Heart The normal LPO level in BALB/c strain (482.1 nmol/g) was the highest,
followed by B6C3F, and CDF, strains in that order. However, those in DBA/2, BDF, and
DDY strains were below 100nmol/g. The increase ratios of LPO level in ADR-treated
DBA/2, CDF, and B6C3F, strains were over 200%; (p <0.001), but no increase was observed
in BDF, and C3H strains.

iii) Lung——The normal LPO levels in 7 strains (excluding CDF, and C3H) were
about 100nmol/g, lower than in other tissues. The increases of LPO level after ADR
administration in these 7 strains were also lower than obtained in other tissues. On the other
hand, the normal LPO level in CDF, strain was relatively high (164.9 nmol/g) but the increase
of LPO level after ADR administration was not significant.

iv) Liver There was no significant difference among the normal LPO levels of the 9
strains. However, the increase ratios of LPO level after ADR treatment differed greatly and

NII-Electronic Library Service



4113

No. 10

100°0>4d (p pue 10°0>d (2 ‘50°0>d (g Aq Pa1edIPUI 21k IN[BA [PULIOU JY) WOIJ SIOUIIQPIP JUBOYIUSFIS "S[RWIUR 9—C JO “(I'S F SUBIW SE PIssaIdxa 2Ie san[ep
‘(enssn §/[ouwru) ‘onssy ‘(WnIas [w/[oWU) ‘WNIdS (v

S8IFOWT S IVTSSIF LITFSEI TBEFTEOP ((SETFSPST (I STFEI0E T 8IFLYV6T 86IFECIST  €61F9L0T qav
TUFPUT  LSIFLYST STUTF6SIT  6LITFSS6I  €LIFEIST TELFI8IT  S8IFY6TT  9LIFOTET  TITFT00T  [ewsoN  Asuptyf
W6'S FETOT GETITLLIE GTOITHSEET lL F¥S91 6 T1IF0SOT  TTIFH 09T b ICFI168C  S9IFTHOT (I'SIFQTIE aav
9'¢ F8T8I STIFIVLT §S F9I91 TL FTIT LL F9ILL  T'SIF9E8T 'S FL60T €LIFLSST  98T+T 061 [eULION usodg
FETT 69T GTUSEFTLIS 961 F90VT TOIFTOES 6ETFVICT 8 EIFLLSS CLIFOI9Z 69CF89Ty  TITHESOT aav
S6IFH981  SSTFOSIT 8TITFOSST  §LIFSO06T 6LIFTTIT €6IFEETT  691F869T vLIFEEST  T10TFI'861 [euLIoN 19AT]
@SS FIOST  TSIFSIST  €IIFISIT 66 FEPET (I'6 FS9CT (IOl F+96 8V F6IPI  LOLFIECIT (901 FLSOL aav
19 F€L91  TLIF6POT €L F6LIT  SL F6€01  +9 F9T0I 88 FT6L Iy F68€1 68 FL901 601F619 [BWION Suny
GETLFISLY G8ITFIO0F LY FOIOl GLOTFE09T TS FTEUL @IT8FPI6S  9TIFTIST CL FEVST @L'61FE6I1 Jav
SLIF68IE 8TTFES6L 06 F696 TS FLI9 'S FELOT LPTFUITSY  OLIFSSIL 19 F¥8C€1 €8 Fvv6 [PWLION uesy
S0 F8IT (SO FS9I ST FL6 @60 FEET  oL'T ¥9°SC 81 FTII 1 FLOI 0l F+0I 0T 66 Jav
0 FHLI 60 FOSI 80 FITI L0 F611 L0 F90C 1 FoU T1 Fvol 01 F6'8 L'T F€6 [euLION wnag
136094 Iao 'qag 7/vad T4LSO o/laTvVd HED DI Add
wepixoxad prdry
('d'1 ‘3%/3w g ) uonensIUIUpPY YV 1oye Ae pig 9Y) U0 OIA JO
SONSSIT, Ul S[PAYT IPIX0Idd PIdITT JO 9SBAIOUT 9] UO SADUIIJI( Uleng JO 109 [[ 14V

Electronic Library Service

NIT=



4114 Vol. 32 (1984)

were greater than those obtained in other organs. In particular, those for DBA/2 (2789%,), ICR
(277%), BALB/c (250%,) and CDF, (244%,) strains were over 200%;. On the other hand, there
was no increase in the case of DDY or C57BL strain.

v) Spleen——The normal LPO levels in 9 strains were all about 200 nmol/g. On the
other hand, the increase ratios of LPO level after ADR treatment were over 1309 (» <0.001)
in DDY, BDF,, C3H and CDF, strains, whereas no increase was observed in BALB/c and
ICR strains.

vi) Kidney——The normal LPO level in CDF, strain was the highest (284.7 nmol/g)
and that in BDF, strain was the lowest (165.9 nmol/g). The increase ratios of LPO level after
ADR treatment were higher in C3H, DBA/2, BALB/c and CDF, strains. Among these
strains, that in DBA/2 strain was the highest (207%).

Marked strain differences in normal LPO levels of mice existed. Broadly speaking normal
LPO levels in CDF,, C3H and B6C3F, were higher and those in BDF, were lower than in the
~ other strains. As regards LPO levels in tissues, the highest levels in heart and liver were
obtained with BALB/c strain, in lung, kidney and spleen with CDF, strain and in the serum
with C57BL strain. It is interesting that the normal LPO level in the heart of BALB/c,!? ™%
which suffers from the development of arteriosclerosis and cardiomyopathy in old age, was
higher than those of the other strains. BALB/c might be useful for studies on the relationship
between heart disease and LPO.

After the administration of ADR, there were clear strain differences in the increases of
tissue and serum LPO levels of mice. In summary, the increase ratios in BALB/c, CDF,,
DBA/2 and C3H strains were larger than those in the other strains. Therefore, it was
concluded that DBA/2 and CDF, strains of mice are most suitable for studies on the
mechanism of the lipid peroxidation induced by ADR. The validity of the use of CDF, strain
mice in our previous experiments, as in the work of Myers et al.>” was supported by this
result. CDF, strain mice are the first filial generation between male BALB/c and female
DBA /2 inbred strains. Therefore, the results obtained in this paper are not unexpected. On the
other hand, increase ratios of LPO levels after ADR administration in DDY, ICR and BDF,
strains of mice were lower than those in the other strains. Adachi et al.®) previously reported
that increase ratios of LPO levels in DDY mice after ADR administration were small. Our
result is consistent with their report.

Sex Difference in CDF; Strain Mice

The sex difference in LPO levels in CDF, strain mice is shown in Table III.

Male mice showed higher normal LPO levels than female mice in all tissues measured.
Further, as regards the increase ratio of LPO level after ADR treatment, male mice gave
higher values than female mice generally. In particular, that in the liver of male mice was
2399 (p<0.001) against 109%, (p<0.01) in female mice. On the other hand, no increase of
LPO level after ADR administration was observed in the lung in male or female mice. A clear
sex difference in CDF, strain mice thus exists, and male CDF, mice are the most suitable for
experimental use.

Weekly Age Differences in CDF; Strain Mice

Weekly age differences in LPO levels in male CDF, strain mice (3—9 weeks old) were
examined. The results are shown in Table IV.

i) Serum The normal LPO levels increased with age as follows: 1469 (p <0.05)
at 5 weeks old, 1409, (p <0.05) at 7 weeks old and 1709, (p <0.001) at 9 weeks old compared
to that at 3 weeks old. However, the LPO level was not elevated after ADR administration at
any age.

ii) Heart——The normal LPO level increased with age as follows: 1869, (p<0.001)
at 5 weeks old and 1819, at 7 weeks old compared to that at 3 weeks old. Increase ratios of
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TABLE III. Effect of Sex Difference dn the Increase of Lipid
Peroxide Levels in Tissues of CDF, Mice on the 3rd
Day after ADR Administration

Lipid peroxide®

Female Male
Serum Normal 146+ 0.9 15.1+ 0.8
ADR 156+ 0.8 16.1+ 0.5
Heart Normal 151.1+ 5.49 195.3+22.8
ADR 174.0+ 9.49 410.1+21.8»
Lung Normal 148.4+ 8.4 165.0+17.2
ADR 1553+ 5.8 181.5+15.1
Liver Normal 200.4+12.8 210.8+20.5
ADR 220.5+ 6.29 503.8 +32.5%
Spleen Normal 222.0+11.99 274.7+12.8
ADR 221.2+10.3 367.7+12.39
Kidney Normal 230.0+ 9.7 284.7+15.7
ADR 238.2+ 8.7 415.8 +41.59

a) Serum, (nmol/ml serum); tissue, (nmol/g tissue).

Values are expressed as means+S.D. of 56 animals. Significant differences from the
normal values are indicated by ) p<0.05, ¢) p<0.01 and d) p<0.001. Significant differences

from male are indicated by ) p <0.01 and f) p<0.001.

TaBLe IV. Effect of Weekly Age Differences on the Increase of Lipid Peroxide Levels

in Tissues of CDF, Mice on the 3rd Day after ADR Administration

Lipid peroxide®

3 weeks 5 weeks 7 weeks 9 weeks
Serum Normal 1.1+ 0.5 16.2+ 2.1 15.5+ 0.6 189+ 1.4
ADR 11.6+ 1.0 17.5+ 1.1 149+ 0.7 18.6+ 1.6
Heart Normal 105.0+ 7.5 195.3+10.1 190.1+10.0 199.5+13.8
ADR 102.5+ 7.0 238.7+18.3? 315.6 +32.0” 312.5+18.39
Lung Normal 61.8+ 4.2 61.6+ 7.1 152.2+11.6 119.9+11.0
ADR 64.4+ 39 73.44+ 79 160.3+15.3 150.6+ 6.29
Liver Normal 82.04+ 5.8 130.4+14.2 216.7+15.9 234.5+23.7
ADR 189.6+12.3? 318.4+27.4Y 533.0+37.29 538.7+30.5"
Spleen Normal 172.6+18.1 195.04+10.3 250.2+21.6 321.0+28.6
ADR 189.1+154 201.9+18.7 665.5+41.8% 532.9+39.9»
Kidney Normal 120.8 +15.1 193.7+18.9 310.3+21.5 308.6 +30.1
ADR 150.9+18.5 275.0+25.1» 546.1 + 35.0” 518.5+28.9Y
a) Serum, (nmol/ml serum); tissue, (nmol/g tissue).
Values are expressed as means + S.D. of 5—6 animals. Significant differences from the normal values are indicated by
b) p<0.001.

~ LPO level after ADR treatment were 12297 at 5 weeks old and 1669 at 7 weeks old; the 3-
week-old mice did not show any increase. 4 :

iii) Lung——The normal LPO level at 9 weeks old was 1969, (p<0.001) compared to
that at 3 weeks old. Increase of LPO level after the ADR treatment was observed only in 9-
week-old mice.

iv) Liver

The normal LPO level increased with age as follows: 159, 264 and

2867, (p<0.001) at 5, 7 and 9 weeks old against that at 3 weeks old, respectively. The increase
ratios of LPO level after ADR treatment reached the maximum (2469;) at 7 weeks old and
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maintained that level. Thus, the increase ratio of LPO level in the liver with aging was greater
than that in other tissues. The increase of LPO level in the liver of ADR-treated mice was also
greater than that in other tissues.

v) Spleen The normal LPO level increased with age as follows: 1139, (p <0.05)
at 5 weeks old, 145% (p<0.01) at 7 weeks old and 186%, (p <0.001) at 9 weeks old compared
to that at 3 weeks old. The increase ratios of LPO level after ADR treatment were 266 and
166%, at 7 and 9 weeks old, respectively, while at 3 and 5 weeks old no increase was observed.

vi) Kidney The normal LPO level increased with age, and the levels at 7 and 9 weeks
old were about 280%, (p <0.001) compared to that at 3 weeks old. Increase ratios of LPO level
in ADR-treated mice were 142% (p <0.01) at 5 weeks old, 176% (p <0.001) at 7 weeks old
and 168% (p<0.001) at 9 weeks old, while there was no increase at 3 weeks old.

This result is consistent with surum data for man, whose normal LPO level in serum
increased with age up to 30 years old.!> The increase ratios of LPO levels tissues except for
lung and serum after ADR treatment also increased with age.

Though the reasons for the differences in tissue LPO levels are unclear, the activities of
enzymes associated with LPO metabolism, such as superoxide dismutase, glutathione
peroxidase and catalase, in animal tissues might be important. In fact, we found that the
activities of the enzymes mentioned above in male CDF; strain mice were lower than those in
male DDY strain mice.” Other possible causes of these differences in tissue LPO levels after
ADR treatment are differences in distribution, excretion and metabolism of ADR. Further
detailed studies are in progress.

From the data presented above, it is clear that CDF, strain male mice are suitable for
studies on the mechanism of the lipid peroxidation induced by ADR, though it is necessary to
take account of their age.
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