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Cisplatin microcrystals suspended in oil:
pathological study of acute toxicity in mice
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The pathological changes brought about by the i.p.
administration of a new dosage format, cisplatin micro-
crystals suspended in oil (CDDP-Qil), was examined in
mice. CDDP-Oil decreased the absolute weight and the
relative weight (organ weight/body weight) of the kidney,
liver and spleen in the mice receiving the dosage form.
However, the severity of the reduction of the organ weight
in the CDDP-0il administration groups was not different
from that in the cisplatin aqueous solution (CDDP-Sol)
administration groups. Histologically, severe degenera-
tion and atrophy were recognized in the kidney, large
intestine, small intestine, thymus, spleen, bone marrow
and lymph nodes in the CDDP-Oil administration groups
as well as CDDP-Sol administration groups. However,
there were no additional changes in the macroscopic
and microscopic findings in the CDDP-0il groups. From
these results, we concluded that this dosage form did not
change the toxicity of cisplatin in terms of pathological
effects.
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Introduction

We developed a new dosage format, cisplatin
microcrystals suspended in oil (CDDP-Qil), which
was found to be very useful for i.p. chemotherapy
because of its retention in the peritoneal cavity and
slow release of cisplatin over a long period. In our
previous report we examined the acute toxicity of
CDDP-OQil for i.p. administration in mice. The 50%
lethal dose of CDDP-Oil was 30.3 mg/kg (27.1-
33.7 mg/kg at 95% confidence level), which was
1.79 times that of a cisplatin aqueous solution
(CDDP-SoD) of 16.9 mg/kg (16.1-17.8 mg/kg at
the 95% confidence level).! In this study, we exam-
ined the systemic pathological changes in acute
toxicity of CDDP-Oil after i.p. administration in
mice in comparison with those for CDDP-Sol.
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Materials and methods
Preparation of dosage forms

Cisplatin microcrystals were kindly donated by Nip-
pon Kayaku (Tokyo, Japan). CDDP-Oil was made
from cisplatin microcrystals suspended in a 4:1
mixture of sesame oil (Sesame 0il®; Nakaraitesque,
Kyoto, Japan) to lipiodol (Lipiodol Ultra Fluid®;
Kodama Yakuhin, Tokyo, Japan). Cisplatin micro-
crystals were suspended in the oil mixture with a
magnetic stirrer for 6 h in sterile conditions and
were prepared to yield the required concentrations
of cisplatin suspension in oil. As a control, a cispla-
tin aqueous solution (Landa Inj.®; Nippon Kayaku)
was diluted with normal saline to give the concen-
tration required. As another control, the same oil
mixture without cisplatin was also prepared. All
drugs were used within 1 h of preparation.

Drug administration protocol

Two hundred and ten CDF1 male mice (4 weeks old,
weighing 25 g on average) were purchased from
Shimizu Laboratory Animals Center (Kyoto, Japan).
The mice were divided into 30 groups of seven mice
each; 18 groups received CDDP-Qil (CDDP-0il
groups), 10 groups received CDDP-Sol (CDDP-Sol
groups), one group received the oil mixture without
cisplatin (Oil group) and the last group received
nothing (no treatment group). The mice were kept
under standard conditions in a specific pathogen-
free environment, room temperature of 22°C, rela-
tive humidity 60%, day—night cycle 12 h, with stan-
dard mouse chows and tap water available freely for
7 days before the drug administration until 21 days
after the administration.

On day 0, the drugs were given i.p. using a 20-
gauge needle. In the 18 groups receiving CDDP-Oil,
doses from 13.4 to 70.7 (13.4, 15.4, 16.9, 18.6, 20.5,
225, 24.8, 27.3, 30, 33, 36.3, 39.9, 43.9, 53.1, 58.5,

© 1996 Rapid Science Publishers



Cisplatin microcrystals suspended in oil

‘(sisAjeue
Asutiym—uuepy Aq dnoib juswiess; ou o) pasedwod) Lo'0>d,,'s0°0>d, swio} abesop om} eyl uealb eolw eyl usemieq siybiem suebio JnNo} BSOYI Ul SBJUBIBYIP
Ou aJam aJay] ‘gz Aep O} PaAIAINS Jeyl 9DIW Yl Ul [Bwlou 0} pesoisel aiem sebueys ybiem asoy) seaisym ‘AJI0IX0] JO PeIp Jey} 8olw Ul PesesIdep 8Jem ues|ds pue
Kaupiy “aAl| 8y} Jo 1ybiem sy ‘Ajeieuan) “(uaajds ‘p ‘Asupiy ‘0 L18Al| ‘q ‘ueey ‘) Aloixoy Bnip AQ paonpul syyblem uebio aAle|es pue ainjosqe ey) Ul seBueys °| e4nBi4

g (3x/3w) uymidsw jo asop - (3w/3m) uyeydsy> jo asop m (3n/2m) undsd jo asop a . Au._\-.-,v.-_...._._:.. anop
o oeow  owom o= - = o= o= ] - s M s s c oo " 3 2z =
5 mummmnmu munun w PEiE.EEE BEgog gt Edy Bgice i mlumu"m N
0 ° . 0 1 M 0
500 B
oot
m [ mom
10
s [}
m. ] m. g
; g oot
sto “ sm . m .
W3 i 3 m
]
£ o 5 wd
Gem m. :m” w
£0 m -~ ** = — oo X
_ " u. *F LIPS 3 - 2
 * = - 32 = . L
- m:ﬁm Twemaiiong * ~ 3 [ 2t R "
< tom . 00l !.n!v“ o
e vo PRQROdAAOO - - || meano-dadda
* _ s 10-4000 W | | "wms no~dadom
R0 PS-daadE | st L_{ pesapsaacdm 0
1141 p
| 'AieS 105-d00D W@ ozt ams 95-4QA0 @
g (3w/3w) unwidsid jo asop o (3w/3w) anerdsi> jo asop - (33 v..:-_nn_u o asop - (Bn/3w) upeids)d o asop
i TEiE XEE EEIEE i s:zzs,rEz BzsEs i csss_vzz mzaz: § sz _x¥u w3osac
- o — e - - > o e s b g - S S 5= Iz ES = s ossi¥ FLriz
0 - O o — o
f 0
10
8
oor 8
14 m g *
3
i 009 m g
»
¢ - £ W m
s * 3 o w
= vo & 8
v 3 000t m. A
b » X . 1
£ o (18- § L .
U s @ -5 P ]
hag m 90 2. - LI * -
| -
- ol L 3 . ]
uanpea) oN g | & . = -~ ®
rom . ~ 0091 1; 1 Lo m IR ON i ** it
. ] - nom
et | F PRI S S e
| , AING )i
PO3Q 954000 W . — N ﬁ : 000z _ L U IM...Wunnw" ®)
W.?-J -OM-‘&GIHU. * &% % LX) ng 1054000 @ - (L34

1996 241

Vol 7 -

Anti-Cancer Drugs -



H Tsujimoto et al.

64.3 and 70.7) mg cisplatin/kg body weight were
given in 18 dose increments, increasing at a ratio of
1.1 per step. In the 10 groups receiving CDDP-Sol,
doses from 12.6 to 22.6 (12.6, 13.4, 14.3, 15.3, 16.3,
17.4, 18.5, 19.8, 21.2 and 22.6) mg cisplatin/kg
body weight were given in 10 dose increments,
increasing at a ratio of 1.067 per step. The oil group
received 1 ml of the oil mixture.

Observation by autopsy and
measurement of organ weight

The mice were observed daily for 21 days after the
administration, and the day of death and the body
weight were recorded. The surviving animals were
sacrificed on day 22. All animals were autopsied and
observed for macroscopic changes in the body tis-
sues. The heart, liver, spleen, kidneys, lungs, sto-
mach, small and large intestines, adrenal glands,
thymus, lymph nodes, testis, and bone marrow were
all removed for tissue samples, which were pre-
pared with hematoxylin & eosin stain for micro-
scopic examination. Next, the weights of heart,
liver, spleen and kidney of the mice in all groups
were recorded. The absolute organ weights and the
relative organ weights (organ weight/body weight)
in the CDDP-Oil group, CDDP-Sol group and Oil
group were then compared statistically with values
in the no treatment group by the Mann—Whitney
method.

Results

Organ weight changes induced by drug
toxicity

There was no difference in the absolute and relative
organ weights of heart, liver, kidney and spleen
between the Oil group and the no treatment group.
The changes of organ weights observed in the
administration groups were as follows.

Heart. There was no remarkable difference in abso-
lute heart weight between mice that survived up to
day 22 and mice that died due to toxicity, compared
with the two control groups. There was no differ-
ence between the CDDP-Oil groups and the CDDP-
Sol groups. However, the relative heart weight of
the mice that died due to toxicity was increased in
both the CDDP-Oil groups and the CDDP-Sol
groups, because of the decreased body weight of
the mice (Figure 1A).
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Liver. The absolute and relative weights of the liver
in the mice that died of toxicity were much lower
than values in the two control groups. The weight
changes in the mice that survived to day 22 were
restored to the level of the control groups. However,
there were no remarkable differences between the
CDDP-0il groups and the CDDP-Sol groups. Simi-
lar findings were also noted in the relative liver
weight (Figure 1B).

Kidney. Generally, the absolute kidney weight was
decreased in all administration groups. However,
the reduction in the mice that died due to toxicity
was greater than in the surviving mice. There was no
remarkable difference between the CDDP-Oil
groups and the CDDP-Sol groups (Figure 1C).

Spleen. The absolute and relative weights of the
spleen in the mice that died of toxicity were much
lower than in the control groups. However, the
changes were restored in the surviving mice. There
were no apparent differences between the CDDP-
Oil groups and the CDDP-Sol groups (Figure 1D).

Macroscopic and microscopic findings

The autopsy findings were very similar in mice
given CDDP-Oil and CDDP-Sol. There were no
additional abnormal findings in the CDDP-Oil
groups compared with the CDDP-Sol groups. In
the mice that survived to day 22 in the administra-
tion groups and the two control (oil and no treat-
ment) groups, there were no pathological findings.
In the mice that died due to toxicity, the following
pathological changes were seen.

Kidney. In the mice that died of toxicity, the kidney
became atrophied and looked pale. Microscopi-
cally, there was vacuolation and sloughing of the
renal tubular epithelium with hyaline-like casts in
the lumen of the loosened tubules (Figure 2A).
However, these changes were not seen in the sur-
viving mice (Figure 2B).

Liver. In the mice that died of toxicity, the liver was
atrophied and congested. Microscopically, there
was vacuolation and degeneration in some areas
of parenchymal cells (Figure 3A). However, there
were no abnormal findings in the survivors (Figure
3B).

Stomach and intestines. Among the mice that died
due to toxicity, the gastric mucosa was swollen,
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Figure 2. Microscopic view of the kidney. (x 50). (a) Vacuolation and sloughing of the tubuler epithelium with hyaline-like
casts in the lumen of the loosened tubules were seen in the mice that died due to toxicity. (b) These changes were not seen

in the surviving mice.

Figure 3. Microscopic view of the liver (x 50). (a) In the mice that died due to toxicity, there was vacuolation and degen-
eration in the some areas of parenchymal cells. (b) There were no abnormal findings in the survivors.

degenerating and atrophied in the foveolar epithe-
lium (Figure 4A). The epithelium of the small and
large intestine was also swelling, vacuolated and
sloughing in the extensive range of intestinal wall
(Figures 5A and 6A). Those changes were not seen
in the survivors (Figures 4B, 5B and 6B).

Lung and beart. Macroscopically and microscopi-
cally, no pathological changes were seen except for
intra-alveolar bleeding in several animals that died
due to toxicity (Figure 7A). However, no abnorm-
ality such as, for instance, pulmonary embolism due
to oil was seen (Figure 7B).

Spleen. In the spleen, remarkable atrophy was seen
in the mice that died due to toxicity. Microscopi-

cally, atrophy of the white pulp and disappearance
of lymphocytes were observed remarkably (Figure
8A). In mice that survived to day 22, these findings
were not observed (Figure 8B).

Thymus. Severe atrophy of the thymus was seen in
the mice that died due to toxicity. In several mice,
there was a scar-like appearance. Microscopically,
atrophic changes with lymphoid hypoplasia in the
cortex were noted (Figure 9A). These changes were
not seen in the survivors (Figure 9B).

Lympb nodes. In the mice that died of toxicity, sys-
temic lymph nodes including the intra-abdominal
lymph nodes showed severe atrophy. Microscopi-
cally, the disappearance of lymphocytes and lym-
phoblasts was remarkable (Figure 10A). In the
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Figure 4. Microscopic view of the glandular stomach (x 50). (a) In the mice that died of toxicity, the foveolar layer was
swollen, degenerated and atrophied. (b) These changes were not seen in the survivor.

Figure 5. Microscopic view of the small intestine (x 50). (a) In the mice that died due to toxicity, intestinal epithel was
swelling, vacuolated and sloughing in the intestinal wall. (b) In the survivor, these changes were not seen.

Figure 6. Microscopic view of the large intestine (x 50). See Figure 5 legend.
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Figure 7. Microscopic view of the fung (x 50). (a) In the several mice that died due to toxicity, intra-alveolar bleeding was
seen. (b) These abnormalities were not seen in the survivors.

Figure 8. Microscopic view of the spleen (x 20). (a) In the mice that died of toxicity, remarkable atrophy of the white pulp
and disappearance of lymphocytes were seen. (b) In the mice that survived to day 22, these findings were not observed.

Figure 9. Microscopic view of the thymus (x 20). (a) In the mice that died of toxicity, severe atrophic changes with
lymphoid hypoplasia were noted, especially in the cortex. (b) These changes were not seen in the survivors.
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Figure 7. Microscopic view of the fung (x 50). (a) In the several mice that died due to toxicity, intra-alveolar bleeding was
seen. (b) These abnormalities were not seen in the survivors.

Figure 8. Microscopic view ot the spieen (x 2U). (a) in tne mice wnart aiea or IOXIClIy, remarkaoie aropry of INne Wiite puip
and disappearance of lymphocytes were seen. (b) In the mice that survived to day 22, these findings were not observed.
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Figure 9. Microscopic view of the thymus (x 20). (a) In the mice that died of toxicity, severe atrophic changes with
lymphoid hypoplasia were noted, especially in the cortex. (b) These changes were not seen in the survivors.
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survivors, lymphocyte numbers were not decreased
and the germinal centers reappeared in the lymph
nodes (Figure 10B).

Bone marrow. In the dead mice, bone marrow in the
femoral bone was atrophied and hypocytic. Micro-
scopically, remarkable hypoplastic changes were
seen in stem cells. Only red blood cells were seen
(Figure 11A). In the survivors, these changes were
not observed (Figure 11B).

Adrenal glands. In the dead mice, severe degen-
eration and atrophy of the cortex was seen (Figure
12A). In the survivors, these changes were not be
seen (Figure 12B).

Testis. In the mice that died of toxicity, the testis
were severe atrophied. Microscopically, the tissue
appeared looked loose due to hypocytic change. In
the survivors, this change was improved.

Discussion

Cisplatin is one of the most widely used chemother-
apeutic agents. The major organs affected by cis-
platin toxicity are kidney, gastro-intestinal tracts,
bone marrow, lymphoid tissues and ear.?® In par-
ticular, nephrotoxicity is the most important dose-
limiting factor for the clinical use of cisplatin.>”*® In
an attempt to reduce the systemic toxicity of cispla-
tin, we developed a new dosage format, cisplatin
microcrystals suspended in oil (CDDP-Oil). Oil is
retained in the peritoneal cavity on i.p. injection and
is absorbed through lymph capillaries into the reg-
ional lymphatic system.'® These properties allowed
CDDP-Oil to maintain cisplatin activity at a high
level for a long period in the i.p. tissue and a low
level of cisplatin was delivered to the circulating
blood compared with cisplatin aqueous solution
(CDDP-S0oD) (manuscript in preparation). There-
fore, CDDP-Oil is suggested to be useful for i.p.
chemotherapy.

In our previous report, the 50% lethal dose of
CDDP-Oil was reduced to 1.78 times that of
CDDP-Sol.! In this study, continuing our investiga-
tion of CDDP-OQil, we observed systemic patholo-
gical changes after the i.p. injection of CDDP-Qil in
mice and compared the effects with those of CDDP-
Sol. Autopsy findings and microscopic examination
showed that the organs affected by CDDP-Oil were
mainly kidney, gastro-intestinal tracts, bone mar-

Cisplatin microcrystals suspended in oil

row, lymphoid tissues such as spleen, thymus and
lymph nodes as well as CDDP-Sol.>*>° There were
no additional abnormal macroscopic and micro-
scopic changes by changing dosage form. Accord-
ing to the comparison of organ weight changes
between the two dosage forms, both CDDP-Oil and
CDDP-Sol reduced the weight of the kidney, liver
and spleen to the same degree and did not affect the
weight of the heart in the mice that died due to
toxicity. Whereas, in the mice that survived to day
22, these organ weight changes were virtually
restored.

From these results, we concluded that this new
dosage format, CDDP-Oil, did not increase the toxi-
city of cisplatin. This dosage form was thought to be
useful for i.p. chemotherapy.
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