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Abstract Cyclosporin A (CyA) is 
an extremely lipophilic drug that 
needs a solubilizing agent to become 
soluble in water. In the commercially 
available intravenous formulation - 
Sandimmun - Cremophor EL is used 
for this purpose. It is likely that Cre- 
mophor EL  contributes to some of 
the side effects produced by i. v. 
Sandimmun. We have recently 
shown that if Cremophor EL is re- 
placed by a soybean oil (SB0)-based 
fat emulsion carrier, the acute renal 
side effects following i. v. adminis- 
tration of CyA are avoided in a rat 
model. It is then important to ascer- 
tain whether the use of a fat emulsion 
carrier alters the immunosuppres- 
sive effect of CyA. Moreover, fatty 
acids can themselves influence the 
immune system, and both omega-3 
and omega-6 fatty acids have been 
reported to possess immunosup- 
pressive properties. In the present 
study, the effect on graft survival of 

i. v. CyA administered in five differ- 
ent formulations, using fat emulsions 
or liposomes as carriers, was com- 
pared to that of conventional 
Sandimmun infusion substance in 
the heterotopic heart transplant 
model in rats. The new formulations 
tested did not reduce the immuno- 
suppressive effect of CyA. On the 
contrary, a small but significant in- 
crease in graft survival was noted in 
the groups given CyA in the SBO- 
based fat emulsion carrier (17.0 f 
0.82 days) and CyA in liposomes 
(16.0 f 0.63 days) as compared to the 
results in the Sandimmun-treated 
group (15.0 f 0.58 days: P < 0.01 and 
P < 0.05, respectively). 
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Introduction 

We have recently demonstrated in a rat model that the 
acute nephrotoxic effect induced by intravenously 
(i. v.) administered Sandimmun [Cyclosporin (CyA) 
with Cremophor EL  and ethanol as solubilizing agents] 
can be avoided if CyA is given instead in a soybean oil 
(SB0)-based fat emulsion carrier [16]. In that study 
the composition of the fat emulsion used correspon- 
ded to Intralipid (Kabi Pharmacia Stockholm, Swe- 
den), a fat emulsion widely used for parenteral nutri- 
tion. 

In vitro testing of this new formulation showed that 
the inhibitory effect on lymphocyte proliferation in- 
duced by alloantigens was preserved but, in mitogen sti- 
mulation tests, CyA in the fat emulsion carrier seemed 
somewhat less effective than CyA dissolved in ethanol 
[15]. In vivo the rapid metabolization of fat emulsions 
may also influence the effects of the formulation. 

The composition of the fat emulsion chosen may in- 
fluence the action of CyA. Fatty acids from the omega-6 
family are precursors of arachidonic acid and may affect 
prostaglandin metabolism and, thereby, the immune re- 
sponse [14]. The anti-inflammatory effects of omega-3 
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fatty acids are thought to be at least partly mediated by 
inhibition of the 5-lipoxygenase pathway in neutrophils 
and monocytes [14]. Some reports show that high oral 
doses of omega-3 fatty acids (fish oil) alone prolong graft 
survival in rats [12]. Kirkman et al. showed, also in the 
rat, that oral CyA in fish oil was more immunosuppres- 
sive than when olive oil was used as the vehicle [S]. Fur- 
thermore, the administration of fish oil supplements to 
humans has been reported to reduce interleukin and tu- 
mour necrosis factor levels [ 3 ] .  

Various lipid carriers may also be distributed differ- 
ently in the body. For example, an iodinated fat emulsion 
is known to accumulate in the hepatocytes in the liver [7]. 
Liposomes, too, may be used to administer fat-soluble 
drugs and may be distributed according to their char- 
acteristics, i. e., particle size, biochemical composition, 
and charge. A positively charged liposome preparation 
has been reported to concentrate in the ischemic area 
after a cardiac infarct [2]. 

In this study the immunosuppressive effects of five 
new formulations for the i. v. administration of CyA were 
tested in the heterotopic heart transplant model in rats. 

Materials and methods 
Cyclosporin A formulations 

CyA was kindly provided by the Sandoz Company (Basel, Switzer- 
land). The various formulations were prepared by the group led by 
Professor Arvid Wretlind, Nutritional Research Institute, Stock- 
holm, Sweden. Six formulations containing 2 mg of CyA per ml 
were tested: 

1. The Sandimmun infusion substance, containing CyA solubilized 
with Cremophore EL and ethanol, was dissolved in 5 YO glucose as 
recommended. 
2. SBO-CyA contained 10 YO purified soybean oil (SBO) and 1.2 % 
purified egg phospholipids. The composition of the fat emulsion 
corresponded to that of the commercially available Intralipid 
(Kabi-Vitrum, Stockholm, Sweden). This emulsion contained 50 Yo 
omega-6 fatty acids and 10 % omega-3 fatty acids. (The terms ome- 
ga-3 and omega-6 refer to the position of the double bonds in the 
unsaturated fatty acids.) 
3. Fish oil-CyA contained 10 YO purified fish oil and 1.2 YO purified 
egg phospholipids. This formulation contained 30 % omega-3 fatty 
acids and 6 YO omega-6 fatty acids. 
4. PSBO-CyAwas a fat emulsion with positively (P) charged parti- 
cles containing 10 % purified soybean oil (SBO) and 1.2 '30 purified 
egg phospholipids. The content of omega-6 and omega-3 fatty acids 
corresponded to the SBO emulsion. 
5. IEPSO-CyA contained 10 % ehiodized oil injection (USP XXII; 
IEPSO = iodized ethyl esters of poppy seed oil) and 1.2 YO purified 
egg phospholipids. The iodination results in an iodine-substituted 
fatty acid without double bonds. 
6. Liposome-CyA contained 1.2 % purified egg phospholipids in a 
water phase. 

CyA was dissolved in the lipid phase. A water phase was pre- 
pared containing distilled water, glycerol (to give an isotonic 
emulsion), and purified egg phospholipids. The water phase was 

heated to 60"-70"C and the lipid phase was added in a mixer at 
high speed. An emulsion was prepared in a valve homogenizer at 
high pressure. The emulsion was dispensed in glass vials and heat- 
sterilized. 

The liposomal preparation (Liposome-CyA) was made in a si- 
milar way, but CyAwas added directly to the water phase with the 
egg phospholipids. 

The control animals received corresponding volumes of isotonic 
saline. 

Animals 

Male DA rats (Hannover Versuchtieranstalt, Hannover, Germany) 
weighing 150-18Og were used as donors and male Lewin rats 
(Mollegaard Breeding Centre, Skensved, Denmark) weighing 220- 
250 g were used as recipients. The rats were kept under standard 
conditions and were given food and water ad libitum. 

Surgical procedure 

First, a central venous catheler was introduced into the left jugular 
vein of the recipient and tunnelled subcutaneously to the dorsal part 
of the neck. Thereafter, heterotopic heart transplantation was per- 
formed with a nonsuture cuff technique, previously described in 
detail [lo]. Briefly, the recipient's jugular vein and carotid artery 
were exposed, divided, and cuffed. The heart was flushed with saline 
and harvested from the donor. Then the aorta was anastomosed to 
the common carotid artery and the pulmonary artery was anasto- 
mosed to the jugular vein. The donors were anesthetized with Me- 
bumal i.p. (NordVac, Stockholm, Sweden) and the recipents with 
Hypnorm i. m. (Jansen Pharmaceutical Company. Beerse, Bel- 
gi um) . 

Postoperative treatment 

Immediately after graft revascularization, 10 mgikg body weight of 
CyA in one of the different formulations (or in control rats, the 
corresponding volume of isotonic saline) was infused i. v. for 5 min. 
The dose was repeated at 24-h intervals for another 6days. On 
day 6, before the last dose, blood was collected from the ocular 
plexus under light ether anesthesia for analysis of CyA concentra- 
tion (whole blood monoclonal RIA) and creatinine. The rats were 
weighed daily and the heart transplants were palpated. Loss of 
palpable contractions was considered as rejection. Absepce of con- 
tractile activity was verified by direct inspection of the graft under 
Hypnorm anesthesia and the rat was then dcrificed. The diagnosis 
of rejection was confirmed by histological examination. Losses 
within the first 48 h were considered to be technical. The technical 
success rate was 88 Yo. 

The study protocol was approved by the regional animal ethics 
committee. The studies were performed in accordance with the 
"Principles of Laboratory Animal Care" published by NIH and 
Swedish legislation concerning protection of animals. 

Statistical analysis 

Values are given as mean f standard deviation. Exact logistic re- 
gression (Log Exact, Cytel Software, Greenwich, Mass., USA) was 
used to compare graft survival. CyA concentrations, and creatinine 
levels between the groups [Y]. 
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Table 1 Graft survival in the various treatment groups 

Treatment n Graft survival Mean SD P (versus 
(days) Sand- 

immun) 

Controls 6 6,6,6,6,7,7 6.3 _+ 0.58 
Sandimmun 7 15,15,16,15,15,14,15 15.0 k 0.58 

Fish oil-CyA 7 16,17,17,15,15,15,15 15.7 k 0.95 NS 
SBO-CyA 7 17,18,17,16,17,18,16 17.0f0.82 <0.01 

PSBO-CyA 6 15,15,17,16,16,20 16.5 k 1.87 NS 
IEPSO-CyA 6 16,14,15,16,16,15 1.5.3 ? 0.82 NS 
Liposome-CyA 6 16,16,16,15,16,17 16.0 k 0.63 < 0.05 

Table 2 Cyclosporin A and serum creatinine concentrations on 
day 6 

Treatment n CyA concentration Creatinine 

Mean SD Mean SD 
(ndml) (mmol/l) 

Controls 6 <20 - 39.0 i 10.6 
Sandimmun 7 1508 i 8 3  38.7 i 6.0 
SBO-CyA 7 1514 i 1 2 8  41.4 k 8.0 
Fishoil-CyA 7 1591 i 144 41.3 k 11.8 
PSBO-CyA 6 1452 k101 42.2 k 9.6 
IEPSO-CyA 6 1524 i 2 6 6  39.5 i 13.1 
Liuosome-CvA 6 1500 k200 39.7 k 9.3 

Results 

The control group receiving saline had a mean graft sur- 
vival of 6.3 f 0.58 days. Rats given Sandimmun infusion 
substance had a mean graft survival of 15.0 & 0.58 days. In 
the groups given CyA in the new lipid carrier-based for- 
mulations, graft survival was 17.0 f 0.82 days in the SBO- 
CyA group, 15.7f0.95 in the fish oil-CyA group, 
16.5 f 1.87 in the PSBO-CyA group, 15.3 f 0.82 in the 
IEPSO-CyA group, and 16.0 f 0.63 in the liposome-CyA 
group-(Table 1). CyA-treated groups, regardless of the 
formulation used, had a significantly longer graft survival 
than did the control group ( P  < 0.001 in all comparisons). 
Moreover, a small but significant prolongation of graft 
survival was noted in the group receiving SBO-CyA 
( P  < 0.01) and liposome-CyA ( P  < 0.05), as compared to 
the Sandimmun-treated animals. 

The CyA concentrations on day 6 did not differ be- 
tween the groups (Table 2). The serum creatinine levels 
were not influenced by the CyA treatment, regardless 
of the formulation used (controls vs CyA-treated rats; 
Table 2). 

Discussion 

The immunosuppressive effect of CyA was not nega- 
tively influenced by the new lipid carriers when tested in 
the heterotopic heart transplant model in the rat. The 

CyA concentrations in whole blood and the serum crea- 
tinine levels were also the same as in the Sandimmun- 
treated animals. 

In two of the groups receiving new formulations of 
CyA - SBO-CyA and liposome-CyA -the graft survival 
was somewhat longer than in the Sandimmun-treated 
rats. Although statistically significant, the numerical dif- 
ferences were small and the relevance of this finding is 
uncertain. However, there are at least two potential me- 
chanisms by which these changes of the formulations 
may affect graft survival. One possibility is that the car- 
rier itself has an immunosuppressive effect. The SBO- 
CyA formulation had a high content of omega-6 fatty 
acids. Omega-6 fatty acids have been reported to pro- 
duce immunosuppressive effects, probably by a mod- 
ification of the metabolism of arachidonic acid [14]. In 
our study, considerably smaller amounts of fat were ad- 
ministered and an immunosuppressive effect of the SBO 
carrier itself seems less likely. 

In previous reports, prolonged graft survival in rats 
has also been shown after the oral administration of fish 
oil [8, 121. In these studies, too, the doses were higher. 
Otto et al. showed that pretreatment of the donor, com- 
bined with treatment of the recipient both pre- and post- 
transplant, was the most effective regimen. We found no 
enhancing effect on graft survival in the fish oil-CyA 
group, but in our study the doses were low (0.5 g fat/kg 
per day), given intermittently, i.v., and only after the 
transplantation. 

Another possibility is that the new formulations in- 
fluenced the tissue distribution of CyA. CyA levels in 
whole blood on day 6 were similar in all groups, but the 
tissue concentrations of CyA could still have been dif- 
ferent. It is known that the biochemical composition, 
size, and charge of the fat particles may influence their 
tissue distribution [11]. Large fat particles are usually 
cleared more rapidly than small ones, and they are often 
accumulated in the RES system. Charged liposomes are 
cleared more rapidly than neutral ones and the distribu- 
tion may also differ. If an increased CyA concentration 
occurred in lymphocytes or locally in the graft, this could 
be expected to prolong graft surv)val[6,13]. 

Gorecki et al. have obtained increased CyA con- 
centrations in the spleen accompanied by prolonged 
heart graft survival using a liposomal formulation in mice 
[4]. Arnoux et al. demonstrated prolonged graft survival 
in a rat model when CyA was administered in small lipo- 
somes rather than in a Cremophore-based solution [1]. 
Some positively charged liposomes have been found to 
accumulate in ischemia heart muscle [2]. This finding 
prompted us to test a positively charged fat emulsion 
(PSBO-CyA), but this did not prolong graft survival be- 
yond that of Sandimmun. To influence the tissue dis- 
tribution of CyA by changing the formulation, it is ne- 
cessary for CyA to remain mainly bound to the fat parti- 
cles also after the infusion. It is possible, however, that 
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the CyA rapidly dissociated from its carrier when enter- 
ing the circulation and was then distributed in- 
dependently of the carrier. 

With the use of lipid carriers, Cremophor EL can be 
omitted from the i. v. formulations of CyA. Cremophor 
EL can cause anaphylactic reactions and may also con- 
tribute to nephrotoxic side effects. The composition of 
the SBO carrier corresponds to that of the i.v. fat 
emulsion (Intralipid (Kabi Pharmacia, Stockholm, 
Sweden). Intralipid is widely used for parenteral nutri- 
tion and is usually well tolerated [5].  Side effects are 
rare. If more significant side effects occur, they are of- 
ten related to long-term administration and fat over- 
load. When used as a drug carrier, the doses adminis- 
tered are smaller and fat overload is not likely to be a 
problem. The other lipid carriers have thus far been 
tested only in experimental studies, and data on side 
effects are not available. 

The present study shows that CyA, when adminis- 
tered i.v. in fat emulsions and liposomes, maintains at 
least the same immunosuppressive effects as when it is 
given as Sandimmun. A potential advantage of these 
cariers is that they avoid the use of Cremophor EL and 
may, thereby, decrease the acute nephrotoxicity seen 
during i.v. administration of Sandimmun. The use of 
certain lipids as carriers may also add somewhat to the 
immunosuppressive effect. We therefore propose further 
modifications of the formulation as a way to increase the 
therapeutic index of i.v. CyA as well as of other fat- 
soluble immunosuppressive drugs. 
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