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The ability of cc-tocopherol in the form of an emulsion to augment the antioxidant reserve 
of kidneys during their ischemia or storage is explored. Over 10 min after an intravenous 
injection of the emulsion into rats or rabbits at 10 mg/kg body weight, the mean a-toco- 
pherol concentration in the renal cortical layer rose from 6.7+0.2 to 7.4+0.2 gg/g (p<0.05); 
the injection also slowed the accumulation of malonic dialdehyde in cortical layer ho- 
mogenates of intact and ischemic kidneys during ascorbate-induced lipid peroxidation. In 
kidneys stored at 4~ in a preservative solution to which the a-tocopherol emulsion had 
been added (10 mg/liter), lipid peroxidation was found to be inhibited after 24 and 48 h 
of storage. 
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Activation of free-radical processes is a key factor in 
the pathogenesis of ischemic damage to organs [2,9, 
17]. Treatment with pharmaceutical preparations that 
inhibit the peroxidation of membrane lipids mitigates 
postischemic metabolic and functional disorders and 
slows the accumulation of lipid peroxidation (LPO) 
products [2,12,13,15]. 

An effective antioxidant with anti-ischemic prop- 
erties is a-tocopherol (a-TP), whose beneficial effects 
have been demonstrated in ischemias of the kidney, 
heart, and liver [1,2,7,11,14,16]. However, because it 
is fat soluble, cc-TP can be administered only by the 
intramuscular, intraperitoneal, or enteral route, so that 
its antioxidant and membrane-stabilizing effects are 
not manifested until 3-4 h postadministration and 
reach their maxima in 18-24 h [3,5,11]. 

We have developed a procedure for preparing cc- 
TP in the form of an emulsion suitable for intrave- 
nous injection and for adding to preservative solu- 
tions. Essentially, the procedure involves extracting 
cc-TP from its oil solution with dimethyl sulfoxide 
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(DMSO) and mixing it with physiological saline or 
some other solution [61. 

In the present study we evaluate the results ob- 
tained with the cc-TP emulsion injected intravenous- 
ly to augment the antioxidant reserve of ischemic or 
stored kidneys. 

MATERIALS AND METHODS 

In the first series of tests, the et-TP emulsion was 
assayed for its potential adverse effects on the kid- 
ney following intravenous administration. Freshly 
prepared emulsion was injected into 10 intact ran- 
dom-bred rats and 4 rabbits in an amount corre- 
sponding to 10 mg of cc-TP per kilogram body weight 
(the DMSO dose being 200 mg/kg), and the animals 
were then observed for 30 days, during which period 
the clearance of endogenous creatinine was measured 
and samples of renal tissue were subjected to histo- 
logical examination at various times. 

In the second test series, the antioxidant effects 
of the a-TP emulsion and of a standard cc-TP solu- 
tion in oil were compared on 45 male Wistar rats 
divided into three groups. In group 1 (n= 15), the left 
kidney was made ischemic for 90 min by compress- 
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Fig. 1. Effect of in t ravenously  injected c t - - tocopherol  ( a - T P )  acetate emulsion on  the accumulat ion of malonic d ia ldehyde (MDA) 
in renal  cortical homogena tes  after LPO induct ion by ascorbate and Fe 2* in vitro, a) intact  kidneys;  b) k idneys  after 90 rain of 
thermal  ischemia and 20 min of reperfusion. I) control tests; 2) tests with intraperi toneal  inject ion of c t - T P  aceta te  oil solution at 
200 m g / k g  24 h before ischemia; 3) tests with intravenous injection of a - T P  acetate emulsion at 10 m g / k g  10 rain before reperfusion. 
Ordinate:  MDA concentrat ion,  nmol /g .  

ing the renal vessels and neither the a -TP  emulsion 
nor the standard a - T P  oil solution was administered. 
In group 2 (n=14), a 30% oil solution of  a -TP ace- 
tate was injected intraperitoneally at 200 mg/kg body 
weight 24 h before a 90-minute renal ischemia was 
produced as described above. Group 3 (n=16) re- 
ceived the emulsion intravenously at 10 mg a - T P /  
kg body weight after 80 min of  the 90-min renal 
ischemia, i.e., 10 min before reperfusion of  the kid- 
ney was started. Tissues of  the intact kidneys and of  
the kidneys subjected to the 90-min ischemia fol- 
lowed by 20-rain reperfusion were assayed for a -TP  
as described by Taylor et al. [18] and for malonic 
dialdehyde (MDA); M D A  concentrations were meas- 
ured in renal cortical homogenates at various times 
of  their in vitro incubation after LPO induction with 
ascorbate and Fe 2§ [8]. 

The third test series, carried out on five rabbits 
subjected to bilateral nephrectomy, was designed to 
assess the antioxidant activity of  the a -TP  emulsion 
added to a preservative (Eurocollins) solution used 
to store kidneys, One of  the removed kidneys was 
washed, via the renal artery, with the standard Eu- 
rocollins solution cooled to 4~ while the contral- 
aterat kidney was washed with the same solution, to 
which was added the a -TP  extracted from its oil so- 
lution into D M S O  (final concentrations: a -TP=10  
mg/liter, D M S O = 1 0 0  mg/liter). The kidneys were 
then stored in the same solution for 24 or 48 h, and 
the antioxidant effect of  the added a -TP  was esti- 
mated by measuring increases in the MDA concen- 
tration in renal cortical homogenates under normo- 
thermic aerobic conditions in vitro after LPO was 
induced with ascorbate and Fe 2§ [8]. 

The test results were statistically analyzed by 
Student 's t and Wilcoxon's U tests to estimate the 
significance of  intergroup differences. 

R E S U L T S  

The first test series did not show any appreciable 
adverse effects of the intravenously injected a -TP  
emulsion on intact kidneys. The behavior of  all ani- 
mals remained normal and none of  them died dur- 
ing the 30-day observation period. The urine of some 
animals was brown during the first 24 h postinjec- 
tion, which was due to the excret ion of  colored 
DMSO metabolites [4]. The clearance of  endogenous 
creatinine did not go beyond normal limits. Nor were 
any abnormalities detected on histological examina- 
tion of  renal tissue samples at various times after 
injection of  the emulsion. 

It follows from the above that no untoward ef- 
fects actually materialized from the two potentially 
injurious factors associated with intravenous admin- 
istration of  the a -TP emulsion, namely, the toxicity 

TABLE 1. Malonic Dialdehyde (MDA) Concentrations in the Cortical 
Tissue of Intact or ]schemic and Repeffused Kidneys after Injection 
of a-Tocopherol (c(-TP) Oil Solution or Emulsion (M~m) 

Test series 

Control (baseline) 

a-TP oil solution 

a-TP emulsion 

MDA concentration, nmol/g 

intact 
kidneys 

21.0+2.0 

17.5+1.8 
21.0_+2.0 

ischemic 
kidneys 

25.1+1.9 

23.5+4.7 
23.0-+3.1 
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Pig. 2. Effect of c~-tocopherol  (ct--TP) acetate emulsion added 
to preservative (Eurocollins) solution on the ascorbate--  and 
Fe2+-- induced  malonic  d ia ldehyde  (MDA) accumula t ion  in 
cortical tissue homogenates prepared from kidneys stored at 4~ 
a) uns to red  k idneys  i m m e d i a t e l y  after their  washing with 
Eurocollins solution; b) after 24 h of storage; c) after 48 h of 
storage. I) s tandard Eurocol l ins  solut ion (control tests); b) 
Euroco l l ins  so lu t ion  with  added  o t - T P  ace ta te  emuls ion.  
Ordinate: MDA concentration, nmol/g.  

of the DMSO contained in the emulsion and the 
large a -TP  micelles present in it that are capable of  
inducing capillary embolism. In fact, the DMSO 
dose used was well outside the toxic range [4]. 

Over the 24-h period after the intraperitoneal 
injection of  the ct-TP oil solution, the tx-TP con- 
centration in renal cortical tissue rose from 6.7+0.2 
to 9.0+0.3 ~tg/g (p<0.01). In the tests where the 
emulsion was injected intravenously 10 min before 
reperfusion was started, the (x-TP concentration in 
renal cortical tissue rose to 7.4+0.2 ~tg/g over the 
10-min period (p<0.05 relative to the normal val- 
ue), and this was accompanied by an increase in 
antioxidant activity of the renal tissue. Whereas the 
MDA concentrations in renal cortical tissue after the 
injection o f  c~-TP in either form (as emulsion or oil 
solution) before or after ischemia declined insig- 
nificantly (Table 1), t~-TP in both forms led to a 
marked inhibition of  MDA accumulation in intact 
as well as ischemic and reperfused kidneys after LPO 
was induced with ascorbate and Fe 2§ in vitro (Fig. 
1, curves 2 and 3). The oil solution and emulsion 
were almost equally effective in inhibiting LPO in 
these tests, and the period of  the initial, relatively 
slow rise in MDA, reflecting the supply of  tissues 
with endogenous antioxidants [8], was longer than 
in the control tests (25 min vs. 15 min; Fig. 1, a). 
After the ischemia, such a period was absent in the 
control tests, but it was well defined and lasted for 
about 15 min in the tests using c~-TP in either form 
(Fig. 1, b). 

Thus, although the renal concentration of ct-TP 
was lower after the injection of  its emulsion than 
after the injection of  its oil solution, the two dosage 
forms produced similar antioxidant effects. In both 
test groups, the induced LPO was markedly inhibit- 
ed as a result of  an increase in the amount of  avail- 
able endogenous antioxidants and, unlike in the con- 
trol group, an inhibitory effect was also observed 
during the postischemic period. 

In the third test series using rabbit kidneys stored 
under hypothermal conditions, the MDA concentra- 
tion in renal cortical homogenates rose insignificantly 
from the baseline level of  8.2+1.4 nmol/g to 8.6+1.0 
nmol/g after 24 h of  storage in the standard Euro- 
collins solution, followed by a significant rise to 
20.1+2.4 nmol/g over the subsequent 24 h of  stor- 
age in this solution (p<0.05). Lower MDA values 
were recorded for kidneys stored in Eurocollins so- 
lution containing DMSO-extracted (x-TP: 6.2_+1.1 
nmol/g after 24 h of storage and 14.4_+0.7 nmol/g 
after 48 h (p<0.05) vs. 8.3_+0.9 nmol/g immediately 
after washing of  the kidneys before storage. 

In the tests where (x-TP was added to the pre- 
servative solution, MDA accumulation during the 
ascorbate-induced LPO occurred at a significantly 
slowed rate in the cortical tissue homogenates pre-  
pared from unstored kidneys as well as those stored 
for 48 h (Fig. 2). 
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The  results o f  this s tudy  indicate  that  the a - T P  
emuls ion  we have deve loped  can  be  used bo th  as an  
in t ravenous  inject ion and  as an additive to preserva-  
tive solutions.  These  two uses are comple te ly  ruled 
out  for  the s tandard  a - T P  solu t ion  in oil. 

T h e  obse rved  s ign i f ican t  e l eva t ion  o f  the  a - T P  
c o n c e n t r a t i o n  in r ena l  t i ssue as ear ly  as 10 m i n  
a f t e r  i n t r a v e n o u s  i n j e c t i o n  o f  a - T P  e m u l s i o n  in -  
d i ca te s  t ha t  this  a n t i o x i d a n t  is fair ly r ap id ly  de -  
l ivered  to  p a r e n c h y m a l  cei ls  f r o m  the vascu la r  b e d  
a n d  can  thus  inh ib i t  L P O  a c t i v a t i o n  by  e f fec t ive ly  
r e p l e n i s h i n g  the  s to re  o f  e n d o g e n o u s  a n t i o x i d a n t s  
tha t  are in tens ive ly  e x p e n d e d  dur ing  the  pos t i s che -  
m i c  pe r iod .  

W h e n  added  to a solut ion used  to store kidneys,  
a - T P  also increases  the an t iox idan t  reserve o f  kid-  
ney  cells and  inhibi ts  L P O  b o t h  before  and  a f te r  
p ro longed  storage o f  the  organ.  Thus,  even at a low-  
ered  t e m p e r a t u r e  (4~ (x-TP can  be t ranspor ted  to 
the renal  p a r e n c h y m a  f r o m  emuls ion  vesicles present  
in the vascular  bed.  

Al though  the m e c h a n i s m  o f  this t ranspor t  is not  
clear,  it has been  shown tha t  w h e n  an aqueous  solu- 
t ion o f  l iposomes  is mixed  with  a - T P  dissolved in 
alcohol ,  the c~-TP is rapidly incorpora ted  into l ipo-  
s o m a l  m e m b r a n e s ,  and  tha t  a - T P  is also rap id ly  
t ransfer red  f rom d o n o r  to  a ccep t o r  vesicles after  a -  
T P - l o a d e d  l iposomes  are mixed  wi th  l iposomes  no t  
con ta in ing  this ant ioxidant .  

This  s tudy clear ly demons t r a t e s  good  prospects  
for  the use o f  cz-TP in the  f o r m  o f  an emuls ion  to 
p ro tec t  organs  f r o m  i schemic  damage .  
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