
Biomedica Vol. 25 (Jan. - Jun. 2009) 

D:/Biomedica Vol.25, Jan. – Jun. 2009/Bio-4.Doc        P. 32 – 35        (WC) 
 

 

DIFFERENTIAL PRESERVATION OF RABBIT 
KIDNEY AND LIVER TISSUE IN RINGER LACTATE, 

EURO COLLINS AND UNIVERSITY OF WISCONSIN SOLUTIONS 

 
AMBEREEN A. IMRAN, SAEED A. KHAN 

MUNAZZA HASAN AND N. A. CHAUDRHY 
Departments of Pathology, Postgraduate Medical Institute and 

MEP, Institute of Public Health, Lahore 

 
ABSTRACT 
Formalin, the most widely used preservative, has certain drawbacks. The foremost of them is 
interference with immunohistochemistry. To evaluate the efficacy of three commonly used 
organ preservation solutions for tissue preservation this experimental study was carried out on 
rabbit kidney and liver The tissue slices were stored in Ringer Lactate, Euro Collins and 
University of Wisconsin solutions (UW solution), for various fixed time intervals. The three 
solutions were used in their original form as well as with addition of antimicrobial agents. 
Morphological preservation was assessed by a semi quantitative method. Kidney slices showed 
better morphological preservation than liver tissue. UW solution demonstrated the highest 
preservation of the three solutions tried. UW solution was especially effective for liver pre-
servation. Addition of anti microbial agents was more beneficial to kidney preservation than 
liver. Thus it was concluded that organ preservation solutions may be used for tissue pre-
servation as well. 

Keywords:  Organ preservation, Ringer lactate, Euro Collins solution, University of Wisconsin 
solution, morphological preservation. 

 
INTRODUCTION 
Attempts to preserve human tissues and organs 
from putrefaction and decay began in antiquity 
with the embalming and mummifying techniques 
which were developed to a fine art by the Egyptian 
dynasties. The Spanish Civil War marked the 
advent of blood banks and hence the clinical appli-
cation of tissue storage techniques.1 These attem-
pts continue today whether with the idea of pre-
serving blood, organs, or gametes of human as well 
as non-human origin, as by conservation biolo-
gists.2 -5 

 Modern day attempts for tissue and organ pre-
servation have generally been based on immer-
sion in various solutions.6-8 Initially solutions with 
electrolyte concentration resembling that of extra 
cellular fluid were tried.9 However later it was dis-
covered that solutions with electrolyte concentra-
tions resembling intracellular fluid gave better 
preservation. 10 

 This happens because a cell is deprived of cir-
culation and hence energy, its vital processes gra-
dually come to a halt. These include the Na-K 
pump, which is responsible for maintaining the 
high intracellular potassium and the high extra-
cellular sodium levels. As it ceases to function, 
sodium and potassium drift down the chemical 

and electrical gradients; and the cell ends up 
having the same ionic concentration as its environ-
ment. Hence, if the environment is adjusted so as 
to support rather than challenge the intracellular 
environment, the ionic reversal is minimized. At 
the same time cell swelling is avoided.11 

 The time honored organ preservation solution 
Euro Collins solution (EC solution) was based on 
this principle.12 This solution proved to be of great 
help in extending times of successful kidney 
preservation, but unfortunately it did not preserve 
hepatic tissue so well. 7 

 After extensive research a new solution, 
University of Wisconsin solution (UW solution), 
was developed at the University of Wisconsin.13 
This has dramatically increased the effectiveness 
of liver preservation protocols, and when tried on 
kidney proved very helpful for this organ too.3-5 

 Tissue preservation is as important to a his-
topathlogist as to a transplant surgeon, though due 
to entirely different reasons. For routine histo-
pathology, formalin has established itself as a gold 
standard.14 but it has its own disadvantages. One 
of the most important of these is the masking of 
antigenic sites that which interfere with sub-
sequent immunohistochemistry. Hence the quest 
for tissue preservation medium continues which 
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would satisfactorily preserve both morphology and 
antigenicity.15 
 In this study an attempt has been made to 
preserve rabbit kidney and liver tissues in various 
solutions. Three commonly used solutions,3 i.e. 
Ringer lactate, EC solution and UW solution were 
tried in original forms as well as with addition of 
antimicrobial agents. The morphological preserva-
tion of rabbit renal as well as liver tissues stored in 
these solutions for different periods of time was 
assessed. The aim was to evaluate the differences 
in efficacy of these solutions for different tissues. 
 

MATERIALS AND METHODS 
Rabbits were sacrificed and their kidneys and 
livers were sliced. These slices, 3-4 mm thick, were 
preserved in six different solutions at room 
temperature. The solutions were Ringer lactate, 
EC solution and UW solution. Each solution was 
used as such as well as with added anti microbial 
agents (Table 1). Ringer lactate was purchased  
 

Table 1:  Details of solutions used. 
 

Solution Description 

A Ringer lactate 

B 
Ringer lactate with anti microbial 
agents 

C EC solution 

D EC solution with anti microbial agents 

E UW solution 

F UW solution with anti microbial agents 
 

from Medisol®, while EC solution was prepared 
after Abebe et al16 and UW solution was prepared 
after Baatard et al17 immediately prior to use. The 
anti microbial agents employed were Penicillin 104 
i.u./ml, Streptomycin 10 mg/ml and Nystatin 
2500 i.u./ml.18 

 Tissue slices were removed at various fixed 
time intervals (0 hr, 12 hr, 24 hr, 36 hr, 48 hr, 72 
hr, and 96 hr) and processed routinely. six tissue 
slices were included in each group. Sections were 
stained with haematoxylin and eosin. Morpholo-
gical preservation was assessed by a semi quanti-
tative method and expressed in percentage.14 The 
0 hr sections served as a control for each group. 
Observations were recorded by two independent 
observers. The results were then compared using 
paired student’s t test and slope test. 

 
RESULTS 
Kidney was found to show better preservation than 
liver. This was seen in all fluids. This difference 
was statistically significant in case of Ringer 
lactate and EC solution with added anti microbial 
agents. Liver tissue revealed better preservation in 
UW solution, with and without anti microbial 
agents, in early stages. When time passed kidney 
preservation surpassed liver preservation in these 
solutions as well (Table 2). 

 
DISCUSSION 
 Tissue preservation is at a stage of rapid adva-
ncement.19 Current research in many centers is

 

Table 2: Comparison of preservation of rabbit renal and liver tissues 
in different solutions 

 

Percentage Preservation 

Solution Tissue At 24 
hrs 

At 48 
hrs 

At 96 
hrs 

Slope P value 

Kidney 65 45 19 -0.83 
A 

Liver 83 40 15 -0.97 
p= 0.32 

Kidney 94 70 50 -0.55 
B 

Liver 90 65 28 -0.81 
P= 0.01٭ 

Kidney 95 53 18 -0.96 
C 

Liver 85 40 15 -0.96 
p= 0.98 

Kidney 90 73 50 -0.52 
D 

Liver 85 65 40 -0.65 
p=0.03٭ 

Kidney 94 70 64 -0.39 
E 

Liver 96 75 40 -0.59 
p= 0.45 

Kidney 98 87 80 -0.19 
F 

Liver 99 85 70 -0.30 
p=0.30 

 

 p value statistically significant = ٭

targeted at evaluating the 
efficacy of the numerous co-
mponents of UW solution 
and improving it further. An 
ongoing challenge is to incre-
ase the efficiency of the pre-
servation solutions while mi-
nimizing the cost.4-8 Histopa-
thologists are trying to incor-
porate these developments 
into their own domain so as 
to avail the benefits of these 
solutions while avoiding the 
drawbacks of formalin.20 The 
results showed that renal tis-
sue was more tolerant to is-
chaemia than liver tissue 
(Table 2). This conforms to 
findings in other studies.21 
This happens because the hi-
gher metabolic rate of hep-
tocytes makes them more 
sensitive to the deleterious 
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effects of anoxia. Ischaemia cuts off the supply of 
oxygen and nutrients. Metabolism becomes anae-
robic; lactic acid is produced causing progressive 
intracellular acidosis, that activates lytic enzymes 
leading to autolysis.8,21 

 Another reason for this lowered resilience of 
hepatocytes is that it is more permeable to glucose 
and mannitol. This leads to reduced osmotic con-
trol and increased acidosis due to anaerobic glycol-
lysis.8   

 The results suggest that UW solution is better 
liver tissue than EC solution. The difference is so 
marked that for the early stages of preservation in 
UW solution, liver tissue reveals better preserva-
tion than renal tissue. However on prolonged 
storage, renal tissue regained its supremacy as the 
more resilient tissue. This dramatic fall of mor-
phological preservation of liver with the passage of 
time has also been reported earlier.21 

 Another finding was the protection conferred 
on renal tissue by anti microbial agents (Table 2). 
Although renal tissue revealed better preservation 
almost throughout, the addition of anti microbial 
agents rendered statistical significance to this 
difference. Tissue damage during preservation 
occurs via two mechanisms. One is invasion by 
microbial agents; the other involves the metabolic 
changes already described, triggering autolysis.21-23 
The second mechanism is more operative in the 
liver tissue, while in the renal tissue deterioration 
is caused mainly by microbial agents. Hence, the 
addition of anti microbial agents is more beneficial 
to renal tissue. This benefit was obvious in all solu-
tions. As already stated, the addition of anti micro-
bial agents to Ringer lactate and EC solution made 
them solutions significantly more potent. This 
finding has also been reported earlier.24-25 With 
UW solution the scenario is different. While plain 
UW solution revealed better preservation of liver 
tissue in early stages, the addition of antimicrobial 
agents improved the preservation of renal tissue to 
a degree that it came close to that of liver tissue. 

 In conclusion, organ preservation solutions 
can be employed for tissue preservation as well. 
Satisfactory preservation of renal tissue can be 
obtained with the cheaper and more readily avai-
lable EC solution, while the more vulnerable liver 
tissue would require a more sophisticated solution 
like UW solution. 

 
ACKNOWLEDGEMENTS: 
The authors are thankful to the Principal of Post-
graduate Medical Institute, Lahore for providing 
facilities to carryout this work. 

REFERENCES 
1. Jolly DW. In: Field Surgery in Total War. New York: 

Paul B Hoenner Inc, 1941. 
2. Tovar H, Navarrete F, Rodriguez L, Skewes O, Cas-

tro FO. Cold storage of biopsies from wild end-
angered native Chilean species in field conditions 
and subsequent isolation of primary culture cell 
lines. In Vitro Cell & Dev Biol 2008; 44: 309-320. 

3. Gulec B, Coskun K, Yigitler C, Yigit T, Aydin A, 
Oner K. Ischaemia-reperfusion injury in the liver 
during renal transplantation: does perfusion solu-
tion play a role? Transplant Proc 2008; 40: 59-62. 

4. Mangus RS, Fridell JA, Vianna RM, Milgrom MA, 
Chestovich P, Chihara RK, Tector AJ. Comparison 
of histidine-tryptophan-ketoglutarate solution and 
University of Wisconsin solution in extended cri-
teria liver donors. Liver Transpl. 2008 Mar1 4 (3): 
365-73. 

5. Mangus RS, Tector AJ, Fridell JA, Kazimi M, Holl-
inger E, Vianna RM. Comparison of histidine-try-
ptophan-ketoglutarate solution and University of 
Wisconsin solution in intestinal and multivisceral 
transplantation. Transplantation. 2008 Jul 27; 86 
(2): 298-302. 

6. Ahmad N; Pratt JR; Potts DJ; Lodge JP. Compara-
tive efficacy of renal preservation solutions to limit 
functional impairment after warm ischemic injury. 
Kidney Int. 2006; 69 (5): 884-93. 

7. Abe T, Lynch SV, Balderson GA, Pragalathan S. Pil-
lay PS, Wall DR, Akiyama T, Zhimizu Y, Matsunami 

Hand, Strong RW. Comparison of Euro-Collins and 
University of Wisconsin solutions in adult human 
cadaveric liver transplantation. J Hepatobiliary-
Pancreatic Surg 2006; 1: 280-84. 

8. Bahde R, Palmes D, Gemsa O, Minin E, Stratmann 
U, de Groot H, Rauen U, Spiegel HU. Attenuated 
cold storage injury of rat livers using a modified 
HTK solution. J Surg Res. 2008; 146 (1): 49-56. 

9. Benichou J, Halgrimson CG, Weal R, Koep LJ, Star-
zl TE. Canine and human liver preservation upto 6 
to 18 hours by cold infusion. Transplantation 1977; 
6: 407-11. 

10. Jamieson NV, Lindell S, Sundberg R, Southard JH, 
Belzer FO. An analysis of the components in UW 
solution using the isolated perfused rabbit liver 
model. Transplantation 1988; 46: 512-16. 

11. Bullock J, Botle J, Wand MB, [eds]. Physiology. 3rd 
Ed. Philadelphia: Williams & Wilkins, 1995: 6-8. 

12. Collins GM, Bravo-Shugarman M, Terasaki PI. Kid-
ney preservation for transportation. Initial perfu-
sion and 30-hours ice storage. The Lancet 1969; ii: 
1219-22. 

13. Belzer FO, Southard JH. Principles of solid organ 
preservation by cold storage. Transplantation 1988; 
4: 673-6. 

14. Imran AA, Khan SA, Chaudrhy NA, Hasan M, Tay-
yib M. Morphological Evaluation of Rabbit Renal 
Tissues Preserved in Ringer Lactate, Euro Collins 
and University of Wisconsin Solutions. Biomedica 
2002; 21-6. 

15. Imran AA, Khan SA, Chaudrhy NA, Tayyib M. Tem-
perature Independence of University of Wisconsin 
Solution As a Tissue Preservation Fluid, Compared 



DIFFERENTIAL PRESERVATION OF RABBIT KIDNEY AND LIVER TISSUE 35 

Biomedica Vol. 25 (Jan. - Jun. 2009) 

with Euro Collins Solution and Ringer Lactate. Pak 
Postgrad Med J 2003; 1: 27-30. 

16. Abebe W, Cavallari N, Agrawal DK, Rowley J, Thor-
pe PE, Hunter WJ. Functional and morphological 
assessment of rat aorta stored in University of 
Wisconsin and Euro Collins solutions. Transplanta-
tion 1993; 4: 808-16. 

17. Baatard R, Pradier F, Dantal J, Karam G, Cantaro-
vich D, Hourmant M. Prospective randomized com-
parison of University of Wisconsin and UW-modi-
fied lacking hydroethyl-starch, cold storage solut-
ions in kidney transplantation. Transplantation 
1993; 1: 31-5. 

18. Cheesbrough M [ed]. Medical Laboratory Manual 
for Tropical Countries. 1st Ed. Cambridge: Butter-
worth, 1985: 428. 

19. Guarrera, James V; Karim, Niaz A. Liver preserva-
tion: is there anything new yet? Organ preservation 
and procurement. Current Opinion in Organ Trans-
plantation 2008; 13 (2): 148-154. 

20. Kiernan JA. Preservation and retrieval of antigens 
for immunohistochemistry__ methods and mecha-

nisms.1. Effects of formaldehyde fixation. The Cut-
ting Edge 2005; 1: 5-9. 

21. Den Toom R, DeJong M, Krenning EP, DerHoek 
HJV. Euro Collins solution versus UW solution for 
long term liver preservation in the isolated rat liver 
preservation model. HBP Surg 1991; 4: 313-20. 

22. Ozeki T, Kwon MH, Gu J, Collins MJ, Brassil JM, 
Miller MB, Gullapalli RP, Zhuo J, Pierson RN, Grif-
fith BP, Poston RS. Heart preservation using conti-
nuous ex vivo perfusion improves viability and fun-
ctional recovery. Circ J. 2007; 71 (1): 153-9. 

23. Pylawka TK, Virdi AS, Cole BJ, Williams JM. Rever-
sal of suppressed metabolism in prolonged cold 
preserved cartilage. J Orthop Res. 2008; 26 (2): 
247-54. 

24. Imran AA, Khan SA, Chaudrhy NA, Tayyib M. Role 
of Anti Microbial Agents in Delaying Changes of 
Autolysis. Annal KEMC 2006; 12: 394-5. 

25. McAnulty JF, Foley JD, Reid TW, Heath TD, Waller 
KR, Murphy CJ. Suppression of cold ischemic in-
jury in stored kidneys by the antimicrobial peptide 
bactenecin. Cryobiology. 2004; 49 (3): 230-40. 

 


