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It has been suggested that diabetes induces an 
increase in oxidative stress; the increased expression 
of heme-oxygenase 1 (HO-1) in liver is believed to be a 
sensitive marker of the stress response. The aim of this 
study was to examine whether diabetes is able to 
induce HO-1 expression in liver. The specific mRNA 
was amplified by RT/PCR and calibrated with ampli- 
fied [3-actin mRNA. 

The mRNA HO-1 levels in the liver of spontaneously 
diabetic rats were increased by 1.8 fold compared with 
non diabetics; this supports the hypothesis of weak but 
significant oxidative damage due to chronic hypergly- 
caemia. This work represents the first in vivo study 
exploring the semi-quantitative expression of HO-1 in 
the liver of spontaneously diabetic rats. 
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been identified as the 32,000-dalton stress protein 
(HSP 32) and is found ubiquitously in nearly all 
organs [2] but  in liver its expression can be 

increased by  3~ to 100-fold in response to an oxi- 
dative stress [ . Moreover  the induction of HO-1 
has been shown to be related to intracellular 
redox changes, and hence an increase in mRNA 
levels of the HO-1 gene is considered to be a sen- 
sitive marker  of oxidative stress [4] 

The aim of this s tudy was to evaluate whether  
hyperglycaemia  is able to enhance, in the rat 
liver, the expression of HO-1 after six months  of 
spontaneous  diabetes. 

M E T H O D S  

I N T R O D U C T I O N  

Expression of HO-1 in mammal ian  cells is 
believed to be a general response to oxidative 
stress induced by heat, UV radiation, heavy met- 
als, and other oxidising agents, and could be asso- 
ciated with cellular defence systems [11. HO-1 has 

Diabetes-prone (BB / Wor  / Mol / BB) and diabetes 
resistant (BB / Wor / Mol /WB)  male rats, used as 
control group,  purchased from Mollegaard Ltd. 
(Skensved, Denmark),  were  treated as described 
in Odett i  et al. [5]. Here, insulin t reatment  was 
used only to avoid extreme hyperglycaemia  and 

death  of the animals. 
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TABLE I Blood glucose (mmol/L), glycosylated haemoglobin (%GHb) and expression of HO-1 mRNA (A.U.D.: Arbitrary Units 
of Density). Diabetic group (n=3) is compared to non diabetic group (n=3). Values are mean+SEM 

Non Diabetics Diabetics pa 

Blood glucose (mmol/L) 6.0+0.12 21.0+1.4 <0.001 

% GHb 4.75_+0.15 15.32+0.20 <0.001 

HO-1 (Arbitrary Units of Density) 40.23_+8.0 74.33_+19.37 <0.001 

a. p_<0.05. 

Both groups of animals were killed at nine 
months of age (six months of diabetes with con- 
tinuous hyperglycaemia). 

Total RNA was isolated from rat liver by the 
guanidine isothiocyanate / caesium chloride 
method as described by Chirgwin et al. [6] 

Total RNA was reverse transcribed using 
AMV (Boehringher Mannheim Italia S.p.A., 
Milan, Italy) and PCR amplification was per- 
formed with specific primers for HO-1 synthe- 
sised by TIB MOLBIOL S.r.1. (Genoa, Italy), 
according to Shibahara et al. [7] 

PCR fragments were analyzed by electro- 
phoresis and silver staining. Data are expressed 
as mean+SEM. Significance was accepted at the 
p_<0.05 level. 

R E S U L T S  

Non-diabetic rats had a normal mean glycaemic 
value of 6.0+0.12 mmol /L  (106.5+2.3mg/dl) 
while in diabetic rats the mean (21.0+1.4 
mmol/L;  375.2+24.5mg/dl) was significantly 
higher (p<0.001). Blood glucose was determined 
three times per week and glycaemic values, 
expressed as mean of 159 random determina- 
tions, point out the prolonged hyperglycaemia. 
Glycated haemoglobin values, as integrated 
value of last 2-4 weeks, were 15.32+0.20% in dia- 
betics, compared to 4.75+0.15% in control rats 
(p<0.001). 

The relative increase of HO-1 mRNA was ana- 
lysed by a densitometer with the software 
"Molecular Analyst" (Biorad, Laboratories S.r.1. 

Milan, Italy). The expression of HO-1 increased 
by 1.8 fold in diabetic rats compared to the non 
diabetic ones (74.33+19.37 vs 40.23+8.0 Arbitrary 
Units of Density; p<0.001) (Table I). 

DISCUSSION 

Accumulating evidence suggests that oxidative 
stress plays a central role in the pathogenesis of 
diabetic complications [8] 

Glucose is responsible for the release of reac- 
tive oxygen species [9]. In healthy conditions the 
defensive cellular system efficiently buffers the 
active and potentially dangerous reactive spe- 
cies. On the contrary, it is conceivable that, in 
diabetic tissue, cells try to adapt themselves by 
increasing the inducible defensive network. 
However, it has also been claimed that oxidative 
stress is not significantly increased in diabetes 
[10] and unanimity of interpretation has not been 
attained yet. 

The present work was designed to evaluate if, 
after a long chronic hyperglycaemia, the expres- 
sion of liver HO-1 gene was induced; this would 
indirectly confirm the presence of an excessive 
formation of reactive oxygen species during dia- 
betes. The data described herein clearly demon- 
strate that the expression of the HO-1 gene was 
increased in vivo in response to a chronic high 
blood glucose after six months of diabetes. 

Nishio et al. found that in 24-week streptozo- 
tocin-diabetic rats the mRNA content of HO-1 
was increased by 3.1 fold compared with that of 
control rats [11], while we evidenced a 1.8 fold 
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increase; this discrepancy could be due on the 
one hand to the different tissue studied and on 
the other to the different experimental model 
used: Nishio used streptozotocin, a molecule 
able to liberate NO, which in vitro activates 
heme-containing enzymes [12]; instead, we pre- 
ferred to use spontaneously diabetic rats. 

This work supports the hypothesis that 
chronic hyperglycaemia is able to induce an oxi- 
dative stress; moreover, the hepatic level of 
HO-1 was increased after 6 months of diabetes; 
this confirms that the chronic activation of the 
gene was not exhausted after several months of 
high blood glucose. 
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