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ABSTRACT
PURPOSE: To investigate the effect of chronic experimental diabetes on skin allografts in rats as a simple model that could clarify 
some basic aspects and mechanisms involved in transplant rejection in diabetes compared to normal animals.
METHODS: Skin grafting was performed with fragments of tail skin from sex matched non diabetic Wistar rats engrafted onto the 
thoracic area of diabetic and non diabetic recipients. Grafts were scored for rejection every other day and were removed on day 14. 
Skin grafts were graded according to the following itens: no rejection; or rejection including: acute, chronic and humoral and/or cellular 
rejection. Statistical analysis was performed using JMP 5.1 software with ANOVA test. Diabetes was induced with IV injection of al-
loxan 40 mg/kg. 
RESULTS: Inflammatory vascular infiltrate compromising the endothelium with areas of fibrinoid necrosis and thrombosis character-
istics of acute humoral rejection and subendothelial lymphocyte infiltrate typical of acute cellular rejection were significantly (p<0.003) 
higher in diabetic than in non diabetic recipients as the inflammatory infiltrate in the epidermis  (p<0.002).
CONCLUSION: Skin transplant acute rejection from chronic alloxan diabetic rats to normal tissue was significantly more intense than 
the acute rejection between normal rats.
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Introduction 

Diabetes mellitus (DM) is an important cause of mortal-
ity and morbidity worldwide, through both direct clinical compli-
cations and the high risk for cardiovascular and kidney diseases. 
Systematic analysis1 showed that hyperglycaemia and diabetes are 
a rising global hazard, considering that the number of adults with 
diabetes more than doubled over nearly three decades. 

The proportion of patients with diabetes mellitus that 
progresses to End Stage Renal Disease is increasing. The in-
creased prevalence of diabetes mellitus is estimated to account for 
28% incidence of renal replacement therapy in general2 and diabe-
tes mellitus is the most common cause of end-stage renal disease 
in the United States, accounting for up to 46% of patients on renal 
replacement therapy each year3.  

Following kidney transplantation, the prevalence of re-
jection in patients with diabetes mellitus is slightly but not sig-
nifi cantly higher than in non-diabetic subjects4. It has been shown 
that the fi ve year graft survival was 74% for nondiabetics, 72% for 
those with type 1 diabetes and 47% for those with type 2 diabetes. 
Ten year graft survival was 65% for non-diabetics and 59% for 
those with type 1 diabetes. Forty-four percent of the non-diabetic 
recipients developed acute rejection episodes, as did 50% of re-
cipients with type 1 and 57.1% of recipients with type 2 diabetes5. 

Clinical and experimental data concerning acute kidney 
transplantation rejection in diabetes mellitus is scarce4. 

We investigated the effect of chronic experimental dia-
betes on skin allografts in rats as a simple model that could clarify 
some basic aspects and mechanisms involved in acute transplant 
rejection in diabetes.

Methods

Wistar rats of both sex, were kept at the animal facil-
ity in standardized conditions of temperature and light/dark cycles 
for ten days for adaptation prior to any procedure. Animals from 
outbred stocks were used as donors and recipients, more similar to 
the clinical conditions. The experimental protocol was approved 
by the Institutional Ethical Committee on Animal Experiments. 

Rats were rendered diabetic by treatment with alloxan 
(40 mg/kg of body weight; Sigma Chemical Co., St. Louis, Mis-
souri, USA) dissolved in 0.2 ml NaCl (0.15 M) and immediately 
administered intravenously to the anesthetized rat. A glucose 10% 
solution was offered as drinking water to offset transient hypogly-
cemia developing after alloxan treatment. Rats were considered 
diabetic when fasting plasma glucose concentrations were greater 

than 250 mg/dl because this dose of alloxan causes total destruc-
tion of pancreatic β cells. Age- and weight-matched rats were used 
as nondiabetic control animals.

Animals were assigned by chance to two groups, in the 
experimental group n=10 (G1) diabetic animals received skin graft 
from nondiabetic rats and in the control group n=14 (G2) nondia-
betic rats received skin graft from nondiabetic rats.   

Tail-to-dorsum skin transplants were performed. Briefl y, 
animals were anesthetized with eter, the dorsum was washed and 
a wound was created to be fi lled with the transplanted tail skin. 
The graft was gently placed on the wound surface. The tail grafts, 
a skin fragment of approximately 6.25 cm2 was used. Grafting was 
fi xed with nylon 3.0 stitches. On day fourteen, animals were sac-
rifi ced, graft removed with a 5 mm of animal skin edge and col-
lected in 10% formalin.

Histology was performed on tissue sections (4 µm) after 
paraffi n-embedding and staining with haematoxylin-eosin (HE) 
using standard protocols, at least two sections and four fragments 
were analyzed for it sample. Grafts were scored blindly by an ex-
perienced pathologist. The skin grafts were classifi ed as displaying 
no rejection (no or minimal infl ammatory cells infi ltrating the der-
mis, normal appearance of hair follicles); acute humoral rejection 
(presence of areas of fi brinoid necrosis and thrombosis); acute cel-
lular rejection (infl ammatory lymphocytic infi ltration with intense 
aggression to the epidermis, to the hair follicles and vessel walls) 
(Figure 1). Acute cellular rejection was considered grade I (infi l-
trate reaching vessel intima), grade II (infi ltrate reaching muscle 
sheath) and grade III (transmural infi ltrate) (Figure 2). Chronic re-
jection was characterized by extensive fi brosis, collagen deposits 
within the dermis, and discrete leucocyte infi ltration. Immunohis-
tochemistry was performed to identify cellular rejection: lympho-
cytes T (CD3), lymphocytes B (CD20) and macrophage (CD68) 
(Figure 3).

FIGURE 1 - Photomicrograph (HE) showing in section A, acute cellular 
rejection grade I in hair follicle (100x). Section B, acute cellular rejection 
grade II in hair follicle (100x). Section C, transition between graft and self 
skin, showing signs of chronifi cation (40x). 
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FIGURE 2 – A. Endothelial acute cellular rejection (100x). B. Subendo-
thelial lymphocytic infi ltrate (400x). C. Lymphocyte infi ltrate in muscle 
sheath (100x) and D (400x-H&E).

FIGURE 3 - Photomicrograph showing acute cellular rejection grade II. 
Section A, cells expressing CD68. Section B, cells expressing CD3. Sec-
tion C, cells expressing CD20. Arrows indicate positive cells.

Statistical analysis was performed with ANOVA (para-
metric variables) and x2 (categorical variables), data are reported 
as mean ± SD. P values less than 0.05 was considered statistically 
signifi cant.]

Results

Average weight for the diabetic (G1) and control (G2) 
groups was respectively 259.3g (71) and 360.8g (105) p=0.01. 
Blood glucose was 414.2 mg/dL (94.1) and 111.7 mg/dL (16.4) 
p<0.0001.

Histopathological analysis of grafts of G1 and G2 is 
shown in Table 1. Epidermal infl ammatory infi ltrate in G1 was 
90% neutrophilic and 10% mix with lymphocyte predominance 
and presence of eosinophils, in G2 the infi ltrate was 100% neu-
trophilic (p=0.22). Dermal infl ammatory infi ltrate in G1 was mix 
with 40% lymphocytic and 60% mononuclear. Dermal infi ltrate 
in G2 was mix with 28.5% lymphocytic and 71.5% mononuclear 
(p=0.55).

TABLE 1 – Histopathology of graft tissue.

 Diabetic - 
G1 

Control  - 
G2 

p 
value

n=10 (SD) n=14 (SD)

Edema 2.00 (0.66) 1.64 (0.63) 0.19

Ulceration 1.50 (0.84) 1.07 (0.61) 0.16

Ischemic Necrosis of Epi-
dermis 1.50 (0.84) 1.71 (0.91) 0.56

Fibrosis 1.80 (0.63) 1.64 (0.63) 0.55

Foreing Body Granuloma 1.40 (0.51) 1.35 (0.49) 0.83

Neovascularization 1.90 (0.73) 1.57 (0.51) 0.21

Infl ammatory infi ltrate in the 
epidermis 1.90 (0.56) 1.21 (0.42) 0.002

Infl ammatory infi ltrate in the 
dermis 1.90 (0.56) 1.64 (0.49) 0.25

Necrosis of Hair Follicle 1.70 (0.67) 1.71 (0.61) 0.95

Lymphocyte Aggression in 
Hair Follicle 0.50 (0.84) 0.57 (0.75) 0.83

Vascular Infl ammatory 
infi ltrate 1.20 (0.42) 0.42 (0.64) 0.003

Note: Values represent the mean of the intensity of histopathologic fi ndings clas-
sifi ed from 0 – 3. Statistical analysis was done with ANOVA, p<0.05.

Diabetic group showed mainly cellular and/or humoral 
acute rejection with few animals in the initial phase of chronicity. 
Immunohistochemistry of the infi ltrate showed: 70% of T lym-
phocytes, 30% of macrophages, and negative for B lymphocytes. 
Control group was characterized by low intensity acute cellular 
rejection with well established chronicity (p = 0.13). 

Discussion

Medawar et al.6, during the Second World War histori-
cally studied skin transplantation in large scale in severely burnt 
soldiers, showing the results for auto versus allograft. The same 
group of investigators showed a few years later that it was possible 
to induce immune acceptance of skin grafts in mice, in a state of 
immune tolerance7, establishing the well known, Transplantation 
Law.  This experimental model is still used as the gold standard 
in studies of transplant immunology including reconstructive sur-
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gery.  After over six decades, however, the precise mechanism of 
skin allograft rejection remains still ill-defined8.

The major complication with this technique is the partial 
or complete ischemic necrosis of the flap, a process that has been 
attributed to an inadequate blood supply as a consequence of in-
sufficient vascularization, vasospasm, impaired venous return and 
thrombosis9 that is enhanced in diabetes. 

Our most significant finding was related to the vascular 
inflammatory infiltrate that was prominent in the diabetic group 
compared to controls characterizing more intense acute rejection, 
as the ischemic necrosis of the epidermis typical of the inflam-
matory process. Futhermore, diabetic animals didn’t show any 
signs of chronification. Control animals on the other hand pre-
sented mild acute cellular rejection and evident chronification. 
Both groups exhibited lymphocytic infiltration of the hair follicles, 
neovascularization, ulceration and edema. We recognize that the 
use of outbred animals is a weakness in our data analysis but we 
must take in consideration that in the clinical scenario of human 
transplantation in most of the cases there is no perfect matching 
between donor and recipient. Alloxan is widely used to induce ex-
perimental diabetes and the mechanism of its action has been in-
tensively investigated and now is well known. The cytotoxicity to 
the beta cell is mediated by reactive oxygen species and does not 
interfere with the animal immune system differently from strepto-
zotocin10. Alloxan by itself probably did not have any effect on the 
immune response of our experimental animals. To our knowledge, 
this is the first experimental evidence of enhanced transplant acute 
rejection in diabetic animals against normal tissue.       
 Pathophysiological mechanisms involved in the exacer-
bation of transplant rejection in diabetic animals could be related 
to the increased chronic oxidative stress of the hyperglycemic 
state, microvascular, endothelial, lymphocyte and mononuclear 
dysfunctions. 

Conclusion 

Skin transplant acute rejection from chronic alloxan dia-
betic rats to normal donors was significantly more intense than the 
skin transplant acute rejection between normal animals.
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