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Biochemical evaluation of glycemic levels 
of long-term tacrolimus therapy in rats

Avaliação bioquímica dos níves glicêmicos da 
terapia com tacrolimo por longo período em 
ratos

Abstract: One of the more serious complications following transplantation is the devel-
opment of post-transplantation diabetes mellitus (PTDM), which has a major impact on 
the quality of life, with effects ranging from the control of glycemia times to increased 
susceptibility to infections and cardiovascular complications. It has been suggested that 
immunosuppressive therapy, mainly tacrolimus therapy, may be an important factor in 
the development of PTDM. There is a lack of studies that explore the effects of long-term 
tacrolimus on PTDM in animal protocols. The objective of this study was therefore to 
evaluate the effects of long-term therapy with tacrolimus in rats. One group was treated 
with tacrolimus, injected subcutaneously, in a daily dose of 1 mg/kg of body weight. The 
chosen dose was sufficient to achieve therapeutic tacrolimus serum levels. The experimen-
tal periods were 60, 120, 180 and 240 days. One group was used as control and received 
daily subcutaneous injections of saline solution during all periods. A tendency towards 
increased glycemia levels during the initial periods (60 and 120 days) was observed. How-
ever, at 180 and 240 days, the glycemia levels were not statistically different from that of 
the control group of the same period. It may thus be concluded that the deleterious effects 
of tacrolimus therapy on glycemia may be a time-related side effect.
Descriptors: Tacrolimus/adverse effects; Glycemic index; Diabetes mellitus; Rats. 

Resumo: Uma das mais sérias complicações pós-transplante é o desenvolvimento de Dia-
betes Mellitus Pós-Transplante (DMPT), que irá produzir um grande impacto na qua-
lidade de vida, com variações do controle glicêmico, aumentando a susceptibilidade a 
infecções e complicações cardiovasculares. Tem sido sugerido que a terapia imunossupres-
sora, principalmente com tacrolimo, pode ser um importante fator no desenvolvimento de 
DMPT. Existem atualmente poucos estudos explorando os efeitos de um longo período 
de terapia com tacrolimo sobre DMPT em protocolos animais. Portanto, o objetivo deste 
estudo foi avaliar o efeito glicêmico de uma terapia por longo período com tacrolimo em 
ratos. Um grupo foi tratado com tacrolimo com doses diárias subcutâneas de 1 mg/kg 
de peso corporal. A escolha dessa dose foi suficiente para a obtenção dos níveis séricos 
terapêuticos desejados com tacrolimo. Os períodos experimentais foram 60, 120, 180 e 
240 dias. Outro grupo foi usado como controle e recebeu injeções salinas subcutâneas 
diariamente durante todos os períodos. Houve uma tendência ao aumento do nível glicê-
mico nos períodos iniciais (60 e 120 dias). Entretanto, após 180 e 240 dias, os níveis de 
glicemia não foram estatisticamente diferentes dos obtidos nos grupos controles de mes-
mo período. Assim, pode-se concluir que os efeitos glicêmicos adversos provocados pela 
terapia com tacrolimo podem ser relacionados ao tempo.
Descritores: Tacrolimo/efeitos adversos; Índice glicêmico; Diabetes mellitus; Ratos. 
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Introduction
Immunosuppressant drugs (tacrolimus, mycophe-

nolate mofetil (MMF) and sirolimus) have dramati-
cally improved graft and transplant survival.7,11 One 
of the most serious complications after transplanta-
tion is the development of post-transplantation dia-
betes mellitus (PTDM), which has a major impact 
on quality of life, with effects ranging from the con-
trol of glycemia times to increased susceptibility to 
infections and cardiovascular complications.2 The 
influence of diabetes on periodontal tissue is be-
ing constantly investigated. Although it is difficult 
to provide definitive conclusions on the specific ef-
fect of diabetes on the periodontium, a variety of 
alterations have been described, including a trend 
towards generalized gingival overgrowth, dental 
abscesses, periodontitis and dental loss. The major 
consequence of uncontrolled diabetes is possibly the 
reduction of the defense mechanisms and increased 
susceptibility to infections, leading to destructive 
periodontal disease1 or other oral complications. 
With the introduction of calcineurin inhibitors and 
the current use of lower doses of steroids, the inci-
dence of PTDM has decreased (3-14% of patients). 
However, PTDM remains an important complica-
tion after organ transplantation,2 where it seems to 
be associated with immunosuppressant therapy.7 It 
has been suggested that immunosuppressive thera-
py, mainly with FK-506, may be an important fac-
tor in the development of PTDM. In clinical studies, 
the effect of tacrolimus on PTDM has been studied 
extensively and revealed results demonstrating that 
tacrolimus patients suffer less acute rejection and 
less steroid-resistant rejection, but more insulin-re-
quiring diabetes mellitus.11 The independent effects 
of tacrolimus on PTDM have been characterized in 
clinical studies, since transplant patients received 
combined therapy with tacrolimus together with 
corticosteroids.2 Conversely, the time of treatment is 
important; a US Renal Data System (USRDS) evalu-
ation of the incidence, risk factors and outcomes in 
patients who developed PTDM estimated the cumu-
lative incidence of PTDM to be 9.1%, 16.0% and 
24.0% respectively at 3, 12 and 36 months post-
transplantation.6 In relation to early PTDM, there 
is limited information associating the prevalence 

of PTDM with the time of tacrolimus therapy.7 On 
the other hand, prospective studies after solid organ 
transplantation with glucose metabolism disorders 
as the primary endpoint have not been performed 
until now, although all comparisons between calci-
neurin inhibitors concerning PTDM showed a three 
to five times higher incidence with tacrolimus. Many 
questions remain unanswered due to the different 
criteria used for the diagnosis of diabetes mellitus 
(based on insulin requirement) or due to the high 
trough levels of tacrolimus targeted in initial stud-
ies; furthermore, data on the mechanism of glucose 
metabolism disturbance with tacrolimus are contra-
dictory.7 Therefore, the objective of this study was 
to evaluate the effects of long-term therapy with ta-
crolimus in rat.

Material and Methods
Eighty male Holtzman rats (Rattus norvegicus 

Albinus) weighing 50 g were housed under similar 
conditions in cages with access to food and water 
ad libitum. The animals were randomly distributed 
into two groups of 40 animals each. All protocols 
described below were approved by the Institutional 
Experimentation Committee, School of Dentistry of 
Araraquara, Araraquara, SP, Brazil. One group was 
treated with tacrolimus (Prograf® - Janssen Cilag, 
São José dos Campos, SP, Brazil) injected subcuta-
neously in a daily dose of 1 mg/kg of body weight.4,5 
One group was used as a control group and received 
subcutaneous injections of saline solution during 
the entire period. The experimental periods were 
60, 120, 180 and 240 days. The rats were weighed 
weekly and monitored for the appearance of abnor-
mal coat, abnormal level of physical activity. At the 
end of the experimental periods, the rats were anes-
thetized with 0.08 mg of Ketamine/100 g of body 
weight (Francotar, Virbac do Brazil Ind. e Com. 
Ltda., São Paulo, SP, Brazil) and 4-5 ml of blood 
were obtained by direct cardiac puncture in hepa-
rinized capillary tubes for immediate glycemia mea-
surements, using colorimetric kits (Glucose – PAP 
Kit, Labtest Ind. e Com. Ltda., Ribeirão Preto, SP, 
Brazil). Levels of FK-506 were determined at the end 
of each experimental period. After blood collection, 
the rats were killed by an overdose of anesthesia. 
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Variance analysis (ANOVA) was used for statistical 
evaluation. Tukey’s test was used to compare differ-
ences between groups. P < 0.01 was considered sig-
nificant.

Results
Graph 1 shows the glycemic levels for the control 

and tacrolimus-treated rats. In the control group, 
the glycemia levels ranged between 110.0 ± 1.1 mg/
dL and 130.0 ± 2.0 mg/dL. The tacrolimus treated 

groups showed a discreet increase in the initial pe-
riod (60 days). However, these values were not sta-
tistically different from those of the control group 
(p > 0.05). The glycemia levels of the tacrolimus-
treated rats were significantly increased after 120 
days of treatment, compared with those of the con-
trol group. After 180 and 240 days, the glycemia 
levels in the tacrolimus-treated rats decreased sig-
nificantly and were not statistically different from 
those of the control group.

At the end of the experimental periods, the serum 
levels of tacrolimus were 11.4 ± 1.3 ng/mL (60 days); 
12.6 ± 1.2 ng/mL (120 days); 11.8 ± 1.3 ng/mL (180 
days); and 11.2 ± 1.6 ng/mL (240 days). The serum 
levels of tacrolimus were significantly increased after 
120 days of treatment compared with those of the 
other experimental periods (p < 0.01) (see Graph 2).

Graph 3 shows the body weight of the rats treat-
ed, or not, with tacrolimus. After 60 days, the body 
weights of the control group and of the experimen-
tal group were 283.6 ± 1.0 g and 282.2 ± 2.0 g, re-
spectively (p > 0.05). After 120 days, no significant 
differences were observed between body weights, 
which were 418.0 ± 3.0 g for the control group and 
416.9 ± 3.0 g for the experimental group (p > 0.05). 
After 180 days, the body weight in the control 
group was 478.0 ± 2.0 g, while the body weight 
in the group treated with tacrolimus decreased 

Graph 1 - Measurements (means ± standard deviations) of 
the serum glycemia levels in control rats and in tacrolimus-
treated rats during the treatment periods. (*p < 0.01, statis-
tical significance, control group vs. tacrolimus groups in the 
different periods.)
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Graph 2 - Measurements (means ± standard deviations) of 
the serum tacrolimus levels in tacrolimus-treated rats during 
the treatment periods. (*p < 0.01, statistical significance, ta-
crolimus groups in the different periods.)
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Graph 3 - Measurements (means ± standard deviations) of 
body weight in the control and tacrolimus groups during the 
treatment period. (p > 0.05, no statistical significance, con-
trol group vs. tacrolimus group, in the different periods.)
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(477.4 ± 1.0 g), but those values were not statisti-
cally different (p > 0.05). After 240 days, the body 
weight in the control group was 525.7 ± 2.0 g, while 
the body weight in the group treated with tacroli-
mus was 525.8 ± 1.0 g, but those values were not 
statistically different (p > 0.05). 

Discussion
The present study evaluated glycemic levels fol-

lowing long-term administration of tacrolimus in an 
animal model. The relevance of this study centers 
on the longer period of observation of the effects of 
tacrolimus on glycemia levels, compared with other 
studies that have employed briefer periods of time. 
The results of the present investigation showed that 
tacrolimus administration during an initial period (60 
days and 120 days) (Graph 1), in a dose that has been 
reported to be immunosuppressive (1 mg/kg of body 
weight),4-5 induced an evident diabetogenic effect, 
where the treatment resulted in estimated peak and 
trough mean levels of tacrolimus of 11.7 ± 1.3 ng/mL 
(Graph 2). This dose is clinically relevant and within 
the range of doses used in studies on organ and limb 
transplantation that usually are between 0.6 and 
1.0 mg/kg of body weight,10 resulting in a consistent 
response. Although the exact mechanisms involved 
in the development of the tacrolimus-induced diabe-
tes are not known, there is evidence that this drug in-
hibits insulin synthesis via an mRNA transcriptional 
defect or induces hyperinsulinemia, promoting insu-
lin resistance.7-9 In agreement with other authors, ta-
crolimus is better than cyclosporin at improving graft 
survival and preventing acute rejection after kidney 

transplantation, but increases post-transplantation 
diabetes and neurological and gastrointestinal side-
effects.11 Interestingly, in the present study, a gradual 
time-related improvement was observed during longer 
periods of treatment (180 and 240 days). In these peri-
ods, the glycemia level values were similar to those of 
the control rats,8 although insulin and peptide C levels 
were not analyzed in this study. On the other hand, 
in agreement with other authors, diabetic parameters 
did not change in the 0.2 or 1 mg/kg of body weight/
day groups during some periods, and this observation 
suggests that diabetes develops in the rats dosed with 
5 mg/kg of body weight/day of FK506.3 These results 
are in agreement with some prospective longitudinal 
studies in humans that show a relevant role of time 
in the reduction of the glycemia level.7 The results 
of the present study show that, in the group treated 
with tacrolimus, there was a decrease in body weight 
in comparison with the control group, although not 
statistically significant (Graph 3). The authors of the 
above-mentioned longitudinal studies suggested that 
the abnormalities in glucose metabolism may be nor-
malized after prolonged therapy with tacrolimus. 

Conclusion
Within the limits of this experimental study, it 

may be concluded that the negative effect of tacroli-
mus therapy on glycemia may be reversed with time. 
However, detailed studies are still needed to clarify 
the possible cellular and molecular mechanisms in-
volved in the diminished effect of immunosuppres-
sive drugs on the glycemia level after long-term ad-
ministration.
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