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• LDR preventive effects on various injuries

• Diabetes/Diabetic complications

• Possible mechanisms
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• Low LET radiation

– < 20 rad (200 mGy)

• High LET radiation

– < 5 rad (50 mGy)

• Low dose rate

– < 0.05 mGy/min

UNSCEAR 1986 report: (United Nations Scientific Committee 

on the Effects of Atomic Radiation)
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Hormesis: Life longevity

J Natl Cancer Inst. 1955

Feb;15(4):1049-58.

Long-term effects of 

acute and chronic 

irradiation in mice. I. 

Survival and tumor 

incidence following 

chronic irradiation of 

0.11 r per day.

LORENZ E, HOLLCROFT 

JW, MILLER E, CONGDON 

CC, SCHWEISTHAL R.
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Hormesis: DNA repair and antioxidant activities
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3570805
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Adaptive 
response of 
human 
lymphocytes to 
low 
concentrations of 
radioactive 
thymidine.

Olivieri G, 
Bodycote J, 
Wolff S.

Chromatid aberration,

cytogenetic adaptive response
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1999

Can we use the hormesis and/or 

adaptive response induced by LDR to 

clinic setting?
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Human & Experimental Toxicology 2008
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Normal Diabetes

Diabetes is a metabolic disorder that is 
characterized by high blood glucose and either 

insufficient or ineffective insulin.



Oxidative stress
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Physiol Chem Phys Med NMR. 1995;27(3):149-59.  

Protection against alloxan diabetes by low-dose 60Co gamma irradiation before alloxan

administration.

Takehara Y, Yamaoka K, Hiraki Y, Yoshioka T, Utsumi K.

Center for Adult Diseases, Institute of Medical Science, Okayama, Japan.

They evaluated the protective effects of a single low-dose whole body 60Co gamma irradiation 

against alloxan-induced hyperglycemia in rats. 

i) In rats that did not receive alloxan, the superoxide dismutase (SOD) activity in the 

pancreas significantly increased after irradiation at a dose of 0.5 or 1.0 Gy.

ii) In rats that received alloxan, plasma lipid peroxide levels, pancreatic lipid peroxide levels and 

blood glucose were increased. However, the increase in pancreatic lipid peroxide level was 

prevented by irradiation at a dose of 0.5 or 1.0 Gy; and the increase in blood glucose was 

prevented by irradiation at 0.5 Gy.

iii) After alloxan administration, degranulation was observed in beta cells, but this was prevented 

by low-dose irradiation at 0.5 Gy.

LDR:

• Increases pancreatic SOD,

• Decreases alloxan-induced 

pancreatic oxidative damage

• No hyperglycemia





LDR prevention of the development 

of diabetes in NOD mice.  

Pane A represents the time point at 

which the first mouse from the groups 

with single LDR (0.5 Gy) at 12, 13 or 14 

wks of age and without LDR (control 

group) spontaneously developed 

diabetes (hyperglycemia).  

Results indicate that the first mouse 

developed diabetes is at 22 wks of age 

in the group of mice with LDR at 13 wks 

of age, which is 7 weeks later than that 

(15 wks of age) in control group. 

Panel B represents the incidence of 

diabetic mice in different groups. 

Results indicate that 10 % of mice with 

LDR at 13 wks of age developed 

diabetes at 24 wks of age, which is 

much lower than those in control and 

other LDR-treated groups.

Takahashi et al. (2000). 

7 wks
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Diabetic
Complications

LDR

?

Does LDR also prevent 

diabetic complications?
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LDR’s prevention of renal 

inflammation and damage
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Zhang C et al. Am J Physiol. Endoc & 

Metab. 2009, 297: 1366-1377.







LDR’s prevention of cardiac 

inflammation and damage
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LDR’s prevention of diabetes-

induced testicular apoptosis





Serum/testicular
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Does LDR also have 

certain therapeutic 

effects on diabetes-

complications?



LDR’s therapeutic effect on diabetic 

wound healing
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Guo W et al. Radiation Res 2010



Exp Hematol. 2004 Nov;32(11):1088-96. Related Articles, Links  

   

Low-dose radiation (LDR) induces hematopoietic hormesis: LDR-induced mobilization of 

hematopoietic progenitor cells into peripheral blood circulation. 
 

Li W, Wang G, Cui J, Xue L, Cai L. 
 

Department of Hematology and Oncology, First University Hospital, PR China. 

 

OBJECTIVE: The aim of this study was to investigate the stimulating effect of low-dose radiation (LDR) on bone marrow 

hematopoietic progenitor cell (HPC) proliferation and peripheral blood mobilization. METHODS: Mice were exposed to 

25- to 100-mGy x-rays. Bone marrow and peripheral blood HPCs (BFU-E, CFU-GM, and c-kit+ cells) were measured, and 

GM-CSF, G-CSF, and IL-3 protein and mRNA expression were detected using ELISA, slot blot hybridization, and Northern 

blot methods. To functionally evaluate LDR-stimulated and -mobilized HPCs, repopulation of peripheral blood cells in 

lethally irradiated recipients after transplantation of LDR-treated donor HPCs was examined by WBC counts, animal 

survival, and colony-forming units in the recipient spleens (CFUs-S). RESULTS: 75-mGy x-rays induced a maximal 

stimulation for bone marrow HPC proliferation (CFU-GM and BFU-E formation) 48 hours postirradiation, along with a 

significant increase in HPC mobilization into peripheral blood 48 to 72 hours postradiation, as shown by increases in CFU-

GM formation and proportion of c-kit+ cells in the peripheral mononuclear cells. 75-mGy x-rays also maximally induced 

increases in G-CSF and GM-CSF mRNA expression in splenocytes and levels of serum GM-CSF. To define the critical role 

of these hematopoietic-stimulating factors in HPC peripheral mobilization, direct administration of G-CSF at a dose of 300 

microg/kg/day or 150 microg/kg/day was applied and found to significantly stimulate GM-CFU formation and increase c-

kit+ cells in the peripheral mononuclear cells. More importantly, 75-mGy x-rays plus 150 microg/kg/day G-CSF (LDR/150-

G-CSF) produced a similar effect to that of 300 microg/kg/day G-CSF alone. Furthermore, the capability of LDR-mobilized 

donor HPCs to repopulate blood cells was confirmed in lethally irradiated recipient mice by counting peripheral WBC and 

CFUs-S. CONCLUSION: These results suggest that LDR induces hematopoietic hormesis, as demonstrated by HPC 

proliferation and peripheral mobilization, providing a potential approach to clinical application for HPC peripheral 

mobilization. 

 

PMID: 15539087 [PubMed - indexed for MEDLINE]  
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Summary
• LDR prevents type 1 diabetes, and type 2 

diabetes.

• LDR can prevent diabetes-induced renal and 
cardiac renal inflammation and damage

• LDR can prevent diabetes-induced testicular 
damage.

• LDR can prevent diabetes-induced neuronal 
damage, and atherosclerosis 

• More importantly, LDR provides a therapeutic 
effect on diabetic wound healing.
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Possible mechanisms
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Possible mechanisms

• LDR stimulate the target tissue antioxidant 
capacity (Nrf2 & its down stream antioxidants)

• LDR stimulate glucose metabolisms

• LDR stimulate stem cells to injured tissue to 
recover the damage tissue

• LDR may stimulate the enzymes that were 
introduced by Dr. David Lefer, to generate H2S

• Hormesis, and adaptive response
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Is it potentially applied in clinics?

How to balance?

LDR 

benefits

LDR 

risks








