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Abstract 

Purpose: Our previous study indicated that sodium orthovanadate (vanadate), a strong inhibitor 

of p53, effectively suppressed the lethality from the hematopoietic (HP) and gastrointestinal 

(GI) syndromes after 12 Gy total-body irradiation (TBI) in mice. This conclusion, however, 

was inconsistent with the fact that p53 plays a radioprotective role in the intestinal epithelium. 

The death after TBI of around 12 Gy was attributed to a combined effect of HP and GI 

syndromes. To verify the effect from prophylactic administration of p53 inhibitor on protection 

of HP and GI syndromes, in this study, the radioprotective effects from vanadate were 

investigated in TBI and lower half-body irradiation (partial-body irradiation: PBI) mouse 

models.  

Methods: Female ICR mice were given a single injection of vanadate or vehicle, followed by 

a lethal dose of TBI or PBI. Radioprotective effects of vanadate against the irradiations were 

evaluated by analyzing survival rate, body weight, hematopoietic parameters, and histological 

changes in the bone marrow and intestinal epithelium. 

Results: TBI-induced HP syndrome was effectively suppressed by vanadate treatment. After 

TBI, the vanadate-treated mice retained better bone marrow cellularity and showed markedly 

higher survival rate compared to the vehicle-treated animals. In contrast, vanadate did not 

relieve loss of intestinal crypts and failed to rescue mice from GI death after PBI. 

Conclusion: Vanadate is a p53 inhibitor that has been shown to be beneficial as a radiation 

protective agent against HP but was not effective in protecting against acute GI radiation injury. 
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Introduction 

Bone marrow and the intestinal epithelium are highly sensitive to ionizing radiation. Preventing 

the development of the hematopoietic (HP) and gastrointestinal (GI) syndromes is critical in 

terms of reducing mortality after exposure to high-dose radiation. Development of 

radioprotectors or radiomitigators against the GI syndrome is considered to be particularly 

important. While the HP syndrome can be prevented by bone marrow transplants (Baranov et 

al. 1990), there is no effective method for the treatment of the GI syndrome. In abdominopelvic 

radiotherapy, several side effects, including intestinal enteritis and diarrhea commonly occur 

(Andreyev 2007), which adversely affect the quality-of-life of patients (Dunberger et al. 2010).  

     Chemical agents that possess the ability to regulate p53 activity have been attracted 

interest as a countermeasure for preventing or mitigating acute radiation injuries. The 

relationship between p53 and radiation cell death has been well documented (Lowe et al. 1993; 

Ianzini et al. 2006). It has also been reported that p53 causes apoptosis in irradiated 

hematopoietic lineages, whereas it plays a radioprotective role in the intestinal epithelium 

(Kirsch et al. 2010). In a series of studies, we identified and characterized some radioprotective 

p53-regulating compounds based on the different roles of p53 in response to irradiations in 

hematopoietic and gastrointestinal tissues (Morita et al. 2010, 2014, 2018). Among such 

compounds, sodium orthovanadate (vanadate) has been shown to be a strong p53 inhibitor, and 

that it effectively prevented and ameliorated the HP syndrome after total-body irradiation (TBI) 

in mice (Morita et al. 2010; Wang et al. 2013). Furthermore, since it could rescue mice from GI 

death induced by 12 Gy-TBI, it would have the potential to be a useful compound to reduce or 

eliminate radiation-induced HP and GI syndromes. However, the suppressive effect of vanadate 

on GI death was inconsistent with the fact that p53 acts as a radioresistant factor in the intestinal 

epithelium (Kirsch et al. 2010). 



 

The radiation GI syndrome can be generated by two irradiation techniques, TBI and 

abdominal irradiation. The difference between these techniques is whether the HP syndrome 

arises along with the GI syndrome. Death that occurs within about 10 days after irradiation is 

widely accepted as GI death (Burdelya et al. 2008; Patil et al. 2015) and this occurs independent 

of the irradiation technique used (Mason et al. 1989). Bone marrow transplantation increases 

dose level necessary to cause GI death for a TBI mouse model (Terry and Travis 1989). Bone 

marrow injury is thought to be a contributing factor to GI death, and the lethality of TBI at 

around 12 Gy is attributed to the combined effect of the HP and GI syndromes. Therefore, the 

efficacy of p53 inhibition by vanadate on the GI syndrome should be investigated using 

irradiated mice that do not develop the HP syndrome. 

Accordingly, the objective of this study was to investigate whether the p53 inhibitor, 

vanadate, is beneficial as a radioprotective agent against both GI syndrome and HP syndrome 

in abdominally and systemically irradiated mice, respectively, and examine an optimal usage 

of vanadate as a radioprotector. To induce GI syndrome while avoiding bone marrow death, the 

mouse abdomen was irradiated using a partial-body irradiation (PBI) (also referred to as 

subtotal-body irradiation (SBI)) system (Kirsch et al. 2010; Morita et al. 2018). This PBI 

technique permits the bone marrow in mouse frontal body to be preserved, thus allowing the 

bone marrow to be re-populated in the irradiated body parts (Kirsch et al. 2010). Mice treated 

with or without vanadate exhibited severe crypt degeneration and GI death in the PBI model. 

In contrast, vanadate enabled the rescue mice from bone marrow death after TBI through the 

protection of myeloid tissue. These findings suggested that vanadate is particularly effective for 

inhibiting HP syndrome in total-body exposure situation, but ineffective for acute GI syndrome 

generated by local exposure of abdomen. 

  



 

Materials and methods 

Animals 

Specific-pathogen-free female ICR mice (7 weeks of age) were obtained from Japan SLC Inc. 

(Shizuoka, Japan). They were housed under controlled temperature (22°C) and a preset light-

dark cycle. Standard MF diet and normal drinking water were provided ad libitum during all 

experimental periods. Ethics approval for the experimental design was obtained from the animal 

experimental committee of Tokushima University. 

 

Irradiation 

Vanadate was purchased from Sigma-Aldrich (St. Louis, MO, USA) and dissolved in a normal 

saline (NS) solution. After 7 days of acclimatization, the mice were given a single 

intraperitoneal injection of vanadate (20 mg/kg body weight, 2 mg/mL in NS solution) or 

vehicle (NS solution) 30 min before irradiation. TBI and PBI were then performed using an X-

ray generator (MBR-1520R-3, Hitachi, Ltd., Tokyo, Japan) under a tube voltage of 150 kV, a 

tube current of 20 mA, and a dose rate of approximately 1.0 Gy/min. Dosimetry was carried 

out with a 0.3 cc N31003 ionization chamber (PTW Freiburg, Freiburg, Germany). 

The PBI treatment was conducted in a manner that permits bone marrow death to be 

avoided. Briefly, mice were anesthetized with a mixture of midazolam (4 mg/kg), 

medetomidine (0.3 mg/kg), and butorphanol (5 mg/kg). Frontal side of the body, including head, 

chest, and front leg, were shielded with lead layers with thicknesses of 1.8 cm, and X-irradiation 

was then performed in a dorsal-to-ventral direction. The shielded region extended about 4.5 cm 

craniocaudally from nasal apex, and the scatter dose rate in the region was 0.09 Gy/min. The 

survival times for the mice were recorded daily up to 60 days with body weight change being 

monitored since mice that survived acute radiation GI injury possibly develop fatal vascular 



 

endothelial damage in delayed GI syndrome. The death attributed to the delayed GI injury 

begins to occur about 30 days after abdominal irradiation (Kirsch et al. 2010; Lee et al. 2019). 

 

Hematopoietic analysis 

Mice were sacrificed 7, 9, and 12 days after irradiations, and blood was collected from the heart. 

The amounts of red blood cells (RBC), hemoglobin (Hgb), white blood cells (WBC), and 

platelets (PLT) were measured using an automated impedance-based hematology analyzer 

(Microcemi LC-662, Horiba Ltd., Kyoto, Japan).  

 

Histology 

At 4 and 7 days post-irradiation, mice were intraperitoneally injected with 5-Bromo-2’-

deoxyuridine (BrdU; 50 mg/kg; Sigma) 1 h prior to euthanasia. The excised ileum was washed 

with 10 mM phosphate-buffered saline, fixed in 10% formalin, and embedded in paraffin. Cross 

sections of intestinal tract (5 μm thick) were stained with hematoxylin-eosin (HE) to examine 

morphological change of intestinal epithelium. Cells incorporating BrdU in the intestinal crypts 

were detected immunohistochemically using the BrdU in situ detection kit (BD Biosciences, 

San Diego, CA, USA) according to the manufacturer's instructions. Hematoxylin was used as 

counterstain. Intestinal tissue images were photographed with a BZ-9000 microscope (Keyence, 

Osaka, Japan), and three observers counted a surviving crypt having 5 or more BrdU-positive 

cells using a BZ-X analyzer software (Keyence) (Saha et al. 2011). The percentage of surviving 

crypts relative to the mean crypt number in mice that had been treated with NS only was 

calculated from a minimum of 3 cross-sections in each mouse. 

Femurs were removed from mice 9 and 12 days after receiving 10 Gy-TBI, fixed in 10% 

formalin, and decalcified with 0.5 M EDTA solution (Decalcifying solution B, Wako, Osaka, 



 

Japan). Longitudinal paraffin sections (5 μm thick) were stained with HE, and the number of 

megakaryocyte in bone marrow area of the femur was quantified using a BZ-9000 microscope 

(Keyence).  

 

Statistical analyses 

Data are presented as the mean ± standard deviation. Chi-square test was used to determine 

statistical differences in survival rate between groups. Statistical differences in weight gain, 

hematopoietic parameters, megakaryocyte number, and crypt survival between groups were 

determined by Student’s t-test. P < 0.05 was considered significant. 

  



 

Results  

Vanadate reduces TBI lethality but not PBI lethality 

Considering the radioprotective role of p53 in the GI tissue, we assumed that vanadate promotes 

or does not affect radiation GI injury. Thus, the protective and exacerbating effect of vanadate 

on radiation GI syndrome was investigated at lethal (17 Gy) and sublethal doses (16 Gy) of PBI, 

respectively. Doses of 17 Gy and 16 Gy were determined corresponding approximately to 

LD100/15 and LD50/15, respectively. Figure 1(A) clearly demonstrates the border between 

shielded and unshielded regions. As shown in Figure 1(B), the NS-treated mice had healthy and 

severely damaged bone marrow in the humerus and femur, respectively, on day 7 after 16 Gy- 

PBI. In contrast, the NS-treated mice that survived for 60 days after the irradiation had mildly 

repopulated bone marrow in the femur. These findings indicated that the PBI technique 

successfully avoided the systemic loss of bone marrow leading to bone marrow death. 

A 60-day survival test was performed to examine how vanadate affects the lethalities of 

TBI and PBI (Figure 2(A)). The survival rate for the vanadate-treated mice was 90% on day 60 

after 10 Gy-TBI, which was significantly higher than that in NS-treated mice. In contrast, 

vanadate could not rescue mice from death after abdominal irradiations of 16 Gy and 17 Gy, 

there were no significant differences in the survival rate between NS- and vanadate-treated mice.  

Body weight was monitored as an indicator of the physiological condition (Figure 2(B)). 

In both the NS- and vanadate-treated mice, body weight gradually decreased after PBI. 

However, in the TBI model, body weights of the NS-treated mice decreased more rapidly than 

that of the vanadate-treated mice. These results indicate that vanadate could improve the 

physiological condition in mice receiving TBI but not PBI. 

 

Vanadate suppresses TBI-induced HP syndrome 



 

Hematopoietic parameters were analyzed to examine radioprotective effect of vanadate in the 

TBI model. As shown in Figure 3(A), WBC and PLT counts decreased by 95% and 94% in NS-

treated mice on day 7 after 10 Gy-TBI, respectively, which is a typical sign of the early HP 

syndrome (Patchen et al. 1991). RBC count and Hgb level showed a delayed reduction, 

resulting in 70% and 73% reductions on day 12 after the irradiation, respectively (Figure 3(B)). 

Vanadate-treated mice also showed a reduced HP capacity, but compared with NS-treated mice, 

significantly higher RBC count and Hgb level were observed from day 9 to 12 after the 

irradiation. Although significantly higher PLT count was also observed from the day 12, the 

difference was small.  

Histological examination was performed for further assessment of the radioprotective 

efficacy of vanadate in the TBI model (Figure 4). The 10 Gy-TBI caused bone marrow cells to 

disappear from the femur of NS-treated mice. Vanadate effectively reduced the loss of bone 

marrow cells and megakaryocytes, indicating protective effect on the myeloid tissue. These 

results are correlated with higher survival rate in the vanadate-treated mice. 

The TBI treatment caused severe HP syndrome but not fatal GI injury. In the TBI model, 

mild GI injury, namely, villus atrophy with sparse crypts, was observed in mice treated with or 

without vanadate on day 4, but returned almost healthy on day 7 after the irradiation (Figures 5 

and 6). These data indicated that the cause of death in this model was HP syndrome due to 

severe myelosuppression.  

 

Vanadate does not suppress PBI-induced GI syndrome 

As shown in Figure 3(A), 10 Gy-TBI induced drastic declines in WBC and PLT counts in the 

case of the NS-treated mice. On the other hand, 17 Gy-PBI induced 22% and 48% reductions 

in WBC and PLT, respectively, indicating the HP syndrome was not severe enough to induce 



 

bone marrow death. In fact, PBI treatment led to the retention of HP capacity in the shielded 

bone marrow and induced a milder, non-lethal HP syndrome which can be attributed to radiation 

damage to the unshielded bone marrow (Figure 1(B)). 

     Figure 5 clearly showed that the PBI treatment caused severe GI syndrome and vanadate 

could not protect intestinal tissue. The PBI treatment destroyed almost all of the intestinal crypts 

in both the NS- and vanadate-treated mice. Severe collapse of villous structure was also 

observed. For further assessment of the radioprotective effect of vanadate, BrdU incorporation 

assay was performed (Figure 6). In both NS- and vanadate-treated mice, surviving crypt was 

hardly observed on day 4 after the PBI treatment. NS-treated mice showed a slight, but 

significant regeneration of crypts on day 7 after PBI. Although the crypt regeneration was also 

observed in vanadate-treated mice, it was not statistically significant. Of note, similar results 

were obtained in the TBI model. These findings indicate that vanadate has no radioprotective 

effect against acute radiation-induced intestinal injury. 

  



 

Discussion 

The findings reported herein show that vanadate is highly effective on TBI-induced HP 

syndrome, but ineffective on GI syndrome caused by acute abdominal irradiation. Vanadate 

treatment prior to PBI could not inhibit loss of intestinal crypts and reduced gain of body weight, 

resulting in a failure to rescue mice from GI death. On the other hand, the vanadate treatment 

provided an improved survival rate after TBI through the retention of bone marrow cellularity.  

Radiation GI death mostly occurs around day 10 of post-irradiation, and the day 10 has 

been widely accepted as a good end-point for acute GI syndrome in abdominally irradiated mice 

(Mason et al. 1989). Hematopoietic (Figure 3) and histological (Figures 1, 5, and 6) assays 

provided a clear evidence that our PBI technique using X-rays of maximum energy 150 keV 

induced lethal GI injury without causing severe HP syndrome in ICR mice, but some of them 

died later than the typical end-point (10 days) (Figure 2(A)). Although cesium-137 (137Cs) is a 

662 keV gamma-ray source and has been standardly used for inducing radiation GI syndrome, 

our PBI model was constructed using an X-ray generator due to the laboratory equipment 

constraints. With almost the same PBI technique as using 137Cs, our previous study 

demonstrated GI death around 10 days of post-irradiation in ICR mice (Morita et al. 2018). The 

end-point may vary depending on various factors including photon energy (Poirier et al. 2020). 

Different from other p53 inhibitors such as pifithrin α (Komarov et al. 1999) and pifithrin 

µ (Strom et al. 2006), vanadate strongly suppresses radiation-induced apoptosis by inhibiting 

both transcription-dependent and transcription-independent p53 apoptotic pathways (Morita et 

al. 2010). However, its marked p53-inhibiting effect was not a benefit in regard to preventing 

radiation GI syndrome. The 60-day survival test revealed that vanadate is ineffective against 

the GI syndrome caused by acute abdominal irradiation. All the mice treated with vanadate died 

within 15 days after 17 Gy-PBI. One of 10 mice treated with NS survived acute GI syndrome 



 

but died on day 32 after the PBI treatment (Figure 2(A)), which may be attributed to the delayed 

GI injury (Lee et al. 2019). The ineffectiveness was also demonstrated in mice abdominally 

irradiated with high-LET carbon-ion that causes more complex DNA damage than low-LET 

photon (Morita et al. 2020). However, the failure of vanadate to prevent GI death in the PBI 

model differed from the findings in our previous study in a TBI mouse model, where vanadate 

was shown to rescue 60% of the mice from a lethal dose of 12 Gy-TBI (Morita et al. 2010). The 

protective effect of vanadate in this TBI model was attributed to suppression of bone marrow 

injury coincident with the HP syndrome in the TBI model. 

The fact that the constitutive lack of p53 in the intestinal epithelium increases sensitivity 

to abdominal irradiation raises concerns that the use of p53 inhibitors for cancer therapy 

promotes GI injury (Kirsch et al. 2010). However, vanadate treatment did not increase the 

sensitivity (Figure 2(A)). This may be somewhat reasonable considering the pharmacological 

characteristics of vanadate in the p53 inhibition. A single intraperitoneal injection of vanadate 

2 hours before 12 Gy-TBI had no radioprotective effect (Morita et al. 2010), which indicates a 

transient p53-inhibiting effect of vanadate. These data suggest that the p53-inhibiting effect of 

vanadate disappears within 4 days after irradiation after which intestinal disorders become 

prominent. A similar result was also demonstrated using pifithrin α by Komarova et al. 

(Komarova et al. 2004). They compared the influence of temporal p53 inhibition by a single 

injection of pifithrin α with a constant p53 deficiency (p53 knockout) on the lethality from TBI-

induced GI syndrome and showed that pifithrin α had no effects on the lethality whereas p53 

knockout mouse became more sensitive to the TBI. 

     The histological assessments support our conclusion that vanadate has no protective 

effect on GI injury after abdominal irradiation. NS-treated mice showed a statistically 

significant regeneration of crypts after 17 Gy-PBI (Figure 6(C)), which may be attributed to 



 

dedifferentiated cells in damaged crypts. Crypt base columnar (CBC) cells at crypt bottoms are 

essential for epithelial formation of the intestine and succumb to dose above 15 Gy (Hua et al. 

2012). The PBI treatment was considered to be sufficient to kill CBC cells. However, 

differentiating cells at +4 to +6 positions in the crypt are more radioresistant than CBC cells 

and dedifferentiate as backups of damaged CBC cells to promote intestinal recovery (Pant et al. 

2019). Vanadate did not suppress degeneration of crypts in either the TBI or PBI models, 

suggesting that its use will not effectively work against acute radiation GI injury. Kirsch et al. 

noted that the radiation GI syndrome occurs due to the death of GI epithelial cells, and the cell 

death may be mainly attributed to non-apoptotic processes (e.g., a mitotic catastrophe) (Kirsch 

et al. 2010). Subsequently, they showed that the GI syndrome can be attenuated by p53 and its 

target gene p21 (Sullivan et al. 2012). The induction of p21 through the activation of p53 

promotes cell cycle arrest, which may provide adequate time to repair radiation DNA damage 

(Bunz et al. 1998). Although the detailed mechanism of radiation GI injury remains unclear, 

modulating the p53-p21 pathway appears to be one of the most useful strategies for developing 

radioprotectors or radiomitigators against the GI syndrome. For instance, 5-chloro-8-quinolinol 

(5CHQ) has been shown to act as a modulator of p53 transactivation without inhibiting the 

activity of p53 and contributes to the effective suppression of GI death after a lethal dose of 24 

Gy-PBI (Morita et al. 2018). It enhances the radioresistance of the intestinal epithelium through 

the upregulation of Cdkn1a encoding radioprotective p21, and downregulation of Bbc3 and 

Pmaip1 encoding proapoptotic Puma and Noxa, respectively, in the irradiated intestinal 

epithelium. Similar results were reported by using RG7112, a chemical compound that activates 

p53-p21 pathway by inhibiting p53-Mdm2 interaction (Pant et al. 2019). 

     Consistent with our previous work (Morita et al. 2010), vanadate reduced loss of bone 

marrow cellularity (Figure 4), improved HP capacity (Figure 3(B)), and successfully rescued 



 

mice from TBI-induced bone marrow death (Figure 2(A)). Irradiated hematopoietic lineage 

cells undergo p53-mediated apoptotic death (Radford et al. 1994), and several studies 

demonstrated the efficacy of p53 inhibition for preventing radiation HP syndrome (Komarova 

et al. 2004; Strom et al. 2006; Kirsch et al. 2010; Morita et al. 2010). The property of vanadate 

that inhibits both transcription-dependent and transcription-independent p53 apoptotic 

pathways would provide a great benefit in total-body exposure situation, particularly in terms 

of reducing HP syndrome. The HP syndrome is involved in the progression of radiation GI 

death (Terry and Travis 1989). Therefore, suppressing bone marrow injury by a p53 inhibitor 

should be expected to reduce or prevent GI death depending on the dose of the total-body 

exposure that caused a combined GI and HP syndrome. However, vanadate failed to rescue 

mice from GI death after 13 Gy-TBI in ICR (Morita et al. 2010). The pharmacological p53-

inhibiting efficacy of vanadate against TBI appears to reach the limit at around 12 Gy, and 

within such dose levels (< 12 Gy), it would be effective for reducing GI death in addition to 

bone marrow death. As another use of vanadate, it may be beneficial for protecting normal 

tissues during cancer chemotherapy (Basu et al. 2015). Myelosuppression is a serious 

complication due to the low specificity of anticancer drugs to cancer cells (Crawford et al. 2004; 

Kuter 2015). Vanadate possibly reduces the systemic adverse effect on HP system without 

influencing the sensitivity of cancer cells to the drugs, because the anti-cell death effect of 

vanadate is p53-dependent (Morita et al. 2010) and human cancers frequently have impaired 

p53 function (Petitjean et al. 2007). 

Vanadate is also known to inactivate protein tyrosine phosphatases (PTPase) (Gordon 

1991) and adenosine triphosphatases (ATPase) (Aureliano and Crans 2009). Our previous study 

compared antiapoptotic effect of vanadate in irradiated MOLT-4 cells with several PTPase 

inhibitors, and the results suggested that the suppression of radiation-induced MOLT-4 



 

apoptosis of vanadate is not associated with its PTPase-inhibiting effect (Morita et al. 2006). 

Therefore, the inhibiting effect of vanadate may not a contributing factor to the lethalities of 

TBI and PBI. Sodium-potassium ATPase (Na+/K+-ATPase), transmembrane protein that is 

effectively inhibited by vanadate (Aureliano and Crans 2009; Jiang et al. 2018), plays a central 

role in water and glucose absorptions in the intestine. Lebrun et al. demonstrated the reduction 

of Na+/K+-ATPase activity in rats treated with 8 Gy-TBI (Lebrun et al. 1998), and loss of the 

activity could result in radiation malabsorptive diarrhea (MacNaughton 2000). Since weight 

gain, stool consistency, and survival rate showed no differences for 60 days between 

unirradiated mice treated with or without a single injection of 20 mg/kg vanadate (data not 

shown), the dose was considered to have no effect on physiological condition. Detailed studies 

are needed to examine the vanadate requirement sufficient to inactivate Na+/K+-ATPase in GI 

tissue and how the inactivation affect in the development of radiation GI syndrome. 

     In this study, we examined the protective effects of the p53 inhibitor vanadate on HP 

syndrome and GI syndrome caused by total-body and abdominal irradiations, respectively. The 

use of vanadate as a radioprotective agent was highly effective at preventing HP syndrome in 

total-body exposure solution. However, vanadate was found not to have a radioprotective 

benefit against GI syndrome caused by local acute radiation exposure of the abdomen, 

suggesting that p53 inhibition may not be a valid prophylactic strategy for protecting against 

acute radiation GI syndrome. 
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Figure legends 

Figure 1  PBI technique preserves bone marrow in the foreleg of mice. (A) Exterior 

appearance of the mouse that survived for 60 days after 16 Gy-PBI. Discolored body hair 

represents the irradiated region in the PBI treatment. (B) HE-stained sections of bone marrow 

of the humerus and femur on day 7 and 60 after 16 Gy-PBI. Magnification, 20×. PBI partial-

body irradiation. 

 

Figure 2  Vanadate rescues mice from bone marrow death after TBI, but not from GI death 

after PBI. (A) 60-day survival test after 10 Gy-TBI, 16 Gy-PBI, and 17 Gy-PBI (n = 10 in each 

group). (B) Body weight changes after irradiations (n = 10 in each group). Data represent the 

mean ± standard deviation. Asterisks indicate a significant difference (*P < 0.05, **P < 0.01, 

and ***P < 0.001) between groups. TBI total-body irradiation, PBI partial-body irradiation. 

 

Figure 3  Vanadate improves hematopoietic capacity after TBI. (A) Hematopoietic parameters 

measured at 7 days after 10 Gy-TBI and 17 Gy-PBI (n = 5 in each group). (B) Changes of the 

parameters in TBI-treated mice were further examined on day 9 and 12 after irradiation (n = 2− 

5 in each group). Data represent the mean ± standard deviation. An asterisk indicates a 

significant difference (*P < 0.05) between groups treated with TBI. V vanadate, NS normal 

saline, TBI total-body irradiation, PBI partial-body irradiation, RBC red blood cells, Hgb 

hemoglobin, WBC white blood cells, PLT platelets. 

 

Figure 4   Radioprotective effect of vanadate on the myeloid tissue. HE-stained sections of 

bone marrow of the femur on day 9 (A) and 12 (B) after 10 Gy-TBI. Arrows indicate 

megakaryocytes. Magnification, 40×. (C) Quantitation of megakaryocytes in the region of 



 

femur bone marrow on day 12 after the TBI (n = 6− 7 in each group). An asterisk indicates a 

significant difference (*P < 0.05) between groups. V vanadate, NS normal saline, TBI total-body 

irradiation. 

 

Figure 5  Vanadate has no radioprotective effect on PBI-induced intestinal damage. HE-

stained sections of intestinal epithelium on day 4 (A) and 7 (B) after 10 Gy-TBI and 17 Gy-

PBI. Magnification, 40×. NS normal saline, TBI total-body irradiation, PBI partial-body 

irradiation. 

 

Figure 6  Vanadate could not suppress PBI-induced crypt degeneration in the intestinal 

epithelium. BrdU-labeled cells were detected immunohistochemically on day 4 (A) and 7 (B) 

after 10 Gy-TBI and 17 Gy-PBI. Magnification, 40×. (C) The percentage of surviving crypts 

relative to the mean crypt number in mice that had been treated with NS only was estimated 

quantitatively (n = 3− 5 in each group). Data represent the mean ± standard deviation. Asterisks 

indicate a significant difference (*P < 0.05, **P < 0.01, and ***P < 0.001) between groups. V 

vanadate, NS normal saline, TBI total-body irradiation, PBI partial-body irradiation. 

 

 

 




