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Effects of higher doses of vitamin E on toxicity and 1 

inflammation. 2 

Abstract 3 

High doses of vitamin E close to the upper limit of toxicity (UL) but still recommended and 4 

considered as harmless and beneficial, can possibly cause a number of adverse effects.  5 

In a 14-day study, in which male mice were exposed to intra peritoneal doses of 100 and 200 6 

mg vitamin E/kg bw/day, tissue biomarkers of oxidative stress related processes, and 7 

biomakers of inflammation were determined.  8 

Oxidative stress parameters in plasma did not change, whereas some biomarkers of 9 

inflammation were statistically significantly higher on exposure to vitamin E.  10 

In the liver, beneficial effects on tissue biomarkers were observed, whereas the inflammation 11 

biomarkers showed an U-shaped relation with the dose of vitamin E.  12 

In the kidney, the biomarkers of tissue damage showed mixed effects, whereas a substantial 13 

increase in the inflammation biomarkers was observed.  14 

In the brain, the tissue biomarkers showed beneficial effects, whereas the inflammatory 15 

biomarkers IL-6, TNF-a and resistin showed an increase or an U-shaped behaviour with 16 

increasing doses of vitamin E.  17 

Especially, a dose of 200 mg of vitamin E/kg bw/day showed a number of adverse effects in 18 

several tissues. Since the dose of 200 mg of vitamin E/kg bw/day is lower than the upper 19 

limit for vitamin E, which is 500 mg, the UL should be re-evaluated, in view of the effects in 20 

kidney and brain of male mice. 21 

 22 
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1. Introduction 25 

In many reports, vitamin E is considered as having beneficial effects on several physiological 26 

processes in the body because of its antioxidant properties (1,2,3). In addition, the risk of 27 

developing chronic diseases can be reduced by an optimal vitamin E status in tissues 28 

(4,5,6,7,8). As a result, vitamin E supplementation is very popular in general population, 29 

being one of the most used vitamins in supplements (9,10,11). In a previous study, however, 30 

we have reported both the beneficial and the adverse effects of higher doses of vitamin E in 31 

mice, administered by feed of 550 mg/kg diet, corresponding with 25 times the recommended 32 

daily intake (12). In the kidney of male mice, tissue enzymes along with inflammation 33 

biomarkers were increased by higher vitamin E doses (12). Also, some recent human studies 34 

reported that the intake of high doses of vitamin E can have detrimental effects, such as a 35 

higher risk for prostate cancer (13,14) and even a higher mortality (15,16,17,18,19). 36 

Therefore, the intake of supplements with high doses of vitamin E is questioned, because 37 

vitamin E can act as an antioxidant and as a pro-oxidant as well (20,21). 38 

In this study, we investigated another way of administration of vitamin E to see whether this 39 

is important for the toxicological effects observed earlier. Therefore, vitamin E was 40 

administered by intra peritoneal by two relatively high but still below the upper level of 41 

toxicity doses of vitamin E in male mice. 42 

2. Materials and Methods 43 

2.1. Experimental animals and exposure protocol 44 

Male balb/c mice weighing 20-25 g were exposed to vitamin E by intra peritoneal injection 45 

for 14 days. The two experimental groups received 100 and 200 mg alpha-tocopherol/kg 46 

body weight (bw)/day in peanut oil (0.1 mL). The control group received peanut oil only (0.1 47 

mL). The peanut oil contained 0.15 mg vitamin E/g oil. Each group consisted of eight 48 
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animals. 16 hours after the last injection, the mice were anaesthetized and terminated. The 49 

organs (liver, kidney and brain) were removed and immediately cooled on ice. 50 

All procedures were performed according to the Republic of Lithuania Law on the Care, 51 

Keeping and Use of Animals (License of State Veterinary Service for working with 52 

laboratory animals No 0200).  53 

2.2 Preparation of organ samples  54 

Liver, kidneys and brain samples were weight were and homogenized in three volumes (w/w) 55 

of homogenization buffer (50 mM Tris-HCl, pH 7.6; 5 mM MgCl2; 60 mM KCl; 25 mM 56 

sucrose). Tissue homogenates were centrifuged at 3000 rpm for10 min (1000×g) in centrifuge 57 

Beckman J2-21. The supernatant was immediately frozen at -80 °C and the pellet was 58 

discarded. All the samples were shipped from Kaunas to Bilthoven on dry ice. The samples 59 

were received frozen and stored at -80 °C until analysis. 60 

2.3 Preparation of blood samples  61 

Whole blood was collected after mouse decapitation into Eppendorf test tubes. Blood was 62 

centrifuged at 4000 rpm for 10 min (1600×g). Heparin plasma samples were immediately 63 

frozen at -80 °C. All the samples were shipped from Kaunas to Bilthoven on dry ice. The 64 

samples were received frozen and stored at -80 °C until analysis. 65 

2.4 Biochemical analysis  66 

Reactive oxygen metabolites (ROM), biological antioxidant potential (BAP) and total thiols 67 

in proteins (TTP) were determined with an auto-analyzer (LX-20 Pro, Beckman-Coulter, 68 

Mijdrecht, the Netherlands). ROM and BAP were determined using kits from Diacron, 69 

Grosseto, Italy, and TTP was determined with a kit from Rel Assay, Gaziantep, Turkey. 70 

These three assays were adapted for use with the LX20 auto-analyzer (Jansen et al. 2013b) 71 

and checked for long-term storage stability (23). Intra assay coefficients of variation were 72 

2.1% for ROM, 1.5% for BAP and 2.7% for TTP. 73 
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Enzyme activities of ALP, ALT, AST and LDH were measured with dedicated kits from 74 

Beckman-Coulter for the LX-20 Pro auto-analyzer. Intra assay coefficients of variation were 75 

2.4% for ALP, 1.6% for ALT, 1.2% for AST and 2.9% for LDH. 76 

Interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-α), plasminogen activator inhibitor-1 77 

(PAI-1), MCP-1, insulin and resistin were determined with a Mouse Adipokine kit 78 

(Millipore, Amsterdam, The Netherlands) using the Luminex technique. Intra assay 79 

coefficients of variation were 6.4% for IL-6, 4.9% for TNF-α, 7.4% for PAI-1, 10.0% for 80 

MCP-1, 9.3% for insulin and 5.2% for resistin.  81 

2.5 Statistical analysis 82 

The data were analyzed by means univariate ANOVA using Excel. Results were expressed as 83 

the mean ± standard error of mean. Statistical significance was set at P<0.05. 84 

3. Results 85 

3.1 Plasma 86 

The effect of exposure to relatively high doses of vitamin E was studied by measuring plasma 87 

biomarkers of redox status. Because of the limited amount of plasma that was available, the 88 

following biomarkers were selected: ROM for the assessment of oxidative stress by 89 

measuring hydro peroxides, BAP for the evaluation of total antioxidant status and TTP for 90 

the total thiols in plasma. In addition, five inflammation biomarkers with the Luminex 91 

technique.  92 

In Figure 1, the effects of exposure to vitamin E on the biomarkers ROM, BAP and TTP are 93 

shown. The exposure to both doses of vitamin E did not have any statistically significant 94 

effects on these biomarkers. All P-values were in the range of 0.188-0.934.  95 
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 96 

Figure 1: Plasma concentrations of ROM (expressed in U/L), BAP (expressed in mEq/L) and 97 

TTP (expressed in µmol/L) after administration of vitamin E. The concentration of BAP was 98 

divided by a factor of 10 to fit in the figure. 99 

In Figure 2, the effects of vitamin E on inflammatory parameters are shown. The treatment 100 

with vitamin E resulted in substantially higher concentrations of MCP-1, total PAI-1 and 101 

resistin. The increase in these inflammation parameters was statistically significant with a P-102 

value of 0.044 for MCP-1 (200 mg dose vs. control), P=0.017 and P= 9*E-6 for PAI-1 (100 103 

mg and 200 mg doses vs. control, respectively) and P=1*10-5 for resistin (200 mg dose vs. 104 

control). Concentrations of IL-6 and TNF-α did not change statistically significantly under 105 

exposure to vitamin E. The ANOVA results were P=0.0034, 0.798, 0.593, 0.0014 and 106 

1.46*E-6 for MCP-1, IL-6, TNF-α, PAI-1 and resistin, respectively. 107 

 108 
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 109 

Figure 2: Plasma concentrations of MCP-1 (expressed in pg/mL), IL-6 (expressed in pg/mL), 110 

TNF-α (expressed in pg/mL), PAI-1 (expressed in µg/mL) and resistin (expressed in pg/mL). 111 

The concentrations of MCP-1, PAI-1 and resistin were divided by factors 2, 200 and 50, 112 

respectively, to fit in the figure. Statistics: * p<0.05 vs. control group; ** p<0.005 vs. control 113 

group. 114 

Effects of vitamin E on the liver, kidney and brain were investigated by measuring activities 115 

of enzymes ALP, ALT, AST and LDH, the total antioxidant status (BAP), total thiols (TTP), 116 

and biomarkers of inflammation. 117 

3.2 Liver 118 

In the liver, the general view is that the exposure to vitamin E has a beneficial effect on most 119 

of these biomarkers, as is shown in Figure 3. A dose 200 mg of vitamin E caused  a decrease 120 

in the activity of ALP (P=0.01), AST (not statistically significant) and LDH (P=0.012)  In 121 

addition, the total thiols, reflecting redox status, increased with the higher doses of vitamin E, 122 

with P-values of 0.004 and 0.0001 after exposure to 100 and 200 mg vitamin E, respectively. 123 

The total antioxidant status decreased unexpectedly with P=0.0011 and 0.0010 after exposure 124 

to 100 and 200 mg vitamin E, respectively.  125 

 126 
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 127 

Figure 3: Liver supernatant activities of ALP, ALT, AST, LDH (expressed in IU/g protein) 128 

and concentrations of BAP (expressed in mEq/g protein) and TTP (expressed in µmol/g 129 

protein). The activities of ALP, ALT, AST and LDH and the concentration of BAP were 130 

divided by factors 0.2, 10, 10, 100 and 2, respectively to fit in the figure. Statistics: * P<0.05 131 

vs. control group; ** P<0.01 vs. control group; *** P<0.001 vs. control group. 132 

In the liver, the 200 mg dose of vitamin E caused an increase in the inflammation biomarkers 133 

compared to the effects of the 100 mg vitamin E dose, which was statistically significant for 134 

MCP-1 (P=0.002), IL-6 (P=9*E-5) and TNF-α (P=0.029. 135 

Although there were no statistically significant effects of the 200 mg group with the control 136 

group, the inflammation biomarkers seems to behave in a biphasic phase with increasing 137 

vitamin E doses, except for total PAI-1 (Figure 4).  138 
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 139 

Figure 4: Liver supernatant concentrations of MCP-1 (expressed in pg/mLmL), IL-6 140 

(expressed in pg/mL), TNF-α (expressed in pg/mL), PAI-1 (expressed in µg/mL) and resistin 141 

(expressed in pg/mL. The concentrations of TNF-α and total PAI-1 were divided by a factor 142 

of 0.5 and 2, respectively, to fit in the figure. Statistics: * P<0.05 vs. control group; # P<0.05 143 

vs. 100 mg vitamin E group; ## P<0.005 vs. 100 mg vitamin E group; ### P<0.001 vs. 100 144 

mg vitamin E group. 145 

3.3 Kidney 146 

In the kidneys, the activities of enzymes ALP and AST decreased upon exposure to vitamin E 147 

with P-values of 0.0005 and 0.0085 (for ALP) and 5*10-4 and 2.7*10-6 (for AST). However, 148 

the activity of LDH increased with P-values of 0.0014 and 0.0002, for 100 and 200 mg 149 

vitamin E, respectively. BAP decreased with statistical significance for 200 g vitamin E 150 

(P=0.036) and TTP increased statistically significantly with 100 mg vitamin E (P=0.002) but 151 

not with 200 mg vitamin E.  152 

 153 
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 154 

Figure 5: Kidney supernatant activities of ALP, ALT, AST, LDH (expressed in IU/gprotein) 155 

and concentrations of BAP (expressed in mEq/g protein) and TTP (expressed in µmol/g 156 

protein). The activities of ALP, AST and LDH and the concentrations of BAP and TTP were 157 

divided by a factor of 20, 10, 100, 2.5 and 0.4, respectively, to fit in the figure. Statistics: * 158 

p<0.05 vs. control group; ** p<0.01 vs. control group; *** p<0.001 vs. control group. 159 

The concentrations of inflammation biomarkers in the kidney were higher for higher doses of 160 

vitamin E. Statistical significance was observed for MCP-1 (P=0.047) and IL-6 (P=0.0003) in 161 

the 100 mg vitamin E group. In the 200 mg vitamin E group, all biomarkers of inflammation 162 

were statistically significantly higher than in the control group, with P-values of 0.012, 163 

3.1*E-5, 0.016, 0.043 and 8.3*E-5 for MCP-1, IL-6, TNF- α, total PAI-1 and resistin, 164 

respectively. 165 
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 166 

Figure 6: Kidney supernatant concentrations of MCP-1 (expressed in pg/mL), IL-6 167 

(expressed in pg/mL), TNF-α (expressed in pg/mL), PAI-1 (expressed in µg/mL) and resistin 168 

(expressed in pg/mL). The concentrations of TNF-α, total PAI-1 and resistin were divided by 169 

a factor of 0.5, 2 and 4, respectively, to fit in the figure. Statistics: * P<0.05 vs. control group. 170 

3.4 Brain 171 

In the brain, the activities of enzymes ALP, ALT and AST decreased upon exposure to 172 

vitamin E with P-values of 4.6*10-6 and 1.0*10-7 (for ALP), 0.029 (for ALT, the highest 173 

dose of vitamin E only), and 0.0036 and 0.0003 (for AST). The activity of LDH also 174 

increased in the brain with P-values of 0.0014 and 0.0023 for 100 and 200 mg vitamin E, 175 

respectively. BAP decreased with statistical significance for a dose of 200 mg vitamin E 176 

(P=0.025) and TTP increased statistically significantly for 100 and 200 mg vitamin E 177 

(P=1.7*10-4 and 3*10-4, respectively), as in the liver and kidney.  178 

 179 
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 180 

Figure 7: Brain supernatant activities of ALP, ALT, AST, LDH (expressed in IU/gprotein), 181 

and concentrations of BAP (expressed in mEq/g protein) and TTP (expressed in expressed in 182 

µmol/g protein). The activities of AST and LDH and the concentration of BAP were divided 183 

by a factor of 25, 50 and 5, respectively, to fit in the figure. Statistics: * P<0.05 vs. control 184 

group; ** P<0.01 vs. control group; *** P<0.001 vs. control group. 185 

The biomarkers of inflammation in the brain tissue also showed a tendency to increase with 186 

the higher doses of vitamin E, except for MCP-1 and total PAI-1. IL-6 concentrations 187 

increased in a dose-related manner for both doses of vitamin E; 200 mg of vitamin E caused a 188 

statistically significant increase with a P-value of 0.033. Both TNF-a and resistin showed a 189 

biphasic behaviour with  vitamin E: i)  a statistically significant increase of resistin 190 

concentration  for  100 mg of vitamin E (P=0.0012); ii) increase in  TNF-a and resistin for the 191 

200 mg of vitamin E (P-values of 0.35 and 0.024,  respectively). 192 
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 193 

Figure 8: Brain supernatant concentrations of MCP-1 (expressed in pg/mL), IL-6 (expressed 194 

in pg/mL), TNF-α (expressed in pg/mL), PAI-1 (expressed in µg/mL) and resistin (expressed 195 

in pg/mL). The concentrations of MCP-1, TNF-α, and total PAI-1 were divided by a factor 2, 196 

0.5, and 10, respectively to fit in the figure. Statistics: * P<0.05 vs. control group; ** P<0.005 197 

vs. control group; # P<0.05 vs. 100 mg vitamin E group. 198 

In summary, the measured biomarkers with their effects on plasma, liver, kidney and brain have been 199 

summarized in Table 1. The general view is that the biochemical biomarkers (ROM, ALT, AST, 200 

LDH) showed no consistent effects on vitamin E supplementation, although BAP and TTP showed 201 

small, but consisted effects in all tissues, whereas ALP showed a consistent decrease in all tissues. In 202 

contrast, most of the inflammation biomarkers (MCP-1, IL-6, TNF-α, PAI-1, resistin) showed an 203 

increase in all tissues, especially in the kidney. 204 

 205 

 206 

 207 

 208 

 209 

UNDER PEER REVIEW



13 

 

Table 1. Scheme of the effects of vitamin E supplementation of the various tissues. “0” means no 210 

statistically significant effect, “+” means an increase of the biomarker and “-“means a decrease of the 211 

biomarker on supplementation of vitamin E. No data means that the biomarker was not measured. 212 

  plasma liver kidney brain 

ROM 0 

   BAP 0 - - - 

TTP 0 + + + 

ALP - - - 

ALT 0 0 - 

AST 0 - - 

LDH - + + 

MCP-1 + + + 0 

IL-6 0 + + + 

TNF-α 0 + + + 

PAI-1 + 0 + 0 

resistin + 0 + 0 

 213 

4. Discussion 214 

4.1 Plasma  215 

In the present sub-acute study on male mice, the possible effects of relatively high doses of vitamin E 216 

were investigated in plasma and in liver, kidney and brain tissue extracts. In plasma, biomarkers of 217 

oxidative stress processes, such as hydroperoxides (ROM) and total thiols (TTP), and biomarkers of 218 

inflammation were measured. Hydroperoxides and total thiols have been proven to represent several 219 

adverse physiological processes, in which oxidation is involved. They were measured in several 220 

large-scale human studies on total mortality, cardiovascular disease, cancer (24,25,26,27,28,29) and 221 

frailty (30), and also in mice studies (12,31). In the present study, these biomarkers in plasma were 222 

not affected by 14-day exposure to 100 and 200 mg of vitamin E. Besides these oxidation-related 223 
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biomarkers, also the inflammation biomarkers were determined. The cytokines IL-6 and TNF-α were 224 

not affected, which is in agreement with the observation that the oxidative stress biomarkers also did 225 

not change. Oxidative stress and inflammation processes are closely related, as was shown in our 226 

previous studies on aluminium exposed mice, where we indeed observed a concomitant increase of 227 

ROM, IL-6 and TNF-a (32). However, the concentrations of three other inflammation parameters, 228 

MCP-1, PAI-1 and resistin, were statistically significantly higher after exposure to 100 and 200 mg 229 

vitamin E/kg bw/day.  230 

4.2 Tissues 231 

In the liver, kidney and brain, we looked at the biomarkers of enzyme induction (ALP, ALT, AST 232 

and LDH), and the total antioxidant status (BAP) and the redox status (TTP). In addition, the 233 

biomarkers of inflammation (MCP-1, IL-6, TNF-α, total PAI-1, resistin) were determined. Exposure 234 

to vitamin E in general showed that the tissue enzymes had lower activity for a higher dose of 235 

vitamin E, indicating its low toxicity. An exception is the LDH activity in the kidney and brain, 236 

which increased on exposure to both doses of vitamin E. BAP decreased in all tissues, which was 237 

somewhat unexpected in the face of anti-oxidative properties of vitamin E. The concentration of total 238 

thiols was higher on exposure to vitamin E, which means a favorable effect of this vitamin. However, 239 

exposure to a higher dose of vitamin E (200 mg) caused lowering of the redox status, which was 240 

reflected by a possible biphasic behavior in kidney and brain tissue, although not significantly. The 241 

increase in inflammation biomarkers can be considered as adverse because they are linked to 242 

unwanted effects related to several diseases, such as neurological complaints (33,34,35), 243 

cardiovascular diseases (36,37,38), diabetes (39,40,41,42,43), and  injuries of the liver (44,45,46), 244 

kidney (47) or lung (48). The beneficial effect of the recommended dietary allowance (RDA) doses 245 

of vitamin E on these parameters, often observed as a decrease of inflammation status, becomes 246 

completely opposite when higher doses of vitamin E are used. In addition, the increase in 247 

inflammation parameters is dose-dependent, being a strong evidence of these adverse effects. 248 

4.3 How the results of the present study relate with the RDA and the UL of toxicity of vitamin E 249 

for humans.  250 

The Food and Nutrition Board of the National Academy of Sciences specified the RDA of vitamin E 251 

as 15 mg/day and established the upper intake level of toxicity (UL) as 1000 mg/day (49,50). The UL 252 

is the upper level that is unlikely to pose risk of adverse health effects to 95% of the general 253 

population. This UL was established in rodent studies starting from a lowest observed adverse effect 254 

level (LOAEL) of 500 mg vitamin E/kg bw/day (51). This dose is much higher than the doses of 100 255 

mg and 200 mg vitamin E/kg bw/day that were used in the present study. 256 
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There are some concerns about a long-term safety of the established UL 1000 mg/day of vitamin E 257 

(52,53). In Miller’s study, a possible increase in mortality and in the incidence of heart failure was 258 

observed for a dose of 900 IU/day (about 600 mg) of vitamin E. Therefore, an UL of vitamin E 259 

toxicity 1000 mg/day may be too high for only alpha-tocopherol form. 260 

The European Food Safety Authority (EFSA) also evaluated the UL for vitamin E. They considered 261 

the study of Meydani et al. (54) as the most relevant study and deduced an UL for vitamin E at 300 262 

mg/day for human adults (55).  263 

There are conflicting reports on the beneficial or adverse effects of vitamin E supplementation. Some 264 

studies have found positive or no effect (7), or are inconclusive (6,8), whereas others  showed 265 

negative effects on prostate cancer (13) and hemorrhagic stroke (16). 266 

In the present study, we also observed adverse effects of vitamin E as the increase of inflammation 267 

biomarkers in the circulation. The findings of the previous mice study in which vitamin E was 268 

supplied in the feed, being the adverse effects observed in the kidney (12), were confirmed by the 269 

present study in which vitamin E was supplied by intraperitoneal injection in oil. Therefore, a 270 

possible re-evaluation of the UL for vitamin E should be considered.  271 

Abbreviations 272 

UL   upper limit of toxicity 273 

BAP   biological antioxidant potential 274 

IL-6   interleukin-6 275 

MCP-1  monocyte chemoattractant protein-1 276 

tPAI-1   total plasminogen activator inhibitor 277 

ROM   reactive oxygen metabolites 278 

TNF alpha  tumor necrosis factor-alpha 279 

TTP   total thiols in proteins 280 

Ethics 281 

This study was performed according to the Republic of Lithuania Law on the Care, Keeping 282 

and Use of Animals (License of State Veterinary Service for working with laboratory animals 283 

No 0200). 284 
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