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ABSTRACT. We investigated the effect of supplemental vitamin E on the peripheral blood leukocyte population in Japanese Black calves. 
Twenty-six calves kept at the same farm were studied. They were divided into two groups; thirteen calves received 300 IU/day of vitamin E 
orally from 1 to 3 months of age (VE group), and the other thirteen calves did not receive the vitamin E supplement (control group). The VE 
group showed a higher serum vitamin E concentration at 2 and 3 months of age compared with the control group (P<0.01). The numbers of 
CD3+ cells and CD4+ cells were higher in the VE group than in the control group, and the difference was statistically significant at 3 months 
of age (P<0.05). The numbers of CD21+ cells were higher in the VE group than in the control group, and the difference was statistically 
significant at 2 months of age (P<0.05). The numbers of CD335+ cells tended to be higher in the VE group than in the control group. The 
numbers of CD8+ cells and CD14+ cells tended to be higher in the VE group than in the control group at 3 and 4 months of age. This study 
demonstrated that the supplementation of suckling Japanese Black calves with vitamin E might affect the numbers of some immune cell 
types in the peripheral blood.
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Vitamin E plays an important role as antioxidant inside 
the body for maintaining the stability of biological mem-
branes as well as the function of the immune system [13]. 
Overall, studies of supplementation of animals with vitamin 
E have reported improvements in immune function [1, 3, 8, 
10–12]. Supplementation of Holstein calves with vitamin E 
has improved function of T and B cells, and increased pro-
duction of antibodies after vaccination [20]. In addition, oral 
administration of vitamin E to feedlot cattle immediately 
after introducing them into a farm decreased the morbidity 
of infectious diseases [6].

Young calves have immature immune systems compared 
with adult cows, due to their lower numbers of peripheral 
blood T and B cells, which are responsible for cell-mediated 
and humoral immunity [9]. Furthermore, Japanese Black 
calves have lower numbers of peripheral blood T and B 
cells compared with Holstein calves, which makes Japanese 
Black calves more prone to infectious diseases [15]. Thus,  
supplementation of Japanese Black calves with vitamin E 
was expected to improve immune status. The blood leuko-
cyte population in cattle has proved to be a good indicator 
of immune status in studies of bovine viral diarrhea-mucosal 
disease and infection with Mannheimia haemolytica, which 
showed a decrease in the numbers of CD4+ cells and CD8+ 

cells in peripheral blood [7]. Also, malnutrition of cattle de-
creased the numbers of CD3+ cells, CD4+ cells and CD21+ 
cells in peripheral blood [14]. However, there have been no 
reports about the changes in the blood leukocyte population 
of Japanese Black calves supplemented with vitamin E.

The main objective of this study was to assess the effect 
of vitamin E supplementation on the peripheral blood leuko-
cyte population in clinically healthy Japanese Black calves.

Twenty-six Japanese Black calves kept at one farm in 
Aomori Prefecture were used in this study. The calves, born 
between spring and fall in 2011, were alternately assigned 
to two groups; 13 calves received 300 IU/day of vitamin E 
powder (this dose was determined based on the studies by 
Rajeesh et al. [18] and Reddy et al. [19]) mixed with milk 
replacer from 1 to 3 months of age (VE group), and the other 
thirteen calves received only milk replacer (control group). 
All calves were fed to meet their nutritional requirements ac-
cording to the Japanese Feeding Standard for Beef Cattle [2] 
and managed in the same manner. Peripheral blood samples 
were collected from all calves at 1, 2, 3 and 4 months of age, 
once for each month, via the jugular vein using plain Va-
cutainer tubes and Vacutainer tubes containing dipotassium 
edetic acid (EDTA-2AK). Serum was separated from blood 
samples collected in plain tubes by centrifugation and stored 
at −20○C until analysis. Blood collected in tubes containing 
EDTA-2AK was used for white blood cell (WBC) analysis 
within 4 hr after collection.

The serum vitamin E concentration was measured using a 
high performance liquid chromatograph (LC-2000, JASCO, 
Tokyo, Japan) as previously reported [5]. The serum total 
cholesterol (T-Cho) concentration was measured using a 
Labospect 7180 autoanalyzer (Hitachi High-Technologies 
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Corp., Tokyo, Japan). The total WBC were determined with 
a blood cell counter. Peripheral blood mononuclear cells 
(PBMCs) and granulocytes (Grans) in WBCs were analyzed 
by WBC cytogram, and then, the numbers of PBMCs and 
Grans were calculated using their percentages and total WBC 
counts. The peripheral blood leukocyte population was as-
sessed using a FACScan flow cytometer (Becton, Dickinson 
and Co., Mountain View, CA, U.S.A.) as previously reported 
[15]. The primary antibodies used and a description of the 
working solutions are listed in Table 1. Data for the serum 
vitamin E concentration and peripheral blood leukocyte 
population were expressed as the mean ± standard error. Dif-
ferences between groups were examined using the Student’s 
t-test. P values less than 0.05 were considered statistically 
significant.

The serum vitamin E concentration at 1 month of age did 
not show a significant difference between groups (Fig. 1A). 
The serum vitamin E levels of the VE group at 2 (P<0.01) 
and 3 (P<0.01) months of age were significantly higher than 
those of the control group. The serum T-Cho concentra-
tion did not show a significant difference between groups 
(Fig. 1B). The numbers of CD3+ cells and CD4+ cells were 

higher in the VE group than in the control group, and the 
differences were statistically significant at 3 months of age 
(P<0.05) (Table 2). The numbers of CD21+ cells were higher 
in the VE group than in the control group, and the difference 
was statistically significant at 2 months of age (P<0.05). The 
numbers of CD8+ cells and CD14+ cells at 1 and 2 months 
of age tended to be lower in the VE group than in the control 
group, and they tended to be higher in the VE group than in 
the control group at 3 and 4 months of age. The numbers of 
CD335+ cells tended to be higher in the VE group than in 
the control group. The numbers of WBCs and granulocytes 
tended to be higher in the control group than in the VE group.

The results of the present study suggested that the increase 
in the serum vitamin E concentration caused by oral supple-
mentation in the suckling Japanese Black calves changed 
the numbers of immune component cells in the peripheral 
blood. All T cells express the CD3 marker, and most CD4+ 
cells are helper T cells. CD21 is expressed on B cells, which 
play an important role in antibody production [4]. Vitamin E 
has been reported to enhance interleukin-2 (IL-2) production 
[1, 13]. IL-2 is secreted from helper T cells, and it plays a 
role in activation and proliferation of NK cells, monocytes, 

Table 1. Primary antibodies used to identify peripheral blood leukocytes

Antigen MAb clone Isotype Specificity Source
CD3 MM1A IgG1 Pan T cell VMRD
CD4 CACT138A IgG1 Helper T cell VMRD
CD8 CACT80C IgG1 Cytotoxic T cell VMRD
CD14 MY4 IgG1 Monocyte Coulter
CD21 CACT108A IgG1 B cell VMRD
CD335 MCA2365E IgG1 Natural killer cell AbD Serotec

VMRD: VMRD, Pullman, WA, U.S.A., Coulter: Beckman Coulter, Brea, CA, U.S.A., 
AbD Serotec: AbD Serotec, Ltd., Kidlington, U.K.

Fig. 1. Changes in serum vitamin E concentration (A) and serum total cholesterol concentration (B). Vitamin E group 
(dark squares) and control group (empty squares). Data are shown as the mean ± SE. The arrows indicate the vitamin E 
supplementation period for the vitamin E group. Asterisks indicate significant differences between groups at the same age 
(**P<0.01).
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T cells and B cells [1, 12, 13, 21]. Vitamin E also alleviated 
the damage caused by free radicals and prostaglandin E2 
(PGE2), which have a suppressive effect on several indices 
of immunity [3, 13, 22].

Previous studies of oral administration of vitamin E to 
calves revealed a stable increase in serum vitamin E [16, 18, 
19] that was similar to that in the present study. Therefore, 
the changes in the numbers of immune cells in the VE group 
compared with the control group in the present study might 
have been associated with decreased free radical formation, 
reduced PGE2 synthesis and increased IL-2 production.

We previously reported that the supplementation of Japa-
nese Black calves with vitamin E could increase antibody 
production after vaccination with modified live bovine 
herpesvirus-1 [16]. In the present study, the VE group ex-
hibited an increase in the number of helper T cells and B 
cells. Thus, the increased antibody production in the calves 
supplemented with vitamin E in our previous study might 
have been associated with increased numbers of helper T 
cells and B cells.

We previously reported that the serum vitamin E concen-
tration was well correlated with the serum T-Cho concentra-
tion in Japanese Black fattening steers[17]. In the present 
study, the serum vitamin E concentration in the VE group 
was significantly higher than in the control group at 2 and 3 
months of age, but the serum T-Cho concentration in the VE 
group was not higher than that in the control group at 2 and 
3 months of age. These results suggested that the increased 
serum vitamin E concentration in the VE group might not be 
due to feed, such as milk replacer, but due to good absorption 
of supplemental vitamin E.

The results of our investigation confirmed that oral supple-
mentation of suckling Japanese Black calves with vitamin 
E changed the numbers of immune cells in the peripheral 
blood. Supplementation of young Japanese Black calves 
with vitamin E seemed to enhance their immune statuses. In 
order to reduce the incidence of infection diseases in Japa-
nese Black calves, further studies are needed to clarify how 
and when oral vitamin E administration improves the periph-
eral blood leukocyte population in Japanese Black calves.

REFERENCES

 1. Adolfsson, O., Huber, B. T. and Meydani, S. N. 2001. Vitamin 
E-enhanced IL-2 production in old mice: naive but not memory 
T cells show increased cell division cycling and IL-2-producing 
capacity. J. Immunol. 167: 3809–3817. [Medline] [CrossRef]

 2. Agriculture, Factory and Fisheries Research Council Secretariat, 
MAFF ed. 2008. Japanese Feeding Standard for Beef Cattle, 
Japan Livestock Industry Association, Tokyo (in Japanese)

 3. Beharka, A. A., Wu, D., Han, S. N. and Meydani, S. N. 1997. 
Macrophage prostaglandin production contributes to the age-
associated decrease in T cell function which is reversed by the 
dietary antioxidant vitamin E. Mech. Ageing Dev. 93: 59–77. 
[Medline] [CrossRef]

 4. Carroll, M. C. 1998. CD21/CD35 in B cell activation. Semin. 
Immunol. 10: 279–286. [Medline] [CrossRef]

 5. De Leenheer, A. P., De Bevere, V. O., Cruyl, A. A. and Claeys, 
A. E. 1978. Determination of serum alpha-tocopherol (vitamin 
E) by high-performance liquid chromatography. Clin. Chem. 24: 
585–590. [Medline]

 6. Galyean, M. L., Perino, L. J. and Duff, G. C. 1999. Interac-
tion of cattle health/immunity and nutrition. J. Anim. Sci. 77: 
1120–1134. [Medline]

 7. Gånheim, C., Johannisson, A., Ohagen, P. and Persson Waller, 
K. 2005. Changes in peripheral blood leucocyte counts and 
subpopulations after experimental infection with BVDV and/or 
Mannheimia haemolytica. J. Vet. Med. B Infect. Dis. Vet. Public 
Health 52: 380–385. [Medline] [CrossRef]

 8. Jubri, Z., Latif, A. A., Top, A. G. and Ngah, W. Z. 2013. Per-
turbation of cellular immune functions in cigarette smokers and 
protection by palm oil vitamin E supplementation. Nutr. J. 12: 2. 
[Medline] [CrossRef]

 9. Kampen, A. H., Olsen, I., Tollersrud, T., Storset, A. K. and Lund, 
A. 2006. Lymphocyte subpopulations and neutrophil function in 
calves during the first 6 months of life. Vet. Immunol. Immuno-
pathol. 113: 53–63. [Medline] [CrossRef]

 10. Lee, C. Y. and Man-Fan Wan, J. 2000. Vitamin E supplementa-
tion improves cell-mediated immunity and oxidative stress of 
Asian men and women. J. Nutr. 130: 2932–2937. [Medline]

 11. Lee, C. Y. and Wan, J. M. 2002. Immunoregulatory and antioxi-
dant performance of alpha-tocopherol and selenium on human 
lymphocytes. Biol. Trace Elem. Res. 86: 123–136. [Medline] 
[CrossRe]

 12. Meydani, S. N., Meydani, M., Verdon, C. P., Shapiro, A. A., 
Blumberg, J. B. and Hayes, K. C. Vitamin E supplementation 
suppresses prostaglandin E1(2) synthesis and enhances the im-

Table 2. Numbers of cells in each leukocyte subset

Cell type
1 month 2 months 3 months 4 months

VE group Control group VE group Control group VE group Control group VE group Control group
WBC (×102/µl) 91.1 ± 5.2 98.3 ± 5.4 86.4 ± 5.1 101.4 ± 5.1 85.2 ± 3.7 93.4 ± 4.5 88.1 ± 3.0 93.2 ± 4.6 
PBMC (×102/µl) 52.6 ± 2.9 51.8 ± 4.3 53.2 ± 3.3 52.9 ± 3.3 58.3 ± 3.1 50.5 ± 2.1 61.9 ± 2.9 57.8 ± 2.9 
Gran (×102/µl) 38.5 ± 4.7 46.5 ± 5.5 33.2 ± 6.4 50.9 ± 6.4 26.9 ± 3.4 42.9 ± 3.8 26.1 ± 1.5 35.4 ± 3.2 
CD3+ (×102/µl) 27.5 ± 1.8 25.4 ± 3.1 25.7 ± 2.3 24.2 ± 2.3 28.5 ± 1.3* 24.0 ± 1.2 32.4 ± 1.7 29.1 ± 1.5 
CD4+ (×102/µl) 9.4 ± 0.7 7.9 ± 1.3 9.5 ± 0.9 7.7 ± 0.9 10.3 ± 0.7* 7.9 ± 0.5 12.1 ± 0.9 10.4 ± 0.7 
CD8+ (×102/µl) 4.8 ± 0.5 5.3 ± 0.8 5.1 ± 0.7 5.5 ± 0.7 7.0 ± 0.6 5.5 ± 0.5 7.8 ± 0.4 6.4 ± 0.7 
CD14+ (×102/µl) 8.1 ± 1.3 10.7 ± 0.8 8.9 ± 1.0 11.5 ± 1.0 8.1 ± 0.6 7.9 ± 0.6 9.2 ± 0.7 8.5 ± 0.9 
CD21+ (×102/µl) 7.7 ± 1.0 6.3 ± 0.7 8.9 ± 0.7* 6.0 ± 0.7 9.4 ± 0.7 8.5 ± 0.6 11.0 ± 0.8 9.6 ± 1.2 
CD335+ (×102/µl) 3.5 ± 0.5 3.4 ± 0.4 3.9 ± 0.3 2.9 ± 0.3 3.7 ± 0.9 2.7 ± 0.2 3.1 ± 0.3 2.8 ± 0.4 

Data are expressed as the mean ± SE, Asterisks indicate signnificant differences between two groups at the same age (P<0.05).

http://www.ncbi.nlm.nih.gov/pubmed/11564798?dopt=Abstract
http://dx.doi.org/10.4049/jimmunol.167.7.3809
http://www.ncbi.nlm.nih.gov/pubmed/9089571?dopt=Abstract
http://dx.doi.org/10.1016/S0047-6374(96)01819-2
http://www.ncbi.nlm.nih.gov/pubmed/9695184?dopt=Abstract
http://dx.doi.org/10.1006/smim.1998.0120
http://www.ncbi.nlm.nih.gov/pubmed/639263?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10340578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16283916?dopt=Abstract
http://dx.doi.org/10.1111/j.1439-0450.2005.00882.x
http://www.ncbi.nlm.nih.gov/pubmed/23286246?dopt=Abstract
http://dx.doi.org/10.1186/1475-2891-12-2
http://www.ncbi.nlm.nih.gov/pubmed/16772096?dopt=Abstract
http://dx.doi.org/10.1016/j.vetimm.2006.04.001
http://www.ncbi.nlm.nih.gov/pubmed/11110849?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12008975?dopt=Abstract
http://dx.doi.org/10.1385/BTER:86:2:123


K. OTOMARU ET AL.988

mune response of aged mice. Mech. Ageing Dev. 34: 191–201. 
[Medline] [CrossRef]

 13. Meydani, S. N. and Beharka, A. A. 1998. Recent developments 
in vitamin E and immune response. Nutr. Rev. 56: S49–S58. 
[Medline] [CrossRef]

 14. Ohtsuka, H., Watanabe, C., Kohiruimaki, M., Ando, T., Wata-
nabe, D., Masui, M., Hayashi, T., Abe, R., Koiwa, M., Sato, S. 
and Kawamura, S. 2006. Comparison of two different nutritive 
conditions against the changes in peripheral blood mononuclear 
cells of periparturient dairy cows. J. Vet. Med. Sci. 68: 1161–
1166. [Medline] [CrossRef]

 15. Ohtsuka, H., Ono, M., Saruyama, Y., Mukai, M., Kohiruimaki, 
M. and Kawamura, S. 2011. Comparison of the peripheral blood 
leukocyte population between Japanese Black and Holstein 
calves. Anim. Sci. J. 82: 93–98. [Medline] [CrossRef]

 16. Otomaru, K., Saito, S., Endo, K., Kohiruimaki, M., Fukuyama, 
S. and Ohtsuka, H. 2013. Effect of supplemental vitamin E on 
antibody titer in Japanese black calves vaccinated against bo-
vine herpesvirus-1. J. Vet. Med. Sci. 75: 1671–1673. [Medline] 
[CrossRef]

 17. Otomaru, K., Shiga, H., Kanome, J. and Yanagida, K. 2014. 

Blood biochemical values in Japanese Black fattening steers in 
Kagoshima Prefecture. Jpn. J. Large Anim. Clin 5: 185–190 (in 
Japanese).

 18. Rajeesh, M., Dass, R. S., Garg, A. K. and Chaturvedi, V. K. 2008. 
Effect of vitamin E supplementation on serum alpha tocopherol 
and immune status of Murrah buffalo (Bubalus bubalis) calves. 
J. Anim. Feed Sci. 17: 19–29.

 19. Reddy, P. G., Morrill, J. L. and Frey, R. A. 1987. Vitamin E re-
quirements of dairy calves. J. Dairy Sci. 70: 123–129. [Medline] 
[CrossRef]

 20. Reddy, P. G., Morrill, J. L., Minocha, H. C. and Stevenson, J. S. 
1987. Vitamin E is immunostimulatory in calves. J. Dairy Sci. 
70: 993–999. [Medline] [CrossRef]

 21. Sule, N. S., Nerurkar, R. P. and Kamath, S. 2001. Interleukin-2 
as a therapeutic agent. J. Assoc. Physicians India 49: 897–900. 
[Medline]

 22. Topinka, J., Binkova, B., Sram, R. J. and Erin, A. N. 1989. The 
influence of alpha-tocopherol and pyritinol on oxidative DNA 
damage and lipid peroxidation in human lymphocytes. Mutat. 
Res. 225: 131–136. [Medline] [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/3487685?dopt=Abstract
http://dx.doi.org/10.1016/0047-6374(86)90034-5
http://www.ncbi.nlm.nih.gov/pubmed/9481124?dopt=Abstract
http://dx.doi.org/10.1111/j.1753-4887.1998.tb01644.x
http://www.ncbi.nlm.nih.gov/pubmed/17146172?dopt=Abstract
http://dx.doi.org/10.1292/jvms.68.1161
http://www.ncbi.nlm.nih.gov/pubmed/21269366?dopt=Abstract
http://dx.doi.org/10.1111/j.1740-0929.2010.00833.x
http://www.ncbi.nlm.nih.gov/pubmed/23965847?dopt=Abstract
http://dx.doi.org/10.1292/jvms.13-0215
http://www.ncbi.nlm.nih.gov/pubmed/3571614?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(87)79987-1
http://www.ncbi.nlm.nih.gov/pubmed/3597940?dopt=Abstract
http://dx.doi.org/10.3168/jds.S0022-0302(87)80104-2
http://www.ncbi.nlm.nih.gov/pubmed/11837757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2927430?dopt=Abstract
http://dx.doi.org/10.1016/0165-7992(89)90130-9

