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Summary: We have investi gated the humoral immune response Lo Sheep Red
Blood Cells (S.R.B.G. - 4 T-dependent cellular antigen) in two groups of
random-bred guinea pigs. A control group of animals was maintained on «
«minimal» ascorbate intake, while the test group animals received supplemen-
tary vitamin C in their drinking water. Serum haemolytic antibody levels were
monitored at various inlervals subsequent Lo immunization with S, R.B.C.The
primary antibody response of the ascorbale-supplemented animals differed
statistically significantly from that of the controls in (wo respects. The peak
anlibody titre was both higher and occurred ecarlier in the test animals. No
significant difference in the antibody response to a secondary injection of anti-
gen was manifest. Our observations suggest that vitamin C stimulates the elab-
oration of Ig M-type antibodies in particular.

Introduction

Studies on the involvement of vitamin Cin a variety of immunological phe-
nomena have recently been reviewed [11]. There have been few published
reports on the possible role of ascorbate in the humoral immune response, Thus
far, the evidence implicating vitamin C in an enhanced i vivo synthesis of
antigen-specific antibodies has been inconclusive [6, 7]. A major defect has
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been the deployment of insufficiently precise methods, such as haemagglutina-
tion [6], for the quantitation of antigen-specilic antibodies.

In a previous study [10] we had shown that vitamin C supplementation ef-
fected an increase in serum immunoglobulin levels in humans. This observation
permits two interpretations regarding a role for vitamin C in immunoglobulin
synthesis. It may act as a primary, but nonspecific, stimulus for increased B cell
activity. Alternatively, ascorbate may enhance the production of specific anti-
bodies as a secondary effect subsequent to antigen-induced stimulation of a
restricted population of B cells. This latter alternative is the object of our
current investigations.

In establishing a role for vitamin G in the humoral immune response due
regard must be had to the type of antigenic challenge. It is important to distin-
guish between T-dependent and T-independent antigens. Viral infections may
introduce a further complication where lymphoid tissue is parasitized [8]. In
this present paper we wish to report our findings on the effect of vitamin G sup-
plementation on the production of antibodies to sheep red blood cells (S.R.
B.G.) -~ a T-dependent cellular antigen. The carlier inconclusive studies [6, 7]
had focused on scorbutic guinea pigs. However, for the manifestation of max-
imal beneficial effects Pavring [9] advocates a vitamin G intake in excess of
minimal requirements. In line with this thinking we have, in our study, com-
pared the performance of experimental animals on a minimal vitamin G intake
with that of animals on ascorbate supplementation.

Methods and Malerials

Twenty-six random-bred guinea pigs (young males, body mass 400-600 g) were randomly
divided into 2 groups of 13 members each, All animals were depleted of tissue stores of vita-
min G by feeding a specially-prepared ascorbate-free pelletized diet (Premier Milling Go.,
South Africa) for 2 weeks, The subsequent dictary regimen, which was maintained throughout
the experimental period, may be summarised as Tollows:

a) All animals were [ed ascorbate-free Inboratory animal pellets, In addition, all animals
were given a daily ration of 9 g shredded cabbage per animal. The vitamin G content of this
portion ol vegetable amounts to approximately 6mg [2], which is cquivalent to the daily
turnover rate of ascorbate in these animals [1].

b) The «test» group of animals was provided with supplementary vitamin G (Merck, Art.
500074) in their drinking water, at a concentration of 2 g/litre (pH adjusted to 4.5 with NaOI/
KOH; prepared [resh daily). Consumption of this water was allowed ad libitum, Assuming an
average daily water consumption of $0ml per animal [12], supplemeniary vitamin G intake
amounted to 160 mg per animal per day.

Antigen
Red blood cells from one and the same sheep were employed in all experimental work
described in this study, Washing of red cells and preparation of saline suspensions of erythro-
cytes followed described procedure (1. '
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Inoculation

This was elfected by intraperitoneal injection of a 10 % saline suspension of 8. R. B, C,
The primary injection dose (in proportion to individual body mass) amounted to 6.0 ml/kg
body mass and was administered twa weeks alter commencement of the dietary regimen as
described in a) and b) above. Surviving animals were given a «booster> injection, dosed at
3.0 ml/kg body mass, 49 days after the primary injection.

Bleeding and Treatment of Serum Samples

Blood samples were obtained from all animals at intervals indicated in Table 1. Bleeding
was by cardiac puncture. Sera were preserved with NaN,; (1 mg/ml) and stored frozen until
required for assay. Serum samples were assigned a random number code to eliminate investi-
gator bias. Decodification was effected only after all assays were completed.

Assay for Antibodies aguainst S. R, B, €.

Serum concentration of anti-S.R.B. (. antibodies was delermined by a haemolytic radial
immunodif{fusion technique, essentially as described by Hiramoro et al. [4]. We adopted the
lfollowing slightly modified procedure:

Twelve millilitres of a 1 % solution of agar (Behring Institute, Hoechst) in borate-buflered-
saline (B. B.S.) were equilibrated with 0.4 m] DEAE-dextran (10 mg/ml) and 1.0 ml of a 10%
saline suspension of S.R.B. C. at 52° (. Nine millilitres of the resultant mixture were poured
into a plastic petri dish (diameter: 9 em). After solidification, 2.5 mm diameter wells were
punched into the gel. Wells were filled to the brim with suvitable saline dilutions (Y/2-1/20) of
sera ®, Radial diffusion of antibody was allowed to proceed for 44 hours at 4° C. Plates were
then overlaid with 4 ml of 1 : 10 dilution in modified barbital buffer [8] of reconstituted guineca
pig complement (Miles, Code No. 64-283-1) and incubated at 87° C for 4 hours. After washing
with saline the ring diamcters of lytic zones were measured on a «T'G Calibraling Viewers
(Kallestad Laboratories, Inc).

Quantitation of haemolytic antibody concentration was by reference to a «standard refer-
ence pool» of experimental sera. Four dilutions (2, Y1, /s, 1/14) of «standard pool» serum were
incorporated in duplicate in each plate. Undiluted «standard pool» serum was arbitrarily
assigned a value of 400 haemolysin units. A lincar relationship between haemolytic ring area
and the square root of haemolysin concentration obtained, in accord with Hiramoro et al, [4].

All sera were assayed in duplicate in separate plates. Dilutions were adjusted such that
measured ring diameters fell within the range covered by the «tandard» dilutions (4.5~
10.0 mm), Duplicate assays were allowed a + 6%0 margin of variability,

Stalistics

Numerical resulis obtained were subjected to statistical analysis using student’s t-test for
paired samples. P values < 0,08 (one tail test) were regarded as statistically significant.

Results

The antibody response to S.R.B.C. in individual guinea pigs is shown in
Table 1. Statistical evaluation of mean antibody titres for each group of animals
and for each bleed is summarized in Table II. A statistically significant differ-
ence in the antibody production between control and test animals is evident
during the early phase of the primary response. Up to the fourth bleed (day 18)
the serum antibody levels in the test animals are significantly higher than those

I Serum samples were previously heat-treated at 55° G for 20 minutes in order to inactivate
endogenous complement.




Tub. I; Serum Levels of Anti-SRBC Antibodies in Lxperimental Animals (Arbitrary Haemo-

lysin Units - scc Text)

Bleed No. I I 1! v v VI VIl VIII 1%
Days after
primary injection 3 7 12 18 26 45 53 59 67
Days after
"booster" injection 4 10 18
Guinea
Pig
Ney.
1 N.M.* 140 300 M2 390 172 215 2540 1932
2 N.M. N.H. - - - - - - -
3 N.M. N.M. N, M, 40 74 16 220 1347 737
w 4 N.M. 88 185 - - - - - -
_5 5 N.M. 50 175 246 242 104 82 1692 983
-g 6 N.M. N.M 97 m 102 82 127 2954 1820
<L 7 N.M. - . - - - - - -
6 8 N.H., 80 180 296 435 195 - - -
"‘E 9 N, N.M. N.H 104 247 229 - - -
8 in N, 12 639 - - - - - -
N N, NIl 1 242 400 209 216 1640 1425
12 N.M, 167 334 584 694 4n3 462 2058 1707
13 N.M. N 170 216 349 28N - - -
14 N1 665 928 761 364 261 - - -
15 N.il - - - - - - - .
16 N 869 2359 | 2198 1061 255 55A 1981 | 2012
17 N.M. 53 206 326 33 115 - - -
% 18 N 112 129 194 175 95 155 1418 a5
E 19 N.M. 92 85 130 149 25 150 1986 1803
.E 20 N.M, N.M. 223 324 408 - - - -
i 21 N 112 217 283 365 190 215 1192 1053
@ 22 N.M, H.M. 600 924 1144 212 - - -
23 .M. 223 1128 830 592 382 563 1227 1023
24 nuo|os07 1031 | es7 537 247 430 | 350 [ 1950
25 N.M. 349 1233 925 662 462 - - -
26 - - - - - - - - -

# N. M.: not measurable (<< 20 hacmolysin units), A dash (=) indicates the animal has died.
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Tab. IT: Summary of Statistical Analysis on Serum Levels of Anti-S. R, B. C. Antibodies

BLEED NO. I I 111 v v VI (28 VIt IX
Days after primary
injection 3 7 12 18 26 45 53 59 67
Days after booster
injection - - - - - - 4 10 18
Mean
Antibody titre
arbitrary Haemolysin units) 0 53 200 249 326 198 220 2037 1434
53 -
EE
% (s.0. 0 62 179 169 189 M 131 609 482
o=t SUB I N
S.E.M. 0 18 54 56 63 34 54 248 197
Mean B
Antibody titre
" {arbitrary Haemolysin units) 0 2N 740 705 525 231 345 1826 1443
= -
aF
”;z“ S.D. 0 292 691 585 327 120 196 739 535
S.EM. 0 as 208 176 98 38 80 302 218
P - <0.012 | <0.012 |<0.012 -10.06) NS, N.S. N,S. N.S,
{N.S.
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of the controls (P <T0.01). The peak response in the test animals occurred
approximately 12 days after primary immunization. The corresponding time
mterval for peak response in the control animals was approximately 26 days.
Furthermore, the peak antibody titre for the primary response in the test ani-
mals was significantly higher than that observed in the controls (P < 0.038).

In the latter phase of the primary immune response to S. R. B. C. the antibody
titres of the test and control groups of animals became comparable. Similarly,
a «booster» injection of 8. R.B. C. did not evoke significantly different antibody
responses. A comparison of the time-dependent appearance of anti-S.R.B. (i,
antibadies in the control and test animals is presented in Figure 1.

Discussion

The role of vitamin C in stimulating the antibody response to a T-dependent
antigen (8. R.B.C.) appears to be restricted to the early phase of the primary
humoral response. This strongly suggests an effect on IgM elaboration® [10].
Immunoglobulin M is present in all vertebrates and is normally produced carly
in the immune response. However, its half-life (about 5 days) is significantly
less than that of Ig G (about 20 dys) [18]. The latter class of antibody pre-
dominates in the later stages of the primary response as well as in the secondary
response. If ascorbate influenced only Ig M claboration this would explain our
failure to observe any enhancement of antibody production in the later phases
of the immune response. It must be admitted that our assay methaod for quanti-
tating anti-erythrocyte antibodies, viz, haemolytic capacity, favours detection
of Ig M. Be that as it may, Ig M is a most elfective first line of defence against
inviding organisms precisely because of its superior Iytic efficiency.

An incidental observation arising from our study-was the demise of three
test-group animals within 2 hours of receiving the «booster» injection, The
ostensible cause was anaphylactic shock, which is believed to be mediated by
antigen-specific Ig I antibodies [5].

The enhancement of the immune response in guinea pigs described in this
report may be attributed to a daily dose of 160 mg ascorbate per animal (see
Methods and Materials) which is cquivalent to 25 x the daily turnover rate in
this species [1]. It is tempting, though not necessarily valid, to extrapolate our
finding to humans in whom the ascorbate turnover rate is approximately 70
mg/day. On this basis, a comparable stimulation of the humoral immune re-
sponsc in humans could therefore be evoked with a daily vitamin G supplement
of 1.5~2 g.

It is not possible to deduce from the present study whether ascorbate exerts
a direct effect on B cells or whether its effect is mediated via helper T cells.
A possible participation by T cells may be excluded by challenging the immune
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system with T-independent antigen. This aspect is the abject of a further study
currently under way.

Acknowledgements: This work was supported by grants from the S. A. Medical Research
Council and the Witwatersrand University Medical Faculty Research Endowment Fand, We
wish to thank Ms. S. Yannakon for technical assistance.

Referonces

L Burns, [. [.: Amer. J. Med. 56, 740 (1959). ~ 2. Documenta Geigy, Scientilic Tables, Gth
Edition, 1962. — 3. Garvry, J. S, Cremer, N. I, Sussporr, D, H.: Methods in Immunology, 8rd
Edition 1977, W. A, Benjamin, Inc., ISBN 0-8053-3125-X. ~ 4. Hiramoro, R. N., MG, ]
R, Hurst, D. C., Hamun, No M.: Immunochem. 7, 992 (1970). - 5. KuLey, J. T Parrerson, R.:
JAMA 227, 1481 (1974). — 6. Kumar, M., Axzrron, A, E.: J. Nutr, #8, 41 (1969). ~ 7. Long, D,
A.: Brit. J. Exp. Path. 37, 188 (1950). - 8 Notkins, A, L., MerGunnacey, 8. B, Howarn, R. Ja
Ann. Rev. Microbiol. 24, 525 (1970). = 9. PavriNg, L. Proe. Natl. Acad, Sci, U, 8. 67, 1643
(1970). ~ 10. Prinz, W., Borrz, R., Breaiv, B, Hewsarr, Mo Int J. Vit Nulr, Res. 47, 248
(1977). - 11, Tuomas, W.R., Horr, P, G.: Clin. Exp, Immunol. 32, 870 (1978). — 12, UFAW
Handbook on the Care and Management of Laboratory Animals, 8rd Edition, 1967, I & .
Livingstone Ltd, p. 152, - 18, WaLpmay, T, A., Srronir, W.: Prog. Allergy 13,1 (1968).

Dr. W. Prinz, Dept. Medical Biochemistry, University of the Witwatersrand Medical Seliool.
Hospital Street, Johannesburg, South Afvica



