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ABSTRACT

Background: Vitamin C is an essential nutrient, taken as a daily supplement by many
people. Recently, high-dose vitamin C is considered as a therapeutic regimen in some
clinical situations. Until now, few studies have been done with the effects of high-dose
vitamin C on the immune response. Methods: In this experiment, the effects of
high-dose vitamin C on cell-mediated immune response in immunologically competent
mice were evaluated. After intraperitoneal injection of 2.5, 5, or 10 mg/day of vitamin
C for 10 days, delayed type hypersensitivity (DTH) was provoked against DNFB in the
pinnae as a model for cell-mediated immune response. Severity of DTH reaction was
evaluated as the thickness of pinnae, and the vitamin C levels were measured in the
serum, liver, kidney, lung, pinnae, andd splenocytes. Results: After challenge, the
thickness increased at its peak on the 2™ day in all groups. On the first day, the pinnae
were thicker in the injected groups than in the control. On the contrary, the increment
of the pinnae thickness was attenuated and the number of cells infiltrated in the site
of DTH decreased proportionately to the amount of vitamin C administered from the
second day on. With vitamin C exogenously given, the serum level peaked at 30 min
after injection, and returned abruptly to its basal level without accumulation. However,
it accumulated in the liver, kidney, and especially in the pinnae inflamed and spleno-
peytes, proportionately to the amount administered. Conclusion: Based on these results,
it is suggested that, in one hand, exogenously administered high-dose vitamin C
accumulated in the splenocytes and presumably changed the function of them resulting
in the augmented cell-mediated immune response, as was revealed in the first day of
DTH reaction. On the other hand, it seems likely that the vitamin C also showed
anti-inflammatory effects. (Immune Network 2003;3(3):211-218)
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Figure 1. The time course of the thickness of pinnae after DNFB
challenge in control and experimental groups. Mice were injected
intraperitoneally with 0 mg, 2.5 mg, 5 mg, or 10 mg of vitamin C
respectively in each group for 14 days. The thickness of the pinnae
reached at its peak on day 2 after challenge and decreased thereafter
in all groups. During the experimental period, the increment of the
thickness was most prominent in control group, and the level of
increment was less prominent as the given amount of vitamin C was
higher. However, exceptionally, the thickness of ears of the
experimental groups measured on day 1 was thicker than those in
the control group. (meanstS.D. n=8 for each group) DNFB=
dinitrofluorobenzene.
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24 h. 48 h.

Figure 2. Histological analysis of the pinnae stained with H&E (X 200). A. Normal pinna has glands, muscle fibers, adipose tissue, artetioles,
and Vater-Pacini corpusle. B and C. Pinnae of control mice 24 and 48 hours after challenge. D and E. Pinnae of mice treated with 2.5 mg
of vitamin C, 24 and 48 hours after challenge. F and G. Pinnae of mice treated with 10 mg of vitamin C, 24 and 48 hours after challenge.
Not only the number and the diameter of blood vessels increased but the number of inflammatory cells in the dermis incteased with the lapse
of time. At 48 hours, it is prominent that the muscle fibers became separated with each other and the continuity of connective tissues decreased,
indicating increased tissue edema. In the groups given with vitamin C, compared to the control group, the number of penetrated cells and
the level of expansion decreased and the edema was less severe as the given amount of vitamin C was higher.
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Figure 3. Blood concentration of vitamin C at various times after
intraperitoneal injection of high dose vitamin C. The mice were
administrated with 10 mg of vitamin C for 3 weeks at a same time
on a day. Blood was drawn at the indicated time (30 min, 1 h, 2 h,
4 h, 8 h, 24 h.) after last administration, and the vitamin C concen-
trations in the blood were measured. The concentration reached at
its peak point 30 minutes after intraperitoneal injection and then
drastically decreased thereafter returning to the basal level 8 hours
after injection. Then, the concentration was maintained unchanged
for following hours. Values are the meanstS.D. (n=7).
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Figure 4. (A) Exogenously given vitamin C was accumulated in
splenocytes. Mice were daily treated with vitamin C for 3 weeks
before sacrifice. (B) Mice supplemented with daily dose of 2.5 mg,
5 mg, or 10 mg of vitamin C for 3 weeks were measured with their
vitamin C concentration in liver, kidney, and lung. No significant
differences of vitamin C concentrations in the lung, but significant
differences in the kidney and liver were shown. Data are expressed
as meanstSD (n=8 for each group). **P<0.001 vs. control. *P<
0.01 vs. control.

2.5 mg, 5 mg, 10 mg®| BIEMY]l CE B0 g Foigt
% 2441740l DNFBE DTHE A7l 2 2% 3

A& FAVE AArTo g ok Al 3nl
= AgkA FAIE A g E3ekgick o|w] DTH
5 ARl o2 9% Snk E Eo] FulEk Ak
HIE CE FofslA] b2 tizrollA DTHE 3
A7l 8% Aukg] Ul VC FEE 60.80+1.31pg/ml
olw, DTH7} ¥ A] 952 15 kol A= 4091
+3.34)g/ml®] Vitamin C7} AEX At 5% Vita-
min C2] oFo| B&+5 DTHY} 4% &% 3lu}
FollA HE=] = vitamin C2] - vitamin C o] %
I} v]#Hel Al FobAl= WhH DTH7F 8= A] o5 ¢
% kg ol A& FoI3k vlEH C 3 d3gle] o
A3 k9 vitamin C7F HAEEH A



216 Kahwa Noh, et al.

=}
=

Ao A= v Foixl vlel c7b AlZeiAy
HE-5-(cell-mediated immune response)oll U] X &
DNFBE 538k DTH HHS-S 53 golH uxt
th tiZle] HEEEae del Agh vlEk C
A ©hAl9] wlR| =t &4:9) L-gulonolactone oxidase
o] 2 Qlslo] HlEH Co] ApA| A= 3
FohaL 2ol A A3 stedof ghrh27). RiHol A
Foll A= ApA| AgAlo] =7 ol AF oAl A
q Aol Aol eks thE g Utk B ARleA]
A NA Fo1Z HIEM] C 25 mg, 5 mg, 10 mg A
of| Al 4ol Fast oF o]e]el 72 FolZl Zlolz}
3L Hotok & Zo|t} o] okF el AFor Hits)
™ 100 mg/kg, 200 mg/kg, 400 mg/kgo- 2 Al A%F
HIEH C AF =2 10 mg/ke®] 3 AL 40vH7}F W= 2
Sekolm] AT 0 kgl A NFoEE A7 6 gm,
12 gm, 24 gmoll aFHc} o] HEo JE=E Irwin
Stone®] VAT - 23~12 gm, ho|| X E7 1}
A7E §F Sl Al AEst e AASE 4 BF 6~
20 gmoll sF= & Aol A= 2 AL FDAS &
d PR T "olA, &9 LelE mega-dose®]
&g A FelellAle] Adelzta & 4 vk

HEH CE UVB Z24H28,29)H burn stress(30) 2 <
3 AlZmiNHE S 7]s AhE WA Fe Aoz o
HA ek AF el o] 5 o] FolAH LA
27) (reactive oxygen species; ROS)7]— %‘3'5]-‘3:1, o] ROS
& 9lslo] DNFBoll thgt DTH HHE A 57} oAt}
ojuf FAaExsAL T FoI3tk HlEH C= ROSE
T3 A) 7] = ASHA (anti-oxidant) & 2F-838fo] Al £l
M k-9l ZhaE WARIhE Zlo|th o] A%
7 e B AfeAe BAEQ AF A, Askd
DTH®] 3]5o] obd A4 DTH ®Egol v]X] &= th-&
2 vlekl col d&ge =AQlsadek A3 23, DTH
Hhg Adell= Foix vlER] C ool vlellste] Kot
Z7he kg vehllel tzzol A U e
= H3ou} 29 R e = Fol5l vlEll C el vlels)
ol J S7Hd S HolA] =Tl M =2 F
7HEE AL, ol F o]H3 Aye FAEAhFg
1). THA] el A A Q1 Aol A= FolR HlE]
off oJaliA] DTH AAl= W] LojupAqt o] & QI3t
AL e oole] FARE & F glow 2He
7oA B vl =27 W AFAE Ha 9
FFE ol F S QUct

A Z e A kg2 A Z ALE = DTHE Thi
A2} L cytokineol] |2 A FHbw]w] FF2Q1 A A
3 (effector cell)JE: A31E %quﬂg—@ctivated macro-

!

2

oo 32 o 1R rfz

“.‘

o oot

Eoé—ra

N
el

phage)o] v}, 7ok A (sensitization phase)E A X 7HA|
oAl 719 T AIE} WGol A w, thAl Fol A §lel]
ste] 13 W T AE7}F 9F-SEFI IENY 52 Aol
E7Qle] Enlxw FEAAEI} FdET o]F &
FA|Fo| ol EH]¥|+= TNF-q, 1L-1p, 11.-6 52 A+
o] 27}l 2zl dFnbgo] FAH Y HHNkS+
frbslbe APAQ RS2 g A2 FHleE 2
Aol A= DNFBE AF8-3to] DTHE fabsbd oh25).
] Foll X155 DNFBE /HA|S] A4A| shidz 73t
slol gkl ghel HAE A3 F MHC (F2FH
FA AN Adste] T AlEoll o3l o]FdU
Z 9X )} DTHE F ¥4 =, %}‘ﬁ"ﬂ'ﬁ](sensiﬁza—
tion phase)¥} 3 THA] (challenge phase)2 U=l %+
ZehA| &]bell B FAEINA AlEE e UA
sol Aelshel QU WZAZ ol Bajol T AES B
qsAgle s FFHe e 7o T AEE A4
of 73] ol EkelA Ak B F 4ol
(challenge)??]-% 73 $-oll= HhE-9 peak7]— 48A] Zkol| L}
Eht=61) Ze® defA lojA B Ade] ZHuket
Z dx)stkar 9lck DTHE F3e A Z AbsiH
A T AZE7F GRAAZTAEAPC) FHo e G
= U] FAIEHA cytokines EHBEL
2 3= Al719F E1]1E cyrokine 22 Q130 neutrophil
3} macrophage 52| AFHE AlEFo] &3 F o] =
4 W 92E futa 20 shals e Aol Hut
2032, 2, DIHY AWS el AFol webd T
RAZ Uhrol 3 4 ola, B Agleld Folxl vk
o HlEpl i % GAlel] 47 el Ae% Ao
PR

WlEpY i E8) FE A us ol oAl fel A
Roll FA 7% ol glel] HER A, E 53t Tl o]
A ZA L Aol & el ey, AZUWL
Aol SEAAE7F WASE ROI (reactive oxygen
intermediate)T‘:‘ ZZ2g sty SEANF AT
T AFAIEE A%l dFS TAAITIEHIG4),
HIEH] CE 233 ofe] 3H4HskA17E ROIE AARS
24 £953%E Jepdvs Havt dvk3537). 3
H vlell cE ¥hes] ROIE Al skE Zl%uto] o}
Uzl o Fol xS 7ol chaliid o] HgS A
sislar38) AAIA] NF-kBO] #A3ME o Als}e]
TNF, IL-1, IL-6 & %% &3 cytokine®] £H|E A3l
FozH d5s ol 3rh(39,40). ¥ A
A3 vle C FoddollA = At ALl A 34
o A Folxl HlEp C Fiell vldste] odFHE2
AE7F G vebd A2 vkl Cofl 93 &4
o] Ayteta Adet H7o g Foix vlEkl 7t
HFoll FHFA = EAARE D7 A7) FHo] =

ofr

O:



The Effects of High-dose Vitamin C Administration on the Cell-mediated Immune Response in Mice 217

45 —
= 40T H challenged pinna
%, 35T O non-challenged pinna
; 30 |
§ 25 |
£ 20
£ 15[ T
S0}
g =
0

Control 2.5mg 5.0 mg 10 mg

Figure 5. Vitamin C was specifically accumulated in the challenged
pinnae. Vitamin C was given to all mice for additional 14 days after
finishing measurement of the thickness of ears. Higher vitamin C
concentration was detected in the ears applied with DNFB than
those without application of the DNFB. Similar results were obtained
from groups treated with daily dose of 2.5 mg (P<0.05), 5 mg (P<
0.001), or 10 mg (P<0.001). High vitamin C concentration was
detected in the pinnae once inflamed, proportionately to the amount
of L-ascorbic acid given. However, vitamin C concentrations in
un-inflammed pinnae were neatly same regardless of the group to
which they belong. Data are expressed as meanstSD (n=8 for each
group). **P<0.001 vs. control. *P<0.05 vs. control.
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