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ASCORBIC ACID INHIBITS RNA-TUMOR VIRUS REPLICATION AND INFECTIVITY.

ABSTRACT. AscorbiC_acid,.at non4toxic'concentrations, causes a |
subﬁtantial reduction in thezability}of‘avian tumor viruses to replicate
.in‘both:priméry avian tendon. cells (PAT) and chick‘émbryo fibrob]asts
- (CEF). . The vifamin doeé not act by altering the ‘'susceptibility of the
cells to initial infection ahd transformation, but it ihterferes with
the spread of infection through a reduction in virus replication and
virus infectfvity. - The effect is dependent on the continuous presence of

the vitamin in the culture medium andvis'reversible..



The mechan1sm of action of ascorb1c acid at a cellular and molecular
‘level remains remarkab]y unknown deSplte the w1despread popular belief
in its var1ous benef1c1a1 roles (1). While studying the effect of this
vitamin on_co]Tagen syntheﬁis in pfimary avian tendon (PAT) cells (2)
we observed that trahsfdrmation'of these cells by RNA.tumor viruses
would proceed at variable and-unpredictea rates. We discovered in due
course that the observed variabi]ity was a function of whether or not
x ascorbic‘écid wés present in thevdeily change of cu]ture medium. Further-
more,_pretreatment of cells with ascorbic acid before viral infection
made the cultures more resistant to spread of virus infection. We-therefore
set out to examine in deta11 the effect of th1s v1tam1n on RNA tumor
virus . 1nfect1on, replication and transformat1on

- Ascorbic acid is very unstab]e under the usual cu]ture cond1t1ons (3).
Using as an assay the reduction of ferric ioq to ferrous by ascorbate and
the ability of a-o' dipyridyl to complex the ferrous (4), we determined
~ that the half life of ascorbate in our.cu]tufe medium at 37° (with or
without cél]s) was only one hoﬁr (data not shan). Therefore, invorder
‘to observe the effect of ascorbic écid on either collagen synthesis (2)
or vifus production, freshly prepared ascorbic acid at 50 pg/ml (.28 mM)
was added to the medium which was changed daily. The morphology of
Rous sareoma virus (RSV) infected PAT cells was distinctly different depend1ng :
on whether or not the cellswere pretreated and grown in 50 ng/ml ascorbic
acid per ml of medium (Fig. 1). While the untreated cultures became
entirely transformed after 5-6 days as shown by their characteristics
morphology (Fig. 1, upper-right), the ascorbic acid treated cells showed
diécreet foci. of transformatidn which did ﬁot spread to the rest of
tﬁe culture (lower right). Similar fesults were.obtained wtth other

subgroups of the virus.



To determine whethéh other criféria of transfbmration-—in addition to
morphology-- were affected, 2¥deoxy-D-glucose (2-dg) uptake was measured in
’normal and virus-transformedice]]s grown. in the presence or absence
of aséorbi¢ acfd. An increaée in gTucosé uptake after RNA-tumor'vfrus
infecfion is an accepted criferia of malignant trénsformétion; _Whi]e the
rate of sugar uptake varies with thé population density;ithe rate of growth
and the cell shape (56), it is still higher ih vifdsftransformed cells when
these factors arevcontrolled (5). A cdmparison of é-dg uptake in the
presence and the absencé of éscorbate (Fig. 2) indicated that cells
_'pretreated with and grown in the presence of ascorbate.had a rate of sugar
transport which almost remained at the low ]evei of normal cultures. vThere
was also a sma]T but consistent decrease in the rate of sugar transport
in both normal and cells infected wifh.a transformation-defective virus
after ascorbate treatment_(ng. 2B). This may be due to the slightly
altered morphology of ascorbate-treated untransformed cells since it
is known thét-a1teratibn in cell shape changes the rate of sugar transport
(5).. (Compare . the twb figures on the left of Fig. 1). Nevertheless,
the magnitude of this change was far less than that observed in ascorbate-
treated, transformed cells. Thus, in-addftion'to'relative1y normal
morphology, the rate of sugar uptake in cells infected with transforming
viruseé'of,RSVvand,gr§Wn in ascorbate was only slightly above that of
norma],’uninfected.ce11s. ’

“ Additionally, viral replication and infectivity (or transforming
potential) as measured by focus forming units was severely reduced (Table I).
While total virus partfc]é production (as measUrédfby.reverse transcriptase
assay) was also reduced, the inhibition was less than that of focus forming
units. Howeyer,'transformatipn was not necessary for a decrease in virus
‘number since transformation-defective viruses also showed a substantial and

-comparable decrease in virus replication (Table 1).
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There was ﬁo toxicify to either normal or transformed cells at 50 ng/mi
aSeorbic'acid when cell hqmber was measured within a 5-day period (not shown).
Therefore, preferenfial toxicity to transformed cells could not explain |
the above findings.

Three possibi]itiesefor fhe mechanism of action of ascorbate were
cthideredﬁ.l)eAscbrbate cou]d\difectly inactivate theivirué (beth the
initia] inoculum and theerepiﬁcated virus) to reduce pfimary and secondary
infection, 2) pretreatment with,ascorbete cou]d‘render=£he cells resistant
to virai infection by an as yet uﬁknown meehanism (e.g. by increasing
co]1agen,synthesis»wh1ch in turn could.form a protective coat and prevent
infection, andj3),as;0rbate cou}d interfere.wfth viral replication and
infectivity by altering the_metabd]ic make-up of the'celj_aﬁd by ieterfering
With some'of the_;teps in viral assembly and release;

Ascorbic acid has been shown to inactivate double and single stranded RNA

and DNA.bacteriophage$5(8).‘However, pretfeatment of the different subgroups -
of RNA tumor viruses with ascorbic acid (50-500 ﬁg fore]e4 hrs) did not
feduce their infectivity in subsequent focus assays. Indeed, there was

- a small but reproducibie increase in focus forming units when virus was
'preincubated with ascorbic aeidv(data,not shown). The first poséibility

was -therefore ruled out. While the distinction between the second and |
third possibilities was not simple, we decided. in favor of the third based

on the following three lines of evidence:

a) If the bnly effect of ascorbate were to prevent virus infection,

then the subsequent addition of ascprbate to cultures whichVWere fully
' infected by the virus tthugﬁ a high multiplicity of infection. (m.o0.i)
wou]d show little or no-inf1uence:9n fufther virus production. However,

in experiments where the initial innoculum of virus was varied by a. |
factor of 100 (Table 2), and ascorbate was added after infectjon, cohparab]e

percent decreases in virus titre were observed.



b) When cells were jnfected ﬁith a temperature-sensitive mutant
of the virus'(LA24) at the noh-permissive temperature and were:shifted fo
the permissfve temperature in the presence or the absence of ascorbate
(Table 3), virus titre'was reduced in the presence of ascorbate and
inhibition was reduced when aecorbate was removed. This_was also true for
PAT and chick embryo fibroblast cells infected with the wild-type virus
(data notléh0wn);. TheseJresults indicated that addition of ascorbate even
after full infection would 1ead to a reduction in virus titre and that the
effectvis reversible. |

c) Most importantly,. when the monolayer of normal cells prepared for
; focus assay was pretreated w1th ascorbate, no reductwon in the number of foci
were observed, although the average size of a focus was cons1derab1y smaller in
ascorbate treated cultures (data not shown).

The fo]]oWing picture has emerged from the above data: ascorbic acid at
concentfations that are not toxic to either normal or virus-infected cells
(.28 mM) causes a substantial reduction in virus replication and infectiVity
.in both PAT and CEF cultures infected with RNA tumor viruses. The effect
is brought about after a 10-15 hr treatment of the culture with the vitamin
and is dependent on its continuous presence. The effect is not due
to interference with virus attachment, penetration,and transformation,
but dUe fo_interference with the productidn of virus particles. The
virus produced is further not as infectious (of transforming) as the
virus produced in the absence of ascorbate.

The mechanism by which ascorbate brings about the reduction in virus titre
‘and infectivity is not clear at the moment. Despite the high level of co]1agen
produced in the presence of ascorbate in PAT cells, (2), collagen is not
involved directly. The inhibition of virus replication occurs in both

PAT and CEF cultures despite the fact that the. former produces a 10-15 fold



| hfgﬁef, féve1 of_cd]légen fhan the 1atter.‘ Additioha]]y, as we have
discugéed abové, the fnitié] infection is not affected by preireatmeﬁt of
cu]tured.§e1ls with aéborbéte;‘.Isoascbrbate;-an.epimer of ascorbate
- which- is reported to have only 1/20tﬁ of thevbiologigal.activity
6f‘aSCOrbate, and is not metébolized; is almost as effective as ascorbate
in reducin§~tﬁevspread of yirds fnfection in culture (data not shown). -
Thus, metabdiism of,ascorbate}is'not necessary for its anti-viral action
Which_in turn may be directly réiated'to ascorbate's reduting potential.
This possibi]itybis'under inyestigatioh.
-;_'TWo.additTonal_points merit discussion.' DeSpite the fact that virus
fitré and infecfiQity fs substahfia]ly 10wer’in ascorbate-treated cultures,
: thé-¢e11$ still.produte an appréciable amount of infecfious virus (Table 1).
.Yet,;regérdless of hdw long tﬁe'virué-infected,-aSCOrbateftreated’cuTtUres
are maintained, §ome cells a]ways_Jookvflat'and appearxnormalv(ng.
1). The»reaéon'for'this'bbSeryatjoh may‘be two-fold. The first boésibi]ity
s induction of interferon;;.Rous sarcoma virdses have been shown to induce
jnterferon in’chick cells (9). Additionally, ascorbic.acidfis,shown to in-
créase_interféﬁon production in L cells and mouse embryp fibroblasts by
poiy(rl), poly(rC) and in human embryo lung fibroblasts infeéted_With
New Castle disease virus (10). The 1atter‘resu1ts; however, were not well
' documented and have not been rebeated,by’other laboratories. Additionally,
WI-38 cells tréated with asCorbic‘acid'énd glutathione ‘and infected with rhino-
virus dfdfnot show_much interferon production (11). Nevérthé]éSﬁ,:it is con-
ceivab]e that astorbic acid underfour cu]tufe conditions could incréase
intérferon production-by RSV-infected cultures and hence further retard
virdsvﬁpread._bThe other .1ikely pdssibi]ity is that some of the cells
that apbeaerOrmal,.may indeéd‘be infected. Since aécorbic acid céuses
. the broduction.of»some defective virus (as. shown by fhe'fact that focus

forming units are inhibited more severely than reverse transcriptase
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activity), cells could be infected by the transformation-defective subpopu-
lation, hence becoming resistent to super jnfection by the transforming
virus. These two possibilities require further investigation.

§chwerdt‘and Schwérdt have shown (11) that éscorbic acid reduces
;hinovirus rep]icatioh_in cultured humah cél]s after the first cycle
of virus replication. The "delayed" action of ascorbic acid on rhinovirus
replication is reminiscent of its action on RSV replication in chick cells.
The aufhors, however, interpret their data’so]ely on the basis of interferon
production--a possfbiTity which is élmost ruled.out by their own data.
It isbmore likely that in theif system also the presence of ascorbic
acid causes defective or reduced virus rep]ication by a mechanism other
than elaboration of interferon. Their data differs from ours in that the amoﬁnt
of ascorbic acid used was 250 ua/ml of medium and had to exceed 100 ng/ml
before any effect on vifus replication could be observed. The results
reborted,hére were 6btained with 50 ﬁg/ml of ascorbic acid‘reQard]ess
of the density of the culture. Even at high densities ascorbic acid
in . excess of 100 ﬁg/m] was toxic to PAT ce]lé. Additionally, at a m.o.i.
greater than 4 plaque forming units per cell, rhinovirus replication was
bnot suppressed by ascorbic acid in WI-38 cells. We have shown here
that in chick cells infected with RNA tumor viruses, regardless. of the initial
m.o.i., there is a substantial decrease in virusvreplfcation after addition
of ascorbic acid. Whether these differences are species specific or
whether they reflect differences between cell lines and primary cultures
remain to.be established.

‘The significénce of our findings,with regard to the action of ascorbic
acid on viral infection in other species and specifically with regard
to the common cold in man (1), remains obscure. If the resu1ts‘wifh

chick cells could be extrapolated to man, it is clear that there is
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~ no reason to expect a reduction in the incidence of colds with the intake’
vof ascorbic acid. On the other hand, if the severity of colds were
"the result of secondary infection, the intake of ascorbi¢ acid could
substantially reduce the level of_seCOndaky_infecfjon'by interfering with
viral replication. Aside from a minimum amount of support for this idea
from the large-scale clinical studiesfof'AnderSOn (12), the exffapo]ation
| shdu}d be considered pure speculation. -

Mina J. Bissell

Carroll Hatie

Deborah A. Farson

Richard I. Schwarz

Whai-Jen Soo
Laboratory of Chemicé]'Biodyﬁamité | |
Lawrence Berkeley Laboratory . :

University of California
Berkeley, .California 94720
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and Infectivity in PAT Cells.

Table 1
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Ascorbate Inhibition of Virus Replication

/-

% Inhibition

Day 3 Day 4 Day 5
. ) pry2) Fu . '
Culture RT FU RT FFU - RT FFU
e ; 5 e
PC 28760  3.2x10° | 61330  6.2x10 | 127660  1.4x10
PC + Asc. 9380  2.5x10° | 22870 7xi0° 23790 1.8x10°
% Inhibition 67% - .>99% 63% 89% 81% 87%
TDPC 18580 - 14870 - 23850 -
TDPC + Asc. 5740 - 6640 - 1400 -
69% - 55% -

84% -

Legend as in Fig. 2.
medium was added and collected 2 hrs later.
duplicate plates of two expériments.

Overnight medium was removed and 1 ml of appropriate
The result is the average of

1)RT, Reverse transcriptase activity, measured as described previously (6).

2)FFU focus forming unit per ml of of med1um measured as described

prev1ous1y (7).
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Table 2
_v.Lack of Effect of Initia1.VirU$ Inoculum

on Inhibition by Ascorbic Acid

| FFU/mg Protein
Virus o L - : . " B
 CeTd 1y | vCulture o - Day 2 ~ Day 3 Day 4
m.o.i" ' T : :
; pa2) 1 siex1e® | 130 | 3.2a0°
0.5 o o | |
PA + Asc. 0.35x10° | .3x10° 1.2x10°
% Inhibition | 944 | 77% | 624
5.0 | pa 1 sex10® | 24.0.10° | 20.0x10°
PA + Asc. | o.8x10® | 1.3x10° 7.0x10°%
% Inhibition 9% 95% 62%

PAT cells were infected in the absence of ascorbic acid. Medium was
changed 4 hrs post infection and ascorbic acid (50 ug/ml) was -added _
at that time. The result is the average of duplicate plates of 3 experiments.

; _ | |
)m.o.i.,”multicip1icity of infection.

-Z)PA, Prague A subgroup of Rous sarcoma virus.
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- Table 3

" Effect of Temperature Shift in the Presence and Absence

of Ascorbate on Temperature Sensitive Yirus Production

Culture Conditions 20 hr 30 hr
. ' - after shift after shjft
-Grown 1in: Shifted in: "FFU/m1 % Inhibition FFU/m1 % Inhibition
No Asc. No Asc. 2.1x10° | - - 27x10° -
No Asc. + Asc. 9x10° | 574 8x10° 70
+ Asc. No Asc. 5.5x10° 97% 1.8x10° 949
+ Asc. + Asc. 3.5x10° 98% 1.5x10° 949,

Cells were grown and infected with LA24 {a temperatuke—sensitive mutant virus

defective in the src gene) at 41°.
ascorbate.

'Fig. 2 and Table 1.
experiments.

src Medium was changed daily with or without
The cells were shifted on day 5 post infection.
The result is the average of duplicate plates of two

Other legends as




FIGURE LEGENDS
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 Fig. 2..
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- Morphology of Aséokbate-treated PAT'Cells. 'PAT.Cé]]S were

prépared and jnfectéd-wftthoUs‘sarcoma virus (PfaQUe,'Sub-
group A).as'describedipnevious]y (2). 'Treated]cultureé
received médium wiﬁh SOng/mI aStorbic'acfd 24 hrs pridr to

infection and in‘$Ubsequent-thange$Aof“medium.‘,Pictures'were

‘taken 6 days post infection;

Sugar uptake in normal and virus-infected.cells treated with
ascorbic acid. Legend as.in Fig.. 1. Cells were infected with

either PkagueC (PC) strain of RSV or a transformationfdefective

-PraguéFC'(TdPC). The rate of [SH]2-deoxy-D-glucose was measured

in'5-min pulses as descfibed,pfevious1y (4).
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NORMAL

NORMAL + ASCORBATE PA TRANSFORMED
+ ASCORBATE



DPM /.

@)
O

N
O .
ol

100

t

D\N%Pcmsc |
;T |

——a

¥

TOPC —

3 4 5
Time (days)

Bissell et. al

Fig. 2



This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.




P

TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





