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Summary 

Marked synergy between the antirhinoviral effect of rHulFNt~ and enviroxime 
has been observed in vitro but an attempt to demonstrate it in volunteers was un- 
successful. The sub-optimal intranasal dose of rHulFNet (0.18 Mu four times daily 
for 4¼ days) used prophylactically in the trial did reduce the severity of colds in- 
duced by RV9 and 14, but the difference did not reach statistical significance and 
was not enhanced by the administration of enviroxime (0.28 mg six times daily for 
six days). The main reason for failure is thought to be the rapid removal of en- 
viroxime from the nose when given intranasally. 

Synergy; Interferon et; Enviroxime; Rhinovirus; Prophylaxis 

Introduction 

Many synthetic compounds prevent the infection of tissue cultures with rhino- 
viruses but none has been shown to have a significant effect in protecting volun- 
teers against infection with this group of viruses. Until 1987 the most encouraging 
results have been achieved with enviroxime, a benzimidazole derivative. In a pre- 
vious study at the Common Cold Unit, enviroxime given orally and intranasally 
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was shown to reduce the number of colds, the mean daily clinical score (a measure 
of the severity of symptoms) and the mean nasal secretion weight compared with 
placebo, but none of these differences reached statistical significance at the P <0.05 
level (Phillpotts et al., 1981). When intranasal enviroxime was given in the incu- 
bation period of rhinovirus infection in a subsequent investigation there was a sig- 
nificant benefit to volunteers who cleared the drug slowly (Phillpotts et al., 1983b). 
Although we had shown a consistent benefit with enviroxime, this was too small 
to be detected in other studies elsewhere (Hayden and Gwaltney, 1982; Levan- 
dowski et al., 1982). 

Intranasal interferon (IFN) a, on the other  hand, completely protected volun- 
teers from infection with rhinovirus type 9 (RV9) and 14 (RV14), but the amount 
required and the frequency of administration were critical. To be effective, a daily 
dose of 7.5 Mu IFN ~ given in two, or preferably three, divided doses was re- 
quired in our studies (Phillpotts et al., 1983a). Unfortunately at this dosage at least 
50% of recipients develop nasal stuffiness and blood stained discharge after one 
month's  application (Hayden et al., 1983; Scott et al., 1985). 

There is, therefore,  a need to enhance the antiviral effect either of synthetic 
compounds such as enviroxime so that a significant clinical action can be demon- 
strated, or of IFN so that a smaller dose can be used with a reduction in its adverse 
effects. 

In vitro studies have shown there is a marked synergistic effect between a num- 
ber of synthetic antiviral compounds and different IFNs as there is between dif- 
ferent IFNs themselves, in protecting tissue cultures against infection with rhino- 
viruses (Ahmad and Tyrrell,  1986). 

More detailed studies of the combination of enviroxime and IFN ~ showed that 
antirhinoviral activity increased 100-fold when they were combined. Furthermore,  
since this synergy occurred in organ cultures of human respiratory epithelium as 
well as in tissue culture (Ahmad and Tyrrell, 1986), it might well be effective in 
human volunteers. A combination of antiviral agents, acting in different ways, 
would also have the added advantage that drug resistant mutants would be less 
likely to occur than during treatment with a single drug. 

It was considered that the findings from these volunteer and laboratory exper- 
iments warranted a study in volunteers to determine whether synergy between en- 
viroxime and IFN c~ could be demonstrated in man. The study was intended to 
discover whether  the prevention of colds was markedly enhanced by combining 
treatments rather than using them separately. To make a clear contrast with the 
effects of combined medication, the dose of the drugs was reduced; slightly in the 
case of enviroxime and substantially in that of interferon, so that neither of them 
would be expected to have a significant effect on the incidence or severity of colds 
when given alone. If the number of colds and the severity of symptoms in those 
receiving combined medication were reduced by 90% compared with those given 
a single drug, the results of the trial would be statistically significant. The results 
of the study are reported here. 
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Materials and Methods 

These trials were approved by the Harrow District Ethical Committee.  
Healthy volunteers of either sex, aged between 18 and 50 years were recruited 

and housed in isolation in groups of two or three according to our normal practice 
(Beare and Reed,  1979). All volunteers completed questionnaires to assess their 
introversion/extroversion and certain obsessional factors as these have been shown 
to influence the outcome of virus challenge (Totman et al., 1980; Broadbent  et al., 
1984). 

Medication 
A highly purified preparation of human IFN e~ 2A produced by genetic engi- 

neering, Roferon-A,  made by Hoffman-La Roche, Switzerland, was provided by 
Roche Products Ltd.,  Welwyn Garden City. It was supplied as an aqueous solu- 
tion containing 2 Mu/ml in sprays which delivered 0.09 ml per activation. An in- 
terferon placebo (PIFN) was obtained from the same source and consisted of the 
aqueous vehicle alone in identical sprays. 

Micronised 2-amino-l-(isopropylsulphonyl)-6-benzimidazole phenyl ketone ox- 
ime, enviroxime, was supplied as a metered dose inhaler delivering 0.142 mg per 
activation. Tween-85 with tr ichloromonofluromethane and dichlorodiflurome- 
thane acted as propellant. The propellant alone in identical inhalers constituted 
the enviroxime placebo (PEN) and both were supplied by Lilly Research Centre 
Ltd.,  Windlesham. 

Virus challenge 
The virus challenge consisted of two filtered, bacteriologically sterile nasal wash 

pools, one containing RV9 and the other RV14 and both propagated by serial in- 
tranasal passage in human volunteers at the Common Cold Unit, Salisbury. 

Study design 
Basically the study was designed to compare the effects of either one half the 

previously used dose of enviroxime or approximately one fifth the optimal dose of 
IFN e~ with that of both treatments together in volunteers exposed to rhinovirus 
challenge. 

The actual dosage regimen chosen was self-administered under supervision of 
one spray of IFN a to each nostril, four times a day for 17 doses (4¼ days, total 
dose 6.12 Mu) and for enviroxime one spray to each nostril, 30 to 60 minutes after 
IFN, for 24 doses (6 days, total dose 6.816 mg). Volunteers used to assess IFN or 
enviroxime alone received PEN or PIFN respectively to maintain the double blind 
nature of the trial. 

The tolerance of volunteers to larger doses of both IFN a and enviroxime has 
been established previously but that of giving the combination of drugs needed to 
be investigated. A small number  of volunteers were given the regimen of com- 
bined IFN and enviroxime described above and the effects compared with those 
resulting from a similar number of volunteers given both PIFN and PEN. The vol- 
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unteers were treated and monitored as in the challenge study (see below) but no 
virus was given and no virological studies undertaken. 

In the challenge study volunteers were arranged in three groups and randomly 
allocated to receive IFN and PEN, PIFN and enviroxime or IFN and enviroxime. 
After a 48 h quarantine period (day 2) those volunteers without symptoms com- 
menced medication and were challenged with an estimated 100 TCIDs0 of rhino- 
virus type 9 2 h after the fifth dose of IFN or PIFN (day 3) and a similar dose of 
rhinovirus type 14 1 h later. A few volunteers were given saline instead of virus 
and these served to maintain the double-blind nature of the trial and provide fur- 
ther data on tolerance. Both volunteers and observer were blind as to the medi- 
cation given and to virus or saline challenge. Each volunteer was assessed daily 
and a score given according to the signs and symptoms present. In addition, the 
amount  of nasal secretion produced each day was weighed. At the end of the trial 
the clinical observer assessed each volunteer as having suffered no cold, a doubtful 
cold (not significant), or a significant cold of a mild, moderate or severe nature. 
Nasal washings were collected from each volunteer prior to inoculation and on days 
5 to 9 inclusive. Blood samples for haematological and biochemical tests were col- 
lected before and at the end of medication. 

Virological procedures 
Virus isolation was at tempted by inoculating cultures of Ohio HeLa  cells with 

nasal washings. Serum neutralising antibody titres were assayed by a micro-neu- 
tralisation test in Ohio HeLa  cells on the initial blood sample and on a further 
sample collected approximately three weeks after virus challenge. A 4-fold or 
greater rise in antibody titre to either of the challenge viruses or their isolation was 
taken as evidence of infection. 

Statistical analysis 
Differences in the frequency of the colds and infection between the groups were 

tested for significance using the Chi-squared test with Yates' correction. Clinical 
scores and nasal secretion weight data were tested by rank analysis of variance with 
each variable divided into three strata according to the lower of the pre-challenge 
neutralizing titres to the two challenge viruses of each volunteer (<1:2,  1:2 to 1:8 
and >1:8). 

Results 

Eleven volunteers took part in the initial tolerance experiment. IFN and PIFN 
were well tolerated; but the majority of volunteers found the nasal stinging and 
eye watering that followed the use of either enviroxime or PEN unpleasant, al- 
though only one volunteer withdrew from the study on account of this. Of  the ten 
remaining volunteers five received IFN and enviroxime and five the two corre- 
sponding placebos. No other adverse effects were encountered and the mean total 
clinical score was very low and identical for the two groups at 0.8. 
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Fifty-seven volunteers took part in the prophylactic study of which two were 
subsequently found to have virus in their pre-chaUenge nasal wash and were ex- 
cluded, retrospectively, from the final analysis. Of the remaining 55 volunteers four 
were challenged with saline, two received IFN a/PEN, one enviroxime/PIFN and 
one IFN a/enviroxime. 

The 51 volunteers challenged with virus were divided equally among the three 
medication groups which were well balanced for sex, age and pre-challenge neu- 
tralizing antibody titre. Similarly introversion/extroversion scores were compara- 
ble between the groups and the difference in obsession scores is not statistically 
significant (Table 1). 

The number of significant colds was lowest 4/17 (23.5%) in the IFN a/enviroxime 
group, next lowest 6/17 (35.3%) in the IFN a/PEN group and highest 8/17 (47%) 
in the enviroxime/PIFN group. These differences are not statistically significant; 

T A B L E  1 

Clinical responses  and evidence for infection among  volunteers  

Volunteer  group and No. of vol- 
pretrial AB titre + unteers  

No. with clinically diag- 
nosed colds (%) 

Virological findings 

Significant Not signifi- Rise in Virus Either 
cant AB titre isolated or both 

Interferon 
< 2 15 5 10 8 8 10 
2-8 0 0 0 0 0 0 
> 8  2 1 1 0 0 0 

17 6 (35.3) 11 8 8 10 

Enviroxime 
< 2 13 5 8 4 6 7 
2-8 4 3 1 2 0 2 
> 8  0 0 0 0 0 0 

17 8 (47.0) 9 6* 6 9 

Interferon/  
enviroxime 
< 2 14 3 11 4 4 6 
2-8 2 1 1 2 1 2 
> 8  1 0 1 0 0 0 

17 4 (23.5) 13 6* 5 8 

* Only 15 convalescent  sera received. 
Interferon:  8 females ,  9 males;  mean  age 33.18 +- 2.03 years; obsession 1.63 - 1.20; introver- 

sion/extroversion 10.19 +- 4.46. 
Enviroxime: 8 females,  9 males;  mean  age 33.77 +- 9.00 years; obsession 2.59 +-- 1.73; introver- 

sion/extroversion 9.94 -+ 4.05. 
In te r fe ron /env i rox ime:  8 females,  9 males;  mean  age 35.29 - 7.56 years; obsession 2.35 +- 1.62; in- 

troversion/extroversion 10.35 -+ 3.53. 
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Fig. 1. Mean daily clinical scores in volunteers given interferon and enviroxime placebo, interferon 
placebo and enviroxime, and interferon and enviroxime and challenged with both RV9 and RV14. 

and if doubtful colds (i.e. those with upper respiratory symptoms but not suffi- 
ciently characteristic, persistent or severe to enable a firm diagnosis of a cold to 
be made) are included, the figures are 10, 11 and 10, respectively. 

Evidence of infection, a 4-fold rise in antibody titre to, and/or isolation of one 
of the challenge viruses, was found in 10 (59%) in the IFN a/PEN group, 9 (53%) 
in the enviroxime/PIFN group and 8 (47%) in the IFN a/enviroxime group. 
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Fig. 2. Mean daily nasal secretion weights in volunteers given interferon and enviroxime placebo, in- 
terferon placebo and enviroxime, and interferon and enviroxime and challenged with both RV9 and 

RV14. 
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The mean daily clinical scores for the two groups receiving IFN were half those 
for the enviroxime/PIFN group, and the differences in mean daily nasal secretion 
weights followed the same pattern but were even more marked (Figs. 1 and 2). 
However ,  none of the differences between any of the groups reached statistical 
significance. 

The mean total clinical score of the four volunteers challenged with saline, 0.75, 
confirmed the findings in the tolerance studies (0.8) that these drugs were well tol- 
erated. There  were no significant changes in the values for haematological and 
biochemical tests on blood collected from volunteers at the end of the trial com- 
pared with those on blood obtained prior to medication. 

The proport ion of volunteers excreting virus was low in all three groups. Virus 
recovery was most frequent  in those given IFN a /PEN (Fig. 3) and the number of 
volunteers shedding virus doubled in this group on the day medication with IFN 
ceased compared with the previous two days. Only a slight increase was observed 
in the IFN a/enviroxime group, while the proportion of volunteers in the envirox- 
ime/PIFN group never exceeded 17.5% for the duration of the trial. 

Discussion 

Some reduction in the frequency of colds was observed in both groups receiving 
IFN compared with the enviroxime/PIFN group. The differences do not reach sta- 
tistical significance with either IFN oL group singly or combined. However, it is likely 
that this reduction is genuine and it would be expected from previous experience 
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Fig. 3. Proportion of volunteers excreting virus in nasal washings given interferon and enviroxime pla- 
cebo, interferon placebo and enviroxime, and interferon and enviroxime and challenged with both RV9 

and RV14. 



148 

that one fifth of the optimal dose of IFN c~ would produce some effect short of 
total protection especially as it was administered in four, rather than three, di- 
vided doses (Phillpotts et al., 1983a). 

There was a corresponding non-significant reduction in mean daily clinical scores 
and mean daily nasal secretion weights in the two IFN e~ groups. Possibly, the re- 
duction in these statistics resulted in some infections which would otherwise have 
been diagnosed as significant colds being labelled as doubtful colds. The frequency 
of combined colds and doubtful colds is virtually identical for all three groups. 
Fur thermore ,  no significant differences were observed in the proportion of vol- 
unteers infected in the three groups, and what differences there are could well have 
been less had sera from all 17 volunteers been obtained, as in the IFN edPEN group, 
instead of the 15 in both the enviroxime/PIFN and enviroxime/IFN a groups. This 
regime of intranasal IFN cx appears to afford no protection against infection but 
does reduce the severity of the cold. Had even a minor amount of synergy oc- 
curred, a highly significant degree of, if not complete, protection would have been 
expected and this clearly has not been demonstrated. 

In previous studies when IFN c~ has been used, anti-IFN ~ has been added to 
the culture media during assay of the nasal washings (Phillpotts et al., 1983a). 
Similarly, when enviroxime has been employed the nasal washing has been al- 
lowed in contact with tissue cultures for 90 rain to permit adsorption of virus, be- 
fore being washed three times and fresh media added (Phillpotts et al., 1983b). In 
the absence of clinically demonstrable synergism the additional labour to include 
these refinements was considered unwarranted and was omitted. It is not surpris- 
ing, therefore,  that the recovery rate of virus was low because of the presence of 
antiviral activity in tissue cultures transferred from the nasal washings. This is sup- 
ported by the large increase in the proportion of volunteers in the IFN a/PEN group 
from whom virus was isolated when the nasal washings were collected after IFN 
medication ceased. Inhibiting concentrations of enviroxime, up to 1000 MIC, oc- 
cur in washings after intranasal use (Phillpotts et al., 1981) and the persistence of 
medication with this drug up to and including the penultimate day of the trial would 
account for the small number  of volunteers from whom virus could be recovered 
in the enviroxime/PIFN and IFN a/enviroxime groups. 

The failure to demonstrate synergy between these two antivirals in volunteers 
in the face of strong laboratory evidence to the contrary is probably no more than 
an extension of the reason why so many synthetic antivirals fail to fulfil their in 
vitro promise. In tissue or organ culture both drugs are in contact with the host 
cells throughout the experiment. In human subjects IFN cx has an advantage in that 
there are receptors on the cells of the nasal mucosa and after attachment IFN in- 
duces an antiviral state in the cell which persists for several hours. Enviroxime, on 
the other  hand, is probably rapidly removed by the ciliary-mucous mechanism and 
is only available to exert an effect, either singly or synergistically with IFN cx, for 
a very limited period. The drug recovered during nasal washing is likely to be that 
deposited on the stratified epithelium of the external nares. For these reasons the 
in vitro and in vivo experiments are not strictly comparable. It would probably be 
necessary to have a synthetic drug taken orally and continuously excreted in the 
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nasa l  sec re t ions  so as to p rov ide  a cons tan t  p resence  of  d rug  in the  reg ion  of  the  
hos t  cells to be  used  in c o n j u n c t i o n  with  I F N  in o r d e r  to  s t imula te  be t t e r ,  in vol-  
unteers ,  the  l abora to ry  exper iments .  Unfor tuna te ly  no such antiviral,  active against  
rh inov i ruses ,  is cu r ren t ly  avai lab le .  

Acknowledgements 

W e  gratefully acknowledge  the financial suppor t  given to the funding of this s tudy 
by B T G ,  the  nurs ing  and techn ica l  s taff  of the  C o m m o n  Cold  Uni t  for  the i r  con- 
t r ibu t ions  and  the  vo lun tee r s  for  t ak ing  pa r t  in the  expe r imen t s .  

This  w o r k  was s u p p o r t e d  in par t  by the  Bri t ish  Techno logy  G r o u p .  

References 

Ahmad, A.L.M. and Tyrrell, D.A.J. (1986) Synergism between anti-rhinovirus antivirals: various hu- 
man interferons and a number of synthetic compounds. Antiviral Res. 6, 241-252. 

Beare, A.S. and Reed, S.E. (1979) The study of antiviral compounds in volunteers. In: J. Oxford (Ed.), 
Chemoprophylaxis and viral infections of the respiratory tract, Vol. 2, pp. 28--55. CRC Press, 
Cleveland. 

Broadbent, D.E., Broadbent, M.H.P., Phillpotts, R.J. and Wallace, J. (1984) Some further studies on 
predictions of experimental colds in volunteers by psychological factors. J. Psychosom. Res. 28, 
511-523. 

Hayden, F.G. and Gwaltney, J,M, Jr. (1982) Prophylactic activity of intranasal enviroxime against ex- 
perimentally induced rhinovirus type 39 infection. Antimicrob. Agents Chemother. 21,892-897. 

Hayden, F.G., Mills, S.E. and Johns, M.E. (1983) Human tolerance and histopathological effects of 
long term administration of intranasal interferon-alpha 2. J. Infect. Dis, 148,914-921. 

Levandowski, R.A., Pachucki, C.T., Rubenis, M. and Jackson, G.G. (1982) Topical enviroxime against 
rhinovirus infection. Antimicrob. Agents Chemother. 22, 1004-1007. 

Phillpotts, R.J., Jones, R.W., Delong, D.C., Reed, S.E., Wallace, J. and Tyrrell, D.A.J. (1981) The 
activity of enviroxime against rhinovirus infection in man. Lancet i, 1342-1344. 

Phillpotts, R.J., Scott, G.M., Higgins, P., Wallace, J., Tyrrell, D.A.J. and Gauci, C.L. (1983a) An 
effective dosage regimen for prophylaxis against rhinovirus infection by intranasal administration 
of HulFN-a2. Antiviral Res. 3, 121-136. 

Phillpotts, R.J., Wallace, J., Tyrrell, D.A.J. and Tagart, V.B. (1983b) Therapeutic activity of envi- 
roxime against rhinovirus infection in volunteers. Antimicrob. Agents and Chemother. 23,671-675. 

Scott, G.M., Onwubalili, J.K., Robinson, J.A., Dore, C., Secher, D.S. and Cantell, K. (1985) Tol- 
erance to one-month intranasal interferon. J. Med. Virol. 17, 99-106. 

Totman, R., Kiff, J., Reed, S.E. and Craig, J.W. (1980) Predicting experimental colds in volunteers 
from different measures of recent life stress. J. Psychosom. Res. 24, 155-163. 


