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Summary 

4', 6-Dichloroflavan, a potent inhibitor of rhinovirus replication in vitro, was 
tested in a double-blind placebo controlled volunteer trial for its protective effect 
against experimental rhinovirus infection. Dichloroflavan was given orally (1 nag/ 
kg, 3 times per day) for 3 doses before, and 13 doses after intranasal challenge 
with rhinovirus type 9, a type known to be highly sensitive in tissue culture. 
A total  of 63 volunteers were included in the analysis for efficacy. 

Dichloroflavan did not produce any consistent or significan£ reduction in 
quanti tat ive clinical or laboratory evidence of infection, and there was no 
apparent  negative correlation of such data with drug concentrations in plasma. 
I t  is concluded tha t  administration of dichloroflavan in the oral formulation 
tested is not of value in the treatment, of human rhinovirus infection. 

Introduction 

Colds are mild, selMi:miting upper viral respiratory tract  infections, the 
symptoms of which rarely last for more than a few days. However, because of 
the inconvenience caused to industry, education, and the individual, the common 
cold has long been considered a suitable goal for antiviral prophylaxis and 
therapy. 

At least 50 per cent of colds are caused by rhinoviruses (5), which may  also 
be responsible for relapses of chronic bronchitis (6) and the occurrence of wheezy 
bronchitis in children (4). The impracticability of prophylactic vaccination for 
rhinovirus infection, because of the large number of serotypes, has led to interest 
in the development of substances with act ivi ty against rhinoviruses. A number  
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of compounds  have  been synthesised,  and  eva lua ted  i n  vitro and  i n  vivo (9, i0) .  
The resul ts  of rh inovirus  challenge s tudies  in m a n  and  apes using these compounds  
have  p roved  d isappoin t ing ,  poss ib ly  because  of thei r  insufficient  po t ency  as 
inhibi tors  of rh inovirus  repl icat ion.  

Recent ly ,  two new and  h ighly  ac t ive  compounds  have  been synthesised,  
2 -amino- l - ( i sop ropy l  su lphenyl - )6-benz imidazole  phenyl  ke tone  oxime (en- 
viroxime),  and  4' ,  6-dichlorof lavan (dichloroflavan).  Concurrent  in t ranasa l  and  
oral  admin i s t r a t i on  of envi roxime has a l r eady  been shown to reduce  elinic~I 
s y m p t o m s  and  virus  excre t ion  in volunteers  infected wi th  a rh inovirus  (8). 
Dichlorof lavan (which appears  to be the  mos t  po t en t  inhib i tor  of rNnov i rns  
repl ica t ion  y e t  descr ibed in the  l i terature) ,  is act ive aga ins t  a sufficient n u m b e r  
of rh inovirus  sero types  to  suggest  t h a t  i t  m a y  have  clinical po ten t ia l ,  and  blood 
levels in excess of those  requi red  for v i rus  inhibi t ion  are achieved a f te r  oral  
dosing in animals  (1). Toxicological  and  pharmacologica l  tes t ing  in animals ,  
and  some ini t ia l  pha rmacok ine t i c  s tudies  in m a n  showed dichlorof lav~n to  be 
ex t r eme ly  well to lera ted .  The  lack  of tox ic i ty ,  combined  with  high an t iv i r a l  
a c t i v i t y  and  adequa t e  absorp t ion  m~kes d iehlorof lavan one of the  most  promis ing  
cand ida te  an t i rh inovi rus  compounds  y e t  synthesised.  We therefore  unde r took  
the  following s t u d y  in which oral  d ieh lorof lavan  was t e s t ed  in volunteers  for i t s  
ab i l i t y  to  p ro tec t  aga ins t  challenge wi th  a v i ru len t  s t ra in  of rh inovi rus  t y p e  9. 

Materials and Methods 

The s tudy was approved by  the Ethical  Committee of Northwick Park  Hospital ,  
Harrow. 

Volunteer8 

Heal thy volunteers of both sexes, aged 1 8 - 5 0  years were recruited, screened for 
sui tabi l i ty,  and housed in isolation at  the Common Cold Unit  according to our usual 
procedures (2). Voldnteers known to be intolerant to maize oil or gelatin were excluded 
from the study.  Ini t ia l  blood samples were taken for routine haematologicM and bio- 
chemical tests including electrolytes and basic tests of hepatic and renal :function, and 
to provide serum for determinat ion of neutrMising ant ibody to the challenge virus, 
rhinovirus type  9 (HRV9). Volunteers were allocated into two groups matched for 
age, sex and ant ibody tit.re to H1%¥9. One group was given diehloroflavan and the 
other placebo. Those with high ant ibody ti tres were challenged with saline, the rest 
were given nasal drops containing 10 20 TCIDs0 of a virulent strain of rhinovirus 
type  9, propagated by intranasal  passage in volunteers. Four  days after virus chMlenge, 
and just  prior to the penul t imate dose of medication, a further blood sample was taken 
for haematology, bioehemis~cry, and assay for diehloroflavan by  gas chromatography-  
mass spectromety.  

The elinicM effects were monitored by  an observer unaware of the allocations of 
dI~ag and virus. Each volmlteer was assessed daily and assigned a daily score on the 
basis of clinical signs and symptoms.  Colds were graded as nil, doubtful,  very mild, 
mild, moderate  or severe. Paper handkerchiefs used by volunteers were weighed in 
.order to est imate daily nasal secretion. Nasal washings for virus isolation, t i t ra t ion 
and dichloroflavan assay were collected on the day before, and on days 2----6 after virus 
challenge. A further serum sample was requested from each volunteer 2 weeks after 
leaving the Unit ,  and t i t ra ted  in parallel with the initial sample for neutralising ant ibody 
to I-I1R.V 9. Volunteers were excluded from the trial if they developed signs of a cold 
before virus challenge, or were excluded retrospectively if wild rhinoviruses could be 
recovered from their  prechallenge nasal washes. 
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Medication 

Dichloroflavan was dissolved in maize oil and dispensed in soft gelatin capsules, 
each containing 10 mg drug in 0.25 mt maize oil. Placebo capsules contained maize~oit 
alone and could not be differentiated from those containing drug. Capsules equivalent 
to 1 mg of drug/kg body weight were given under supervision 3 times per day at 
8 hourly intervals. Volunteers were asked to chew the capsules, releasing their contents 
before swallowing. Three doses were given before, and 13 doses after virus challenge. 

Virological Procedures 

Nasal washes were collected in 10 ml of Hanks balanced salt solution, and aliquots 
stored at - -20  ° C for dichloroflavan assay, or at - -70  ° C after addition of an equal 
volume of nutrient  broth. Aliquots stored at - -70  ° C were tested for virus in human 
diploid foetal tonsil cells, and rhinovirus sensitive Ohio Itela ceils ; a fresh aliquot from 
each virus positive nasal wash was t i t ra ted by quantal assay in O-Hela cells. All cell 
cultures were incubated rolling at  330 C. At least one isolate from each volunteer was 
identified as HI~V 9 by inhibition with a specific antiserum. Wild rhinoviruses isolated 
from pre-ehatlenge nasal wash samples were identified by the characteristic pat tern 
of cell destruction, and sensitivity to low pH. 

Serum neutralising antibody titres to H R V  9 were estimated using a micro-method 
in O-IteLa eells. Sufficient virus was used in the screening test to give an easily re- 
eognisable CPE in controls within 48 hours. Paired serum samples were tested using 
a virus dose of 100 TCIDs0. When cell destruction was complete in virus controls, 
mieroplates were fixed in 10 per cent formal saline and stained with 1 per cent 
alcoholic methyl  violet. A 50 per cent reduction on eolour was taken as the endpoint 
in each t i t rat ion and a four fold or greater rise in antibody t i tre was considered sig- 
nificant. 

Statistical Analysis 

Differences in the frequency of colds, virus isolations and antibody rises were tested 
for significance using the Chi-squared test. Clinical score and nasal secretion weight 
data was evaluated using a non-parametric analysis of variance, in which each sample 
was divided into 3 strata according to pre-challenge serum neutralising antibody t i tre 
to t t R V 9  (<  1 : 2, t : 2--1 : 8, > t : 8) (7). Kendall 's  rank correlation test was used to 
determine association, and the approximate statistical power of the trial was calculated 
assuming a Iog-normM distribution for each variable (11). 

Results 

D a t a  f rom 63 volunteers  were analysed.  One volunteer  g iven placebo was 

excluded because a rhinovirus  was isolated f rom her pre-challenge nasal  wash 

sample.  One vo lun teer  tak ing  dichlorof lavan developed a papular  rash on her  

t runk.  Medicat ion was wi thdrawn three  doses before complet ion of her  course 

of t r e a t m e n t  after  which the  rash disappeared.  She was included in the  analysis 

for efficacy. No other  t r e a t m e n t  re la ted events  were seen, and biochemical  and 

haematologieal  tes t  values were unchanged  by drug t rea tment .  The mean  

concentra t ion of dichlorof lavan in p lasma samples 8 hours af ter  dosing was 
14.25 ~: 11.81 ng /ml ;  d ichlorof lavan could no t  be detected in nasal  washes. 

Th i r t een  volunteers  were challenged with saline, 7 of whom were t ak ing  

dichloroflavan,  and 6 placebo. One vo lun teer  on placebo developed a ve ry  mild  

cold, to ta l  clinical score 7.5, but  virus could no t  be isolated from her  nasal  wash 
samples, nor a rise in serum neutral is ing an t ibody t i t re  to ItI%V9 demonst ra ted ,  

and her symptoms  were t hough t  to have  been due to an unre la ted  cause. 
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Table 1. S u m m a r y  o/cl inical  and laboratory/indings 

ClinicMly diagnosed colds 

Pre- t r ia l  Severe/ V. Mild/ 
Group Ab t i t re  No. moderate Mild absent 

Placebo < 2 8 3 2 3 
2- -8  10 2 3 5 

> 8  5 0 0 5 

Total  23 5 (22%) 5 (22%) 13 (56%) 

683 < 2  13 5 2 6 
2 8 9 0 1 8 

> 8  4 0 1 3 

Total 26 5 (19%) 4 (15%) 17 (65%) 

Laboratory  findings 

Pre4r ia l  Ant ibody Virus Ei ther  or 
Group At) t i t re  No. rises isolated both 

Placebo < 2 8 4/7 5 5/7 
2--s 10 s/9 8 s/9 

> 8  5 4 4 4 

Total  23 16/21 ~ (76%) 17 (74%) 17/21 a (81%) 

683 < 2  13 7 12 12 
2- -8  9 6 8 8 

> 8  4 3 2 3 

Total 26 16 {62%) 22 (85%) 23 (88%) 

a 2 second serum samples not, returned 

The numbers  of colds, the i r  clinical grades,  and  the  l a bo ra to ry  f indings from 
49 volunteers  chal lenged with  I-IlgV9 are  shown in Table  1. The  numbers  of 
volunteers  in each prechal lenge a n t i b o d y  ca tegory  are  s imilar  in the  dichloro- 
f lavan  and  placebo groups.  Colds graded as mild,  modera t e  or severe m a y  be 
considered significant ,  as i t  is i nva r i ab ly  possible to  f ind l a b o r a t o r y  evidence 
of infect ion wi th  t i le  challenge vi rus  (either virus  excret ion,  a rise in a n t i b o d y  
t i t re ,  or both) .  There  were fewer s ignif icant  colds, and  p ropor t iona l ly  less four  
fold or grea ter  rises in a n t i b o d y  t i t re  in the  d i ch lo ra t l avan  as c a mpa nd  to the  
p lacebo group.  I~owever, ne i ther  difference is s ta t i s t i ca l ly  significant,  and  the  
t r end  is reversed when virus  excret ion,  or overal l  l a bo ra to ry  evidence of infect ion 
are  considered.  

The  diehlorof lavan and  placebo groups d id  no t  differ s ignif icant ly  in clinical  
scores, q u a n t i t y  of nasal  secret ion produced,  or the  amounts  of virus recoverable  
from nasa l  wash on any  day ,  nor  did  d ichlorof lavan produce  a consis tent  reduc t ion  
in any  of these  var iables  (Fig. i ) .  The  drug and  placebo groups were also compared  
b y  considering the  t o t a l  elinicM score, mean  da i ly  weight  of nasa l  secret ion 
p roduced  from the  t ime  of v i rus  challenge to the  end of the  t r ial ,  and  the  mean  
t i t re  of virus recoverable  from nasal  wash for each volunteer .  No signif icant  
differences could be found  (p values  of 0.23, 0.37 and 0.60 respect ively) .  W e  
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Fig. 1. Clinical score, nasal secretion and virus excretion 

were also unable to detect a negative correlation between any of these three 
variables, and plasma concentrations of dichloroflavan in those vohmteers with 
laboratory evidence of infection (p = >0.1). 

Calculation of the statistical power of this trial shows that  we could have 
expected to detect reductions of approximately 77 per cent in clinical scores, 
79 per cent in rhinorrhoea, and 82 per cent in virus excretion at the 5 per cent 
significance level, with 95 per cent confidence. 

Discussion 
Volunteer trials at the Common Cold Unit are conducted under carefully 

controlled conditions. Accurate clinical and laboratory data are obtained from 
all those taking part, and intercurrent infections with viruses other than the 
challenge virus are rigorously excluded by our quarantine and isolation procedure. 

In  the present study, 26 volunteers were given a maximum oral dose of 
dichloroflavan based on considerations of practicality and tolerance before and 
after challenge with a sensitive rhinovirus, type 9. One of these developed a 
papular rash, which may have been drug related, as symptoms disappeared after 
the withdrawal of medication. Otherwise dichloroflavan treatment seemed to be 
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completely without side-effects. Eight hours after an oral dose of 1 mg/kg, the 
mean plasma concentration of dichlorofIavan was still more than 4 times the 
ICs0 for HI ,  V9 as determined by plaque reduction assay (1), and the ICs0 for 
Ht~V9 was exceeded in the plasma of 25 of the 26 volunteers taking drug. 
Previous pharmacokinetic studies in human volunteers indicated that  plasma 
concentrations well in excess of the IC50 would have been present for most of 
the dosing period (3). However, when the quantitative clinical and laboratory 
data from volunteers taking diehloroflavan were compared with those from a 
placebo group, which had a similar susceptibility to the challenge virus, no 
beneficial effect of the drug could be demonstrated. Dichloroflavan could not be 
detected in respiratory secretions after oral dosing, which suggests that  adequate 
concentrations of compound do not become available at the site of virus 
replication, the eiliated epithelium of the nose. However, the possibility that 
dichloroflavan might be present in inhibitory quantities in respiratory epithelial 
tissues but not be secreted remains. The failure of the drug to protect against 
challenge with rhinovirus type 9 makes this improbable. 

A calculation of the statistical power of our trial showed that only large 
reductions in clinical score, rhinorrhoea, and virus excretion could be detected 
with any degree of certainty. Therefore, reproducible but lesser reductions in 
these variables could have been missed. However, in the conditions under which 
it was tested, diehloroflavan failed to produce a consistent reduction in any of 
the quantitative indices of rhinovirus infection. This finding, combined with the 
lack of a negative correlation between any of these quantitative indices and 
plasma concentrations of drug leads us to conclude that  the formulation of 
diehtoroflavan tested is of no value in the treatment of human rhinovirus 
infection. However, the effectiveness of other formulations and routes of ad- 
ministration remains to be tested. In particular, intranasal administration may 
prove effective. 
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