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The Spectrum of Rhinovirus Inhibition by 2- (a-Hydroxybenzyl) - 
benziinidazole and I>- ( -) -2- (a-Hydroxybenzyl) -benzimidazole HCl* 

(33393) 

JACK M. GWALTNEY, JR. (Introduced by C. M. Kunin) 
Departments of Preventive Medicine and Internal Medicine, University of Virginia School of 

Medicine, Charlottesville, Virginia 22901 

2 - ( a - H y d r o x y b e n z y l )  -benz imidazole  
(HBB) has been shown to be a specific inhi- 
bitor of picornavirus multiplication ( 1 , 2-4). 
A concentration of 493 pM or less of HBB 
inhibits the cytopathic effect of many of the 
enteroviruses; inhibited strains exhibit quan- 
titative differences in susceptibrity ( 1, 5) .  
HBB has also shown activity against some 
strains of the more recently discovered rhino- 
virus subgroup (6)  of the picornavirus group 

The  current 'investigation was initiated to 
extend observations on the spectrum of inhi- 
bitory action of HBB for the numbered 
rhinovirus serotypes. HBB sensitivity of 
varying degree was noted for half of the virus 
strains tested. During the course of the En- 
vestigation the more active hydrochloride of 
the D-(-) isomer of HBB (D-HBB-HC1) 
became available for investigation ( 12). Re- 
sults of testing with this compound suggest 
that D-HBB HCl susceptibility of varying 
degree may be a common characteristic of all 
rhinoviruses. 

Materials and Methods. Viruses. Rhinovi- 
rus strains representative of the 55 numbered 
serotypes and one subtype (6)  were isolated 
during an epidemiological study of acute 
respiratory disease (13) or were obtained 
from other investigators1 Strains isolated 
from ill persons were usually in early passage 
when tested while strains obta'ined from oth- 

( 7-1 1 ) . 

*This work was done under the sponsorship of 
the Commission on Acute Respiratory Diseases of 
the Armed Forces EpidemiologicaI Board and was 
supported in part by Research Contract DA- 
49-007-MD-1000 from the US Army Medical Rc- 
search and Development Command, Department of 
the Army, and by Public Health Service Research 
Contract PH-43-63-1128 from the Institute of Aller- 
gy and Infectious Diseases. 

1 Kindly supplied by Drs. M. A. Mufson, D. 
Hamrc, and V. V. Hamparian. 

er sources were mainly prototypes a t  higher 
passage levels. 

Compounds. The HBB2 and D-HBB HC1" 
were suspended in medium containing equal 
volumes of Eagle's MEM and medium 199. 
Suspensions were mixed overnight at room 
temperature by an electromagnetic stirring 
device. Two percent fetal calf serum was in- 
corporated into the medium either prior to 
stirring or at the time of testing. Solutions 
were prepared a t  weekly or 2-week intervals 
and stored a t  room temperature. 

Cell cultures. Diploid human embryonic 
lung (WI-38)4 and HeLa (Rhino)5 cultures 
in screw-cap tubes obtained from commercial 
sources were maintained on 49% Eagle's 
MEM, 49% medium 199, and 2 %  fetal calf 
serum prior to testing. 

Experimental design. Concentrations of 
223 and 447 pM HBB and of 77, 115, 192, 
383, and 574 pM D-HBB - H C l  were tested 
against rhinov'irus inocula ranging from 3 to 
100 TCTD50 per ml. Testing was done in 
triplicate or quadruplicate cell culture tubes 
with virus titrations maintained simultane- 
ously on medhm without compound. Control 
tubes for each concentration of compound 
and tests of a sensitive rhinovirus were in- 
cluded in each series of experiments. A 
known resistant rhinov'irus was also tested in 
medium containing compound concentrations 
under test in early experiments. Tubes were 
incubated a t  35 or 37" in a roller drum and 

2 Kindly supplied by Dr. Lewis H. Sarett, Merck 
Sharp and Dohme, Rahway, New Jersey. 

3 Kindly supplied by Dr. Arthur F. Wagner, Merck 
Sharp and Dohme, Rahway, New Jersey. 

4 Flow Laboratories, Rockville, Md.  ; Grand Island 
Biological Company, Grand Island, New York; 
Microbiological Associates, Bethesda, Md. ; HEM 
Research, Rockville, Md. 

e j  Grand Island Riological Company, Grand Island, 
New York. 
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Drug concentration (@I) 

Rhinovirus HBB D-HBB HC1 

Type St ra in  223 44 7 77 115 192 383 574 
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TARTIE I (coiitiimcd) 

~ ~~ 

Rhinovirus HBB D-HBB HC1 

Type Strain 223 44 7 I I  115 192 3x3 574 r c  

49 SF414 

50 proto. 

51 SF357 
SF357 

52 proto. 
53 proto. 
54 proto. 
55 proto. 

read daily for cytopathic effect (CPE). 
Determination of virus inhibitory activity 

of compounds. Tests were judged complete 
when virus control tubes showed 75% or 
greater destruction of cell sheets. Compari- 
sons were made at  that time with the percen- 
tage of cell sheet destruction in tubes con- 
taining virus-compound mixtures. Observed 
differences of 75% or more were graded as “+,” 75-50% as “t,” 50-25p as trace, and 
less than 25% as “-” ’inhibition. 

Observations of compound cytotoxicity. 
WI-38 cell culture tubes exposed for 2 weeks 
to test concentrations of D-HBB = H C l  were 
washed with Hanks’ balanced salt solution, 
trypsinized, suspended in growth medium 
(10% fetal calf serum in Eagle’s BME), and 
transferred to 60 X 15-mm plastic petri 
dishes? Rates of cell growth during incu- 
bation a t  35” in an atmosphere of 2 %  CO2 in 
air were compared to growth rates of control 
cell culture tubes which had been on medi- 
um without compound. 

Results. Rhinovirus inhibition. Results of 
test’ing rhinovirus strains of the numbered 
types against HBB and D-HBB *HC1 in hu- 
man embryonic lung cell (WI-38) culture 
tubes are shown in Table I. Experiments per- 
formed simultaneously with a particular virus 
strain are recorded on the same line. A 
strain or strains of all 55 serotypes except 
type 1A and subtype 1B showed + or * 

c, Falcon Plastics, Los Angeles, Calif. 

amounts of inhibition on exposure to one or 
more concentrations of the compounds. The 
amount of inhibition of a particular virus 
strain was repeatedly observed to increase as 
the concentration of the compounds was in- 
creased. Also, succeedingly greater concentra- 
tions of HBB and D-HBB HCl inhibited a 
progressively larger proportion of strains 
(Table 11). Calculation of the relative activi- 
ties of the compounds is based on the work of 
Kadin et al. ( 1 2 )  which showed D-HBB HC1 
to be approximately 1.5 times as effectEve as 
DL-HBB. 

Eight strains of rhinovirus type 7 and nine 
of rhinovirus type 24 were tested against a 
192 p M  concentration of D-HBB *HCl in WI- 
38 cell culture tubes (Table 111). The strains 
of the same serotype showed sim’ilar but not 
completely uniform responses to compound 
exposure. 

Strains of 36 types were tested in HeLa 
cell culture tubes, and the result of these 
experiments was compared to similar testing 
in WI-38 cell culture tubes done either simul- 
taneously or a t  different times (Table I V ) .  
Agreement was found in results obtained with 
the two cell lines with approximately three- 
quarters of the strains regardless of whether 
or not testing was done simultaneously. 

The above results have been confirmed by 
experiments now in progress using a more 
sensitive and quantitative gradient plate 
plaque reduction method which allows testing 
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Rliiiiovirus types 

Iiilii1)i trtl 
Coiiccii t rn ti oil (+ 01' -+) 

(/*g/1111) /*Af Activity" S o .  tcstctl (no.)  

n-HIiR HC'1 20 77 0.6 1 17 6 11 

3 0 115 0.9 2 3 b  7 30 
HBR 50 223 1 .o 26 11 42 
D-HHR * HC1 .50 192 1..5 53 30 57 
II 131% 100 447 2.0 31 18 58 

D-HIZP, H('1 100 383 3.0 42 33 79 
1 .? 0 3 7.1. 4..5 3 8 :S(i 95 

a t  compound levels which are not toxic to 
cells (14). With this technique a strain of 
type 1A showed inhibition a t  a 184 & con- 
centration of D-HBB * HCl. This method also 
demonstrated a relatively high proportion of 
compound-res'istant virions of this strain 
which explains the failure of the cell culture 

T A H T ~ E  111. D-IIBB HCL Test.ing TY Multiple 
Str:iiiis of Rliiiiovirus Tjpm i ; i i i d  24. 

I RF 134fi  
SF 1348 
SF 1379 
SE' 1380 
SF 1396 
SF 139'7 
HSF 1476 
Prototypc 

2 1  SF 680 
SF860 
SF 1418 
SF 1 3 i l  
SF 1 X 3  
81' l X 3  
SF 161.5 
SF 1750 
Prototype 

+ (100)" 
t (100) 
t r (  100) 
t r (  100) 
-+(:<(I)  

2 ( 5 0  ) 

t r (  100) 

-(30) 
- (100) 
- ( 1 0 0 )  
- (100) 
- + ( 3 0  ) 
- ( 3 0 )  
- ( 1CIO ) 
- ( 1 0 0 )  
t r (  100) 

t r ( 3 0 )  

Virus TCTD,,. 

tube method to show virus inhibition. Strains 
of a highly sensitive rhinovirus (type 14) 
and of a moderately sens'itive one (type 2 2 )  
were inhibited by 5 7  and 103 puM concentra- 
tions, respectively, of D-HBB HCl using the 
plaque reduction method. 

Compound cytotoxicity. The 574 pM con- 
centration of D-HBB * HC1 was the highest 
which allowed successful testing without cell 
culture tox'ici ty evidenced by nonspecific de- 
generation. At this concentration WI-38 cell 
cultures frequently showed morphologic evi- 
dence of toxicity in the form of cell shrink- 
age. Similar changes were noted less fre- 
quently at the 383 pM concentration. These 
changes were reversible, and disappeared 'in 
cells refed medium without compound. Rates 
of cell growth determined by the time re- 
quired for development of confluent cell 
sheets in petri dishes were reduced for cells 
with prior exposure to 574 and 383 pM but 
not to 192 phi! compound concentrations. 

Discussion. Testing for inhibition by HBB 
has been reported by others for strains of 28 
rhinovirus types (Table V) .  Most showed no 
sensitivity to this compound at the concen- 
trations used which ranged from 2 0 0  to 440 
pM.  Some strains showed partial or inconsis- 
tent 'inhibition. The results of the current 
experiments with HBB are in general agree- 
ment with these earlier reports, although par- 
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T A B L E  IV. Comparison of Test ing 192 D-HBE HCl vs Rliiiiovirus Strains  i i i  WI-38  : ~ d  
HeLa Cell Culture Tubes. 

Rhinovirus Cell culture Rliinovirus Cell culture 

Type St ra in  WI-38 HeLa Type St ra in  WI-38 HeLa 

IB SF704  
2 prototype 
3b prototype 
4 SF 748 
6 S F 1 3 4 9  
7b prototype 
8 prototype 
9 prototype 

11 SF 747 
prototype 

12b  prototype 
1 4b prototype 
15 SF525 

prototype 
16  prototype 

pro totype 
prototype 

1 7  S F 4 6 0  
18 prototype 
19  prototype 
20b prototype 
20b prototype 

21 CH51 
24 prototype 
25 prototype 
2 S b  prototype 
26 prototype 

SF 1582 

27 
28 
29 

29h 
31b 
33 
3 3 b  
35 
37 
39 

40 
40b 
40 
42 
45 

46 
48 
51 
51b 
52 

SF 274 
pro to type 
SF 127 
prototype 
prototype 
SF 1240 
SF 692 
SF 692 
SF 1616 
pro to  ty  p o 
prototype 
SF 299 
prototype 
prototype 
prototype 
prototype 
prototype 
prototype 
prototype 
prototype 
prototype 
prototype 
prototype 

~~ (30) 
t r (100)  
t r (  100)  
- (100) 
t r (30)  
- (30) + (100) 
k (30) + (10 )  
+(30)  
-- ( 3 0 )  

N T  + (100) 
- (100) 
- ( loo )  
+ (3)  
- (30 )  
- - . ( loo)  
- (100) + (100) 
-t (100) 

+ (30) 
t r (  100)  

& ( l o o )  
- (100) 

+ (100) 
- (100) 

N T  

t r  ( 3 )  
t r (100)  
- (30) + (100) + (100) 

- (100) 
- (100) 
zk (30) 

+ (30) 
zk(100) 
t r  (100) 
t r  (100) 

NT 

t r  (100) 

+(100)  
- (100) 

+ (100) 
t r  (30) 

'' Virus TCI D,,/ml. 
Tests performed simultaneously. 

tial or inconsistent HBB sensitivity was ob- 
served for strains of a few types which previ- 
ously showed no 'inhibition. On the other 
hand only type 1A and subtype 1B failed to 
show some degree of inhibition a t  a 574 pM 
concentration or less of D-HBB HCl. This 
suggests that inhibition by this compound is 
a common characterist'ic of the classified 
rhinovirus types. 

Separation of the possible compound 
effects of direct virus inhibition vs virus inhi- 
bition secondary to cell changes cannot be 
made in the cell culture tube experiments 
involving the higher compound concentra- 
tions. The current findings of cell toxicity a t  
compound concentrations of 383 and 574 pM 
confirm the earlier work of Kadin et al. 

( 15) who observed morphological changes in 
cells exposed to 493 D-HBB HCl. Tamrn 
et al. (16) reported morpholog'ical changes in 
cells exposed to 329 pM HBB. 

Two possible explanations have to be con- 
sidered for virus strains showing inhibition at  
cytotoxic concentrations of compound: (i)  
Inhibition a t  the higher concentration is not 
virus-specific, and results secondarily from 
toxicity of the compound for cells. (ii) In- 
hibition even a t  the high concentration is 
virus-specific, and the effects of the compound 
on cells are of no consequence for the repli- 
cation of virus. 

The linear increase in the proportion of 
strains inhibited by increasing compound 
concentrat'ions suggested that inhibition a t  
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TABLE V. Rhinovirus Testing vs HBB Reported 
by Other Authors. 

Virus Cell HBBconc 
type culture ( p M )  Inhibition Ref. 

1A 

1R 
2 

3 

7 

13 
14 
15 
16 
1 7  
19 
22 
24 
26 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
40 
41 
51 

HEL 

HeLa 
HEL 
HEL 
HEL 

HeLa 

HeLa 

HeLa 

WI-26 

WI-26 

WI-26 

WI-26 

WI-26 
WI-26 
WI-26 
WI-26 
WI-26 
WI-26 
HEL 
HEL 
HEL 
HEL 
HEL 
HEL 
HEL 
WI-26 
WI-26 
HEL 
HEL 
HEL 
HEL 
HEL 
HEL 
HEL 
HEL 

440 
220 
220 
200 
440 
440 
220 
220 
220 
220 
220 
220 
200 
200 
200 
200 
200 
220 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
2 0.0 
200 
200 
200 
200 

No 
Inconsistent 
NO 
No 
No 
No 
Inconsistent 
No 
Incoiisistcnt 
No 
Inconsistelit 
No 
No 
Partial 
No 
No 
No 
Inconsistent 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
NO 
No 

2 
7 
7 
8 
2 
2 
7 
7 
7 
7 
7 
7 
9 
9 
9 
9 
9 
7 

11 
11 
11 
11 
8 
8 
8 

10 
10 
11 
11 
11 
11 
11 
11 
11 
11 

the higher concentrations was also due in 
part to direct effect on the virus. No sharp 
break was observed in compound effect with 
increasing concentrations to suggest that a 
new mode of action such as cell poisoning 
had become predominant. Direct effect on 
the virus was also suggested by the fact that 
WI-38 cells exposed to 383 puM concentra- 
tions of D-HBB HCl supported the growth 
of a number of rhinovirus strains and that 
cells exposed to 574 JAM concentrations still 
supported growth of strains of types 1A and 
1B. Finally the preliminary results of plaque 

reduction experiments now in progress which 
allow testing at  noncytotoxic compound con- 
centrations provide direct evidence that the 
observed effect is virus-specific. 

The HBB antiviral activity for poliovirus 
has been attributed to interference with the 
synthesis of viral-induced RNA polymerase 
(4). If true for rhinoviruses, the present find- 
ings suggest that the viral-directed RNA poly- 
merases of class'ified rhinoviruses may be ho- 
mogenous in regard to D-HBB HCl suscepti- 
bility but that wide quantitative differences 
in this characteristic exist. 

Summary. Rhinogirus strains representa- 
tive of the 55 numbered serotypes and one 
subtype were tested in HeLa and WI-38 cell 
culture tubes for inhibition by 223 and 447 
@ concentrations of 2- (a-hydroxyben- 
zy1)-benzimidazole (HBB) and 77, 115, 192, 
383, and 574 f l  concentrations of 
D - ( - ) - 2 - ( a  - hydroxybenzyl) - benzimidazole 
HCl (D-HBB HCl). Half of strains tested 
showed sume inhibition at a 447 f l  concen- 
tration of HBB and strains of all types except 
1A and subtype 1B showed some degree of 
inhibition a t  a D-HBB HC1 concentration of 
574 p.M or less. An increasing proportion of 
strains were inhibited as test concentrations 
of the compounds were increased. Multiple 
strains of rhinovirus types 7 and 24 showed 
similar degrees of sensitivity to a 192 pM 
concentration of D-HBB HCl. Compara- 
tive testing of strains of 36 types vs a 192 
pM concentration of D-HBB HCI in WI- 
38 and HeLa cell culture tubes gave similar 
but not identical results. D-HBB HCI con- 
centrations of 574 and 383 JIM were toxic 
for cells. The behavior of viruses which are 
insensitive to HBB or D-HBB HCl at non- 
toxic concentrations, but show some sensitivity' 
a t  higher concentrations, is difficult to in- 
terpret because of the problem in separating 
virus-specific from toxic actions of the com- 
pounds. Indirect evidence for a virus-specific 
inhibitory effect is provided by the linear 
increase in the proportion of sensitive strains 
with increasing compound concentrations 
and by the growth of some rhinovirus strains 
in cells exposed to cytotoxic concentrations. 
Experiments now in progress with a more 
semi tive gradient plate plaque reduction 
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technique, using D-HB~B HCl concentra- 
tions below cytotoxic levels, support this 
hypothesis. These results suggest that rhino- 
viruses as a group show a wide range of 
sensitivity to these compounds but that 
most types share to some degree the character- 
istic of D-HBB * HCl sensitivity. 
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