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Summary 

Recurrent  herpes simplex labialis has proved to be a difficult disease to treat. 
Despite 25 years of clinical research with established antiviral substances, only small 
benefits from experimental therapies have been demonstrated. Progress has been 
slow, in part, because of the time-consuming nature of large, patient-initiated clin- 
ical trials. The dorsal cutaneous guinea pig model is a rapid and efficient means to 
identify topical antiviral formulations with clinical promise. The cumulative results 
of our studies with 19 different test treatments show that 8 were equal in efficacy 
to 5% aeyclovir ointment,  one was Worse and ten were better. Two of the treat- 
ments found to be better  than 5% acyclovir ointment have been studied clinically, 
with limited but encouraging results. Differences between the guinea pig model 
and the human illness mandate caution in predicting the degree of clinical efficacy 
from experimental  outcomes. An effective and conservative use of the model is to 
optimize the topical formulation of a single antiviral substance. 

Herpes simplex labialis; Test treatment;  Acyclovir; Guinea pig model 

Introduction 

A variety of animal models has been used to evaluate the efficacy of antiviral 
chemotherapy for the treatment of mucocutaneous herpes simplex virus (HSV) in- 
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fection. These models include infection of the dorsal cutaneous surface of the guinea 
pig (Hubler et al., 1974), the female guinea pig genitalia (Hsiung et al., 1984; 
Stanberry et al., 1982), the lumbosacral skin of the hairless mouse (Klein et al. 
1979; Lieberman et al., 1973), the lumbosacral skin of the athymic nude mouse 
(Descamps et al., 1979), the orofacial skin of CD-1 and hairless mice (Klein et al., 
1979; Park et al., 1979), and the ears of Swiss white mice (Hill et al., 1975). These 
models have been used to evaluate a wide variety of antiviral agents administered 
by the topical, oral, intramuscular or intraperitoneal routes. The virus type em- 
ployed has most commonly been HSV-1, with the exception of HSV-2 in the fe- 
male guinea pig genitalia model. 

Primary mucocutaneous human HSV infections and HSV infections in immu- 
nocompromised hosts are characterized by the formation of multiple and/or large 
lesions in the ulcer/soft crust stage and a prolonged course during which the dis- 
ease may progress in severity for several days or weeks before healing begins. In 
contrast, recurrent human HSV disease in immunocompetent hosts is a brief ill- 
ness of 7-10 days duration in which maximum lesion severity develops within hours 
after onset (Spruance et al., I977; Spruance and Wenerstrom, 1984). These char- 
acteristics necessitate that recurrent HSV infections be treated very early, well be- 
fore the epithelium ruptures. Therefore, penetration of the intact epithelium should 
be critical to the efficacy of topically administered antiviral substances. Based on 
these considerations, the predictive power of an animal model testing topical 
treatments for recurrent human HSV infections depends in part on the application 
of drug to intact skin. 

With regard to the skin as a barrier to topically administered drugs, there are 
several aspects of existing animal model systems that deserve comment. The pro- 
cess of virus inoculation into the skin of the experimental animal may alter the in- 
tegrity of the stratum corneum and create an abnormal percutaneous route of drug 
absorption, such as by needle scratches (Klein et al., 1979; Lieberman et al., 1973), 
thermal injury with a surgical cautery (Park et al., 1979), or injury produced by 
tape stripping of mouse ears (Hill et al., 1975). Likewise, preparation of the dorsal 
skin of guinea pigs has included shaving and chemical depilation (Alenius and O- 
berg, 1978; Hubler et al., 1974; Schaefer et al., 1977). Examination of the effect 
of these various procedures on the barrier function of the skin is essential to de- 
termine if the model tests the ability of antivirals to diffuse into undisrupted skin. 
In the female guinea pig genitalia model, topically applied drugs could be ab- 
sorbed across the introital, vaginal or peritoneal mucosa. Topical therapy in this 
model might lead to significant systemic drug levels and demonstration of efficacy 
does not necessarily prove direct drug penetration of the stratum corneum of ex- 
ternal cutaneous genital lesions. 

Development of the cutaneous HSV infection model in the guinea pig 

Teague and Goodpasture (1923, 1924) first showed that the skin of the guinea 
pig dorsum could be infected with HSV. Inoculation of the scarified skin with pus 
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from experimental  HSV keratitis (rabbits) resulted in lesions, but they were small 
and infrequent.  To increase the susceptibility of guinea pig skin to HSV infection, 
the skin was pre-treated with coal-tar. Infection could be then regularly produced 
by scarification, evolved into a zosteriform pattern, and commonly led to infection 
of the spinal ganglia, neurologic sequellae, and death. Tomlinson and MacCallum 
(1968) inoculated plucked dorsal guinea pig skin by 20 'pressures' with a triangular 
needle (vaccination technique) through a suspension containing 106 TCID/ml of 
HSV. Half  the animals developed hind leg paralysis. Modification of the proce- 
dure to include pre- treatment  with HSV immune serum prevented paralysis and 
did not interfere with the development  of viral skin lesions. 

In 1974, Hubler  and coworkers addressed the problem of an adequate animal 
model for cutaneous HSV infections. The authors pointed out that cutaneous in- 
fection with HSV in the several existing guinea pig, rat and murine models poorly 
represented human HSV disease because of death from systemic viremia or cen- 
tral nervous system infection in a high percentage of the animals. The depilated 
dorsal skin of the guinea pig was demarcated into 6-8 squares with a marking pen. 
A high titered HSV-1 stock (107 pfu/ml) was then applied to each square 0.02 ml 
and introduced into the skin with a 6-pronged (0.75 mm depth) spring-loaded vac- 
cination instrument (Sterneedle).  The procedure resulted in multiple vesicular le- 
sions which crusted and progressed to complete healing in 10-12 days, clinically 
similar to human cutaneous HSV disease. All of the animals survived. Virus stock 
containing less than 107 pfu/ml failed to consistently produce lesions and inocula- 
tion of previously infected animals resulted in abortive, rapidly healing lesions. This 
basic procedure for producing a uniform, non-fatal infection of guinea pig skin has 

Fig. 1. Appearance of untreated lesions at different times after inoculation of guinea pigs with HSV- 
1 by multiple punctures with a Sterneedle. A. Day 0, immediately after inoculation. B. Day 1, time of 

initiation of treatments. C. Day 4, time of assessment of effect of therapy. 
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been utilized by multiple investigators and has been referred to as the 'Hubler '  
model. 

Whereas Hubler  et al. (1974) preferred to concentrate the inoculation stabs in 
one area, we have found it advantageous to carefully space the stab wounds, in 
order  to be able to enumerate  the number of lesions developing and to minimize 
the trauma to the epithelium (Fig. 1). To this end, a higher titered virus inoculum 
was necessary (5-10 × 107 pfu/ml), which may be conveniently prepared by virus 
concentration with polyethylene glycol (Lancz, 1973). Selection of an effective vi- 
rus strain is also an important factor (Alenius and Oberg, 1978). The Sterneedle 
is no longer commercially available, but another vaccination instrument can be used 
(Mark 5 Multiple Puncture Apparatus,  Bignell Surgical Instruments, Ltd.,  Little- 
hampton,  West Sussex, BN175BN England). 

Fig. 2 illustrates the histology of an experimental cutaneous HSV-1 lesion, 72 h 
after inoculation of the skin. The infection primarily involved the epidermal layer 
with focal destruction of the epidermis, leukocytic infiltration of the epidermis and 
adjacent dermis, and cytologic changes in infected epidermal cells typical for HSV. 
While the 'stab' inoculation procedure with 0.75 mm vaccination prongs poten- 
tially may introduce virus deep into the skin, the primary impact of inoculation 
was to induce epidermal cell infection, histologically similar to a recurrent lesion 
of herpes labialis (Huff  et al., 1981). 

Schaefer et al. (1977) extended our understanding of the model by studies of the 
kinetics of HSV-1 replication and lesion development.  Virus in infected skin was 
quantified by excision of the infected area, homogenization and centrifugation of 
the excised tissue and inoculation of susceptible cell monolayers with serial dilu- 
tions of the supernatant.  The kinetics of clinical lesion development and titers of 
virus in the skin are shown in Fig. 3. Virus replication rose rapidly to near maxi- 
mal levels within 24 h after inoculation while the peak clinical lesion score oc- 
curred on day 5. These findings were confirmed (Alenius, 1980). Excised skin 
squares may be minced with scissors, suspended in media, and homogenized by 
shearing ( 'Tissuemizer' ,  Tekmar  Co., Cincinnati, OH)  (Spruance et al., 1984a). 
Alternatively, the whole skin can be placed in sterile plastic bags and pummeled 
for 2 rain in a Stomacher Lab Blender '80' (Tekmar Co, Cincinnati, OH) (N. Ellis, 
personal communication).  

Multiple infection sites on each animal in the guinea pig model simplifies large, 
concurrent  studies of several topical antiviral agents. Alenius and Oberg (1978) 
compared 12 different antiviral formulations and described additional features of 
the model important  for therapeutic trials. The variation in lesion severity be- 
tween different sites was small; the standard deviation of the mean lesion severity 
score for 402 infection sites was only 11% of the mean. The investigators also 

Fig. 2. Histology of dorsal cutaneous HSV-1 infection in the guinea pig. Infection was induced by 
standard procedures with the Sterneedle and the animal sacrificed 72 h after inoculation. The area of 
infected skin was excised, fixed in formalin and stained with hematoxylin and eosin. A. 21.5 ×, com- 
plete lesion. B. 86 ×, dermal-epidermal junction of lesion adjacent to normal epidermis. C. 430 ×, 

epidermal cells with characteristic cytopathic effects of HSV infection. 



300 

E 
o 
t , .  

n 

k-- 
z 
tu 
p- 
z 
O ¢j 

z 

I1: 

10 5 

I0 4 

10 3 

i0 2( 

I 0  I 

< 1 0  1 

I I 

/ 
/ ++ 

I I I I l l l l l  

X' \ \  
\ 

\ 
\ 

\ 

, 5 

0 

/ •  I i ! i i i | 1 i i i 

I 2 3 4 5 6 7 8 9 I0 II 12 

DAYS POST INFECTION 

v 
taJ 

O 

o~ 

z 
O 
m 
o') 
1.1.1 
. J  
tlJ ~9 

i1: 
I.u 

Fig. 3. T i m e  course  of  HSV-1  infect ion in the dorsal  cu t aneous  gu inea  pig mode l .  R e p r i n t e d  with per-  

mission f rom Schaefe r  et al. (1977) 

showed that variation in lesion severity among multiple infection sites in one an- 
imal was less than the variation in severity between infection sites in different an- 
imals (outbred guinea pigs). Therefore,  test agents were compared with vehicle 
control formulations at contralateral sites within the same animal. Control areas 
adjacent to areas treated with active substances were not influenced by the drug 
nor were there any differences between sites on one animal. 

In our experience with the model, we have observed a rostral-caudal gradient 
in lesion severity, more severe lesions developing on the rump than at higher lo- 
cations on the back (Spruance et al., 1984a). However,  drug efficacy (difference 
between active substance and contralateral vehicle control) appears to be inde- 
pendent  of position on the rostral-caudal axis. 

Evaluation of clinical lesion severity in the Hubler guinea pig model has been 
most commonly done by a lesion scoring system, assigning an incremental numeric 
value as lesions evolved in size and pathologic maturity (Alenius and Oberg, 1978; 
Schaefer et al., 1977). The total lesion experience was expressed by a plot of av- 
erage daily scores and time or by cumulative scores. This system takes all phases 
of the experimental  disease into account, but has the disadvantage of subjective 
lesion observations and arbitrary quantitative relationships between disease stages. 
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An alternative method has been to measure lesions once at the point of maximum 
severity, 4 days after infection, by counting the number of lesions; measuring le- 
sion diameter with the aid of Polaroid photographs and a calibrated magnifying 
lens; and calculating the total lesion area. The same lesions were then excised for 
virus quantitation (Spruance et al., 1984a). This procedure is quantitative and ob- 
jective; permits a direct correlation of the clinical and virologic outcomes; and 
evaluates the ability of a test agent to affect maximum lesion severity. The dis- 
advantage is a lack of information about the impact of treatment on healing. 

Barrier function and biochemistry of guinea pig skin 

In 1982, we reported the results of a large, multicenter trial of 5% acyclovir 
(ACV) ointment for recurrent herpes labialis in which there was no clinical benefit 
from treatment  (Spruance et al., 1982). When we investigated the several factors 
that might have contributed to this failure, we found there was little information 
in the literature on the penetration of antiviral compounds through skin. Herpes 
labialis occurs on the cutaneous side of the lips or on the hairless vermillion bor- 
der. The surface of the vermillion border  is epidermis characterized by a promi- 
nent granular layer, an identifiable stratum lucidum, and a slightly thickened stra- 
tum corneum. At the point of labial apposition, the epithelium becomes abruptly 
non-keratinizing oral mucosa (Dimond and Montagna, 1976). Studies in our lab- 
oratory showed that the in vitro penetration of ACV from ointment formulation 
through excised guinea pig skin was slight (Spruance et al., 1984a). To examine 
the in vivo implications of this observation, the Hubler  guinea pig model was cho- 
sen because the inoculation process, by multiple needle puncture, appeared to be 
minimally traumatic to the skin and would likely not create an artificial route of 
entry through the skin for a topically applied substance. A protocol of brief, early 
t reatment  was designed, primarily during the erythema and papular stages of the 
infection, comparable to treatment of the early stages of herpes labialis when the 
skin is unbroken.  When administered by this protocol,  ACV ointment was only of 
minor benefit against experimental HSV-1 infection. When ACV was delivered 
through the skin by formulation in dimethyl sulfoxide (DMSO),  markedly im- 
proved results were obtained (Spruance et al., 1984a). The results suggested that 
poor  skin penetration was a factor in the failure of ACV ointment for the treat- 
ment of herpes labialis, and that improvements in the formulation of this antiviral 
agent might be associated with greater clinical success. 

Because of our desire to have an experimental animal model which tested the 
ability of an antiviral agent to penetrate into the skin, we examined the effect of 
our guinea pig skin preparation procedures and our method of virus inoculation 
on the in vitro skin penetrat ion of ACV (Spruance et al., 1984a). Chemical de- 
pilation is known to increase skin permeability (Wahlberg, 1972). However,  treat- 
ment in our model system was begun 24 h after depilation and inoculation, allow- 
ing time for the skin to recover. As shown below in Table 1, the permeability 
coefficient (Kp) for ACV 24 h after depilation (Expt. 2) was the same as control 
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Table 1 

Effect of skin trauma on the permeability coefficient (Kp) for ACV from 0.5% solution in DMSO for 
guinea pig skin in double-chambered glass diffusion cells, adapted from Spruance et al. (1984a) 

Experiment Skin Time interval between Determinations (N) Kp 
No. condition procedure and collec- (cm/h X 10 3) 

tion of skin 

1 Control skin" 0 4 1.47 -+ 0.95 b 
2 Depilatory 24 2 1.15 -+ 0.67 
3 Depilatory 24 2 1.40 -+ 0.48 

and punctured 

aClose-clipped with electric shears. 
bMean -+ standard deviation. 

skin.  S imi la r ly ,  24 h af te r  bo th  dep i l a t ion  and  m o c k  infec t ion  (Expt .  3), Kp was 
unchanged .  

The  abi l i ty  of  drugs  to diffuse t h rough  the  skin would  be less cri t ical  if the  bar-  
r ier  p r o p e r t i e s  of  the  s t r a t um c o r n e u m  were  a l t e red  by the process  of  infect ion.  
To e x a m i n e  this ques t ion ,  F r e e m a n  and  Sp ruance  (1986) excised infec ted  gu inea  
pig skin when  the  infec t ions  were  24 and  72 h o ld  and c o m p a r e d  the p e n e t r a t i o n  
of  A C V  th rough  these  in fec ted  skin spec imens  with the  p e n e t r a t i o n  of  A C V  
t h r o u g h  un in fec t ed  con t ro l  skin.  The  resul ts  a re  shown in Tab le  2. The  da ta  in- 
d i ca t ed  tha t  no m a j o r  inc rease  in skin p e r m e a b i l i t y  cou ld  be  a t t r i bu t ed  to ear ly  
H S V  infect ion .  Er i c son  et  al. (1985) found  a 4 3 - 5 9 %  increase  in p e r m e a b i l i t y  with 
mock  infec t ion  and  an 85 -134% increase  with HSV-1  infec ted  gu inea  pig skin us- 
ing the  nuc leos ides  (R) -9 - [3 ,4 -d ihydroxybu ty l ]guan ine  and 9- [4-hydroxybu-  
ty l ]guan ine  as p e n e t r a n t s .  The  r eason  for  these  di f fer ing resul ts  is unclear .  

S tud ies  with A C V  and  idoxur id ine  ( I D U )  in d i f ferent  vehicles  have  shown the 
po t en t i a l  range  of  t r a n s c u t a n e o u s  d rug  de l ive ry  for  ant iv i ra l  nuc leos ides  and  the 

Table 2 

Effect of HSV-1 infection on the penetration of ACV through guinea pig skin in single-chambered glass 
diffusion cells from 5% ointment and cream formulations, adapted from Freeman and Spruance (1986) 

Drug No. of Control skin ACV penetration (p~g/cm2/h) 
vehicle experiments Skin infected 

24 h 72 h 

Polyethylene 3 0.07 m0.01 a 0.07 -+ 0.02 
glycol 
Polyethylene 3 0.06 _+ 0.01 
glycol 

0.06 -+ 0.01 

Aqueous 6 0.38 _+ 0.05 0.45 _+ 0.04 
cream 
Aqueous 6 0.63 -+ 0.06 
cream 

0.71 -+ 0.13 

" Mean +- standard error of the mean. 
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Table 3 

Penetration of ACV and IDU from different vehicles through human and guinea pig skin in vitro, 
adapted from Freeman et al. (1986) 

Drug Drug vehicle Drug penetration (~g/cm2/h) 

Human skin Guinea pig skin 

5% ACV Polyethylene glycol 0.06 ± 0.04* 0.05 ± 0.01 
Aqueous cream 0.42 ± 0.05 0.36 ± 0.12 
95% DMSO 3.31 ± 0.79 4.10 ± 0.26 

5% IDU Polyethylene glycol 0.01 ± 0.001 0.23 ± 0.01 
Aqueous cream 0.36 ± 0.01 0.17 ± 0.05 
95% DMSO 10.39 ± 1.08 3.69 ± 0.33 

* Mean ± standard error of the mean, n = 3-5. 

dependence of drug flux on the vehicle (Table 3). The vehicle influence affected 
A C V  and I D U  to the same degree and could be demonstra ted with both human 
and guinea pig skin (Freeman et al., 1986). Drug efficacy in the Hubler  guinea pig 
model  has been shown to correlate with the degree of skin penetrat ion,  whether  
determined in vitro in glass diffusion chambers  (Freeman and Spruance, 1986) or 
in vivo by measurement  of I D U  concentrations in tape strippings of the stratum 
corneum (Sheth et al., 1987). 

High concentrat ions of thymidine have been found in guinea pig skin (20 IxM) 
and much lower amounts  in human skin (0.5 I~M ) (Harmenberg  et al., 1985). This 
natural enzyme substrate can antagonize the antiviral activity of nucleoside ana- 
logues in cell cultures (Harmenberg ,  1983; Larsson et al., 1983). H B G  was inac- 
tive in the dorsal cutaneous guinea pig model despite good activity against HSV- 
1 in cell culture and evidence of adequate  skin penetrat ion,  leading to the conclu- 
sion that the lack of in vivo activity was due to competi t ion from endogenous thy- 
midine (Ericson et al., 1985). Biochemical and pharmacokinet ic  factors important  
to understanding the efficacy of anti-herpesvirus agents in animal models were re- 
cently well-reviewed in this journal (Da tema et al., 1987). 

Effect of virus type and strain, drug dosage and route of administration on the ef- 
ficacy of test agents 

The dorsal cutaneous guinea pig model  has been used to study t rea tment  of in- 
fections by more  than one HSV type or strain. HSV-1 strain CS and HSV-1 strain 
E l l 5 ,  the former  ten times more  sensitive to inhibition by recombinant  interferon- 
alpha A in human foreskin fibroblast monolayers ,  were used to infect guinea pigs 
and the in vivo efficacy of topical recombinant  interferon-alpha A against the two 
strains was compared.  There  was no significant difference in drug efficacy (Free- 
man et al., 1987). We concluded that either the in vitro inhibitory activity of  in- 
terferon was not an accurate measure  of the activity of interferon in the guinea 
pig; or the activity of interferon administered topically in the guinea pig was so 
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Table 4 

Effects of topical therapy with 5% BVDU in DMSO on experimental cutaneous HSV-1 and HSV-2 
infections of guinea pigs 

HSV Therapy a No. of 
type lesions 

Percent Lesion area Percent Lesion virus ti-Percent 
reduction (mm 2) reduction ter reduction 
by BVDU by BVDU (loglo/pfu/ml) by BVDU 
compared compared compared to 
to vehicle to vehicle vehicle con- 
control control trol 

1 DMSO 40 -+ 6 b 189 ± 51 3.0 -+ 0.8 
BVDU 17 -+ 6 58 ¢ 68 -+ 32 64 2.1 -+ 1.1 87 

2 DMSO 50 -+ 6 280 -+ 51 4.3 + 0.2 
BVDU 41 -+ 8 18 195 -+ 47 30 3.8 +- 0.4 68 

a Each active formulation was compared with its vehicle control 10 times. 
b Mean -+ standard deviation. 
¢ All drug vs. drug vehicle differences were statistically significant. In addition, the degree of drug ef- 
ficacy with HSV-1 was significantly greater than with HSV-2 P<0.01 for all measures). 

negligible that differences between viral strains in sensitivity to interferon could 
not be manifested. Alenius et al. (1982) infected guinea pigs with two HSV-1 strains 
differing 2-fold in their in vitro sensitivity to ACV, and treated both infections 
topically with 5% ACV ointment. A reduction in lesion severity was accomplished 
only for infection by the more sensitive strain. We inoculated guinea pigs intra- 
cutaneously with either HSV-1 strain El15 or HSV-2 strain MS, the former 650- 
fold more sensitive to (E)-5-(2-bromovinyl)-2'-deoxyuridine (BVDU) by plaque 
reduction assay (IDs0 0.008 vs. 5.2 p.g/ml) (Freeman et al., 1985; E. Kern, per- 
sonal communication). The infections were treated 4 times a day for three days 
beginning 24 h after inoculation with topical 5% BVDU in DMSO. As shown in 
Table 4, both infections improved with treatment, but a significantly greater ther- 
apeutic effect was seen with HSV-1 disease. Neither topical 10% BVDU in DMSO 
or systemic (ip) BVDU could be shown to reduce the mortality from cutaneous 
HSV-2 infection in hairless mice (De Clercq, 1984; De Clercq and Zhang, 1981). 

Doseage schemes have a marked effect on the outcome of treatment in the dor- 
sal cutaneous guinea pig model. When topical treatment of HSV-1 infections was 
begun 48 h after inoculation, twice daily 10% IDU in DMSO was ineffective 
(Alenius and Oberg, 1978) while treatment 4 times a day with 3% ACV in DMSO 
was active (Alenius et al., 1982). When begun 24 h after inoculation, twice daily 
3% IDU in DMSO was markedly effective (Sheth et al., 1987). Beginning oral 
ACV treatment (drinking water) immediately after inoculation did not improve the 
efficacy compared to therapy initiated 24 h post-infection (Table 5). In contrast, 
the activity of systemic (im) interferon in the model, measured by percent reduc- 
tion in total lesion area, was 85, 58 and 11%, respectively, for treatment begun 
-24,  + 0.5, and +24 hours in relation to inoculation (Freeman et al., 1987). The 
relationship of efficacy to frequency of administration has been examined for three 
formulations of IDU in DMSO administered 1, 2, 3, or 4 times a day. For each of 
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Table 5 

Effects of oral acyclovir therapy on experimental cutaneous HSV-1 infection of guinea pigs 

Therapy a No. of Percent Lesion area Percent Lesion virus ti-Percent 
lesions reduction (mm 2) reduction ter reduction 

by ACV by ACV (loglopfu/ml) by ACV 
compared compared compared to 
to control to control control 

Plain drinking 49 ± 5 b 254 ± 42 4.9 ± 0.3 
water 

ACV in drinking 50 - 5 -2 176 - 28 31c 4.1 ± 0.5 84 c 
water 

aTen animals received 5 mgs/ml ACV in the drinking water, beginning 24 h after infection with HSV- 
1, and 10 control animals took plain water. The results were the same when treatment was begun im- 
mediately after inoculation (data not shown). 
b Mean - standard deviation. 
c Significantly different from control value (rank sum test, P <0.01), 

the three formulations,  efficacy reached a plateau at a dosing frequency of 3 times 
a day (Sheth et al., 1987). 

Compar ison of the activity of an antiviral agent in the guinea pig model when 
given by different routes of administration has enhanced our ability to interpret  
the results of topical therapy, Combined studies of systemic (im) and topical in- 
terferon in the model  demonst ra ted  that this antiviral substance was effective sys- 
temic therapy but too big a molecule for topical administration (Freeman et al., 
1987). Because of the widespread use of A C V  capsules for the t rea tment  of HSV 
infections, including two recent clinical trials in recurrent herpes labialis (Raborn  
et al., 1987; Spruance et al., 1986b), it was of interest for us to study oral A C V  
therapy in the guinea pig model  and compare  efficacy with the topical A C V  treat- 
ments.  At tempts  to administer A C V  to guinea pigs by intermittent gavage led to 
variable and unpredictable blood levels (S.L. Spruance, unpublished data). There-  
fore,  A C V  was administered in the animals '  water bottles as a 5 mg/ml solution, 
a procedure  which results in blood levels of ACV in the guinea pig comparable  to 
peak  serum levels in human subjects following ingestion of a 200 mg capsule (Ellis 
and Barry,  1985). Trea tment  was begun 24 h after infection. The results of the ex- 
per iment  are shown in Table 5. Animals receiving A C V  in drinking water  had sig- 
nificantly lower total lesion area (31% reduction) and lesion virus titers (84% re- 
duction) compared  to control animals. The efficacy of A C V  by the oral route of 
administration was slightly more  than that which we have seen by topical therapy 
with 5% A C V  ointment  in the model (greater  reduction in lesion virus titers); 
comparable  to the efficacy of 5% A C V  cream; and considerably less than the ef- 
ficacy of topical 5% A C V  in DMSO (Table 6). The similarity between the efficacy 
of oral A C V  and A C V  cream in the model is of interest since these preparat ions 
have both had small positive effects on the severity of recurrent herpes labialis 
(Spruance,  1988). Since enhanced delivery of A C V  by formulation in DMSO is 
associated with better therapeutic efficacy in the model, increased delivery of ACV 
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by the oral or topical route is a logical means to pursue a better treatment for herpes 
labialis. 

Evaluation of antiviral substances for use against recurrent herpes labialis by com- 
parison with ACV ointment in the guinea pig model 

Numerous investigators have used the cutaneous guinea pig model to screen test 
compounds for in vivo antiviral efficacy (Alenius, 1980; Alenius and Oberg, 1978; 
Alenius et al., 1982; Amtmann et al., 1985; Burkhardt  and Wigand, 1983; Collins 
and Oliver, 1982; Ericson et al., 1985; Freeman et al., 1985, 1987; Oill et al., 1978; 
Park et al., 1980; Schaefer et al., 1977; Shipman et al., 1986; Spruance et al., 
1984a,b, 1985, 1986a; Tomlinson and MacCallum, 1968). Table 6 summarizes our 
t reatment  studies of multiple topically administered antivirals in different drug ve- 
hicles. The results of ten experiments with 12 different antivirals and 19 different 
topical formulations are reported. For trifluorothymidine (TFT) and interferon, 
only the formulation that produced maximum efficacy in the model is shown from 
among 3 and 5 formulations tested, respectively (Freeman et al., 1987; Spruance 
et al., 1985). The results are expressed as the percent reduction in lesion severity 
measures by the test t reatment compared to vehicle-treated infection sites. All 
studies included 5% ACV ointment (Zovirax Ointment, Burroughs-Wellcome Co.) 
as a concurrent  control therapy since the lack of efficacy of this product against 
herpes labialis is known ((Spruance, 1988). An asterisk marks the instances when 
the efficacy of the test t reatment was significantly greater than ACV ointment. 

A wide variety of outcomes was observed. In experiments nos. 1-5, the nucleo- 
side antivirals, when formulated in DMSO to enhance drug delivery, reduced le- 
sion area 53-81%, superior to the effect on area by nucleosides in aqueous creams 
(31-44%). Aqueous cream formulations of BVDU and ACV, in turn, were more 
effective than 5% ACV ointment, although these differences were less pro- 
nounced. 

For each experiment,  three measures of lesion severity were used to assess drug 
effect: lesion number,  lesion area and lesion virus titer. The measures were af- 
fected by drug therapy in the following order: virus titer > lesion area > number 
of lesions. The greater effect of treatment on lesion area compared to number of 
lesions reflects a regular reduction in the size of lesions by active compounds. The 
finding that lesion virus titers were affected to the largest degree supports the con- 
tention that the antiviral activity of the test compounds was responsible for the 
clinical benefits. Using 48 data points from experiment no. 4, we found a signifi- 
cant correlation between reduction in total area and reduction in lesion virus titer 
(R--0.61, and P<.001) .  

Some drug vehicles alone can influence the course of experimental cutaneous 
HSV-1 infection in the guinea pig. DMSO has anti-inflammatory activity, in part 
as a scavenger of hydroxyl radicals and inhibitor of polymorphonuclear leukocyte 
function (Fox and Fox, 1983; Repine et al., 1983), and is licensed for the treat- 
ment of interstitial cystitis (Sant, 1987). We infected 12 guinea pigs at two sites on 
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the dorsum with HSV-1, treated one site with 95% DMSO 4 times a day for three 
days beginning 24 h after inoculation, while the contralateral site on each animal 
was untreated. In comparison to the untreated site, DMSO reduced the median 
number of lesions 37% (P=0.002), the median lesion area 62% (P=0.002), and 
the median lesion virus titer 46% (P= 0.12). Alenius et al. (1982) found no sig- 
nificant difference either between titers of HSV-1 in untreated and DMSO-treated 
guinea pig skin. Azone has been reported to be virucidal (Leonard et al., 1987) 
but does not appear to have antiviral activity in vivo (Spruance et al., 1984b). Po- 
lyethylene glycol (PEG) does not effect clinical lesion severity or lesion virus titers 
in the guinea pig (Spruance and Wenerstrom, 1984). 

Discussion 

The dorsal cutaneous guinea pig model has several important advantages as a 
screening procedure for antiviral treatments of recurrent herpes labialis or other 
cutaneous HSV infections. First, the infection is easy to initiate and infection sites 
of comparable severity on the same or different animals are readily produced. As 
a result of the small variance encountered, relatively few animals are necessary to 
perform a treatment study. As many as six infection sites can be utilized on one 
animal. All animals are available for evaluation since the infection is mild and does 
not lead to complications or mortality. Discreet lesions develop which can be readily 
quantitated, both clinically and virologically. The evolution of lesion stages par- 
allels herpes labialis, going through erythema, papule, vesicle and hard crust, to 
lesion healing. Importantly, during the erythema/papule stages, we have demon- 
strated in our laboratory that the barrier function of infected guinea pig skin is 
comparable to control skin. Thus, our experimental infection model, exogenously 
and traumatically derived, in contrast to recurrent herpes labialis, nevertheless 
maintains a normal physiologic impediment to antiviral penetration, a necessary 
test for candidate therapies of recurrent HSV infections developing endogenously 
within keratinized epidermal surfaces. While no animal skin perfectly models hu- 
man skin, we have found reasonable comparability among three nucleoside anti- 
virals (ACV, IDU, ITT) for which concurrent drug diffusion studies in human and 
guinea pig skin have been performed (Freeman et al., 1986; Spruance et al., 1984b). 

There are also important differences between the model and recurrent herpes 
labialis. Guinea pig skin has a high concentration of thymidine, and this factor 
should be considered in evaluating experimental results in the model with com- 
pounds whose anti-herpesvirus activity in vitro is antagonized by this natural sub- 
strate (Harmenberg, 1983; Larsson et al., 1983). The experimental animal disease 
is a primary infection. The guinea pig has a natural, although as yet undefined, 
resistance to primary infection in the dorsal skin (when inoculated by shallow stab 
wounds) which usually limits the experimental infection to a brief illness. Seeding 
of the dorsal neural ganglia has not been reported, nor spontaneous recurrences, 
nor could lesions be reactivated on the dorsum of previously infected animals by 
exposure to ultraviolet light (S.L. Spruance, unpublished data). However, the 
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gradual progression of lesions in the guinea pig to maximum severity 4-6 days after 
inoculation is still much slower than the evolution of herpes labialis, where mul- 
tifocal inoculation of the skin and a rapid secondary immune response result in 
maximum lesion severity within 24 h after onset (Spruance et al., 1977; Spruance 
and Wenerstrom, 1984). Thus, treatment of the progressive lesion stages, the log- 
ical target of antiviral chemotherapy, is easily accomplished in the animal model 
but only with difficulty in the human disease. In addition, lesion pathology is the 
result of two processes: viral-directed cytolysis and the host inflammatory response 
to viral antigens. Data from a human model of experimental ultraviolet light-in- 
duced herpes labialis has suggested that the inflammatory response can be the pre- 
dominant factor in some lesions, which creates further difficulties for antiviral sub- 
stances in the treatment of this illness (McKeough et al., 1988). In summary, 
antiviral agents have more time to act in the guinea pig and will be far more ef- 
fective in the model than one should anticipate in recurrent human HSV disease. 
This 'sensitivity' of the model to therapy can be advantageous when the efficacy 
of different antivirals or formulations are compared. 

To estimate the potential of test compounds for the treatment of herpes labialis, 
we have evaluated each agent relative to ACV ointment, a preparation which has 
received extensive clinical evaluation against the human disease, with essentially 
negative results (Spruance, 1988). By the criteria of a statistically significant dif- 
ference for at least one lesion measure and a trend toward superior effect in the 
other measures, 10 of 17 new treatments tested were better than ACV ointment, 
eight were similar and one was inferior. Two of the 10 superior formulations (ACV 
cream and PFA cream) have received evaluation in human trials against herpes 
labialis, and evidence of a small clinical benefit has been noted for each (Spru- 
ance, 1988). 

The degree of clinical benefit achievable in recurrent herpes labialis is a moot 
question at this point. The limited results with oral acyclovir against this disease 
in normal, non-immunosuppressed subjects should caution us not to anticipate large 
gains from antiviral therapy (Raborn et al., 1987; Spruance et al., 1986b). How- 
ever, in light of the moderate results with oral acyclovir in the present animal model 
and the existence of other treatment modalities more successful in the guinea pig 
than oral acyclovir, we are inclined to withhold final judgement on the treatment 
of herpes labialis until more potent treatments have received clinical evaluation. 
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