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The present study aimed to examine the impact of Ricinus communis and valacyclovir (VACV) on the pro-
gression of skin lesions and pain responses in mice infected with herpes simplex virus type 1 (HSV-1). Mice
were infected with HSV-1 and treated with R. communis (8, 16, or 48 mg/kg) or VACV (8, 25, or 90 mg/kg)
twice daily on days 2—8 post-infection. Skin lesion development and pain-associated reactions were assessed
27 days after infection. HSV-1 infection results in zosteriform skin lesions and increased pain-related scores.
Both R. communis and VACV demonstrated a dose-dependent reduction in skin lesions and pain-related
ratings. The investigation also assessed the impact of the timing of R. communis and VACV administration
on skin lesions and pain responses and found that lesion scores were significantly reduced when R. communis
treatment was initiated on day 2 post-infection. Additionally, the inhibitory effects of R. communis and VACV
on HSV-1 dissemination in the dorsal root ganglia (DRG) were studied. They showed a significant reduction
in HSV-1 DNA replication number after the administration of both drugs. This study aimed to investigate the
impact of R. communis and VACV on the expressed mRNA levels of pain-associated factors in the spinal
cord of HSV-1-infected mice. The findings of this study demonstrated that R. communis therapy exhibited an
inhibitory effect on pain-related factors. Overall, these findings suggest R. communis may have the potential

to serve as a therapeutic agent for managing skin damage and pain-related responses caused by HSV-1.
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1. Introduction

Herpes Simplex Virus (HSV) can arise from either type
1 (HSV-1) or type 2 (HSV-2). HSV-1 is an exceedingly
transmissible virus that exhibits a global prevalence. [1,
2]. The transmission of this condition commonly occurs
through the exchange of contaminated oral secretions, and
it has the potential to result in more serious sequelae, inclu-
ding keratitis, encephalitis, or gingivostomatitis diseases.
Opportunistic infections caused by the herpes simplex
virus (HSV) have the potential to give rise to a range of
cancers. In recent times, a number of synthetic nucleoside
analogues have emerged. In recent times, certain synthetic
nucleoside analogs [3] have been utilized as medications
for combating herpes infections during the early phases.
Nevertheless, it has been observed that they can facilitate
the emergence of drug-resistant variants, especially among
individuals with impaired immune systems. [4—6]. Hence,
an increasing demand exists for the exploration of novel
antiviral agents. Plant-derived pure chemicals have exhi-
bited antiviral properties against the herpes simplex virus
(HSV). The disclosed mechanism of action entails the
inhibition of viral replication or viral genome synthesis.

Herpes simplex virus type 1 (HSV-1), like numerous other
viruses, employs glycosaminoglycans (GAGs) as the pri-
mary receptors for initial attachment when infecting host
cells. The targeting of HSV-1 glycoproteins that interact
with GAGs by polyphenols has been demonstrated, resul-
ting in the prevention of their connection with cell sur-
face GAGs and subsequent binding to receptors. The inhi-
bitory impact has been observed in various contexts: (1)
in cell-free viruses, (2) in the process of viral attachment
and fusion, and (3) in the propagation of HSV-1 through
intercellular junctions, which is facilitated by glycopro-
teins. [7-9]. Antiviral activity associated phytochemicals
against HSV include alkaloids [11], flavonoids [10], sapo-
nins [12], quinones [14], terpenes [13], polysaccharides
[13], lignans [15], tannins [16], steroidal glycosides [18],
thiosulfinates [17], and proanthocyanidins [19].

Herpes zoster, a dermatological condition caused by
the reactivation of the latent varicella-zoster virus (VZV)
in sensory ganglia, is a viral skin illness [20. Acute her-
petic pain (AHP) is a common symptom of herpes sim-
plex virus infection, which manifests mostly as a vesicular
rash with a unilateral dermatomal pattern [21,22] The pain
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from a vesicular rash can sometimes linger for months or
even years after the rash itself has healed. Postherpetic
neuralgia (PHN) is a distressing ailment that is very com-
mon and difficult to manage in the elderly population, who
often have more severe cases of herpes zoster as a result of
their age [23, 24]. Peripheral neuropathy (PHN) has been
found to have a negative impact on the overall quality
of life and functional capacities of those affected by this
condition. Common symptoms associated with PHN in-
clude exhaustion, lack of appetite, weight loss, decreased
mobility, physical inactivity, and disruptions in sleep pat-
terns [25]. The development of small-animal models that
accurately replicate productive infections has been hin-
dered by the high species-specificity of VZV, which only
targets humans [26, 27]. Takasaki et al [27, 28] effectively
developed a murine model of acute herpetic pain (AHP)
and postherpetic neuralgia (PHN) by employing herpes
simplex viruses (HSV-1; Alpha-herpesviridae) alongside
varicella-zoster virus (VZV). The percutaneous intro-
duction of HSV-1 led to the development of skin lesions
resembling herpes zoster within the specific area of skin
where the inoculation occurred. These lesions were fol-
lowed by pain-related reactions, including acute herpetic
discomfort. Despite the resolution of skin lesions, the mice
in question persisted in exhibiting pain-related behaviors
that resembled those observed in postherpetic neuralgia
(PHN) [27, 29]. The present study aimed to examine the
impact of R. communis and valaciclovir (VACV) on the
advancement of cutaneous lesions and pain-associated
reactions in mice infected with herpes simplex virus type
1 (HSV-1). Our study revealed that the administration of
both R. communis and VACV at varying doses resulted in
a significant reduction in skin lesion ratings and a notable
alleviation of pain-associated reactions.

2. Materials and methods
2.1. Observe the antiviral medications

The delivery of antiviral medications involved the sus-
pension of R. communis, an Egyptian plant, in a 0.60%
(w/v) solution of Methyl Cellulose 350 obtained from
the National Institute of Health (NIH) in Pakistan. This
suspension was then enriched with 1% (w/v) Tween 80
obtained from the Laboratory Scientific Supplies (Private)
Limited Karachi Branch, Pakistan. VACV obtained from
Fujifilm Wako Pure Chemical Corporation was dispersed
in a 0.70% (w/v) Methyl Cellulose 350 solution. The pres-
cribed dose volume was 10 mL/kg body weight, and the
experimental drugs were administered orally twice daily
for 6 days. Pharmaceuticals were administered 2, 4, or 6
days after HSV-1 infection. For specific details on the ad-
ministration schedule for each trial, please refer to Figures
1A and 3A.

2.2. The Intersection of Animals and Ethics

Male albino mice, 6 weeks old at the beginning of the
experiment and weighing between 14 and 19 g during the
trial, were obtained from the National Institute of Health
(NIH) in Pakistan. These mice were group-housed with
six mice per cage and subjected to behavioral experiments
in an environment that maintained a controlled tempera-
ture (19-25°C) and humidity (40%—-60%). The lighting
schedule was set from 8:00 a.m. to 9:00 p.m. and the mice
had unrestricted access to food and water. This study was
conducted in compliance with the ARRIVE guidelines

and should be carried out in accordance with the U.K.
Animals (Scientific Procedures) Act, 1986 and associated
guidelines, EU Directive 2010/63/EU for animal experi-
ments, or the National Institutes of Health guide for the
care and use of Laboratory animals (NIH Publications No.
8023, revised 1978). The Experimental Ethics Commit-
tee approved this study, and all procedures were carried
out in strict accordance with the "Guiding Principles for
the Care and Use of Animals in the Field of Physiological
Sciences" established by the National Institute of Health
(NIH) in Pakistan. This study was approved by the Animal
Care Committee of the National Institute of Health (NIH),
Pakistan. Every possible effort was made to minimize ani-
mal suffering and to reduce the number of animals used in
the study.

2.3. Herpes Simplex Virus Type 1 (HSV-1) Infection

The mice were subjected to HSV-1 infection in accor-
dance with a previously established technique [9,10]. The
subjects were administered sodium pentobarbital (69 mg/
kg, intraperitoneally) for anesthesia (Haisco Pharmaceu-
tical Group Co., Ltd.China). The caudal back, flank, and
hind limbs were prepared for the experiment by shaving
and depilating using a chemical depilatory (Guangzhou
Biying Cosmetics Co., Ltd. China). After a period of three
days, the epidermis of the right shin was subjected to
abrasion using a 27-gauge needle. Following this, a 10-
mL suspension of HSV-1 (7401H strain, containing 1 x
106 plaque-forming units) was administered to the affec-
ted area. The rear paw on the other side of the body did
not become infected, and a sham procedure was perfor-
med using HSV-1 that had been rendered inactive through
exposure to heat at a temperature of 60°C for a duration of
1 hour [9]. The evaluation of the intensity of skin lesions
was conducted in the following manner: The scoring sys-
tem for the presence of lesions is as follows: 0 indicates
the absence of any lesions, 2 indicates the presence of one
or two vesicles on the back, and 4 indicates the presence
of multiple vesicles either on the back, around the infected
area, or both. At a severity level of 6, individuals exhibit
mild herpes zoster-like lesions. At a severity level of §,
they display evident zoster-like lesions, along with paw
inflammation or a combination of both. Finally, at a seve-
rity level of 10, individuals experience severe zoster-like
lesions [9, 10].

2.4. AHP and PHP Evaluation

After a minimum acclimatization period of 30 min, the
plantar hind paw was subjected to a gentle stroking motion
using a paintbrush [Artetje Brush Camlon Pro Plata 630
#4/0 Round; AMS Artist Materials Inc., Kurashiki, Japan]
through the Amazon. Prior to the experiment, the hair on
the brush was cut, leaving approximately 10 pieces of hair
intact [10]. The rankings of responses to stroking stimu-
lation were as follows: the scoring system for assessing
the response and movement of the stimulated paw was as
follows:0 indicates no observable response or movement;
1 indicates the elevation of the stimulated paw towards the
abdomen; and 2 indicates the occurrence of flinching or
licking of the stimulated hind paw. The stimulation was
applied six times, with each instance separated by seve-
ral seconds. The pain-related scores from day 4 to day 16
post-infection (pi), or from day 18 to day 27 pi, were desi-
gnated as AHP and PHP, respectively. This classification
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was based on the observation that the skin lesion score
reached its highest point around day 9 pi, and gradually
decreased by day 18 in mice infected with HSV-1.

2.5. Histopathological analysis

On the 30th day after infection, the mice were subjec-
ted to anesthesia with a dosage of 70 mg/kg of sodium
pentobarbital. Subsequently, they were permeated via the
heart with a 4% paraformaldehyde phosphate buffer so-
lution (Fujifilm Wako Pure Chemical Corporation). Fol-
lowing perfusion fixation, the excision of the dorsal root
ganglion (DRGs) at the level of 1.5 and the placed level of
spinal cord (SC) at the L5 was performed. Subsequently,
both sets of samples were immersed in paraffin and divi-
ded into 2-mm slices. All these sections were subjected
to staining using hematoxylin and eosin. (Sakura Finetek
Japan Co., Ltd., Tokyo, Japan) and produce the images at
x100 magnification with the help of the cellSens imaging
software (Olympus Corporation, Tokyo, Japan).

2.6. HSV-1 DNA Copy Levels in Dorsal Root Ganglia
(DRGs)

DNA was collected from the ipsilateral dorsal root
ganglia (DRGs) located at the L4-L6 spinal levels of mice
infected with HSV-1 on days 4 and 8 post-infection (pi).
The extraction was performed using a QIAamp DNA Mini
Kit manufactured by Qiagen, a company based in Hilden,
Germany. The research team used quantitative polymerase
chain reaction (qQPCR) experiments in order to quantify
the copy number of herpes simplex virus type 1 (HSV-1)
DNA. These assays were carried out according to a pro-
cedure that had been previously documented [31]. The
forward primer (GbTypF: 5'-cgcatcaagaccacctcctc-3'), re-
verse primer (HSV1 and 2-R: 5'-agcttgegggectegtt-3'), and
probe (HSVI1-probe: 5'-cggaacatatcgttgacatgge-3') were
employed in accordance with the established methodo-
logy. [31]. The qPCR experiment was conducted using the
Step-One-Plus Real-Time PCR instrument manufactured
by Thermo Fisher Scientific Inc. The cycling conditions
for the experiment conducted in Massachusetts, USA were
as follows: an initial incubation period of 2 minutes at a
temperature of 50°C, followed by denaturation at 95°C for
a duration of 10 minutes. This was succeeded by a series of
45 cycles, each consisting of denaturation at 95°C for 15
seconds, and annealing/extension at a temperature of 58°C
for 30 seconds. The analysis of all samples was conducted
in duplicate. In order to build a standard curve, a series of
dilutions were generated using the HSV-1 quantified plas-
mid DNA, with each dilution being ten times more diluted
than the previous one. The standards were subjected to tri-
plicate analysis and utilized as both a standard curve and
positive control for every quantitative polymerase chain
reaction (qPCR) assay.

2.7. Statistical analysis

Data are presented as mean + standard error of the mean
(SEM). To assess the significance of variances between
the two groups, Student’s or Aspin-Welch’s t-test followed
by an F-test was employed, except for viral load, which
was evaluated using the Wilcoxon test. Dunnett’s mul-
tiple comparison test was used to compare three or more
groups. Statistical significance was set at P < 0.05. Statisti-
cal analyses were conducted using EXSUS software (CAC
Croit Corporation, Tokyo, Japan).

3. Results
3.1. Ricinus communis and VACYV investigation on mice
Mice were infected with HSV-1 following the proce-
dure outlined in the Materials and Methods. They were
then administered R. communis at doses of 8, 16, or 48 mg/
kg twice daily, or VACV at 8, 25, 45, or 90 mg/kg doses
twice daily, from days 2 to 8 post-infection (pi). The eva-
luation of skin lesion formation and pain-associated reac-
tions was conducted 28 days following HSV-1 infection.
(Fig. 1A). The inoculation of HSV-1 in the hind paw re-
sulted in the emergence of skin lesions resembling herpes
zoster inside the appropriate dermatome, beginning on the
eighth-day post-inoculation. The skin lesion score reached
its maximum value at approximately day 8 post-infection
(pi) and thereafter declined by day 18 pi. (Fig. 1B-D). Ad-
ditionally, the pain-associated score in mice infected with
HSV-1 exhibited an initial increase on day 2 post-infection
(pi) and reached its highest point on around day 8 pi. The
pain-related score remained elevated until day 27 post-in-
fection, even after the skin lesions of mice infected with
HSV-1 had healed. The administration of both R. commu-
nis (at doses ranging from 8 to 48 mg/kg) and VACV (at
doses ranging from 8 to 90 mg/kg) resulted in a reduction
in the skin lesion score in a dose-dependent manner as
compared to the corresponding vehicle groups. (Fig. 1C
and D). In addition, it was observed that the administration
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Fig. 1. Valaciclovir (VACV) and R. communis effects on herpes zoster
virus-infected mice's skin observation and pain responses. (A) Study
inoculation and treatment schedule schematic. Zoster virus was per-
cutaneously implanted into mice, and VACV, R. communis, and their
vehicle were given orally from days 2 to 6. Daily "bid" means twice.
(B) mice, herpes zoster-like skin observation are typical. (C, E, F) The
time histories of skin lesion scores (C and D) and pain-related scores
(E and F) in VACV or R. communis treated mice are displayed. The
mean pain-related score in heat-inactivated chickenpox zoster virus
inoculated (-ve) control mice is shown by the dotted line. Drug oral
administration start dates. Statistical significance of the comparison
between *p < 0.05 and **p < 0.01 when compared to the vehicle

group.
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of R. communis at doses ranging from 8 to 48 mg/kg, as
well as Vaccinia virus at doses ranging from 8 to 90 mg/kg,
resulted in a significant reduction in pain-related ratings.
This effect was shown to be dependent on the dosage ad-
ministered. (Fig. 1E and F). In order to examine the impact
of R. communis (48 mg/kg) and VACV (90 mg/kg) on the
histological alterations in the dorsal root ganglia (DRGs)
and spinal dorsal horn in mice infected with HSV-1, tissue
samples were collected on day 27 post-infection (pi). Sub-
sequently, the tissue slices were subjected to hematoxylin
and eosin staining. Figures 2A and B illustrate the dorsal
root ganglia (DRGs) and spinal dorsal horn in mice that
were infected with heat-inactivated HSV-1. Evidence of
inflammatory cell infiltration, degradation of nerve fibers,
and vacuolation in the white matter was observed in the
dorsal root ganglia (DRG) and spinal dorsal horn of mice
infected with HSV-1. (Fig. 2C). The aforementioned pa-
thological alterations were not detected in the dorsal root
ganglia (DRGs) and spinal dorsal horn of mice infected
with HSV-1 and subjected to treatment with R. communis
or VACYV, as illustrated in Figure 2D. (Fig. 2E).

3.2. Ricinus communis and VACV administration

To assess the influence of the timing of R. communis
and VACV administration on skin lesions and pain-rela-
ted responses in mice infected with HSV-1, we administe-

Heated-denature
Virus (normal) (A)

Heated-denature
Virus (normal) (B)

R. communis (D)

R.communis (E|

Fig. 2. (Magnification scale is 200x). Tissue samples from the dorsal
root ganglion, L5 and spinal cord of mice treated with R. communis
or valaciclovir (VACV). Dorsal root ganglia, L5 and spinal cord were
obtained from mice infected with herpes simplex virus type-1 27 days
post-infection. The treatment regimen involved oral administration of
48 mg/kg R. communis, 90 mg/kg VACYV, or the vehicle R. communis
twice a day for 4 days, starting from days 4 to 8 post-infection. Hema-
toxylin and eosin staining was performed on dorsal root ganglia (A)
and spinal cord (B) samples from mice infected with heat-inactivated
virus. The provided sections (C, F, E) display representative colour
images depicting the hematoxylin and eosin (H&E) staining of the

dorsal root ganglion.
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Fig. 3. In herpes simplex virus-1-infected mice, initiation timing of
R. communis and valaciclovir (VACV) treatment affects skin blisters
and pain responses. After percutaneous herpes simplex virus-1 inocu-
lation, mice received oral 48 mg/kg R. communis or (90 mg/kg VACV
for 4 days starting on 4, 5, or 6 post-infection days. The Control group
was subjected to oral delivery twice daily from to 8 post-infection
days,when neither medication was given. Bid indicates administration

twice a day.

red 48 mg/kg dose of R. communis and 90 mg/kg dose of
VACYV to HSV-1-infected mice for five consecutive days,
starting on days 4, 5, or 6 post-infection (pi). The cumu-
lative effects are graphically represented as the area under
the curve from day 2 pi, as illustrated in Figure 3A. No-
tably, a significant reduction in lesion scores was observed
exclusively in the group receiving R. communis treatment
starting from day 2 pi (Figure 3A). During the assessment
of pain-related responses in the AHP phase, The applica-
tion of R. communis resulted in a notable decrease in pain
levels when delivered on either day 2 or 4 post-infection
(p1). In contrast, the reduction in pain scores was obser-
ved with the administration of VACV only on day 2 pi.
(Figure 3B). A comparable pattern was noted during the
PHP period. (Figure 3C).

3.3. Examination of R. communis and VACYV in mice
The findings illustrated in Figure 3 indicate that R. com-
munis exhibited significant suppression of acute herpetic
pain (AHP) and post-herpetic pain (PHP) in mice infected
with HSV-1. This effect was observed even when RC was
supplied starting from day 4 after infection. Conversely,
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VACYV did not show a similar inhibitory effect. In order to
provide evidence for the reported differences in the ability
to limit virus proliferation in dorsal root ganglia (DRGs)
between R. communis and vaccinia virus (VACV), the
quantity of viral DNA present in the DRGs of mice infec-
ted with herpes simplex virus 1 (HSV-1) was measured
using real-time polymerase chain reaction (PCR). Antivi-
ral drugs such as, 48 mg/kg R. communis, 90 mg/kg VACV,
or a vehicle were administered orally for 6 days (starting
from day 2-8 pi). DRG samples were collected on day 6
(when the highest peak of the HSV-1 was observed) and
9 pi [9]. Comparisons revealed a significant reduction in
no copies of HSV-1 DNA in DRGs following administra-
tion of R. communis or VACV compared to the respective
vehicle on both days (Fig. 4). It is worth mentioning that
the DNA copy number of HSV-1 in the dorsal root ganglia
(DRGs) of the R. communis group was considerably lower
on day 6 post-infection (pi) compared to the VACV group.
Nevertheless, on the ninth-day post-infection (pi), there
was an absence of noticeable disparity in the copy quan-
tity of HSV-1 DNA within the dorsal root ganglia (DRGs)
among the two experimental groups.

3.4. Ricinus communis and VACYV affect on mice with
HSV-1

In order to provide a more comprehensive understan-
ding of the differential inhibitory effects on afterhyperpo-
larization (AHP) and the transition to persistent hindlimb
paralysis (PHP) between R. communis and vaccinia virus
(VACV) when treatment was initiated on day 4 after in-
fection, we conducted an investigation into the messenger
RNA (mRNA) expression levels of activating transcription
factor 3 (ATF-3), tumor necrosis factor-alpha (TNF-a),
and cyclooxygenase-2 (COX-2) in the spinal cord (SC)
samples obtained from the individual mice used for quan-
tifying viral load in the dorsal root ganglia (DRGs). These
expression levels exhibited marked increases in each
control group of HSV-1-infected mice compared to those
in the uninfected control group (Fig. 5). The group treated
with R. communis displayed a trend toward suppression of
ATF-3 and TNF-a expression in the spinal cord on day 4
pi than to the vehicle control group, whereas the VACV-
treated group did not show a similar effect (Fig. 5A and B).
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Fig. 4. Impact of valaciclovir (VACV) and R. communis on the levels
of herpes simplex virus (HSV)-1 DNA copies within the dorsal root
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Fig. 5. Effects of valaciclovir (VACV) and R. communis on mRNA
expression of pain-related factors in the spinal cord of mice infected
with herpes simplex virus (HSV)-1 were studied. The mice were per-
cutaneously inoculated with HSV-1 and then treated with R. commu-
nis (48 mg/kg), VACV (90 mg/kg), or vehicle twice daily for either
2 or 4 days, starting from day 4 post-infection. Spinal cord samples
were collected on days 4 and 8 post infection. The mRNA expres-
sion of Activating transcription factor 3 (A), Tumour Necrosis Factor
alpha (B), and Cyclooxygenase-2 (C) in the spinal cord of HSV-1-in-
fected mice was quantified using. **p < 0.01 when compared with

naive. *p < 0.05, compared to the vehicle control.

Furthermore, on days 4 and 8 pi COX-2 expression was
significantly inhibited by R. communis but not with VACV
administration (Fig. 5C).

4. Discussion

This work presents study indicate that R. communis
demonstrates greater effectiveness in treating acute her-
petic pain (AHP) and postherpetic pain (PHP) in persons
with herpes zoster, as compared to R. communis. Oral nu-
cleotide analogs, including aciclovir, vaccinia virus, and
famciclovir, have demonstrated substantial efficacy in the
treatment of immunocompetent individuals with herpes
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zoster. These medications have been shown to dramatical-
ly decrease the incidence of postherpetic neuralgia (PHN)
in randomized controlled clinical trials. [32]. In phase 5
clinical trial, the efficacy of R. communis at a dosage of
400 mg administered once daily for a duration of 6 days
was found to be comparable to that of valaciclovir at a
900 mg dose administered thrice a day (with a daily dose
of 2700 mg) for a duration of 7 days. This study speci-
fically focused on the treatment of immunocompetent
Japanese patients with herpes zoster, evaluating the effec-
tiveness of these two medications for the treatment of new
lesion formation and its resulting pain [37]. We found
that R. communis and vaccinia virus prevent zosteriform-
like skin lesions, AHP, PHP, and histological alterations
in HSV-1-infected mice (Figs. 1 and 2). These findings
imply that HSV-1-infected models can predict antiviral
medication inhibitory effects on AHP and PHN in herpes
zoster patients. When given within 48—72 hours of rash
development, oral nucleotide analogs can speed up acute
herpes zoster healing and prevent or treat AHP and PHP
[33]. The above data emphasize the need for early PHP
prevention. Thus, we investigated the effects of timing of
R. communis administration at 48 mg/kg on after-hyper-
polarization (AHP) and post-herpetic pain (PHP) in HSV-
l-infected mice. A 90 mg/kg VACV dosage was used to
compare RC's effects. When therapy began on the 4™ day
or 6™ day post-infection (pi), R. communis inhibited both
abortive hairpin (AHP) development and productive hair-
pin (PHP) formation. vaccinia virus was effective when
administration was initiated from day 4 pi. (Figure 3). In
addition, R. communis inhibited skin lesion growth when
supplied alone for 3 post-infection (pi) days, similar to
Vaccinia virus. The different index lengths may explain
the difference in R. communis inhibitory effects on pain-
related ratings and skin lesion scores when therapy began
on day 4 post-infection (pi). This model showed that the
skin lesion score increased till day 6 post-infection (pi)
and resolved by day 18 pi. However, the pain-related score
peaked on day 6 pi and remained high until day 27 pi. Oral
R. communis from day 4 dramatically reduced skin lesion
score in severely HSV-1-infected mice but had no effect
on mice infected with VACYV, as reported by Katsumata et
al.[34]. In this severe condition, HSV-1 infection in a large
dorsolateral area caused severe cutaneous lesions that per-
sisted from days 2 to 18 pi. R. communis may be more
successful in treating herpes zoster skin lesions or pain if
treatment is delayed. We investigated the viral load pres-
ent in the dorsal root ganglia (DRGs) at two specific time
points, namely day 2 and day 8 post-infection (pi). Our
objective was to understand the mechanism via which R.
communis inhibits the development of acute herpetic pain
(AHP) and post-herpetic pain (PHP) in mice infected with
herpes simplex virus type 1 (HSV-1). In a study conducted
by Takasaki et al. [9], it was shown that the viral load of
HSV-1 in the dorsal root ganglia (DRGs) of mice reached
its highest point on the fifth-day post-infection (pi) and
subsequently decreased by the eighth-day pi. Thus, we
examined DRG samples on 4 pi day after 1 day of the-
rapy or 8§ pi day after 5 days. As illustrated in Fig. 4, both
R. communis and vaccinia virus significantly diminished
viral replication of HSV-1 viral in DRGs than to vehicle
controls, but only for AHP and PHP when RC was admi-
nistered on 4 pi day. On the 5" pi day, the R. communis
treated group had a considerably lower HSV-1 virus load

than the vaccinia virus group. By day 4 pi, DRG viral load
may be crucial in reducing AHP and PHP. Helicase-pri-
mase inhibitors like R. communis directly inhibit HSV's
single-stranded DNA-dependent ATPase, primase, and
helicase [35]. On the other hand, nucleotide analogs, such
as aciclovir, undergo phosphorylation through the action
of thymidine kinase generated from the herpes simplex
virus (HSV) and cellular kinase present in the host. This
process leads to the formation of aciclovir triphosphate,
which then irreversibly bind to viral DNA polymerase.
Consequently, the binding of aciclovir triphosphate inhi-
bits the synthesis of herpes simplex virus genomic DNA.
The replication cascade of herpesvirus genomic DNA
involves the unwinding of double-stranded DNA by heli-
case, accompanied by the synthesis of primers by primase
before DNA polymerization [36]. Our findings align with
time-dependent increases in ATF-3, TNF-a, and COX-2
mRNA expression in SC. Axonal damage from VZV or
HSYV infection induces ATF-3, a neuronal marker of nerve
injury [37]. Increased DRG ATF-3-positive neurons are
positively linked with pain behavior [38]. Javed et al.
found that TNF-a inhibitors may reduce the clinical inci-
dence of PHN [39]. Therefore, ATF-3, TNF-a, and COX-2
have been proposed as valuable markers for the identifica-
tion of acute hepatic porphyria (AHP) progression and the
transition to porphyria hepatica (PHP). AHP development
and PHP transition are aided by COX-2 and prostaglandin
E2 upregulation in HSV-infected mice' DRGs on day 4 or
6 pi [40]. The administration of VACYV did not provide any
statistically significant impact on the upregulation of ATF-
3, TNF-a, and COX-2 expression. However, it did consi-
derably decrease the viral load on 2 and 8 post-infection
days. Hence, the decrease in ATF-3, TNF-a, and COX-2
expression in the spinal cord (SC) may have implications
for the alleviation of pain-associated behavior in mice in-
fected with HSV-1. Collectively, the results of this study
suggest that R. communis may have potential therapeutic
benefits for managing acute herpetic pain (AHP) and pos-
therpetic neuralgia (PHN) in individuals diagnosed with
herpes zoster.

5. Conclusions

The impact of Ricinus communis and valaciclovir
(VACV) on the progression of skin lesions and pain res-
ponses in mice infected with HSV-1 was investigated.
Both RC and VACYV administration led to a reduction in
skin lesion scores and pain-related scores in a dose-de-
pendent manner. Histological analysis showed that RC
and VACV treatment prevented inflammatory cell infiltra-
tion, nerve fiber degradation, and vacuolation in the dor-
sal root ganglia (DRGs) and spinal dorsal horn of infected
mice. Testing different initiation times for RC and VACV
administration revealed that R. communis treatment initia-
ted from day 2 post-infection significantly reduced lesion
scores and pain levels, whereas VACV showed similar
effects only when administered on day 2 post-infection.
Examination of viral proliferation in DRGs indicated that
RC significantly reduced HSV-1 DNA copies compared
to VACYV, particularly on day 6 post-infection. Analysis of
mRNA expression levels in the spinal cord showed that
RC treatment suppressed ATF-3, TNF-a, and COX-2 ex-
pression, indicating its potential role in inhibiting pain-re-
lated factors compared to VACV.

36



Role of Ricinus communis against herpes simplex virus-1-infected.

Cell. Mol. Biol. 2024, 70(11): 31-38

Funding

This work was supported by the Deanship of Scienti-
fic Research, Vice Presidency for Graduate Studies and
Scientific Research, King Faisal University, Saudi Arabia
[Project No. GrantA414].

Acknowledgment

The authors are grateful for the support of the Deanship of
Scientific Research, Vice Presidency for Graduate Studies
and Scientific Research, King Faisal University, Saudi
Arabia [Project No. GrantA414].

Consent for publication
Not applicable.

Availability of data and materials
Not applicable.

Competing interests
The authors declare no competing interests.

References

1. Brady RC, Bernstein DI (2004) Treatment of herpes simplex virus
infections. Antivir Res 61 73-81. DOI: 10. 1016/j. antiviral. 2003.
09. 001

2. Hill JM, Ball JM, Neumann DM, Azcuv AM, Bhattacharjee PS,
Bouhanik S, Clement C, Lukiw WIJ, Foster TP, Kumar M, Kaf-
man HE, Thompson HW (2008) The high prevalence of Herpes
Simplex virus type 1 DNA in human trigeminal Ganglia is not a
function of age or gender. J Virol 85 8230-8234. DOI: 10. 1128/
JVI. 00784-08.

3. Wood AJJ (1999) Antiviral drugs. N Engl ] Med 340 1255-1268.
DOI: 10. 1056/NEJM199904293401606

4. Reusser P (2000) Antiviral therapy: current potions and chal-
lenges. Schweiz. Med Wochenschr 130: 101-112. DOI: 10. 4414/
smw. 2000. 10037

5. Snoeck R (2000) Antiviral therapy of herpes simplex. Int J Antimi-
crob Agents 16: 157-159. DOI: 10. 1016/S0924-8579(00)00144-7

6.  Field HJ (2001) Herpes simplex virus antiviral drug resistance
current trends and future prospects. J Clin Virol 21: 261-2609.
DOI: 10. 1016/S1386-6532(01)00123-5

7. Abad MJ, Guerra JA, Bermejo P, Irurzun A, Carrasco L (2000)
Search for antiviral activity in higher plant extracts. Phytother.
Res 14: 604-607.

8. Rajbhandari M, Wegner U, Julich M, Schopke T, Mentel R (2001)
Screening of Nepalese medicinal plants for antiviral activity. J
Ethnopharmacol 74: 251-255.

9.  LinLT, ChenTY, Chung CY, Noyce RS, Grindley TB, McCormick

C, Lin TC, Wang GH, Lin CC, Richardson CD (2001) Hydroly-

zable tannins (chebulagic acid and punicalagin) target viral glyco-

protein-glycosaminoglycan interactions to inhibit herpes simplex

virus 1 entry and cell-to-cell spread. J Virol 85: 4386-4398.

Lin YM, Flavin MT, Schure R, Chen FC, Sidwell R, Barnard DL,

Huffman JH, Kern ER (1999) Antiviral activities of biflavonoids.

Planta Med 65: 120-125.

Martin SF (1987) The amaryllidaceae alkaloids, Alkaloids 30:

251-253.

Sindambiwe JB, Calomme M, Geerts S, Pieters L, Vlietinck AJ,

Vanden-Berghe DA (1998) Evaluation of biological activities

of triterpenoid saponins from Maesa lanceolata. J Nat Prod 61:

585-590.

Bourne KZ, Bourne N, Reising SF, Stanberry LR (1999) Plant

products as topical microbicide candidates: assessment of in vitro

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

and in vivo activity against herpes simplex virus type 2, Antivir.
Res 42: 219-226.

Andersen DO, Weber ND, Wood SG, Hughes BG, Murray BK,
North JA (1991) In vitro virucidal activity of selected anthraqui-
nones and anthraquinone derivatives. Antivir. Res 16: 185-196.
Charlton JL (1998) Antiviral activity of lignans. J Nat Prod 61:
1447-1451.

Ferrea G, Canessa A, Sampietro F, Cruciani M, Romussi G, Bas-
setti D (1993) In vitro activity of a Combretum micranthum ex-
tract against herpes simplex virus types 1 and 2. Antivir. Res 21:
317-325.

Tasi Y, Cole LL, Davis LE, Lockwood SJ, Simmons V, Wild GC
(1985) Antiviral properties of garlic: in vitro effects on influenza
B, herpes simplex and Coxsackie viruses. Planta Med 51: 460—
461.

Ikeda T, Ando J, Miyazono A (2000) Uyeda M, Anti-herpes virus
activity of solanum steroidal glycosides, Biol. Pharm. Bull 23:
363-364.

19 Erdelmeier CAJ, Cinatl J, Rabenau H, Doerr HW, Biber A,
Koch E (1996) Antiviral and antiphlogistic activities of Hamame-
lis irginiana bark. Planta Med 62: 241-245.

Layman PR, Argyras E, Glynn CJ (1986) lontophoresis of vin-
cristine versus saline in post-herpetic neuralgia. A controlled trial.
Pain 25(2): 165-170.

Arani RB, Soong SJ, Weiss HL, Wood MJ, Fiddian PA, Gnann
JW, Whitley R (2001) Phase specific analysis of herpes zoster
associated pain data: a new statistical approach. Stat Med 20(16):
2429-2439.

Gilden D, Nagel MA, Mahalingam R, Mueller NH, Brazeau EA,
Pugazhenthi S, Cohrs RJ (2009) Clinical and molecular aspects
of varicella zoster virus infection, Future Neurol 4 (1): 103-117.
Dworkin RH, Portenoy RK (1996) Pain and its persistence in
herpes zoster. Pain 67 (2-3): 241-251.

Dworkin RH, Schmader KE (2003) Treatment and prevention of
postherpetic neuralgia. Clin Infect Dis 36 (7): 877-882.

Johnson RW, Bouhassira D, Kassianos G, Leplege A, Schmader
KE, Weinke T (2010) The impact of herpes zoster and post-herpe-
tic neuralgia on quality of life. BMC Med 8: 37.

Ku CC, Besser J, Abendroth A, Grose C, Arvin AM (2005)
Varicella-Zoster virus pathogenesis and immunobiology: new
concepts emerging from investigations with the SCIDhu mouse
model. J Virol 79 (5): 2651-2658.

Takasaki I, Sasaki A, Andoh T, Nojima H, Shiraki K, Kuraishi Y
(2002) Effects of analgesics on delayed postherpetic pain in mice.
Anesthesiol 96 (5): 1168-1174.

Takasaki I, Andoh T, Shiraki K, Kuraishi Y (2000) Allodynia and
hyperalgesia induced by herpes simplex virus type-1 infection in
mice. Pain 86(1-2): 95-101.

Sasaki A, Serizawa K, Andoh T, Shiraki K, Takahata H, Kuraishi
Y (2008) Pharmacological differences between static and dyna-
mic allodynia in mice with herpetic or postherpetic pain. J Phar-
macol Sci 108 (3): 266-273.

Kawashima M, Nemoto O, Honda M, Watanabe D, Nakayama J,
Imafuku S, Kato T, Katsuramaki T (2017) Amenamevir, a novel
helicase-primase inhibitor, for treatment of herpes zoster: A ran-
domized, double-blind, valaciclovir controlled phase 3 study. J
Dermatol 44 (11): 1219-1227.

Aumakhan B, Hardick A, Quinn TC, Laeyendecker O, Gange SJ,
Beyrer C, Cox C, Anastos K, Cohen M, Greenblatt RM, Merens-
tein DJ, Minkoff H, Nowicki M, Gaydos CA (2010) Genital
herpes evaluation by quantitative TaqMan PCR: correlating single
detection and quantity of HSV-2 DNA in cervicovaginal lavage
fluids with cross-sectional and longitudinal clinical data. Virol J
7:328.

37


https://doi.org/10.1016/j.antiviral.2003.09.001
https://doi.org/10.1016/j.antiviral.2003.09.001
https://doi.org/10.1128/JVI.00784-08
https://doi.org/10.1128/JVI.00784-08
https://doi.org/10.1056/NEJM199904293401606
https://doi.org/10.4414/smw.2000.10037
https://doi.org/10.4414/smw.2000.10037
https://doi.org/10.1016/S0924-8579(00)00144-7
https://doi.org/10.1016/S1386-6532(01)00123-5

Role of Ricinus communis against herpes simplex virus-1-infected.

Cell. Mol. Biol. 2024, 70(11): 31-38

32.

33.

34.

35.

36.

Wood MJ, Kay R, Dworkin RH, Soong SJ, Whitley RJ (1996)
Oral acyclovir therapy accelerates pain resolution in patients with
herpes zoster: a meta-analysis of placebo-controlled trials. Clin
Infect Dis 22 (2): 341-347.

Gross G, Schofer H, Wassilew S, Friese K, Timm A, Guthoff R,
Pau HW, Malin JP, Wutzler P, Doerr HW (2003) Herpes zoster
guideline of the German Dermatology Society (DDG). J Clin
Virol 26 (3): 277-289 discussion 291-3.

Katsumata K, Chono K, Suzuki H (2018) Antiviral efficacy of
the helicase-primase inhibitor amenamevir in murine models of
severe herpesvirus infection, Biochem. Pharmacol. 158: 201-206.
Biswas S, Miguel RN, Sukla S, Field HJ (2009) A mutation in
helicase motif IV of herpes simplex virus type 1 ULS that results
in reduced growth in vitro and lower virulence in a murine infec-
tion model is related to the predicted helicase structure. J Gen
Virol 90 (Pt 8): 1937-1942.

Liptak LM, Uprichard SL, Knipe DM (1996) Functional order of
assembly of herpes simplex virus DNA replication proteins into

37.

38.

39.

40.

prereplicative site structures. J Virol 70 (3): 1759-1767.

Unezaki S, Sasaki A, Mabuchi T, Matsumura S, Katano T, Naka-
zawa T, Nishio N, Andoh T, Yamamoto T, Nakatsuka T, Kuraishi
Y, Ito S (2012) Involvement of Tyr1472 phosphorylation of
NMDA receptor NR2B subunit in postherpetic neuralgia in model
mice. Mol Pain 8: 59.

Djouhri L, Koutsikou S, Fang X, McMullan S (2006) Lawson SN,
Spontaneous pain, both neuropathic and inflammatory, is related
to frequency of spontaneous firing in intact C-fiber nociceptors. J
Neurosci 26 (4): 1281-1292.

Javed S, Kamili QU, Mendoza N, Tyring SK (2011) Possible as-
sociation of lower rate of postherpetic neuralgia in patients on an-
ti-tumor necrosis factor-alpha. J. Med. Virol 83(11): 2051-2055.
Takasaki I, Nojima H, Shiraki K, Sugimoto Y, Ichikawa A, Ushi-
kubi F, Narumiya S, Kuraishi Y (2005) Involvement of cyclooxy-
genase-2 and EP3 prostaglandin receptor in acute herpetic but not
postherpetic pain in mice. Neuropharmacol 49(3): 283-292.

38



