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Abstract. Allodynia is a main symptom of the peripheral 
neuropathy induced by vincristine treatment. Theoesberiven F, 
a combination of Melilotus extract and proxyphylline, is 
currently used for the treatment of inflammatory conditions 
due to its potent anti‑inflammatory and analgesic properties. 
The anti‑allodynic effect of theoesberiven F on mechanical and 
cold allodynia in a rat model of vincristine‑induced neuropathy 
was investigated in the present study. Intraperitoneal vincris-
tine injections were administered to male Sprague‑Dawley 
rats at a dose of 0.1 mg/kg/day over 12 days (5 days of injec-
tion, a 2‑day cessation and 5 days of injection). Rats that were 
allodynic following the vincristine injections were randomly 
allocated into four groups. Normal saline was injected into 
rats in the control group. Theoesberiven  F (0.1, 0.25 and 
0.5 mg/kg) was administered to rats in the three experimental 
groups, respectively. Mechanical and cold allodynia were 
measured at preadministration and at 15, 30, 60, 90, 120, 
150 and 180 min following the intraperitoneal administra-
tion of normal saline or theoesberiven F. The decreased paw 
withdrawal threshold induced by vincristine injection was 
increased by theoesberiven F administration. The increased 
withdrawal frequency to cold stimuli developed by vincristine 
was reduced by theoesberiven F administration. The results of 
this study suggest that the administration of theoesberiven F 
may be beneficial in reducing the mechanical and cold allo-
dynia developed during vincristine treatment.

Introduction

Vincristine is an anticancer agent of the vinca alkaloids 
class, and has been used for the treatment of patients with 
leukemia (1). Neurotoxicity is a well‑known complication of 
vincristine and manifested as peripheral neuropathy, auto-
nomic neuropathy and cranial neuropathy (2). Symptoms of 
peripheral neuropathy are spontaneous pain, hyperalgesia and 
allodynia. The incidence of vincristine‑induced peripheral 
neuropathy is ~60% (3). Symptoms of vincristine‑induced 
neuropathy are dose‑dependent, and persist for several 
months, even following the discontinuation of treatment (4). 
Painful neuropathy is a major cause of unwanted interruption 
of vincristine treatment, and limits the dose escalation of 
vincristine (5,6).

Since the mechanism of vincristine‑induced neuropathy 
has not yet been clearly elucidated, drugs used for various other 
neuropathic conditions are empirically prescribed to treat it (7).

Theoesberiven F is a combination comprising Melilotus 
extract and proxyphylline, exerting potent anti‑inflammatory, 
anti‑edematous and analgesic effects, and clinically prescribed 
for the treatment of inflammatory conditions, edema, and 
cerebral and peripheral circulatory disorders (8). Melilotus 
extract has been reported to have anti‑inflammatory and 
anti‑oxidative properties and exert a suppressive effect on 
thermal injury in rats through the action of phagocytic cells 
that accumulate in the site of injury (9). In addition, a couma-
rinic extract of Melilotus officinalis has been demonstrated to 
be effective in reducing lymphedema in patients with chronic 
lymphedema of the upper arm caused by lymphadenectomy 
for breast cancer (10).

To the best of our knowledge, there have not yet been 
any reports concerning the effect of theoesberiven  F on 
vincristine‑induced peripheral neuropathy. Therefore, whether 
theoesberiven F has anti‑allodynic properties was investigated 
in a rat model of vincristine‑induced peripheral neuropathy in 
the present study.

Materials and methods

Ethics and animal care. This study was conducted with 
formal approval from the Institutional Animal Care and Use 
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Committee in the Department of Laboratory Animals of 
Bucheon St. Mary's Hospital of the Catholic University of 
Korea (Bucheon City, Korea). Animals used in this study were 
treated following the guidelines on the care and use of labora-
tory animals as decided by this institution. 

Male Sprague‑Dawley rats (weight, 200‑250  g) were 
purchased from Nara Biotech (Seoul, Korea). The experiments 
were initiated following adjustment for 7 days in a laboratory 
environment. Rats were housed (2‑3 animals per plastic cage) 
and maintained under a 12‑h light/dark cycle at 20˚C, with free 
access to food and water.

Vincristine‑induced modeling of peripheral neuropathy. 
Vincristine sulfate (Hospira Inc., Lake Forest, IL, USA) was 
administered by injection to create the vincristine‑induced 
peripheral neuropathy model. The treatment schedule followed 
was as described by Weng et al (11). Briefly, 0.1 mg/kg vincris-
tine was administered intraperitoneally for 5 days. Following 
cessation for 2 days, injection was continued for the next 
5 days.

Prior to the start of the injection schedule, the response 
to mechanical and cold stimulation was assessed to establish 
a baseline. On day 2 after the completion of the injections, 
the foot withdrawal response to von Frey filaments using a 
Semmes‑Weinstein von Frey aesthesiometer (Stoelting Co., 
Wood Dale, IL, USA) was measured. If a foot withdrawal 
response occurred when a filament <4 g was applied to the 
hindpaw, it was considered that allodynia had developed.

Drug administration. Allodynic rats were randomly allocated 
into a control group and three experimental groups (TF 0.1, 
TF 0.25 and TF 0.5). The control group (NS, n=6) received 
1 ml/kg 0.9% normal saline. The TF 0.1 group (n=8) received 
0.1 mg/kg theoesberiven F (Theoesberiven F inj., Dai Han 
Pharm, Kyeongido, South Korea) intraperitoneally. The 
TF 0.25 group (n=8) received 0.25 mg/kg theoesberiven F, and 
the TF 0.5 group (n=8) received 0.5 mg/kg theoesberiven F. 
The doses of theoesberiven F were decided by preliminary 
testing (data not shown).

Pain behavioral tests. Behavioral tests were conducted in a 
similar manner as in our previous study (12). The pain behavioral 
tests were conducted at fixed times (1:00‑6:00 p.m.) to avoid 
circadian rhythm errors. Following intraperitoneal treatment, 
the rats were placed on metal mesh covered with a plastic dome 
to measure mechanical and cold allodynia, as described below.

Mechanical and cold allodynia were assessed prior to drug 
administration and also at 15, 30, 60, 90, 120, 150 and 180 min 
after administration.

Measurement of mechanical allodynia. von Frey filaments 
(1.0, 1.4, 2.0, 4.0, 6.0, 8.0, 10.0, 15.0 and 26.0 g) were used to 
measure the paw withdrawal threshold for mechanical stimuli. 
The third metatarsal bone area of left hind paw was stimulated 
with von Frey filaments at 3‑ to 4‑sec intervals, starting with 
the thinnest filament (1.0 g). The paw withdrawal threshold 
was defined as the minimal pressure level [in grams (g)] at 
which the withdrawal response occurred. If the withdrawal 
response did not occur with the strongest hair (26 g), then the 
threshold was recorded as 26.0 g.

Measurement of cold allodynia. Acetone was applied to the 
plantar surfaces of left hind paw, and the number of foot with-
drawal responses (lifting, shaking, or licking) was counted. 
Application of acetone was repeated 5 times with an interval 
of 3‑5 min between each test. The paw withdrawal frequency 
to acetone was defined as a percentage response frequency as 
follows: number of paw withdrawals/number of trials x 100.

Statistical analysis. SAS software, version 9.3 (SAS Institute, 
Cary, NC, USA) was used to conduct the analysis. Results 
are expressed as the mean  ±  standard error of the mean. 
Repeated‑measures analysis of variance was used to evaluate 
the differences, according to the treatment group and time, 
followed by post hoc Dunn's test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Mechanical allodynia. Administration of 0.1  mg/kg 
theoesberiven F increased the paw withdrawal threshold 
significantly at 90 min after drug administration compared 
with that of the control group. The individual values were 
1.2±0.1, 10.0±1.0*, 5.9±0.9*, 5.5±0.7* 3.2±0.6*, 1.7±0.4, 
1.5±0.3  and 1.2±0.1  g before and at 15, 30, 60, 90, 120, 
150 and 180 min after 0.1 mg/kg TF administration, respec-
tively (*P<0.05).

Administration of 0.25 mg/kg theoesberiven F increased 
the paw withdrawal threshold significantly for 120 min after 
drug administration compared with that of the control group. 
The individual values were 1.3±0.2, 16±2.4*, 8.2±1.0*, 7.7±1.1*, 
5.4±0.8*, 3.9±0.6*, 1.9±0.3 and 1.2±0.2 g before and at 15, 30, 
60, 90, 120, 150 and 180 min after 0.25 mg/kg TF administra-
tion, respectively (*P<0.05).

Administration of 0.5 mg/kg theoesberiven F increased the 
paw withdrawal threshold significantly for 120 min after drug 
administration compared with that of the control group. The 
individual values were 1.1±0.1, 21.1±1.0*, 13.1±1.5*, 9.4±1.5*, 
5.7±0.7*, 4.8±0.9*, 2.3±0.8 and 1.2±0.1 g before and at 15, 30, 
60, 90, 120, 150 and 180 min after 0.5 mg/kg TF administra-
tion, respectively (*P<0.05) (Fig. 1).

Cold allodynia. Following the administration of 0.1 mg/kg 
theoesberiven F, the withdrawal frequency did not change 
significantly compared with that of the control group 
(85.0±5.0, 32.5±3.7, 45.0±9.8, 57.5±8.0, 62.5±4.5, 72.5±6.5 and 
75.0±6.3% before and at 15, 30, 60, 90, 120, 150 and 180 min 
after 0.1 mg/kg TF administration, respectively).

The administration of theoesberiven F reduced the with-
drawal frequency to acetone application from 15 to 30 min 
at a 0.25  mg/kg dosage (75.0±5.0, 27.5±5.3*, 30.0±10.0*, 
50.0±6.5, 57.5±11, 60.0±7.6, 72.5±8.4 and 77.5±5.9% before 
and at 15, 30, 60, 90, 120, 150 and 180 min after 0.25 mg/kg 
TF administration, respectively) (*P<0.05). Additionally the 
theoesberiven F reduced the withdrawal frequency to acetone 
application from 15  to 150  min for a 0.5  mg/kg dosage 
(80.0±8.9, 20.0±5.3*, 27.5±9.2*, 47.5±11.3*, 52.5±10.6*, 
55.0±6.3*, 57.5±4.5* and 70.5±6.5% before and at 15, 30, 60, 
90, 120, 150 and 180 min after 0.5 mg/kg TF administration, 
respectively) (*P<0.05), as compared with the pre‑administra-
tion values (Fig. 2).
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Discussion

To the best of our knowledge, the present study is the first to 
report that theoesberiven F shows an anti‑allodynic effect in a 
vincristine‑induced neuropathic rat model.

The theoesberiven F formulation contains 1.5 ml Melilotus 
extract and 240 mg proxyphylline per 2 ml. Melilotus extract 
contains various components such as melilotoside, a glycoside 
that releases glucose and coumaric acid, flavones, volatile oils, 
resins and tannins; of these, 0.4‑0.9% coumaric acid is trans-
formed into coumarin (13). Proxyphylline is a bronchodilator 
with a methylxanthine structure, similar to theophylline (14). 
It has also been reported to have vasodilatory and cardiac 

stimulatory effects (15). The mechanism by which theoes-
beriven F exerted an anti‑allodynic effect in vincristine‑induced 
neuropathy in the present study is unclear.

Similar to other neuropathic pain conditions, an inflamma-
tory process is known to play an essential role in the development 
of vincristine‑induced neuropathy (16). Vincristine injection 
induces macrophage infiltration and increases in the levels 
of interleukin‑6 (IL‑6) and tumor necrosis factor‑α (TNF‑α) 
in the sciatic nerve section of mice, resulting in inflamma-
tion in the peripheral nervous system (17‑19). In addition, 
microglial and astrocytic activation has been reported in the 
lumbar spinal cord of rats following vincristine injection (20). 
Kiguchi et al (21) reported glial cell activation and upregula-
tion of TNF‑α in the spinal cords of mice following vincristine 
treatment, suggesting a potential role of neuroinflammation in 
the central nervous system in vincristine‑induced neuropathy.

Tao et al (22) reported that in a cellular model comprising 
lipopolysaccharide‑stimulated RAW  264.7  cells, an ethyl 
acetate fraction of Melilotus suaveolens Ledeb reduced the 
production of pro‑inflammatory cytokines, including IL‑6 
and TNF‑α via the suppression of nuclear factor‑κB activa-
tion. Furthermore, coumaric acid, a component of Melilotus 
extract, has been reported to exert an anti‑inflammatory 
effect by reducing the expression of TNF‑α (23). In addition, 
a coumarin derivative has been shown to protect against 
neurotoxicity via a improved mitochondrial function  (24). 
Therefore, the anti‑inflammatory actions of theoesberiven F 
and its components might exert a protective effect against 
the inflammatory process induced by vincristine injection, 
decreasing the allodynia.

Oxidative stress plays an important role in the expression of 
pain in various neuropathic pain models, including sciatic nerve 
transection, diabetic neuropathy and spinal nerve ligation, and 
the administration of anti‑oxidants decreases the pain (25‑27). 
While oxidative stress is an important factor in the activity 
of anticancer agents, it may also induce the development of 
neuropathic pain (28,29). The concentrations of thiobarbituric 
acid reactive substances (TBARS) and superoxide anion have 
been observed to increase after vincristine treatment (30,31). 
Furthermore, Melilotus extract has been shown to inhibit the 
formation of TBARS, the prooxidant H2O2 and superoxide 
anion in a concentration‑dependent manner (32,33). Therefore, 
the anti‑allodynic activity of theoesberiven F observed in the 
present study may be attributed to the antioxidative effect of 
Melilotus extract.

Nitric oxide (NO) is involved in synaptic transmission in 
the central and peripheral nervous systems (34), intensifying 
pain at a high concentration and reducing pain at a low 
concentration  (35). In vincristine‑induced neuropathy, the 
reported effects of NO and nitric oxide synthase (NOS) on the 
pain are conflicting. Kamei et al (36) reported that vincristine 
administration decreased the levels of NO metabolites, cGMP 
and protein levels of neuronal NOS in the spinal cord, and a 
NOS inhibitor reversed the analgesic effect of a NOS substrate, 
while Bujalska and Gumułka reported that NOS inhibitors 
prevented the development of hyperalgesia induced by vincris-
tine administration (37). In an inflammatory cellular model, 
Melilotus extract decreased the secretion of NO and expres-
sion of inducible NOS in a dose‑dependent manner (38). The 
role that the effect of Melilotus extract on NO and NOS plays 

Figure 1. Effects of theoesberiven F treatments on mechanical allodynia. The 
withdrawal threshold was measured before (Pre) and after the intraperitoneal 
administration of normal saline (NS), and 0.1 mg/kg (TF 0.1), 0.25 mg/kg 
(TF 0.25) and 0.5 mg/kg (TF 0.5) theoesberiven F. Results are expressed as 
mean ± standard error of the mean. *P<0.05 vs. the NS group.

Figure 2. Effects of theoesberiven  F treatment on cold allodynia. The 
response frequencies were measured before (Pre) and after the intraperioneal 
administration of normal saline (NS), and 0.1 mg/kg (TF 0.1), 0.25 mg/kg 
(TF 0.25), and 0.5 mg/kg (TF 0.5) theoesberiven F. Results are expressed as 
mean ± standard error of the mean. *P<0.05 vs. pre‑administration values.
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in the treatment of vincristine‑induced neuropathy is unclear. 
Melilotus extract exert anti‑allodynic effects by rebalancing 
the changes of NO and NOS induced by vincristine injection.

It is not known whether proxyphylline has an anti‑inflam-
matory effect or anti‑oxidative properties. Therefore, its role in 
the effects observed in the present study is not clear.

In conclusion, the intraperitoneal administration of 
theoesberiven F reduced mechanical and cold allodynia in a 
vincristine‑induced neuropathic rat model. The mechanism 
of anti‑allodynia of theoesberiven F is hypothesized to be a 
combination of an anti‑inflammatory effect, an anti‑oxidative 
effect and effects on NO and NOS production. Further clinical 
studies are necessary before the clinical use of theoesberiven F 
in patients with vincristine‑induced neuropathy can be recom-
mended.
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