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The effects of Danggui Sini decoction on peripheral neu-
ropathy in oxaliplatin-induced peripheral is established.
The results indicated that Danggui Sini decoction treatment
significantly reduced the current amplitude of dorsal root
ganglia cells undergoing agonists stimuli compared to the
model-dorsal root ganglia group (P < 0.05). Danggui Sini
decoction treatment significantly inhibited the inflamma-
tory response of dorsal root ganglia cells compared to the
model-dorsal root ganglia group (P < 0.05). Danggui Sini
decoction treatment significantly enhanced the amounts of
Nissl bodies in dorsal root ganglia cells compared to the
Model-dorsal root ganglia group (P < 0.05). Danggui
Sini decoction treatment improved ultra-microstructures of
dorsal root ganglia cells. In conclusion, Danggui Sini
decoction protected against neurotoxicity of oxaliplatin-
induced peripheral neuropathy in rats by suppressing in-
flammatory lesions, improving ultra-microstructures, and
enhancing amounts of Nissl bodies.
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1. Introduction
Peripheral neuropathy (PN) commonly occurs post the treat-

ment of oxaliplatin (OXAL) (Kono et al., 2015; Traina, 2017). It
is also caused by diabetes, toxins, or drugs (such as chemother-
apeutic drugs), burns. For diabetic peripheral neuropathy (DPN)
during the diabetes process, which occurs or develops in 47% to
91% diabetes patients (Sathya et al., 2017). For patients receiving
neurotoxic chemotherapy, about 30% to 40% of whom would de-
velop chemotherapy-induced peripheral neuropathy (CIPN) (Pike
et al., 2012). Meanwhile, the association between burns and PN
has also been proven to occur in patients with rates ranging from
2% to 52%, according to different investigations (Strong et al.,

2017). Indeed, the other conditions that cause injury to the pe-
ripheral nervous system could also cause different categories of
PN (Callaghan et al., 2015).

The OXAL is a third-generation anti-tumor drug that is exten-
sively applied for treating recurrent or advanced colorectal cancer
(Engstrom et al., 2009). OXAL has been proven to be the most ef-
fective chemotherapeutic strategy for advanced or metastatic col-
orectal cancer (Andre et al., 2004). Therefore, chemotherapy-
induced PN, has an adverse-effect post the OXAL application
(Kono et al., 2015; Traina, 2017). It is characterized by hyperes-
thesia to cold-stimulation and could decrease the life quality of
patients (Argyriou et al., 2013; Checchia et al., 2017).

Yamanouchi et al. (2017) reported that systematic inflamma-
tion contributes to the occurrence of docetaxel-induced PN. Park
et al. (2013) also indicated that chemotherapy-induced peripheral
neurotoxicity is associated with PN in cancer patients. The clin-
ical symptoms, such as chronic neurotoxicity and inflammations,
occur in more than 60% PN patients (Ventzel et al., 2016). The
OXAL-induced PN includes plenty of severe symptoms, including
numbness, sensory ataxia, and even sensations of pain, all of which
would be worsen following with the continued OXAL treatment in
clinical (Mizuno et al., 2016). Therefore, amelioration, inhibition
or prevention of the above symptoms are critical for inhibiting the
subsequent side-effects of OXAL chemotherapy.

Danggui Sini decoction (DSD), an aqueous extract of Angel-
ica sinensis, Ramulus Cinnamomi, and Radix Puerariae, has been
used extensively in traditional Chinese medicine (Gao et al., 2015).
The previous pharmacological reports (Qian et al., 2014; Yang,
2008) illustrated that DSD plays a role in expanding blood ves-
sels, anti-coagulation, anti-inflammation, and analgesia. There-
fore, DSD is mainly used to treat coronary heart disease, ischemic
vascular disorders, venous thrombosis. Moreover, DSD could also
effectively inhibit oxidative stress, apoptosis and modulate mito-
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chondrial functions (Wolfrum et al., 2001; Yokozawa et al., 2000).
We hypothesize that the DSD administration might potentiate the
anti-neurotoxicity effects on peripheral neuropathy of animalmod-
els. If the hypothesis is correct, then the present study will provide
an alternative anti-neurotoxic drug for treating OXAL-induced pe-
ripheral neuropathy.

2. Materials and methods
2.1 Animals

A total of 30 specific pathogen-free (SPF) Wistar rats, weight-
ing 250-250 g (male), were purchased from Tengxin BioTech. Co.
Ltd. (Chongqing, P. R. China). The rats were maintained in a
12 h/12 h light/dark cycle at 23-25 ◦C. The rats were freely ac-
cessed to water and standard commercial diet (CLEA Japan Inc.,
Shizuoka, Japan). All experiments involving rats were conducted
based on Institutional Animal Care and Use Committee Guide-
lines of Affiliated Hospital of Integrated Traditional Chinese and
Western Medicine, Nanjing, P. R. China (Approval No. AEWC-
20180326-29).

2.2 Establishment of neurotoxicity rat model and grouping
A total of 24 rats were intraperitoneally injected with 4 mg/kg

OXAL, according to the dosage regimen of OXAL derived in a
previous study (Homles et al., 1998). The OXAL was injected
into rats twice per week for 4 weeks (at day 1, day 2, day 8, day 9,
day 15, day 16, day 22 and day 23, respectively). The detailed pro-
cesses for establishing peripheral neuropathy rat model and sample
selection were as follows: (i) intragastric administration of Dang-
gui Sini decoction, (ii) intraperitoneal injection of oxaliplatin, (iii)
chloral hydrate anesthesia, (iv) cardiac perfusion, (v) isolation of
nerve and sample collection. Meanwhile, the dorsal root ganglia
(DRG) was isolated according to the previous study reported (Gu
et al., 2010). The whole experimental design and processes of this
study were listed in Fig. 1.

The above 24 rat models were divided into 4 groups, including
Model-DRG group (n = 6), rat model treated with low-dosage of
DSD group (DSD-L-DRG group, n = 6), rat model treated with
medium-dosage DSD group (DSD-M-DRG group, n = 6) and rat
model treated with high-dosage DSD group (DSD-H-DRG group,
n = 6). Meanwhile, the other normal 6 rats were employed as the
control group (Blank-DRG group, n = 6).

2.3 Danggui Sini decoction administration
Clinically, the prescribed dosage of DSD for an adult is 54

g, and low-dosage is 0.62 g/mL, medium-dosage is 1.24 dosage
g/mL, high-dosage is 2.48 g/mL (Liu et al., 2017). In this study,
rats in DSD-L-DRG group (with 0.62 g/mL crude-drug), DSD-M-
DRG group (with 1.24 g/ml crude-drug) and DSD-H-DRG group
(with 2.48 g/mL crude-drug) were intragastrically administrated
with 10 mL/kg DSD according to the above dosage of adults and
a previous study reported (Liu et al., 2017), with a few modifica-
tions. The DSD was administered once daily for 4 weeks. Mean-
while, the Blank-DRG group and Model-DRG group were admin-
istrated with 0.9% NaCl at a final concentration of 10 mL/kg once
daily for 4 weeks.

2.4 The dorsal root ganglia cells isolation
The rats were immobilized by intraperitoneally injected with

0.7% Choral hydrate (at a final concentration of 400 mg/kg body

weight) for isolating the dorsal root ganglia for following exper-
iments. At the end of all experiments, the mice were undergone
the euthanasia by intraperitoneally injecting with pentobarbital at
dosage of 120 mg/kg body weight. The dorsal root ganglia were
isolated by utilizing the micro-forceps and placed in D-Hank's
medium at a temperature of 4 ◦C to remove redundant fibroblasts
and keep DRG cell viability. The dorsal root ganglia were cut into
small pieces and digested with 0.03% collagenase I and 0.25%
trypsin (Beyotime Biotech. Shanghai, P. R. China) at 37 ◦C for
5 min. Then, the isolated DRG cells were re-suspended in Dul-
becco's modified eagle's medium (DMEM, Gibco BRL.Co.Ltd.,
Grand Island, New York, USA) complementing with 10% fetal
bovine serum (FBS, Gibco BRL.Co.Ltd., Grand Island, NewYork,
USA). The detailed processes for DRG isolation were performed
according to the published study (Zhao et al., 2014).

2.5 Patch-clamp electrophysiology

To investigate the effects of DSD treatment on electrophysio-
logical characteristics of the membrane, Patch-clamp electrophys-
iology was conducted in this study. In the present patch-clamp
electrophysiology experiment, DRG cells were also treated with
transient receptor potential vanilloid 1 (TRPV1) agonist capsaicin
(at a final concentration of 1 µM) (Lin and Chen, 2015), transient
receptor potential cation channel A1 (TRPA1) agonist mustard oil
(at a final concentration of 100 µM) (Kistner et al., 2016) and
transient receptor potential melastatin 8 (TRPM8) agonist men-
thol (at a final concentration of 100 µM) (Tsuzuki et al., 2004),
due to the previous studies described. Briefly, the patch record-
ings of DRG were conducted using borosilicate glass electrodes
with resistance ranging from 3 mol/LΩ to 6 mol/LΩ (A-M Sys-
tems, Sequim, WA, USA). Then, the borosilicate glass electrodes
were backfilled with a saline solution composing of 10 mmol/l 2-
[4-(2-Hydroxyethyl)-1-piperazinyl] ethane sulfonic acid (HEPES),
2.5 mmol/l CaCl2, 10 mmol/l ethylene glycol-bis (β-aminoethyl
ether)-N,N,N',N'-tetraacetic acid (EGTA), 1.0 mmol/l adenosine
triphosphate, 130 mmol/l potassium gluconate, 1.0 mmol/l MgCl2
and 0.3 mmol/l guanosine triphosphate. The voltage and the cur-
rent recordings were captured from the isolated DRG cells by em-
ploying a patch-clamp amplifier (Mode: Axopath 200B, Axon In-
struments, Foster City, CA, USA). Voltage and the current record-
ings were also analyzed using pClamp 10 software (Axon Instru-
ments, Foster City, CA, USA). The other detailed processes for
patch-clamp electrophysiology were conducted as the previous
study described (Grabauskas et al., 2011).

2.6 Hematoxylin-eosin staining

DRG tissue was isolated according to the above methods and
was fixed using 4% formaldehyde (Beyotime Biotech., Shang-
hai, P. R. China) in PBS solution (Beyotime Biotech). Then, the
DRG tissue was simultaneously embedded with the paraffin, and
the histology of DRG tissues was also simultaneously visualized
with hematoxylin-eosin (HE) staining based on previously pub-
lished reports (Damjanov and Andrews, 2016). The HE stained
DRG tissue was captured and observed using a digital microscope
(Mode: DSX110, Olympus, Tokyo, Japan). Finally, the digital
graphs or electronic images were collected from the representative
areas with a magnification of 100×. Here, the cells were counted
by counting cell nuclei with a manual count method. The percent-
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Fig. 1. The experimental design graph of the present study. The whole experimental processes mainly included "PN model establishment", "DGR
tissue extraction", "evaluation of current amplitude, inflammatory DGR cells, Nissl bodies, and ultra-microstructures (using different methods)".

age of positively stained inflammatory cells (%) was represented
as a ratio of the number of positive cells to the total number of
cells in representative areas.

2.7 Nissl staining
The amounts of Nissl bodies represent the status of DRG cells;

therefore, the Nissl bodies were evaluated in this study. There-
fore, the neuronal damages of DRG tissues were simultaneously
evaluated by staining with the Nissl staining method as instruction
of manufacturer (Beyotime Biotech. Shanghai, P. R. China). The
paraffin-embedded DRG tissues were sliced into sections with a
thickness of 0.4 µm. Then, the paraffin-embedded DRG sections
were deparaffinized and hydrated and stained using Nissl staining
solution at 37 ◦C for 30 min. Finally, the DRG sections were im-
mersed into 0.1 mol/l PBS and washed 3 times (5 min per time).
In this study, the Nissl staining formed Nissl bodies (ellipsoidal or
triangle corpuscle) mainly distributed in the cytoplasm of neurons
and represented the normal physiological conditions of neurons.
When the neurons suffering from pathological conditions, Nissl
bodies might be dissolved and disappeared (Song et al., 2018).
Therefore, amounts of Nissl body represented the status of cells.
In this study, cells were counted by counting cell nuclei with a
manual count method. The percentage of Nissl body-positive cells
(%)was represented as a ratio of the number of Nissl body-positive
stained cells to the total number of cells in representative areas.

2.8 Transmission electron microscopy
DRG tissue samples (size of 1 to 1.5 mm3 pieces) were

washed with phosphate-buffered saline (PBS) and fixed with 4%
paraformaldehyde (Beyotime Biotech., Shanghai, P. R. China)
overnight at room temperature. The pieces were washed with PBS
for 5 min and fixed with 2% osmium, dehydrated in the differ-
ent concentrations of acetones, including 30%, 50%, 70% com-
bining with 2% uranyl acetate. Then, the pieces were cleared us-
ing propylene oxide and embedded in Araldite (Sigma-Aldrich,
St. Louis, Missouri, USA). The pieces were cut into a series
of sections (1.5 µm) and stained with 1% toluidine blue lightly.
The sections were then continuously cut into ultrathin section

(0.08 µm) and stained with 1% uranyl acetate and incubated
with Reynold's lead citrate for 10 min. The sections were exam-
ined using a Philips TECNAI-10 transmission electronmicroscopy
(TEM, Philips, Holland, Switzerland). The ultrathin sections were
stained using the toluidine blue, and the images were captured us-
ing microscopy (Mode: BX51, Olympus, Tokyo, Japan).

2.9 Statistical analysis
SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA) was used

for data analysis. The measurement data were presented as mean
± standard deviation (SD). One-way ANOVA test validated by
Tukey's posthoc test was employed to compare data among mul-
tiple groups. Student's t-test was used to compare differences be-
tween groups. P < 0.05 was depicted as statistical significance.

3. Results
3.1 Danggui Sini decoction treatment reduced the current

amplitude of DGR cells undergoing Agonists stimuli
Patch-clamp electrophysiology results showed that the current

amplitude levels of low-, medium- and the high-DSD-DGR group
were significantly decreased compared to the Model-GRG group
(Fig. 2A, all P < 0.05). Meanwhile, the current amplitude levels
of DSN-L, DSD-M, GSD-H-DRG + capsaicin group were signif-
icantly decreased compared to the Model-DRG + capsaicin group
(Fig. 2A, all P< 0.05). Meanwhile, there were no significant dif-
ferences for current amplitude among all low-, medium- and high-
DSD-DGR group (Fig. 2A, all P > 0.05).

Moreover, when treated with the other two agonists (menthol
and mustard oil), the current amplitude levels of DGR cells were
also significantly reduced compared to the Mode-DRG + menthol
and Model-DRG + mustard oil group, respectively (Fig. 2B, all P
< 0.05).

3.2 Danggui Sini decoction treatment inhibited the
inflammatory response of DRG cells
The inflammatory conditions could reflect the peripheral neu-

ropathy and neurotoxicity of DRG cells; therefore, HE staining
was employed to examine inflammation (Fig. 3A). The results
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Fig. 2. Evaluation of the current amplitude using patch-clamp electrophysiology. (A) Current amplitude for the Model-DRG and Model-DRG
undergoing capsaicin stimuli. (B) Current amplitude for the Model-DRG undergoing menthol and mustard oil stimuli. Low-, medium- and high-DSD-
DGR treatment significantly decreased the current amplitude compared to the Model-GRG group. The current amplitude levels of DSD-L, DSD-M, GSD-
H-DRG + capsaicin group were significantly decreased compared to the capsaicin administrated groups. The menthol and mustard oil administrations
also illustrated the same statistical differences. The ∗P < 0.05 vs. Model-DRG group. The #P < 0.05 vs. Model-DRG + capsaicin group. The &P <

0.05 vs. Model-DRG-menthol group. The @P < 0.05 vs. Model-DRG-mustard oil group. Magnification, 100 ×.

indicated that the amounts of inflammatory cells of the Model-
DRG group were significantly lower compared to the Blank-DRG
group (Fig. 3B, P < 0.05). The DSD treatment (including lower-,
medium- and higher-dosage of DSD) significantly decreased the
inflammatory cell amounts compared to the Model-DRG group
(Fig. 3B, P < 0.05). Moreover, there were no remarkable differ-
ences for amounts of inflammatory cells among all low-, medium-
and high-DSD-DGR group (Fig. 3B, all P > 0.05).

3.3 Danggui Sini decoction treatment enhanced amounts
of Nissl bodies of DRG cells
The Nissl body staining results showed that, in the Model-

DRG group, there were fewer Nissl bodies illustrating with dam-
agedmorphology of Nissl bodies (Fig. 4A).Meanwhile, there even
more Nissl bodies were illustrating typical ellipsoidal or trian-
gle corpuscle morphologies (Fig. 4A). The results indicated that
amounts of Nissl bodies in Model-DGR group were significantly
decreased compared to Blank-DRG group (Fig. 4B, P < 0.05).
Meanwhile, the amounts of Nissl bodies in DSD treated groups
(lower-, medium- and higher-DSD) were significantly higher com-
pared to the Model-DRG group (Fig. 4B, P < 0.05). Further-

more, the amounts of Nissl bodies were also increased following
the increased dosage of DSD (Fig. 4B). Meanwhile, Nissl bod-
ies in Model-M-DGR and Model-H-DGR group were higher re-
markably compared to that in the Model-L-DGR group (Fig. 4B,
P < 0.05). However, there were no significant differences for
Nissl bodies between Model-M-DGR and Model-H-DGR group
(Fig. 4B, P > 0.05).

3.4 Danggui Sini decoction treatment improved
ultra-microstructures of DRG cells
According to the electron microscopy findings, there were

typical ultra-microstructures of normal neurons (such as well-
developed Golgi apparatus, well-structured mitochondria) in the
Blank-DRG group. However, plenty of ultra-microstructures were
damaged in the Model-DRG group (Fig. 5). What's most impor-
tant is that the DSD treatment improved the ultra-microstructures
of DRG cells (Fig. 5). Among all three dosages of DSD, ultra-
microstructures were improved following the increased concen-
trations of DSD (Fig. 5). Furthermore, there were no obvious
differences for ultra-microstructures among all three DSD treated
groups (Fig. 5).
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Fig. 3. Examination for the inflammatory response in DRG tissue using HE staining (n = 6 rats in each group). (A) Images of HE staining in
different groups. (B) Statistical analysis for the HE staining of inflammation. The model-DRG group illustrated higher amounts of inflammatory cells
compared to the Blank-DRG group, while DSD treatment decreased inflammatory cell amounts. For every group, at least 12 sections (2 sections per rat)
were from rats that were used for the analysis. ∗P < 0.05, ∗∗P < 0.01 vs. Blank-DRG group, #P < 0.05 vs. Model-DRG group.

4. Discussion
We employed an effective Chinese Medicine, DSD, for treat-

ing oxaliplatin-induced side-effects in DRG cells. Clinically, the
oxaliplatin-induced side-effects mainly include electrophysiologi-
cal characteristic changes, inflammatory response, Nissl body de-
pletion, and damaged ultra-microstructures, all of which are asso-
ciated with peripheral neuropathy or neurotoxicity (Coriat et al.,
2014; Kono et al., 2015; Naderali et al., 2018). However, all of
these side-effects always occur in patients suffering from cancers
and undergoing treatment of OXAL. Therefore, the novel discov-
ered DSDmight provide a promising or potential basis for OXAL-
induced side-effects or complications in clinical.

Liu et al. (2017) administrated DSD at a dosage of 25-100
mg/kg for 10 days. However, in this study, the above regimen has
not been illustrated the obvious effects of GDGN. Therefore, we
administrated the DSD at 10mg/kg daily for 4 weeks. In this study,
the electrophysiological data of theModel-DRG group showed the

abnormal current amplitudes that probably damage the physiolog-
ical functions of DRG cells. The varied or aberrant currents have
been illustrated in different sizes of DRG neurons (Scroggs et al.,
1994). DSN treatment resulted in the enhanced excitability and re-
duced current amplitude of DGR cells undergoing agonists stim-
uli (Than et al., 2013), such as TRPV1 agonist, capsaicin (Lin and
Chen, 2015), TRPM8 agonist, menthol (Tsuzuki et al., 2004) and
TRPA1 agonist, mustard oil (Kistner et al., 2016). The TRPM8 is
a sensory molecule expressing on the subpopulation of the pri-
mary afferent neurons and can be activated by menthol (McK-
emy et al., 2002). TRPV1 normally selectively expresses in small-
medium DRG neurons and up-regulates in uninjured sensory neu-
rons post the partial nerve injury (Kim et al., 2008). TRPA1, as
a cold-sensor, plays roles in pain and inflammation of DRG neu-
rons (Kistner et al., 2016). All of the above TRPM8, TRPV1 and
TRPA1 molecules could modulate the intracellular Ca2+ levels
(or voltage-gated Ca2+channels), involve multiple intracellular re-
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Fig. 4. Nissl body identification in DRG tissue using Nissl staining method (n = 6 in each group). (A) Graphs for the Nissl staining positive Nissl
bodies. (B) Statistical analysis for the Nissl bodies. The black arrows represent the Nissl bodies. The model-DRG group showed lower amounts of Nissl
bodies compared to the Blank-DRG group, while DSD treatment enhanced Nissl bodies of DRG cells. For every group, at least 12 sections (2 sections per
rat) were from rats that were used for the analysis. ∗P < 0.05, ∗∗P < 0.01 vs. Blank-DRG group, #P < 0.05, ##P < 0.01 vs. Model-DRG group.&P
< 0.05 vs. Model-L-DRG group.

sponses, and further contribute to intermediately adapting currents
(Brierley et al., 2011; Kistner et al., 2016; McKemy et al., 2002).

Choi et al. (2006) also reported that the electrogenesis of DRG
neurons is correlated with the reduced current amplitude, which
could reflect the physiological functions of DRG cells. Our results
indicated that the low-, medium- and high-DSD-DGR treatment,
as well as DGR plus TRPM8, TRPV1 and TRPA1 agonists, signif-
icantly reduced current amplitude. These results suggest that the
DSD treatment remarkably improved the physiological functions
of DRG cells by reducing the current amplitudes.

Chen et al. (2014) and Yamanouchi et al. (2017) reported that
inflammation is associated with the injury or damage of neurons.
Therefore, HE staining was used to observe the inflammatory re-
sponse in this study. Our results illustrated that DSD treatment
significantly decreased the formation of inflammatory lesions in
DRG tissues, with a dose-dependent efficacy. Therefore, we spec-
ulated that the effective inhibition of inflammation using DSD

could result in the suppression of neuronal damages. This result
suggests that the DSD remarkably alleviates the pathogenesis of
peripheral neuropathy by inhibiting inflammation in DRG tissues.
The functional mechanism of DSD is consistent with the report of
a previous study (Yamanouchi et al., 2017).

In this study, we also observed Nissl bodies in DRG cells,
which are the biomarker for the normal morphology of neurons
(Niu et al., 2015). Our data showed that the DSD treatment en-
hanced the amounts of Nissl bodies and improved the morphol-
ogy of DRG cells. Lin et al. (2017) reported that the DRG cells
in painful diabetic neuropathy significantly reduced amounts of
Nissl bodies. Therefore, the amounts of Nissl bodies could reflect
the proliferative status of DRG cells. In this study, we confirmed
that the DSD could promote DRG cell viability by improving the
morphology of Nissl bodies.

Moreover, ultra-microstructures of DRG cells were also eval-
uated. The results showed that DSD could improve the dam-
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Fig. 5. Evaluation of the ultra-microstructures of DRG tissue using transmission electron microscopy (n = 6 in each group). The images showed
that the DSD treatment improved the ultra-microstructures of DRG cells. Magnification, 2000 ×. The black arrows represented the Golgi apparatus
and/or mitochondria.

aged ultra-microstructures of DRG cells to be well-developed
morphologies (Kerchner et al., 2012). This result suggests
that DSD treatment effectively inhibits the OXAL-induced
ultra-microstructure changes of DRG. The findings of ultra-
microstructures in DRG cells undergoing DSD treatment are con-
sistent with HE staining and Nissl staining results, all of which are
inclined to the improvements of DRG cells.

In conclusion, DSD treatment reduced the current ampli-
tude of DGR cells undergoing Agonists stimuli and inhibited
the inflammatory response and enhanced the amounts of Nissl
bodies in DRG cells. DSD treatment also improved the ultra-
microstructures of DRG cells, consistent with our hypothesis. Fi-
nally, DSD did protect against the neurotoxicity of OXAL-induced
peripheral neuropathy in the rat model by suppressing inflam-
matory lesions, improving ultra-microstructures, and enhancing
amounts of Nissl bodies.
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