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A b s t r a c t

IInnttrroodduuccttiioonn:: Prolonged postoperative analgesia cannot be achieved by a single
injection of local anesthetic solution. The objective of this study was to optimize
the formulation of a ropivacaine hydrochloride (Ropi-HCl) loaded in situ forming
implant (ISI) by addition of different co-solvents, and evaluate the in vitro release
of Ropi-HCl, and the analgesic effect and toxicity of the optimized formulation
in rats.
MMaatteerriiaall  aanndd  mmeetthhooddss:: Triacetin (TA), benzyl benzoate (BB) and polyethylene 
glycol 400 (PEG 400) were used as additives and added to the solvent of 
N-methyl-2-pyrrolidone (NMP). Drug release to the surface and inner structural
properties of the formed implant were evaluated by scanning electron microscopy
(SEM). The analgesic effect was determined by injection near the rat sciatic nerve.
RReessuullttss::  The solvent system added with TA or BB significantly decreased the burst
release, whereas PEG 400 increased the Ropi-HCl burst release from the formula-
tion. Over 70% of the incorporated Ropi-HCl was released from all formulations in
14 days in the in vitro assay. The SEM showed that the surface of NMP-BB formu-
lation was less porous and more homogeneous, compared with the other formu-
lations. Compared with Ropi-HCl injection, the optimized formulation (NMP-BB)
significantly prolonged the analgesic effect in 48 h (p < 0.05), with a mild degree
of motor block from 3 h to 12 h. Histological evaluation of the injection site revealed
only mild inflammatory infiltration without obvious pathological nerve alterations. 
CCoonncclluussiioonnss::  The biodegradable Ropi-HCl-loaded ISI system with NMP-BB may
prove to be an attractive and safe alternative for the delivery of parenteral local
anesthetics to prolong pain relief.

KKeeyy  wwoorrddss::  in situ forming implant, local anesthesia, ropivacaine.

Introduction 

Post-surgical pain is a major issue in the healing period after surgery.
Injection of local anesthetics for reversible nerve block is the site-direc ted
and most effective mainstay in the management of post-surgical pain. 
A single injection provides a short-term nerve block lasting 4-6 h [1]. To
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circumvent the short duration of action, viable
options have been attempted, including admini -
stration of local anesthetics, neurolytic agents or
cryoprobes, but all these options have their limita-
tions. For example, catheter infusion may cause
infection and migration, requiring constant and
meticulous monitoring. Nerve block by neurolytic
methods may induce unwanted deficits and new
forms of pain due to localized tissue destruction [2]. 
Over the last decades, several long-acting local

anesthetic delivery systems based on biodegra dable
polymers have been developed. Bioerodible and
biodegradable polymer-local anesthetic matrix
implants formed by impregnating polyanhydride
copolymers with dibucaine and bupivacaine may
produce sciatic nerve blocks for 3–5 days in rats 
[3-5]. Although these solid implants can become
useful therapeutic candidates, their use is so far
limited to surgical procedures. 
Liquid drug delivery systems, mostly based on

polyesters (PLA or PLGA), may use vesicles made
up of liposomes, lipospheres or microparticles, and
have been widely studied in pain management 
[6-8]. When encapsulated with local anesthetics,
these formulations may provide a duration of local
analgesia of several hours or days. Although they
do not need surgical implantation, the preparations
are based on complex and multi-step processes with
many formulation parameters to be considered. 
As an alternative to conventional solid implants,

microparticles or liquid drug-polymer formulations,
an injectable implant system has been developed.
The in situ implant is formed by injection into the
body, where it contacts with the body fluid through
precipitation of the polymer [9–11]. This system is
composed of insoluble water and biodegradable
polymer dissolved in a water-miscible, physiologi-
cally compatible solvent such as dimethyl sulfoxide
(DMSO), NMP or 2-pyrrolidone. The polymer soli d-
i fies at the site of administration and forms an
implant upon injection of the drug-loaded polymer
solution. Using this technology, other drugs such
as doxycycline (Atridox®) for periodontal delivery
[12] or leuprolide acetate (Eligard®) for subcuta-
neously delivery [13] have been commercialized.
The purpose of this study was to optimize the

Ropi-HCl loaded into the in situ forming implant
(ISI) with different co-solvents. The in vitro release,

and surface and cross-sectional morphology of
Ropi-HCl were evaluated, and the analgesic effect
and toxicity of the optimized formulation were fur-
ther investigated in rats.

Material and methods

RReeaaggeennttss  aanndd  aanniimmaallss

Reagents used in this study included poly(D,L-lac -
tide-co-glycolide) (PLGA, 50 : 50, Mw 10000) (Shan-
dong Medical Equipment Research Institute, Jinan,
China); Ropi-HCl (Shandong Boyuan Chemical Co.,
Ltd. Jinan, China); N-methyl-2-pyrrolidone (NMP)
(International Specialty Products Limited Corpora-
tion Shanghai Representative Office, Shanghai, Chi-
na); polyethylene glycol 400 (PEG 400) (BASF Lim-
i ted Corporation Shanghai Representative Office,
Shanghai, PR China); and triacetin (TA) and benzyl
benzoate (BB) (Sinopharm Chemical Reagent Co.,
Ltd., Shanghai, China). All chemicals were of reagent
grade quality.
Female Sprague-Dawley (SD) rats weighing 

220-280 g were obtained from SLAC laboratory ani-
mal Co., Ltd. (Shanghai, China), housed in groups
in a 12 h : 12 h light-dark cycle, and cared for in
compliance with protocols approved by the Animal
Care and Use Committee at the Second Military
Medical University in Shanghai, China. 

PPrreeppaarraattiioonn  ooff  tthhee  iinn  ssiittuu ffoorrmmiinngg  
iimmppllaanntt  ssyysstteemm

The formulation compositions used in this study
are shown in Table I. TA, BB and PEG 400 were the
additives in the NMP solvent. ISI was prepared by
dissolving PLGA in solvents at room temperature to
produce a clear viscous solution. Ropi-HCl powder
was added to the polymer solution and mixed com-
pletely. The drug concentration was kept constant
at a level of 10% (w/w, based on polymer). 

IInn  vviittrroo  ddrruugg  rreelleeaassee  aassssaayy

In vitro drug release assay was conducted
according to the previous report [14]. Briefly, ISI was
injected into dialysis tubing (Union Carbide Co. USA,
Mw cut-off 14,000 Da) (n = 3), and then immersed
into 50 ml of 10 mmol phosphate buffer, pH 7.4
(0.02% w/v sodium azide was added as a preser-
vative) at 37°C with constant shaking (100 rpm). At
predetermined time points, a 5 ml sample (which
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TTaabbllee  II..  Compositions of the Ropi-HCl-loaded in situ forming implants 
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was replaced by fresh buffer solution) was with-
drawn and assayed. After 48 h, the complete medium
was withdrawn and replaced by a fresh medium at
each sampling point. The Ropi-HCl con cen tration in
the medium was determined by a high-perfor -
mance liquid chromatography (HPLC, L-2200 Auto
Sampler [Hitachi, Tokyo, Japan]) system composed
of an L-2130 pump, an L-2455 diode array detector,
and a D-2000 data analysis program. A 20-µl vo l-
ume was injected onto a Kromasil 100-5 C18 co l-
umn (150-µm x 4.6-µm, Sweden) using as the
mobile phase a mixture of 20% acetonitrile: 80%
15-mmol buffer phosphate (pH 4.0) at a flow rate
of 1.0 ml/min, and DAD was detected at 210 nm. 

DDrruugg  ssoolluubbiilliittyy

An excess amount of Ropi-HCl was added in a 3 ml
test tube containing 1 ml of 10-mmol phosphate
buffer (pH 7.4). The tube was tightly capped, sha -
ken in a shaking incubator-water bath at 37°C, and
centrifuged after 48 h. The supernatant was filtered
through a 0.45-µm membrane. The amount of Ropi-
HCl in the sample was determined by HPLC as
described above after appropriate dilution.

SSccaannnniinngg  eelleeccttrroonn  mmiiccrroossccooppyy

The freeze-dried ISI was mounted on a metal stub
double-sided tape and coated with gold for 60 s
using a plasma sputter (SBC-12, KYKY Tech. Dev.
LTD, China). The morphology of the surface and
cross-section of the sample was observed with 
a scanning electron microscope (TS5136MM, TES-
CAN, Brno, CZ) in a low vacuum condition. 

OOuuttccoommee  aasssseessssmmeenntt  pprroocceessss

Twenty-four female Sprague-Dawley rats 
(220-280 g) were randomly divided into four groups
and the observers were blinded to the treatment
allocation. Prior to nerve block [15], rats were briefly
anesthetized (< 2 min) with isoflurane. A 23G nee-
dle was introduced posteromedially to the greater
trochanter. Upon touching the bone, the needle 
was withdrawn 1 mm, and the 0.3 ml drug-loaded 
(40 mg/kg) or the blank formulation was injected. 

HHoott  ppllaattee  sseennssoorryy  tteesstt

Sensory block was measured by the Hargreaves
hotplate method [16]. Briefly, the rats were posi-
tioned to stand on a glass plate. The infrared beam
(adjusting heat temperature to 52°C) was directed
through the plate on the plantar surface of the hind
paw. Latency to withdraw the hind paw from the
glass hotplate was recorded by alternating paws
and allowing at least 5 min recovery between plate
measurements [17]. If no withdrawal occurred from
the hotplate within 15 s, the trial was terminated

to prevent injury and the termination time was
recorded. The test ended after five measurements,
and the mean was calculated. As the withdrawal
reflex is from the thigh adductors (femoral not sci-
a tic nerve), the rats can withdraw a paw despite
total sciatic nerve block. 

MMoottoorr  bblloocckk  tteesstt  

Motor block was assessed with a 4-point scale
(1): 1, normal; 2, intact dorsiflexion of foot with
impaired ability to splay toes when elevated by the
tail; 3, toes and foot plantar flexed with no splaying
ability; and 4, loss of dorsiflexion, flexion of toes,
and impairment of gait. For neural block degree
index, partial motor block equals a score of 2 and
dense motor block either 3 or 4.

HHiissttoollooggyy

Rats (n = 6 each group) were sacrificed 7 days
after drug injection. The sciatic nerve adjacent to
the implant was removed together with the sur-
rounding tissues, preserved in 10% formalin, stained
with hematoxylin and eosin (HE), and processed for
histology using standard techniques. Histological
evaluation was performed by a pathologist from
Changhai Hospital (Shanghai, China) as described
previously [18]. Briefly, inflammation in the con-
nective tissue was graded as absent, minimal, mild,
moderate or severe.

SSttaattiissttiiccaall  aannaallyyssiiss  

The in vitro release data obtained were pre-
sented as mean ± SD and analyzed using analysis
of variance. In all cases, p < 0.05 was considered to
indicate statistical significance.

Results 

IInn  vviittrroo rreelleeaassee  ssttuuddyy

The release profile of Ropi-HCl from ISI prepared
with different solvent systems is shown in Figure 1.
The initial Ropi-HCl release rate within 24 h was
22.09 ±2.20%, 19.83 ±2.27%, 20.33 ±3.07% and
30.32 ±4.07% for NMP, NMP-TA, NMP-BB and NMP-
PEG 400 formulation, respectively. Compared with
the NMP-only formulation, the solvent system added
with TA or BB formulation significantly decreased the
burst release (p < 0.05). However, the initial release
of ISI was dramatically enhanced upon addition of
PEG 400, which might be related to its composi -
tion. In addition, it was found that over 70% of the
incorporated Ropi-HCl was released from the four
formulations 14 days after incubation in the medi-
um (75.64 ±5.96%, 71.26 ±6.69%, 78.93 ±8.79% 
and 73.25 ±9.65% for NMP, NMP-TA, NMP-BB and
NMP-PEG 400 formulation, respectively) (Figure 2).
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FFiigguurree  33..  Scanning electron micrographs of surface morphology of the in situ forming implants 24 h after injection
into the release medium. AA – NMP, BB – NMP-TA, CC – NMP-PEG400, DD – NMP-BB
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FFiigguurree  11.. In vitro release of ropivacaine hydrochloride
(Ropi-HCl) from the in situ forming implants within 24 h
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FFiigguurree  22..  In vitro release of Ropi-HCl from the in situ
forming implants for 14 days
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MMiiccrrooggrraapphhss  ooff  ssccaannnniinngg  eelleeccttrroonn  mmiiccrroossccooppyy  

Surface micrographs of the four solidified ISI for-
mulations were detected by SEM 24 h after injection
into the release medium. The NMP formulation had
a smooth porous surface (Figure 3 A), while the sur-
face of the formulation with NMP-TA was relatively
rough (Figure 3 B). The formulation with NMP-PEG
400 had a loose surface with a higher porosity 
(Figure 3 C). In addition, the pore diameter of the for-
mulation with NMP-PEG 400 was larger than that of
NMP and NMP-TA formulations. Compared with the
above three formulations, the surface of NMP-BB for-
mulation was less porous and more homogeneous
(Figure 3 D), suggesting that the formulation with
NMP-BB was most optimal. In addition, 14 days after

injection, water microchannels penetrated the depots,
resulting in higher pore density on the cross-section
of PLGA based matrix with polymer erosion. Howe -
ver, there was no significant difference observed
between the four formulations (Figure 4). 

IInn  vviivvoo eeffffiiccaaccyy

Based on the in vitro results, an in vivo efficacy
study was carried out with the most optimized for-
mulation (NMP-BB). Sensory and motor blocks were
determined by intramuscular injection near the rat
sciatic nerve with saline, Ropi-HCl injection, blank
or Ropi-HCl ISI (40 mg/kg). The duration of nerve
block was recorded. As shown in Figure 5, sensory
block produced by Ropi-HCl injection was obvious

FFiigguurree  44..  Scanning electron micrographs of cross-sectional morphology of the in situ forming implants 14 days after
injection into the release medium. AA – NMP, BB – NMP-TA, CC – NMP-PEG400, DD – NMP-BB
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in the first 3 h, and soon vanished afterwards due
to fast elimination. However, sciatic nerve block pro-
duced by Ropi-HCl ISI lasted 72 h. Compared with
Ropi-HCl injection, the analgesic effect of Ropi-HCl
ISI was significantly prolonged, and all rats returned
to the sensory baseline level at 96 h. No sensory
block was observed in the saline and blank groups.
Motor block was also determined (Figure 6). Rats
in the Ropi-HCl ISI group showed signs of slight
motor block after injection, as represented by inabi l-
ity to splay their toes properly for 24 h. The same
effect was also produced by Ropi injection lasting
for 3 h, and no sign of motor deficits was observed
thereafter. Rats injected with saline and blank ISI
showed no sign of motor block. These results
demonstrated that Ropi-HCl ISI could prolong sci-
a tic nerve block.

HHiissttoollooggiiccaall  ddeetteerrmmiinnaattiioonn

The sciatic nerve and surrounding tissues were
evaluated histologically 7 days after injection. No
evidence of axonal degeneration or demyelization
of the nerve was observed in the rats injected with
Ropi-HCl ISI, nor was perineural lymphocyte found
in the tissue surrounding the sciatic nerve. Gene -
rally, the degree of inflammation was no higher
than that of the control group. In addition, no evi-
dence of active inflammatory reaction or tissue irri-
tation extending beyond the local injection site was
observed, suggesting that there was no adverse
reaction upon application of the formulation (data
not shown).

Discussion

The present study explored the feasibility of the
PLGA-based ISI system for controlled release of
Ropi-HCl. For the preparation of the ISI, Ropi-HCl
was chosen as a candidate for the development of

a long-acting formulation for the treatment of post-
surgical pain. Ropi-HCl is a new member of the
long-acting amino amide class of local anesthetics,
used as the hydrochloride salt of the S-enantiomer,
while bupivacaine is a racemic mixture [19]. Ropi-
vacaine is less lipid soluble than bupivacaine, and
possesses less CNS and cardiac toxicity than does
bupivacaine [18, 20]. Previous studies also showed
that the onset, duration and extent of sensory block
of ropivacaine were similar to bupivacaine. Howe -
ver, motor block of ropivacaine was less intense and
lasted a short duration compared with bupivacaine
[21, 22]. This character is highly desirable for post-
operative pain management, since ropivacaine can
promote the safety of long-acting sensory block to
minimize the potential CNS and cardiac toxicity. In
addition, ropivacaine has minimal influence on the
mobility of patients.
Our in vitro drug release study was performed in

10 mmol PBS (pH 7.4) at 37°C. The determined sat-
u rated solubility of Ropi-HCl was 25.25 mg/ml. To
mimic the in vivo physiological sink condition, a lar -
ge volume of release medium was used, so that the
concentration of Ropi-HCl would never reach more
than 10% of its maximum solubility [23]. 
Burst release is the key issue of a sustained drug

release system [10]. The purpose of this study was
to evaluate the effect of additives on Ropi-HCl
release and modify the properties of the formula-
tions. Ropi-HCl ISI is a viscous liquid at room tem-
perature and can be injected using a 23-G needle.
After the formulation was injected, the polymer
solution solidified as the solvent dissipated into the
medium buffer and formed an implant. Sol vent/
water affinity plays a key role in governing drug
release from this system [24]. TA, a hydrophobic sol-
vent with low solvent/water affinity, was reported
to decrease the initial burst release due to its abi l-
ity to slow down the rate of phase separation [10].
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FFiigguurree  55..  Mean leg-withdrawal latency values versus
time following the peripheral sciatic nerve injection
of 40 mg/kg Ropi-HCl ISI, ISI control, Ropi-HCl injec-
tion or saline (n = 6)
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In this study, addition of TA decreased the initial
release compared with the formulation without TA.
It was also reported that BB as the co-solvent could
decrease protein burst release from the in situ for -
ming drug delivery system due to its insoluble pro -
perty and high viscosity (9.57 mPa) [25], thus slo -
wing down the rate of phase separation, resulting
in decreased initial release. PEG 400 was reported
to decrease the initial burst release of a drug from
the polymer matrix through its plasticizing effect
[26]. In the present study, PEG 400 was used as an
additive in the PLGA/NMP system. It showed a si -
gni ficant difference of initial drug release compared
with the formulation without PEG 400. The initial
release of Ropi-HCl was faster due to microchan-
nel formation after dissolution of highly hydrophilic
PEG 400. In addition, a slow and controlled manner
of Ropi-HCl release from the ISI was observed, and
the total drug release from the four formulations
after 14 days was almost at the same level. The sur-
face and cross-section morphology of ISIs were in
good agreement with the in vitro drug release study.
Due to lower burst release and a proper 14-day-
release profile (78.93%), the formulation with addi-
tion of BB was chosen for the next in vivo experi-
ment.
It was found in our study that a single injection

of Ropi-HCl ISI near the peripheral sciatic nerve in
an SD rat prolonged the reversible nerve block for
72 h. The sustained release property is consistent
with the clinical need for managing acute postop-
e rative pain in 72 h. Motor block produced by Ropi-
HCl ISI was mild, with a short duration compared
with the 10% (w/w) bupivacaine-polymer formula-
tion that lasted more than 30 h [23]. In addition, no
evidence of active inflammation or tissue irritation
and pathological nerve changes was observed, indi-
cating good tolerability and safety of the in situ
forming implant formulations.
In conclusion, this study on controlled release of

Ropi-HCl ISI using in situ forming implant systems
can safely provide site-specific and prolonged effects
of local anesthesia. Future studies should investigate
the possibility of using the formulation clinically.
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