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Abstract

Background and Objective: Ropivacaine, a local anesthetic, can be used for postoperative analgesia but it has certain central and
cardiovasculartoxicity in high dose. This study investigated the pharmacokinetics and toxicity of oily delivery system ropivacaine in beagle
dogs via subcutaneous injection. Materials and Methods: Twelve beagle dogs were randomly divided into ropivacaine oily delivery
system and ropivacaine hydrochloride injection group (10 mg kg™"). Liquid chromatography coupled with tandem mass spectrometry
method was developed and validated for the determination of plasma ropivacaine. Fifty beagle dogs were divided into five groups,
including saline injection group, ropivacaine oily delivery system (15, 30 and 60 mg kg~") groups and solvent group. The behaviors,
pathological changes, electrocardiogram (ECG), blood cell counts, blood biochemistry, urine analysis and histopathological examination
were observed. Results: The pharmacokinetic parameters of the oily delivery system of ropivacaine were calculated. The maximum plasma
drug concentration (C,,,,) was 0.58+0.25 pg mL™"; the time to reach C,.x (Tma) Was 11.0£ 1.6 h and the mean residence time (MRT) was
10.62£1.2 h. Compared with ropivacaine hydrochloride injection, the C,,, value was reduced by 80% and the T, and MRT values were
substantially extended. There was no drug-related changes of toxicology, including behaviors, ECG, blood count, blood clotting, blood
biochemistry and urine. Conclusion: Oily delivery system of ropivacaine was retained for longer time than ropivacaine hydrochloride
solution in subcutaneous injection in beagle dogs and has no toxicity.
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INTRODUCTION

Ropivacaine  [(-)-(S)-N-(2,-dimethylphenyl)-1-n-propyl-
piperidine-2-carboxa-mide] is a classic local anaesthetic, which
was developed based on the structures of mepivacaine and
bupivacaine’. The improved structure of ropivacaine exhibits
lower toxicity than mepivacaine and bupivacaine. Ropivacaine
inhibits sodium channels located at the drug's site of action on
nerve cells to inhibit nerve excitement and conduction. To
date, only single ropivacaine S conformers have been used in
clinics. Animal and clinical studies have demonstrated that
ropivacaine exerts similar nerve blocking effects to
bupivacaine. However, ropivacaine exhibits a stronger effect
on sensory nerve block and a weaker effect on the motor
nerve block, especially at low concentrations such as 0.5% or
less?3. Therefore, ropivacaine as a postoperative analgesic
improves postoperative recovery.

Clinically, ropivacaine mesylate and hydrochloride
injections are used for acute postoperative pain control. A
single dose of the injection contains up to 300 mg, resulting in
an analgesic duration of 6-12 h. Such a high dose might lead
to a high maximum plasma concentration (C,,,,) and induce
toxicity. However, for pain management 24-72 h after an
operation and for more intense operative pain, a single
injection of either ropivacaine mesylate or hydrochloride
injection is insufficient*S,

Patient-controlled regional anaesthesia is a major clinical
postoperative analgesia primarily induced by a mixture of
local anaesthetic and an opioid administered by epidural
injection. The analgesic effect of epidural injection is
significant but has many shortcomings, including a high risk
of infection at the epidural administration site, the adverse
effects of opioids and the need for adequate patient training
prior to use. Thus, local anaesthetic nerve block near the
wound site gradually becomes the focus of postoperative
analgesia. Axelsson et a/” studied 40 patients undergoing
arthroscopic subacromial decompression in which the
surgeon placed a catheter into the subacromial space at the
end of the operation. The patients who received a continuous
infusion of ropivacaine over a 24 h period reported a good
analgesic effect and exhibited plasma concentrations
within the safe range. Kampe et a/® reported two cases of
postoperative local tram flap surgery with the continuous
infusion of 0.2% ropivacaine solution through two conduits at
adose of 20 mg h~" for 48 h, both patients were satisfied with
the postoperative analgesia management and exhibited no
adverse reactions. Obviously, the continuous infusion of locally
administered drug allows for considerable ease of dispensing
and can lead to high postoperative management costs.
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Some pharmaceutical researchers have noticed this
problem. Xu et a/° developed multivesicular liposomes
containing ropivacaine hydrochloride that exhibited a high
encapsulation efficiency and significant sustained release. 85%
of the particle sizes of the optimized multivesicular liposomes
were well distributed in the range of 7-30 um. The
encapsulation efficiency was up to 90% and the /n vitro
release profile followed first-order kinetics with a release
period of up to 48 h in phosphate-buffered saline’at 37°C. De
Araujo researched ropivacaine in a 2-hydroxypropyl-
cyclodextrin inclusion complex and found that ropivacaine
decreased latency without increasing the duration of motor
blockade in mice during sciatic nerve blockade studies™.

The use of oily delivery system has a long history,
including the treatment of women with amenorrhea and
dysfunctional uterine bleeding, luteal insufficiency, threatened
abortion and habitual abortion. Oily fluorine perphenazine
injections have also been implemented clinically for the
treatment of schizophrenia. For menopausal women with
breast cancer, a palliative injection of testosterone propionate
has been used. The safety of lipid-based and oil-based
injectables has been recognized by patients. On this basis, a
series of ropivacaine formulations reported that were
prepared using water-insoluble ropivacaine as the primary
drugin conjunction with a non-aqueous drug delivery system.
The analgesic effects of local nerve blocks revealed that a 3-4
fold increase of original dose could cause the 7-8 fold increase
of analgesic duration compared with the normal formulation™.
The present study researched the pharmacokinetic and
toxicity of oily delivery system of ropivacaine by subcutaneous
injection in Beagle dogs for a long duration.

MATERIALS AND METHODS

Materials

Reagents and chemicals: Oily delivery system of ropivacaine
(30mgmL~") was prepared by mixing ropivacaine with benzyl
alcohol, benzyl benzoate and soybean oil. Ropivacaine
hydrochloride injection (10 mL:100 mg) was purchased from
AstraZeneca AB (Sweden). Ropivacaine reference (content:
99.8%) was obtained from the United States Pharmacopeia
Convention, Inc. Bupivacaine (content: 99.6%) was obtained
fromthe National Institutes for Food and Drug Control (China).
Acetonitrile (HPLC grade) was purchased from Fisher Scientific
(India) and ammonium acetate (HPLC grade) was purchased
from Sigma (Germany).

Animals: The experiments were carried out from January-
September, 2014 in Joinn Laboratory and Shaanxi Liposome
Research Centre. Quarantined beagle dogs (age 7-9 months,
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weight 8-12 kg) were individually housed in cages and
was provided food twice daily and hygienic drinking water
ad libitum, well-ventilated room that was maintained at a
temperature of 16-26°C and a relative humidity of 40-70%.
Animal care is in compliance with the SOPs of Joinn
Laboratories, the Guide for the Care and Use of Laboratory
Animals and the US Department of Agriculture through the
Animal Welfare Act (Public Law 99-198).

Methods: Liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS) conditions: The detailed method
of LC-MS/MS condition was summarized in Table 1 and the
product ion spectra was indicated in Fig. 1 and 2.

Method validation: The specificity of the method was
conducted by comparing the chromatographs of blank
plasma with (1) Blank plasma samples spiked with standard
solutionsand (2) Plasma samples after subcutaneous injection
of drug. Calibration samples (4-2000 ng mL~") were prepared
and the standard calibration curves were obtained by plotting
the ratio of peak area of ropivacaine to internal standard
against the concentration of ropivacaine. The coefficient of
determination (r?) was calculated, which with a value greater
than 0.99 was considered as an indicator of good linearity. The
lower limit of quantification (LLOQ) was defined as the lowest
concentration of the calibration curve with a signal-to-noise
(S/N) peak ratio greater than 10:1. The intra-day accuracy and
precision test were conducted by analyzing samples at
nominal concentrations with at least 6 replicates for each
concentration within one day. The inter-day accuracy and
precision were determined on 3 days separately. Accuracy
and precision should be within £15% bias and 15% RSD
respectively. The recovery of extraction was determined by
the peak area of ropivacaine spiked with the blank plasma
followed by extraction against the peak area of ropivacaine
spiked to the extracted plasma. The stability of the sample was
investigated in different storage conditions, including 25°C
(0 h, 4 h),-15°C (7 days and 28 days) and three freeze-thaw
cycles.

Table 1: LC-MS/MS condition of pharmacokinetic study

Pharmacokinetic study: Twelve beagle dogs (6 males and
6 females) were divided into two groups: oily ropivacaine
delivery system group and ropivacaine hydrochloride injection
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Fig. 1: Product ion spectra of ropivacaine
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Fig. 2: Product ion spectra of bupivacaine

Mobile phase (v/v)

Injection volume (L) 5 mm ammonium acetate Acetonitrile Flow rate (mL min~")
HPLC (LC-30A, SHIMADZU) 10 5 95 1

Ultimate XB-C18 (4.6 X150 mm, 5 um, welch materials Inc.)
Column Q1 (amu) Q3 (Amu) DP (V) EP (V) CE(V) CXP (V)
MS (4000 QTRAP, Applied Biosystems) Ropivacaine 275.2 1263 80 10 33 10

Internal standard 289.2 140.1 90 10 30 20
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group. Each group consists of 3 males and 3 female dogs. The
animals were subcutaneously injected with respective
drugs at a dose of 10 mg kg=' on their back at multiple
locations (1 mL per location). Approximately 1 mL of blood
was collected prior to dosing and at 0.08, 0.25,0.5, 1,2,4,6, 8,
10,12,24,36,48 and 72 h after drug administration. One week
after the elution period, two groups of beagle dogs were
exchanged and repeated same experiments procedures were
repeated.

The blood samples were centrifuged at 8000 rpm for
3.5 min and the plasma (supernatant) was collected. About
50 uL plasma was mixed with 950 uL of internal standard
(20 ng mL~" bupivacaine acetonitrile solution). The mixture
was incubated for 1 min and then was centrifuged at
12000 rpm for 10 min. Next, 20 uL of the supernatant was
transferred to 380 pL sterile water for injection. The solutions
were mixed well before analyzed by the LC-MS/MS method
summarized in Table 1.

Toxicity study: Fifty beagle dogs (25 males and 25 females)
were divided intofive groups: ropivacaine oily delivery system
15, 30, 60 mg kg~', the solvent and saline injection groups.
Each group consists of 5 males and 5 female dogs. The drugs
were subcutaneously injected at back of the neck for multi-
points. The behaviors, respiratory, secretions, vomiting, stool
skin, hair, eyes, ears, nose, abdomen, genitalia, anus, legs, feet
change of Beagle dogs were observed. Beagle dogs' weight,
ECG, body temperature was measured. The beagle dogs
were fasted overnight at the 1st day before administration,
the 2nd day and the 14th day after administration,
respectively, the blood samples were collected from forelimb
vein for analysis of blood cells and biochemistry. Urine of
beagle dogs was collected and tested on the 1st day before
administration and the 13th day after administration for
general inspection. Beagle dogs (2 males and 2 females) of
each group on the 3rd day and other dogs on the 15th day
after the administration were euthanized, dissected for
histopathological inspection.

Data analysis: Analyst 1.6 software (AB SCIEX, USA) was used
to prepare the raw chromatograms. Statistical analyses were
conducted using GRAPH-PAD PRISM 5.0 (GraphPad Software,
La Jolla, CA, USA). The pharmacokinetic parameters were
calculated by a non-compartmental model approach (NCA)
implemented in WinNonlin (V6.2) software. The data were
expressed as the Means*SD. p<0.05 was considered to be
statistically significant.
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RESULTS

Specificity: In Fig. 3, the peak intensity of blank plasma was
very low (Fig. 3a). The retention time of ropivacaine and
bupivacaine were 2.83 and 3.11 min, respectively. The
intensity of the ropivacaine peak (Fig. 3b) in its LLOQ was
about 10 times higher than that in the blank plasma and the
intensity of the internal standard-bupivacaine peak (Fig. 3c)
was about 2400 times higher than that in blank plasma. The
influence of the blank plasma on the quantification of
ropivacaine and bupivacaine could be neglected. Therefore,
there was no interfering peak near the retention times of
ropivacaine and the internal standard, suggesting thata good
specificity was achieved.

Standard curve, precision and accuracy: Within the range of
the standard curve (4-2000 ng mL~"), the LLOQ of ropivacaine
was 4 ng mL~". The accuracy of the standard curve samples
ranged from 92.06% to 111.61%, and the correlation
coefficient was 0.9981(Data not shown), meeting
requirements. As indicated in Table 2, the average accuracy of
the quality control samples ranged from 102.18-111.58%. The
average precision ranged from 3.05-6.81%.

Stability: As indicated in Table 3, the recovery rate of
ropivacaine plasma sample is ranged from 95.84-109.64%
when the samples were placed at less than -15°C for different
times or were subjected to three rounds of freeze-thaw
(at least 12 h per round) or stored at room temperature for
different times.

Pharmacokinetics of ropivacaine in ropivacaine oily
injection or ropivacaine hydrochloride after subcutaneous
injection: The plasma concentrations of ropivacaine in
each group were presented in Table 4, respectively.
About 0.083 h after the subcutaneous injection, the drug
concentrations in both groups could be detected and the
concentration in ropivacaine hydrochloride group was
1768.61%+859.86 ng mL~", which was more than 30 folds
higher than that in ropivacaine oily delivery system group
(57.25%+28.80 ng mL~"). However, the drug concentration in
the ropivacation hydrochloride group decreased rapidly,
whereas, the drug concentration in ropivacaine oily delivery
system group was kept increasing in the first 12 h. At 6 h after
the injection, the drug concentration in two groups was
comparable and for the time points of 6-12 h, the drug
concentration in the ropivacaine oily delivery system group
was larger than that in ropivacaine hydrochloride group. At
12 haftertheinjections of ropivacaine oily delivery system, the
drug concentration was the highest (400.671+199.35ngmL™"),
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Fig. 3(a-): Typical specificity graph for the validation of ropivacaine determination in beagle dogs. Plasma drug concentrations
were determined quantitatively by LC-MS/MS, (a) Blank plasma, (b) Ropivacaine (LLOQ,4 ng mL~") and (c) Bupivacaine

(internal standard)

Table 2: Extraction recoveries of ropivacaine in plasma and intra-day, inter-day accuracy and precision of the method (n = 6)

Intra day (n =6)

Inter day (n = 6)

Spiked Extraction Determined Precision Determined Precision
Matrix conc. (ng mL™")  Linearity recovery (%) conc. (hg mL™) (RSD%) Accuracy (%)  conc.(hg mL™") (RSD%)  Accuracy (%)
Plasma 12 0.9999 116.25£3.46 13.39£0.91 6.81 111.58 12.29£0.68 5.24 102.42
80 1.0000 116.24+4.33 87.511£4.06 4.64 109.39 84.78+4.08 4.82 105.98
800 0.9998 104.40£3.34 833.71+34.05 4,08 104.21 817.431+24.93 3.05 102.18
Table 3: Stability of ropivacaine under different conditions in beagle dog plasma by LC-MS/MS (n = 3)
Spiked Below-15°C Below-15°C
Matrix conc. (ngmL™")  —mmmmmmmmmmeeee Freshly prepared -------------------- 25°Cfor4h 3 freeze-thaw cycles  for 7 days for 28 days
Plasma 12 Determined conc. (ng mL™") 12.71£0.10 12.68+0.40 12.41£0.57 13.16£0.47 12.15£0.40
Recovery (%) 105.92+0.82 105.64+3.19 103.42+4.55 109.64+3.59 101.28+3.25
800 Determined conc. (ng mL™") 817.29+31.89 808.77£30.27 799.60+6.06 795.34+5.76 766.73+8.94
Recovery (%) 102.16%+3.90 101.10+3.74 99.95+0.76 99.42+0.72 95.84+1.17

which is more than 2.5 folds higher than that in the
ropivacaine hydrochloride group (156.14%56.08 ng mL™").
12 h later, the drug concentration in ropivacaine oily delivery
system group decreased quickly and only 4.41%+6.24 ngmL™"
could be detected 48 h after the injection. No ropivacaine
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could be detected in the plasma for either group 72 h after the
injection.

The pharmacokinetic data was also analyzed
non-compartmentally by WinNonlin (Certara USA, Inc,
Princeton, NJ, USA) and the resulted pharmacokinetic
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Table 4:Concentrations of ropivacaine in plasma at different time intervals after subcutaneous injection of ropivacaine oily delivery system or ropivacaine hydrochloride

Ropivacaine concentration in plasma (ng mL™")

Time (h) Ropivacaine oily delivery system Ropivacaine hydrochloride
0.083 57.25%28.80 1768.611+859.86
0.25 157.42£94.06 1892.67+1186.12
0.5 235.32£145.11 1635.97+1091.40
1 230.20+154.34 1091.56+778.08
2 180.85£117.53 554.57+412.85
4 228.20+109.98 432.441+308.13
6 277.71£157.55 416.74+314.02
8 319.52+200.25 304.20+£197.76
10 383.62+221.51 220.66+106.81
12 400.67+199.35 156.14£56.08
24 68.64+£26.33 118.45£22.10
36 12.01£2.60 12.80%£4.45

48 441%6.24 0.00

72 0.00 0.00

Table 5: A comparison of pharmacokinetic parameters of oily delivery system of ropivacaine and ropivacaine hydrochloride injection (Mean*SD, n = 12)

Parameters Ropivacaine oily delivery System Ropivacaine hydrochloride injection
ty, (h) 454+0.85%* 3.06%+0.96
Trnax () 11.00£1.60** 0.22%+0.07
Cax (Mg mL™) 0.58+0.25** 2.76%+1.09
AUC,,; (ug h mL™") 9.02+3.64 7.93£2.09
AUC. (ug hmL™) 9.21%£3.60 8.26+2.15
Vd (Lkg™) 7.98+3.07 569%2.39
Cl(Lhkg™) 1.22%+0.40 1.29+0.34
MRT. (h) 10.62£1.20%* 387%£1.17

**p<0.01 vs. ropivacaine hydrochloride injection

parameters were summarized in Table 5. The T, in
ropivacaine oily delivery system was 11.00+1.60 h, which
was 50 times of that of ropivacaine hydrochloride group
(0.22%+0.07 h, p<0.01). The C,,, of oily delivery system of
ropivacaine group (0.58%£0.25 pg mL™") was significantly
less than that of ropivacaine hydrochloride group
(2.7611.09 ug mL™"). The AUC,and AUC,,, were comparable
between two groups (for ropivacaine hydrochloride group
the AUC, is 8.26£2.15 ug h mL~" and for ropivacaine oily
delivery system group the AUC_is 9.21%+3.60 ug h mL™"). The
MRT of oily delivery system of ropivacaine group was
10.62%1.20 h, which was 2.7 times of that of ropivacaine
hydrochloride group (3.87£1.17 h) (p<0.01). This results
suggested that the duration of ropivacaine oily delivery
system in the plasma is longer than that of the control.

Toxicity: There was no significant difference of the body
temperature, weight and electrocardiogram and other
physical properties before and after the administration of
ropivacaine oily delivery system. Also, there was no significant
difference in hematology indicators, blood biochemical
indicators and histopathology between ropivacaine oily
delivery system and saline solution group. To sum up, no
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toxicity effect was observed after the administration of
ropivacaine oily delivery system.

DISCUSSION

A LC-MS/MS method was developed and validated to
study the pharmacokinetic of ropivacaine in beagle dogs. The
method is good in specificity, linearity, accuracy, precision,
recovery and stability.

Asindicated in Table 5, there was no significant different
of the AUC~ between two groups, suggesting thatabsorption
of ropivacaine in two groups is at the same level. The MRT of
the ropivacaine oily delivery system is 2.7 times of that of the
ropivacaine hydrochloride. T,.., of the ropivacaine oily delivery
system is much larger than that of ropivacaine hydrochloride
injection. Furthermore, compared with the t,,, of ropivacaine
hydrochloride group, the t;, of ropivacaine oily delivery
system was delayed by about 1.5 h. These results indicate that
when formulated into the oily delivery system, ropivacaine
was slowly released from the site of injection, and ropivacaine
oily delivery system can maintain much longer duration and
more powerful analgesia effect than ropivacaine
hydrochloride.
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It is reported that overdosage ropivacaine showed
obvious toxic effects both in animals and human. When sheep
were intravenously injected with ropivacaine hydrochloride
solution of 90-120 mg, they showed startle reactions and
cardiovascular problems such as changes in heart rate, mean
arterial pressure, cardiac output, systemic vascular resistance,
left ventricular end diastolic pressure and myocardial
contractility'’; intravenously injection of ropivacaine
hydrochloride at 7 mg kg™ decreased blood pressure and
cardiac index in pigs'3; intravenous injection of 2.6 mg kg
ropivacaine could lead to symptoms of convulsive induced
contraction, a loss of righting reflex, weakness of
autonomic activities and respiratory depression in rats and
intravenous injection of 0.5% ropivacaine atarate of 2mg kg
min~'in rats could cause arrhythmia and arrhythmia 30 min
after the administration".

In a clinical study, three volunteers who were injected
ropivacaine hydrochloride injection, resulted in dysphoria,
anxiety and screaming’®. It was reported that when dosing
with dosage'” of 300 mg, ropivacaine showed central
nervous system toxicity in two patients for infraclavicular
block; 30 adult female patients who received gynaecological
laparotomy had a potentially high enough ropivacaine plasma
concentration to cause systemic toxicity and three of them
reported symptoms of mild neurotoxicity and elevated mean
peak levels (2.70 pg mL=")™. In a study of the effects of
bilateral thoracic paravertebral block, one patient developed
local anaesthetic toxicity after receiving infusion of 0.25%
ropivacaine 0.1 mL kg h=" at the end of the surgery™.

When the ropivacaine was formulated into an oily delivery
system, the plasma C,,,, was significantly decreased. The C,..,
of ropivacaine oily delivery system is about one fifth of
ropivacaine hydrochloride injection. It was observed that
when ropivacaine was formulated into the oily delivery
system, the C,,,, was significantly lower which may decrease
the possibility of systemic adverse reactions. This was proved
by the acute toxicity study, in which, no behavioral abnormal,
nerve or cardiovascular toxicity were observed in beagle
dogs when ropivacaine 60 mg kg~' was subcutaneous
injected. The dose was about 20 fold of the clinical dosage
of hydrochloric ropivacaine injection. The results indicated
that ropivacaine oily delivery system is safe.

CONCLUSION

Qily delivery system of ropivacaine can slowly and
continuously release ropivacaine, which benefits sustained
analgesics. No any toxicity was observed in dogs. Therefore,
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oily delivery system of ropivacaine might provide strong
support for follow-up clinical studies.

SIGNIFICANCE STATEMENT

This study found that the ropivacaine oily delivery system
hasa long-lasting nerve block and is highly safe. The study
helped researchersunravel the /n vivo release characteristics
of ropivacaine oil solution after subcutaneous administration.
It provided theoretical support for the application of oily
agents in the field of analgesics.
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