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Aims: This trial (NCT03751956) investigated the mass balance, pharmacokinetics and

pharmacodynamics of HSK3486, a novel anaesthetic, in healthy subjects.

Methods: A single dose of 0.4 mg/kg [14C]HSK3486 was administered to six healthy

subjects. Blood, urine and faecal samples were collected, analysed for radioactivity,

unchanged HSK3486 and profiled for metabolites. The Modified Observer's Assess-

ment of Alertness/Sedation (MOAA/S) scale and vital signs were closely monitored

during the study.

Results: The mean recovery of total radioactivity in excreta was 87.3% in 240 h,

including 84.6% in urine and 2.65% in faeces. The exposure (AUC0-t) of total radioac-

tivity was much higher than that of unchanged HSK3486 in plasma, indicating there

were circulating metabolites in plasma. The glucuronide conjugate of HSK3486

(M4) was found as the only major circulating metabolite in plasma (79.3%), while

unchanged HSK3486 accounted for only 3.97% of the total radiation exposure. M4

also resulted in a longer estimated elimination half-life (t1/2) of total radioactivity than

that of unchanged HSK3486 in plasma. Fortunately, the metabolite was detected to

be not specific to red blood cells and was suggested to be nonhypnotic and nontoxic.

All the subjects were quickly anaesthetized (2 min) after drug administration and

woke up smoothly after a short time (5.5–14.1 min) with few residual effects. The

only adverse event in the study was mild (grade 1) and consisted of hypotension.

Conclusion: HSK3486 is a promising anaesthetic candidate with rapid onset of action

and clear absorption, distribution, metabolism, excretion (ADME) processes.

HSK3486 showed favourable pharmacokinetic characteristics, pharmacodynamic

responses and safety at the study dose.
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1 | INTRODUCTION

HSK3486, a novel 2,6-disubstituted phenol derivative, is a new candi-

date intravenous drug for the induction and maintenance of anaesthe-

sia in clinical practice.1,2 Like the most commonly used intravenous

anaesthetic, propofol, HSK3486 is a γ-aminobutyric acid (GABA)

receptor potentiator. HSK3486 has completed several clinical trials in

China and Australia, and has shown good efficiency and safety. In the

studies performed to date (NCT04054063, NCT04037657,

NCT04033939, NCT03773835, NCT03698617, NCT03709056,

NCT03773042, NCT03808844, NCT03674008), more than 400 sub-

jects in total were enrolled in the HSK3486 groups, including healthy

subjects, as well as subjects undergoing colonoscopy, gastroscopy or

elective surgery.

Previous studies showed that HSK3486 possessed the favourable

anaesthetic properties of rapid onset and rapid return of conscious-

ness with only minor residual effects after a single dose. HSK3486

had good anaesthetic efficacy at a dose of 0.4 mg/kg, and 0.6 mg/kg

HSK3486 had similar anaesthetic potency to 2.5 mg/kg propofol,

which indicated that HSK3486 had the equivalent potency of prop-

ofol at one quarter to fifth of the dosage.2 The adverse events associ-

ated with HSK3486 are generally similar to those of propofol, mainly

affecting the cardiovascular and respiratory systems. HSK3486 may

have less effect on respiratory function than propofol, and may have a

lower risk of injection pain than propofol due to the lower concentra-

tion in the aqueous phase of the emulsion.1

HSK3486 is a promising intravenous anaesthetic candidate.

However, the mass balance, pharmacokinetics and pharmacodynam-

ics of HSK3486 have not been reported. Human radiolabelled mass

balance study is a gold standard to obtain information about the

metabolic disposition, elimination route and recovery of a new drug

after a single radiolabelled dose.3,4 In addition, due to the special

pharmacological properties and clinical uses of HSK3486, the

anaesthetic effects of the drug can be observed after a single

dose. Therefore, the clinical effects of HSK3486 can also be inves-

tigated in mass balance study.

To fully understand the metabolic disposition and mass balance

of HSK3486, and the impact of HSK3486-related metabolites on

pharmacokinetics and pharmacology, we conducted a study in healthy

Chinese subjects to clarify the distribution, metabolism and elimina-

tion, as well as anaesthetic effects and safety of HSK3486 after a

single 14C-labelled intravenous dose.

2 | METHODS

2.1 | Study design

This was a Phase I, open-label, single-centre study conducted at the

First Affiliated Hospital of Soochow University (Suzhou, China).

After a screening period of up to 13 days (day -14 to day -2), six

healthy Chinese subjects were included in this study and stayed at the

study centre until 240 hours after dosing. The subjects received a

single intravenous dose of 0.4 mg/kg [14C]HSK3486 in boluses within

1 minute ± 5 seconds on day 1 after fasting for at least 10 hours.

The blood samples, and all the urine and faeces were collected at

specified time points or intervals 10 days after the administration of

[14C]HSK3486. The subjects were discharged from the study site

when all the following criteria were met: (a) the cumulative excreted

radioactivity from each subject exceeded 80% of the administered

dose; (b) the excreted radioactivity in urine and faeces was less than

1% of the administered dose over a 24 hour period on two consecu-

tive days; (c) the radioactivity in plasma was less than two times the

radioactive background over two continuous time points.5

The study was conducted in accordance with the ICH GCP guide-

lines. The protocol was approved by Medical Ethics Committee of the

First Affiliated Hospital of Soochow University. All subjects provided

written informed consent.

2.2 | Subjects

Healthy male subjects aged 18–49 years with body mass index (BMI)

of 19–26 kg/m2 were eligible. Subjects were excluded if they met any

of the following exclusion criteria: a history of drug or alcohol abuse

or participation in any other clinical trials in the past 3 months; the

use of prescribed or nonprescribed concomitant medications within

14 days of the study; hypersensitivity to propofol or other emulsion

What is already known about this subject

• HSK3486, a novel 2,6-disubstituted phenol derivative, is

a promising intravenous anaesthetic candidate undergo-

ing clinical development.

• HSK3486 has completed several clinical trials from Phase

I to Phase III in China and Australia, and has shown equiv-

alent anaesthetic efficacy to propofol at one quarter to

one fifth of the dosage. However, the mass balance, phar-

macokinetics and pharmacodynamics of HSK3486 have

not been reported.

What this study adds

• The mass balance and primary excretion routes of

HSK3486 were investigated after a single 14C-labeled

intravenous dose in six healthy subjects.

• Twenty metabolites and the main metabolic pathways

were identified. The major circulating metabolites in

plasma were detected and quantified.

• The pharmacodynamics of HSK3486 was investigated,

and the potential pharmacological effects of the major

metabolites were evaluated.
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injections; airway assessment of modified Mallampati score IV, signifi-

cant clinical laboratory abnormalities; history of cardiovascular, respi-

ratory, renal, hepatic, gastrointestinal disease or major surgery; or

smoking addiction (≥5 cigarettes daily).

2.3 | Study medication

Radiolabelled HSK3486 was synthesized by Shanghai Qizhen Environ-

mental Technology Co., Ltd. The radiochemical purity of [14C]

HSK3486 was >99% and the specific activity was 1.95 GBq/mmol.

[14C]HSK3486 was purified by Value Pharmaceutical Services Co., Ltd

and mixed with blank emulsion (supplied by Haisco Pharmaceutical

Group Co., Ltd). The formulation containing [14C]HSK3486 was

autoclaved and sealed in glass vials and diluted with sterile cold

HSK3486 emulsion (supplied by Haisco Pharmaceutical Group Co.,

Ltd) to a concentration of 7.14 × 104 Bq/mg before use.

The dosimetry of subjects following administration of a single

dose of 0.4 mg/kg [14C]HSK3486 was calculated based on the data

from a quantitative whole body autoradiography (QWBA) study in

Long–Evans (LE) rats and a mass balance study in Sprague Dawley

(SD) rats. The overall whole-body dose for male subjects (e.g., 60 kg)

was estimated to be approximately 0.24 mSv (24 mrem). The doses

for the whole body, active blood-forming organs, lens of the eye,

gonads and other organs were all far below FDA constraints.6–9

2.4 | Sample collection

Blood samples (�4 mL) were collected in K2-EDTA collection tubes at

the following time points: 0 h (before dosing), 0.0167 h, 0.0333 h,

0.05 h, 0.0833 h, 0.133 h, 0.25 h, 0.5 h, 1 h, 2 h, 4 h, 8 h, 24 h, 48 h,

72 h, 96 h, 120 h and 168 h after dosing. Blood samples were taken

via an indwelling intravenous catheter or by direct vein puncture into

K2-EDTA collection tubes and immediately cooled with iced water.

The blood samples were centrifuged at 3000 ± 10g for 10 minutes at

4�C, and supernatants were collected for plasma samples for radioac-

tivity measurement and liquid chromatography tandem mass spec-

trometry (LC–MS/MS) analysis. Extra blood samples (�10 mL) were

collected at 0 h (before dosing), 0.0833 h, 0.5 h, 4 h and 24 h after

dosing. Whole blood aliquots were taken for radioactivity measure-

ment, and then the tube was centrifuged (3,000 ± 10g, 10 min, 4�C)

to produce plasma for metabolite identification. All samples were

stored at −20�C or below until analysis.

Urine and faeces were collected for mass balance study and

metabolite profiling. Urine samples were collected at time 0 h (before

dosing), 0–4 h, 4–8 h, 8–12 h, 12–24 h, 24–48 h, 48–72 h, 72–96 h,

96–120 h, 120–144 h and 144–168 h in polyethylene containers and

stored at 4�C during the collection period. Urine samples were mixed

thoroughly and weighed after each collection period, and then kept at

−20�C or below until analysis. Faecal samples were collected at time

0 (before dosing), 0–24 h, 24–48 h, 48–72 h, 72–96 h, 96–120 h,

120–144 h and 144–168 h and stored at −20�C or below

until analysis.

2.5 | Bioanalytical analysis

2.5.1 | Radioactivity analysis

Blood, plasma, urine and faecal samples were analysed for total radio-

activity (TRA) using a liquid scintillation counter Tri-Carb Model

4910TR (PerkinElmer). Plasma (0.2–0.5 g) and urine (1 g) samples

were directly analysed by liquid scintillation counting (LSC). Faecal

samples were first homogenized with isopropanol/water (50/50, v/v).

Blood (0.3 g) and faecal homogenate (0.3 g) samples were combusted

using a Harvey OX-501 Biological Oxidizer before LSC.

2.5.2 | Quantification of HSK3486 in plasma

Plasma samples were analysed using a validated LC–MS/MS method

to determine the concentration of HSK3486. The plasma samples

were deproteinated with acetonitrile after addition of stable isotope

labelled HSK3486 as internal standard and separated on a column of

Phenomenex Gemini C18 (5 μm, 150 mm × 2.0 mm) at 40�C. The

mobile phase was 0.05% ammonium hydroxide in 80% acetonitrile at

the flow rate of 0.5 mL/min. The detection was performed on a Triple

Quad 5500 tandem mass spectrometer coupled with electrospray ion-

ization (ESI) source in negative mode. Quantification was conducted

by multiple reaction monitoring (MRM) of the transitions of m/z

203.2 ! 175.0 for HSK3486 and m/z 209.2 ! 181.0 for IS, respec-

tively. The calibration ranges for HSK3486 in human plasma were

5–5000 ng/mL (see Supplementary Material 1 for the accuracy and

quality control of HSK3486 quantification).

2.5.3 | Metabolite profiling and identification

A plasma sample (0–120 h) was obtained by pooling plasma at each

time point of a volume proportional to the time interval used for cal-

culating the area under the concentration–time curve (AUC)

(AUC0–120 h pool) for each subject. Moreover, three plasma samples at

time periods 0–0.0833 h, 0.133–2 h and 4–120 h were obtained by

pooling equal volumes of plasma across individuals at the same time

point.10–12 Urine samples (0–168 h) were pooled at an equal percent-

age of collection volume to obtain one pooled sample for each sub-

ject. Moreover, the samples of urine were pooled across individuals at

an equal volume to obtain one pooled sample per time period of

0–4 h, 4–12 h and 12–168 h. Faecal samples (0–96 h) were pooled at

the same weight percentages across collection intervals for each sub-

ject. Moreover, faecal samples were pooled across individuals at an

equal weight to obtain one pooled sample per time period of 0–48 h,

48–72 h and 72–96 h. All plasma and faecal homogenate samples
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were extracted with acetonitrile. The supernatants were concentrated

prior to analysis. Urine samples were centrifuged prior to analysis.

The samples were injected into an HPLC system Shimadzu LC-

2030C with vARC Radio-Assay for fractionation and online detection.

Separation was performed on a column of ACE C18-AR (3.0 μm,

150 mm × 4.6 mm) at 25�C. The mobile phase consisted of 5mM

ammonium acetate with 0.001% ammonium (A) and acetonitrile (B).

The flow rate was 0.7 mL/min. The gradient elution is shown in Sup-

plementary Material 2. The fractionation was collected at intervals of

15 s per well into Deepwell LumaPlate-96 microplates. The radioactiv-

ity in each fraction was measured by LSC or solid scintillation counting

using a Packard TopCount NXT Microplate Counter. The data were

reconstructed using ARC Convert and Evaluation software.

Metabolite identification was performed on an LTQ OrbiTrap XL

LC–MS/MS System. Mass spectrometry was conducted in

electrospray positive ion mode, and the instrument parameters were

optimized for maximal sensitivity of the analytes of interest.

2.6 | Pharmacokinetics assessment

The data of plasma TRA and the plasma concentration of HSK3486

were used to determine the pharmacokinetic parameters, including

the maximum concentration (Cmax), time to reach Cmax (Tmax), AUC

from time zero to one hour (AUC0–1h), AUC from time zero to the

time of the last quantifiable concentration (AUC0–t), AUC form time

zero to infinity (AUC0–∞), the elimination half-life time (t1/2), the

apparent volume of distribution (Vz) and the apparent clearance (CL).

One gramme of plasma was equivalent to 1 mL in the calculation of

Cmax and AUC of TRA.

2.7 | Pharmacodynamics and safety assessment

The anaesthetic effects and safety of HSK3486 were evaluated during

the study. The Modified Observer's Assessment of Alertness/Sedation

(MOAA/S) scale was used to assess the sedation levels of subjects

(Table 1)13 and was recorded every 2 minutes (2 min ± 30 s) after

dosing. Cardiogram monitors were used to observe the vital signs,

electrocardiogram and other indicators after drug administration until

the subjects were fully awake (MOAA/S score was 5 three

consecutive times).

The adverse events (AEs) were described according to the

National Cancer Institute Common Terminology Criteria for Adverse

Events (CTCAE) grading system (version 5.0). Clinical laboratory tests

(haematology, serum chemistry, urinalysis and stool analysis), 12-lead

electrocardiograms, physical examinations and vital signs were also

part of the safety assessment. The injection pain was observed

through the subjects' response to the drug injection, including facial

expressions, complaints or arm retraction.

2.8 | Statistical analysis

Statistical analyses were performed on all subjects who received a

dose of the study drug and completed the study. Pharmacokinetics

outcomes were estimated using Phoenix WinNonlin (Version 7.0,

Pharsight Corp.). Non-compartmental analysis was performed to

obtain Cmax, Tmax, AUC0–1h, AUC0–t, AUC0–∞, t1/2, Vz and CL of total

radioactivity (detected by LSC) and HSK3486 (detected by LC–

MS/MS), respectively. Summary pharmacokinetics parameters were

described as the mean and standard error of the mean. Safety out-

comes were presented using descriptive statistics.

2.9 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to

corresponding entries in http://www.guidetopharmacology.org, the

common portal for data from the IUPHAR/BPS Guide to

PHARMACOLOGY,14 and are permanently archived in the Concise

Guide to PHARMACOLOGY 2015/16.15

3 | RESULTS

3.1 | Subjects and dose administration

Six healthy male Chinese subjects were enrolled in the study, with a

median age of 29.5 years (range 27–33 years), a mean weight of

67.3 kg (62.5–73.0 kg) and a mean BMI of 22.9 kg/m2 (range

21.1–24.2 kg/m2). All the subjects completed the study. Baseline

demographics are presented inTable 2.

The administered doses ranged from 24.5 to 29.5 mg

(1.75–2.11 MBq) of HSK3486. The actual doses were 0.394 mg/kg on

average, which is close to the target dose of 0.4 mg/kg. Doses were

calculated by subtracting the residual radioactivity in the syringes and

indwelling needles from the radioactivity of [14C]HSK3486 pipetted

into the syringes. The data are summarized inTable 3.

3.2 | Mass balance

The percentages of radioactivity recovered from urine and faeces are

presented in Table 4, and the cumulative percentage recovery is

TABLE 1 Responsiveness scores of the Modified Observer's

Assessment of Alertness/Sedation scale

Score Response

5 Responds readily to name spoken in normal tone

4 Lethargic response to name spoken in normal tone

3 Responds only after name is called loudly or repeatedly

2 Responds only after mild prodding or shaking

1 Responds only after painful trapezius squeeze

0 Does not respond to painful trapezius squeeze

96 BIAN ET AL.
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shown in Figure 1. The total recovery of radioactivity in urine and fae-

ces was 87.3 ± 1.56% over 240 hours after dosing, ranging from

85.0% to 89.3%. Most of the radioactivity was excreted through

urine, accounting for 84.6 ± 1.10% of the dose. Most of the adminis-

tered radioactivity was excreted in the first 168 hours after dosing,

with an average of approximately 85.3% of the administered dose and

97.8% of the total excretion. The daily radioactivity excretion in urine

and faeces was less than 1% after 168 hours.

3.3 | Pharmacokinetics and blood-to-plasma ratio

The pharmacokinetics of total radioactivity and unchanged HSK3486

in plasma after a single intravenous dose of [14C]HSK3486 are pres-

ented in Table 5, and the concentration–time curves are shown in

Figure 2. The values of exposure to total radioactivity and HSK3486

(AUC0–t) were 6716.7 ± 1106.6 h*ng Eq./mL and

266.3 ± 71.8 h*ng/mL, respectively. The exposure of unchanged

HSK3486 accounted for only 3.97% of the total radiation, and the

estimated elimination half-life (t1/2) of total radioactivity in plasma

(61.2 ± 7.82 h) was much longer than that of unchanged HSK3486

(1.50 ± 0.39 h).

The total radioactivity of whole blood samples was analysed at

0.0833 h, 0.5 h, 4 h and 24 h. The blood-to-plasma ratios of total

radioactivity at 0.0833 h, 0.5 h and 4 h were 59.3%, 59.1% and

57.0%, respectively, while the radioactivity in whole blood at 24 h

was below the lower limit of quantification (64.6 ng Eq./g).

3.4 | Metabolite profiles and identification

Representative radiochromatograms of HSK3486 and metabolites in

pooled plasma, urine and faeces are shown in Figure 3. Twenty

metabolites were identified in plasma, urine and faeces. The metabo-

lites are methyl-oxidation and mono-oxidation products (M2-1, M2-2,

M2-3 and M2-4), hydroxylation and sulfation products (M3),

glucuronidation products (M4), monohydroxylation and

glucuronidation products (M5-1, M5-2 and M5-3), dihydroxylation

and glucuronidation products (M6-1, M6-2, M6-3, M6-4 and M6-5),

monohydroxylation products (M7), methyl oxidation, mono-oxidation

and glucuronidation products (M8-1 and M8-2), tri-hydroxylation and

glucuronidation products (M9), and monohydroxylation, dehydrogena-

tion and glucuronidation products (M10-1 and M10-2). HSK3486 and

its metabolites in total plasma radioactive exposure (% AUC) or in

urine and faeces as a percentage of dose (% dose) are shown in

Table 6. The proposed fragmentation pathway is shown in Supple-

mentary Material 3.

The main identified metabolites in plasma were M4, M2-4 and

M5-2, which accounted for 79.3%, 4.36% and 3.93%, respectively

of total plasma radioactivity. Trace amounts of M7 accounting for

0.18% of total plasma radioactive exposure was detected, while

some radiochromatogram peaks accounting for 0.03% to 2.69% of

the total radioactive exposure were not identified. In addition, the

TABLE 2 Baseline demographics

Characteristics Value

Sex, N (%)

Male 6 (100)

Age (years)

Mean (SD) 29.8 (2.32)

Median 29.5

Min, max 27, 33

Race, N (%)

Han 6 (100)

Height (cm)

Mean (SD) 171.7 (3.76)

Median 172.3

Min, max 165.0, 176.5

Weight (kg)

Mean (SD) 67.3 (3.68)

Median 67.0

Min, max 62.5, 73.0

BMI (kg/m2)

Mean (SD) 22.9 (1.18)

Median 23.4

Min, max 21.1, 24.2

TABLE 3 The actual doses administered to six healthy subjects

Subject

HSK3486 Radioactivity

(mg) (mg/kg) (MBq)

01 24.9 0.389 1.78

02 25.1 0.377 1.79

03 26.7 0.408 1.91

04 24.5 0.389 1.75

05 26.7 0.396 1.91

06 29.5 0.407 2.11

Mean ± SD 26.2 ± 1.85 0.394 ± 0.0119 1.88 ± 0.134

TABLE 4 Recovered radioactivity in excreta after a single
intravenous injection of 0.4 mg/kg [14C]HSK3486 in healthy subjects

Subject

Recovery radioactivity

Urine Faeces Total

01 84.9 2.53 87.4

02 84.6 3.18 87.8

03 84.7 3.38 88.1

04 82.9 2.05 85.0

05 86.3 3.00 89.3

06 84.2 1.77 86.0

Mean ± SD 84.6 ± 1.10 2.65 ± 0.646 87.3 ± 1.56
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metabolites of M5-3, M5-1 and M3 were detected only by mass

spectrometry and could not be quantified by radiochromatography.

The parent drug was only detected in the 0–0.0833 h pooled

plasma sample by LSC, accounting for only 1.16% of the total

plasma radioactive exposure (AUC0–120 h pool). According to the

AUC0–t calculated by measuring the concentration of HSK3486 by

LC–MS/MS, unchanged HSK3486 accounted for only 3.97% of the

total radioactivity exposure (AUC0−t) in plasma. The main metabo-

lites detected in urine were M4, M5-1, M5-3 and M3, which

accounted for 51.6%, 19.3%, 6.87% and 2.28% of the dose, respec-

tively. Trace amounts of M5-2, M2-4, M6-1, M6-2, M6-3, M6-4,

M6-5, M9, M8-2, M10-1 and M10-2, accounting for 0.02–0.43% of

the dose, were detected, while some radioactive peaks accounting

for 0.03–0.69% of the dose were not identified. The metabolites of

M2-1, M2-2, M2-3 and M8-1 were detected only by mass spec-

trometry, and could not be quantified by radiochromatography. The

total radioactivity excreted in faeces accounted for only 2.65% of

the dose, and the original drug accounted for 0.08% of the dose.

Metabolites M3 and M7 detected in faeces accounted for

0.05–0.20% of the dose, while some radioactive peaks accounting

for 0.01–0.79% of the dose were not identified.

The proposed metabolic pathways of HSK3486 in humans are

shown in Figure 4. The main metabolic pathways of HSK3486 were

oxidation, glucuronidation and sulfation.

3.5 | Pharmacodynamics and safety

HSK3486 was well tolerated. All the subjects were quickly

anaesthetized and woke up smoothly after a short time.

The observed MOAA/S score–time curve for six subjects is

shown in Figure 5. All the subjects had an MOAA/S score of 5 at

baseline (before dosing). The scores decreased to a minimum of 0 or

1 rapidly 2 minutes after dosing and then gradually recovered. Half of

the subjects recovered from MOAA/S score ≤ 1 and 5 in 6 and

10 minutes after dosing, respectively. The MOAA/S scores of all sub-

jects returned to 5 at 14 minutes after administration. The average

and median wake-up times of the six subjects were 10.6 and

11.2 minutes, respectively. The minimum and maximum wake-up

times were 5.5 and 14.1 minutes, respectively.

The vital signs of systolic blood pressure and diastolic blood

pressure decreased slightly and then gradually returned to baseline

(fluctuation range within 12%) within 18 minutes after drug adminis-

tration. The heart rate/pulse increased transiently and then gradually

returned to the baseline level within 18 minutes after drug adminis-

tration (fluctuation range of 16.6%). The temperature, respiratory

frequency and pulse oximetry showed no significant changes after

drug administration (Figure 6).

F IGURE 1 The cumulative radioactivity
excretion after a single dose of 0.4 mg/kg [14C]
HSK3486 to healthy subjects (n = 6 subjects)

TABLE 5 Summary of pharmacokinetic parameters of total
radioactivity and unchanged HSK3486 in plasma (n = 6 subjects)

Parameter
Total radioactivity
mean ± SD

HSK3486
concentration mean
± SD

Cmax (ng Eq./mL or

ng/mL)

1753.2 ± 1267.2 1676.8 ± 1327.3

Tmax(h)
a 0.0333 0.0333

AUC0–1h (h*ng Eq./

mL or h*ng/mL)

788.3 ± 134.6 171.3 ± 54.3

AUC0–t (h*ng Eq./mL

or h*ng/mL)

6716.7 ± 1106.6 266.3 ± 71.8

AUC0–∞ (h*ng Eq./

mL or h*ng/mL)

7665.0 ± 1148.3 289.2 ± 68.8

t1/2 (h) 61.2 ± 7.82 1.50 ± 0.39

Vz (mL/kg) 4,610 ± 807 2,960 ± 370

CL (mL/h/kg) 52.3 ± 6.6 1418.2 ± 273.6

aTmax presented as median.

Cmax, maximum concentration; Tmax, time to reach Cmax; AUC0–1h, area

under the concentration–time curve (AUC) from time zero to one hour;

AUC0–t, AUC from time zero to the time of the last quantifiable concentra-

tion; AUC0–∞, AUC form time zero to infinity; t1/2, the elimination half-life

time; Vz, apparent volume of distribution; CL, apparent clearance.
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The only adverse event in the study was mild (grade 1) and con-

sisted of hypotension. Subject 03 experienced low blood pressure at

8 minutes after drug administration. The AE lasted 6 minutes and was

completely relieved with no treatment. No injection pain was

observed in the trial. No severe AEs or other significant abnormalities

were observed in the study.

F IGURE 2 Mean (± SD) log-
linear concentration–time curve
of total radioactivity
(HSK3486-related compounds) in
whole blood and plasma after a
single dose of 0.4 mg/kg [14C]
HSK3486 to healthy subjects
(n = 6 subjects)

F IGURE 3 Representative
radiochromatograms of HSK3486 and
metabolites in pooled plasma (0–120 h),
urine (0–168 h) and faeces (0–96 h)
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4 | DISCUSSION

HSK3486 is a promising intravenous anaesthetic candidate undergo-

ing clinical development. In this study, we characterized the mass bal-

ance, pharmacokinetics and pharmacodynamics of HSK3486 after a

single 14C-labelled intravenous dose of 0.4 mg/kg in healthy Chinese

subjects.

The chemical dose of 0.4 mg/kg administered to subjects in the

study was an expected clinical dose. The radiation dose administered

to subjects in the study was carefully calculated to ensure the safety

of subjects. The overall whole-body dose for a male subject

(e.g., 60 kg) was estimated to be approximately 0.24 mSv (24 mrem),

and the risk of individual exposure was minor according to the Inter-

national Commission on Radiological Protection (ICRP).7 A total of

33 subjects were screened, six of whom were successfully enrolled in

this study. All six subjects had good medication compliance and com-

pleted the sample collection and safety evaluation according to the

protocol. HSK3486-related compounds (parent drug and its metabo-

lites with 14C-labelled) were detected and quantified by radioactivity

and mass spectrometry detection in the study.

In the mass balance study, the overall recovery was 87.3 ± 1.56%

within 240 hours, which generally reached a mass balance. Urine was

the main excretory route of HSK3486, accounting for 84.6 ± 1.10% of

the administered dose, and faecal elimination accounted for only

2.65 ± 0.646%. It is suggested that the excretion characteristics of

HSK3486 are similar to those of propofol, approximately 88% of

which is eliminated in urine within 5 days and less than 2% in fae-

ces.16 In addition, an extremely small amount (on the order of one bil-

lionth) of propofol was suggested to be excreted through

exhalation,17 suggesting that HSK3486 may also be excreted through

the same route. However, the quantitation of expired HSK3486

remains challenging and it was not performed in this study.18

In the pharmacokinetics study, HSK3486 was absorbed intrave-

nously and quickly eliminated from plasma. The concentration–time

curves of HSK3486 had similar characteristics to those of propofol.

The plasma concentration of HSK3486 declined in a multiphasic

manner after intravenous administration. The terminal elimination

half-lives of HSK3486 and propofol were 90 and 97 minutes, respec-

tively.16 The exposure (AUC0–t) of total radioactivity was much higher

than that of unchanged HSK3486 in plasma, and the estimated

TABLE 6 Summary of [14C]HSK3486 and its metabolites in total plasma radioactive exposure (% AUC) and in urine and faeces as a
percentage of dose (% dose)

Metabolites Structural modification

Plasmaa(0–120 h) Urine(0–240 h) Faeces(0–240 h)

% AUC % dose % dose

HSK3486 Parent drug 1.16 ND 0.08

M2-1 Methyl oxidation, mono-oxidation ND + ND

M2-2 Methyl oxidation, mono-oxidation ND + ND

M2-3 Methyl oxidation, mono-oxidation ND + ND

M2-4 Methyl oxidation, mono-oxidation 4.36 0.10 ND

M3 Hydroxylation, sulfation + 2.28 0.05

M4 Glucuronidation 79.3 51.6 ND

M5-1 Monohydroxylation, glucuronidation + 19.3 ND

M5-2 Monohydroxylation, glucuronidation 3.93 0.33 ND

M5-3 Monohydroxylation, glucuronidation + 6.87 ND

M6-1 Dihydroxylation, glucuronidation ND 0.42 ND

M6-2 Dihydroxylation, glucuronidation ND 0.07 ND

M6-3 Dihydroxylation, glucuronidation ND 0.04 ND

M6-4 Dihydroxylation, glucuronidation ND 0.15 ND

M6-5 Dihydroxylation, glucuronidation ND 0.02 ND

M7 Monohydroxylation 0.18 ND 0.20

M8-1 Methyl oxidation, mono-oxidation, glucuronidation ND + ND

M8-2 Methyl oxidation, mono-oxidation, glucuronidation ND 0.25 ND

M9 Tri-hydroxylation, glucuronidation ND 0.27 ND

M10-1 Monohydroxylaion, dehydrogenation, glucuronidation ND 0.43 ND

M10-2 Monohydroxylaion, dehydrogenation, glucuronidation ND 0.07 ND

Unidentified peaks 11.0 2.36 2.34

ND: Not detected; +: Only mass spectrum detected.
aData are derived from the sum of the %AUC of parent drug and metabolites in segmented plasma sample from 0 to 120 h.
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F IGURE 4 Proposed metabolic pathways of HSK3486 in humans

F IGURE 5 The observed MOAA/S score–time curve (n = 6 subjects)
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elimination half-life (t1/2) of total radioactivity was much longer than

that of unchanged HSK3486, indicating that there were circulating

metabolites in plasma. The blood-to-plasma ratios of total radioactiv-

ity were all less than 1 at different time points, indicating that there

was no significant binding between total radioactivity

(HSK3486-related compounds) and blood cells. The radioactivity in

whole blood at 24 hours was below the lower limit of quantification

(64.6 ng Eq./g), while the total radioactivity concentration in plasma

samples could be detected 120 hours after administration. This find-

ing is not only because of the reduced concentration of total radiation

in whole blood, but also because of the reduced lower limit of quanti-

fication of plasma radioactivity (9.80 ng Eq./g).

The main identified metabolite M4 (glucuronide conjugate) was

found to be the only major circulating metabolite in plasma, account-

ing for 79.3% of the total plasma radioactivity, and it was also the

main identified metabolite in urine (approximately 51.6%). It shows

that glucuronidation, as well as oxidation and sulfation, are the main

metabolic pathways of HSK3486, which are consistent with propofol,

and the metabolite of glucuronidation is generally considered to be

nonhypnotic and nontoxic.17

HSK3486 showed favourable anaesthetic properties with little

residual effects in the study. The MOAA/S score showed that all the

subjects were anaesthetized 2 minutes after dosing and then gradually

recovered in 5 to 14 minutes, which showed that HSK3486 had a

F IGURE 6 The vital sign–time curves
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rapid onset of action, and subjects woke up smoothly and quickly.

These results also indicated that the metabolites with longer elimina-

tion half-lives had no anaesthetic efficacy. The estimated plasma

HSK3486 concentration was 335.3 ± 134.6 ng/mL and

200.8 ± 37.5 ng/mL, respectively, when half of the subjects (3 sub-

jects) recovered from MOAA/S scores ≤1 (6 min) and fully awakened

(10 min). However, an accurate EC50 was not obtained in the study.

Particular attention to was paid to apnoea, hypoxaemia, bradycar-

dia, hypotension and injection pain as potential side effects of

HSK3486 due to the special pharmacological effects of anaesthetics

in the study. The results showed that HSK3486 was well tolerated

and had almost no injection pain. HSK3486 may have less impact on

breathing than propofol, and the side effects on blood pressure and

heart rate were not inferior to propofol. Only one mild adverse event

of hypotension occurred in the study, which is believed to be a com-

mon adverse event of sedative/anaesthetic drugs. However, the

mechanism of this side effect is not fully understood. Studies have

shown that the propofol-induced hypotension may work by inhibiting

myocardial contraction or vascular tension,19,20 which may also be the

mechanism of HSK3486-induced hypotension.

The interaction of HSK3486 and other concurrently administered

drugs should be considered in clinical use. HSK3486 was suggested to

be extensively metabolized similar to propofol to produce inactive

metabolites by UDP-glucuronosyltransferases (UGTs) and CYP

F IGURE 6 (Continued)
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enzymes. The major circulating metabolite M4 was a glucuronidation

product of the phase II metabolic reaction, and was considered to be

nonhypnotic and nontoxic. CYP2B6 was suggested to be the major

subtype of CYP enzymes that mediated HSK3486 metabolism in pre-

vious in vitro studies. From a clinical perspective, low specificity

among enzyme isoforms may contribute to reduced metabolic drug

interactions of HSK3486 base on the knowledge of propofol and

there is no evidence that moderate hepatic dysfunction or chronic

renal failure impairs the metabolism and clearance of propofol.21,22

However, pharmacological interaction should be considered, when

taking drugs which may cause unconsciousness, hypotension, brady-

cardia and apnoea.

In summary, we report here for the first time the absorption,

distribution, metabolism, excretion (ADME) and anaesthetic effects

of HSK3486. HSK3486 showed good anaesthetic efficacy and

safety at the study dose. The mean cumulative excreted radioactiv-

ity reached 87.3% in 240 hours, which showed a general mass bal-

ance of the drug. The main metabolic pathways of HSK3486 in

humans were glucuronidation, oxidation and sulfation. The only

major circulating metabolite in plasma was suggested to be

nonhypnotic and nontoxic and finally excreted through urine. These

results may translate to patients undergoing colonoscopy,

gastroscopy or elective surgery due to the special pharmacological

properties and clinical uses of HSK3486. However, due to the

limitations of collection and detection methods, the study of

HSK3486 excretion through the exhalation pathway needs to be

further investigated.
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