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ABSTRACT - Purpose - Carica papaya has been traditionally used worldwide in folk medicine to treat a 
wide range of ailments in humans, including the management of obesity and digestive disorders. However, 
scientific information about its potential to interact with conventional drugs is lacking. Thus, this work 
aimed to investigate the interference of a standardized C. papaya extract (GMP certificate) on the systemic 
exposure to amiodarone (a narrow therapeutic index drug) in rats. Methods - In the first pharmacokinetic 
study, rats were simultaneously co-administered with a single-dose of C. papaya (1230 mg/kg, p.o.) and 
amiodarone (50 mg/kg, p.o.); in the second study, rats were pre-treated for 14 days with C. papaya (1230 
mg/kg/day, p.o.) and received amiodarone (50 mg/kg, p.o.) on the 15th day. Rats of the control groups 
received the herbal extract vehicle. Blood samples were collected before dosing and at 0.25, 0.5, 1, 2, 4, 6, 8 
and 12 h following amiodarone administration; in addition, at 24 h post-dose, blood and tissues (heart, liver, 
kidneys and lungs) were also harvested. Thereafter, the concentrations of amiodarone and its major 
metabolite (mono-N-desethylamiodarone) were determined in plasma and tissue samples employing a high-
performance liquid chromatography-diode array detection method previously developed and validated. 
Results - In both studies was observed a delay in attaining the maximum plasma concentrations of 
amiodarone (tmax) in the rats treated with the extract. Nevertheless, it must be highlighted the marked 
increase (60-70%) of the extent of amiodarone systemic exposure (as assessed by AUC0-t and AUC0-∞) in the 
rats pre-treated with C. papaya comparatively with the control (vehicle) group. Conclusions – The results 
herein found suggest an herb-drug interaction between C. papaya extract and amiodarone, which clearly 
increase the drug bioavailability. To reliably assess the clinical impact of these findings appropriate human 
studies should be conducted. 
 
This article is open to POST-PUBLICATION REVIEW. Registered readers (see “For 
Readers”) may comment by clicking on ABSTRACT on the issue’s contents page. 
_______________________________________________________________________________________ 
 
INTRODUCTION 
 
Carica papaya, also traditionally known as 
pawpaw or papaya, is a tree-like herbaceous plant 
belonging to the family of Caricaceae (1,2). Due 
to its edible fruits, C. papaya is widely cultivated 
in several tropical, sub-tropical and temperate 
regions, including Australia, Brazil, China, 
Hawaii, Malaysia and India (1,3). Different parts 
of the plant (fruits, leaves, barks, roots, flowers, 
seeds, and latex) as well as some of their extracts 
have been traditionally used worldwide in folk 
medicine to treat a wide range of ailments in 
humans (4-7). Indeed, nowadays C. papaya is 
considered a nutraceutical plant due to its various 
medicinal properties (5,6,8). 

The fruits of C. papaya are one of the most 
commonly consumed throughout the world (9), 

constituting a rich nutritional source of fibre, 
minerals and antioxidant nutrients (2). More 
specifically, papaya fruit is a good source of 
bioactive phytochemicals, including carotenoids 
(β-carotene, α-carotene, β-cryptoxanthin, α-
cryptoxanthin, lutein, 9-cis-β-carotene), phenolic 
compounds (ferulic acid, caffeic acid, p-coumaric 
acid, rutin, quercetin, kaempferol) and 
glucosinolates (benzyl glucosinolate, benzyl 
isothiocyanate) (7). Unripe pulp of C. papaya also 
contains cardenolides which seem to have 
medicinal value for the treatment of congestive 
heart failure (4). 
_________________________________________________ 
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Additionally, among other biologically active 
constituents, papaya also includes cysteine 
proteinases as chymopapain and papain (2,10), 

whose biological activity is often analyzed 
through the proteolytic activity, particularly the 
papain activity (4).  

The extracts of ripe fruits are used for a 
variety of medicinal purposes including the 
treatment of ringworm, malaria, hypertension (2), 
whereas extracts of unripe fruits have been used 
in the treatment of ulcers (11) and diabetes (2). In 
addition, the hypoglycemic and hypolipidemic 
effects of the aqueous seed extract of C. papaya 
in rats have also been reported (12). The ethanolic 
extract and water-soluble fraction of C. papaya 
also showed anti-hyperlipidemic activity in olive-
treated rats (13). More recently, Athesh et al. (9) 
reported the anti-obesity effect of the aqueous 
fruit extract of C. papaya in rats fed on high fat 
cafeteria diet. Effectively, besides the proteolytic 
enzymes, chymopapain and papain, C. papaya 
also has a lipase enzyme that can contribute to its 
lipolytic action, supporting its use in the 
management of obesity and digestive disorders 
(2,10,14). 

Despite the use of medicinal herbs since 
ancient times (15), a dramatic increase of their use 
around the world has occurred in the last years 
(16). Since phytochemicals are handled in the 
body through the same type of mechanisms 
involved in drug biodisposition, there is an 
increased risk for herb-drug interactions (17). 
Importantly, C. papaya extract was associated to 
an increase of the international normalized ratio 
(INR) in a patient taking warfarin concomitantly 
(18). Hence, it has been suggested that C. papaya 
is contraindicated in patients under warfarin 
therapy (18,19). 

Bearing in mind that obesity and overweight 
are increasing at an alarming rate worldwide (20), 
representing the major independent risk factors 

for cardiovascular diseases (21-23), and 
considering the anti-obesity effects recently 
reported for the aqueous fruit extract of C. 
papaya) (9), an increase in the consumption of 
herbal supplements containing C. papaya is 
expected. Thus, as the occurrence of herb-drug 
interactions represents a major safety concern, 
especially when the affected (object) drug has a 
narrow therapeutic index (24,25), it is pertinent to 
investigate the potential for the occurrence of 
pharmacokinetic-based interactions between C. 
papaya extract and amiodarone (a narrow 
therapeutic index drug).  

Actually, despite its narrow therapeutic index, 
amiodarone [2 – n – butyl – 3 - ( 3 , 5 – diiodo – 4 
-diethylaminoethoxy-benzoyl)-benzofuran; 
(Figure 1)] is one of the antiarrhythmic agents 
most widely prescribed (26). Furthermore, the 
pharmacokinetics of amiodarone and its main 
metabolite, mono-N-desethylamiodarone (MDEA; 
Figure 1), is complex and has shown large inter-
individual variability (27,28). In fact, amiodarone 
has a variable oral bioavailability and undergoes 
extensive enterohepatic recirculation (28); 
moreover, the parent drug and its main metabolite 
are highly lipophilic and tend to extensively 
accumulate in several tissues (29). On the other 
hand, amiodarone has been associated with a 
variety of life-threatening adverse events, 
including thyroid dysfunction, pulmonary toxicity 
and hepatic toxicity (29-31), and relevant clinical 
drug interactions have been reported (32-35). 
Thus, taking into account all the reasons 
aforementioned, this work was planned in order to 
investigate if a standardized extract of the fruit of 
C. papaya influence the rate and extent of 
amiodarone exposure in rats, following their 
simultaneous oral co-administration and after a 
14-day pre-treatment period with C. papaya 
extract. 

 

 
Figure 1. Chemical structures of amiodarone (AM) and its major metabolite mono-N-desethylamiodarone (MDEA). 
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MATERIALS AND METHODS 
 
Drugs and materials 
C. papaya extract with a proteolytic activity 
higher than 6000 NFPU/mg obtained from papaya 
fruit was purchased from Bio Serae Laboratories 
(Bram, France). The certificate of analysis 
number 420015 - batch 0810960 is provided as 
Additional file. Carboxymethylcellulose sodium 
salt used to prepare the extract suspension was 
obtained from Sigma (St. Louis, MO, USA). A 
commercial formulation (ampoules) of 
amiodarone hydrochloride 50 mg/mL solution for 
intravenous injection was used for oral 
administration in rats after appropriate dilution 
with 5% glucose intravenous solution for infusion 
(B. Braun Medical, Portugal). Sodium chloride 
0.9% solution for injection (Labesfal, Portugal), 
heparin sodium 5000 U.I./mL for injection (B. 
Braun Medical, Portugal), ketamine for injection 
(Imalgene 1000) and xylazine for injection 
(Vetaxilaze 20) were also used. Introcan® Certo 
IV indwelling cannulas (22G; 0.9 x 2.5 mm) were 
acquired from B. Braun Melsungen AG 
(Melsungen, Germany). 
 
Animals 
Adult male Wistar rats (355 ± 28 g) aged 
approximately 10 weeks were obtained from local 
animal facilities (Faculty of Health Sciences of 
the University of Beira Interior, Covilhã, 
Portugal). The rats were maintained under 
controlled environmental conditions (temperature 
20 ± 2 ºC; relative humidity 55 ± 5%; 12-h 
light/dark cycle). The animals were allowed free 
access to a standard rodent diet (4RF21, 
Mucedola, Italy) during almost all experimental 
procedures and tap water was available ad 
libitum. At the night of the day before amiodarone 
administration, a lateral tail vein of each rat was 
cannulated, under anaesthesia [ketamine (90 
mg/kg)/xylazine (10 mg/kg); i.p. injection], by 
insertion of an Introcan® Certo IV indwelling 
cannula (22G; 0.9 x 2.5 mm) used for serial blood 
sampling. The rats fully recovered from 
anaesthesia overnight and were fasted for 12-14 h 
before amiodarone administration and maintained 
with free access to water. In order to avoid the 
food effect on the oral bioavailability of 
amiodarone an additional fasting period was 
considered (4 h post-dose). Oral treatments of the 
rats with C. papaya extract and amiodarone were 
performed by gavage. Blood sampling was 
conducted in conscious and freely moving rats 
appropriately restrained only at the moment of 
blood collection; the only exception was at the 

last blood sampling, which was taken by the 
terminal procedure (decapitation and 
exsanguination under anaesthesia). All the animal 
experiments were conducted in accordance with 
the European Directive (2010/63/EU) for the 
accommodation and care of laboratory animals 
and the experimental procedures were reviewed 
and approved by the Portuguese Veterinary 
General Division. 
 
Experimental design and pharmacokinetic 
studies 
A simultaneous oral co-administration study with 
a single-dose of C. papaya extract and 
amiodarone, and a 14-day repeated oral pre-
treatment study with C. papaya extract followed 
by an oral dose of amiodarone on the 15th day 
were performed to investigate the effects of C. 
papaya fruit extract on the pharmacokinetics of 
amiodarone. The established dose for amiodarone 
was 50 mg/kg since it provides drug plasma 
concentrations in rats within the amiodarone 
therapeutic range in humans (0.5-2 µg/mL) 
(36,37). On the other hand, the dose of C. papaya 
was selected based on the average dose 
recommended to humans by the supplier of the 
extract (Bio Serae Laboratories) and taking into 
account the Food and Drug Administration (FDA) 
Guidance for Industry on conversion of animal 
doses to human equivalent doses based on body 
surface area (38); additionally, a 10-fold 
potentiating interaction factor was considered in 
order to avoid potential false-negative results for 
herb-drug interaction associated to interspecies 
differences. On each day of the experiments C. 
papaya extract was suspended in 0.5% 
carboxymethylcellulose aqueous solution 
affording a suspension of herbal extract at 123 
mg/mL. Amiodarone commercial injectable 
solution (50 mg/mL) was also appropriately 
diluted with 5% glucose solution to 
extemporaneously prepare an amiodarone 
solution at 12.5 mg/mL. Appropriate volumes of 
C. papaya extract suspension (10 mL/kg of body 
weight) and of amiodarone solution (4 mL/kg of 
body weight) were orally administered to rats by 
gavage. 

In the first pharmacokinetic study, twelve 
Wistar rats were randomly divided into two 
groups (C. papaya and vehicle groups). Rats of 
the C. papaya group (n = 6) were concomitantly 
treated with a single-dose of C. papaya extract 
(1230 mg/kg, p.o.) and a single-dose of 
amiodarone (50 mg/kg, p.o.); the extract 
suspension was administered immediately before 
amiodarone. Rats of the vehicle (control) group (n 
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= 6) received, instead of the C. papaya extract 
suspension, the corresponding volume of 0.5% 
carboxymethylcellulose aqueous solution (extract 
vehicle). 

In the second pharmacokinetic study, twelve 
Wistar rats were also randomly divided into two 
groups. Rats assigned to the C. papaya group (n = 
6) were orally pre-treated with C. papaya extract 
(1230 mg/kg, p.o.) once a day for 14 consecutive 
days (short-term repeated dose pre-treatment). 
Rats allocated to the vehicle (control) group (n = 
6) were administered with an equivalent volume 
of vehicle for the same period of time. During the 
pre-treatment period, the rats were kept in 12-h 
light/dark cycle animal room with controlled 
temperature and humidity, as indicated in Animals 
section, and free access to a standard rodent diet 
and tap water was allowed. On the 15th day, the 
rats of the two groups (C. papaya and vehicle) 
were gavaged with the single-dose of amiodarone 
(50 mg/kg, p.o.). 

In both pharmacokinetic studies, the 
treatments with C. papaya extract (or vehicle) 
and/or amiodarone were always carried out in the 
morning between 9:00 am and 11:45 am. In the 
night of the day before amiodarone 
administration, the rats were anaesthetized for 
cannulation of a lateral tail vein and were fasted 
overnight as described above (see Animals 
section). On the following day, multiple serial 
blood samples (approximately 0.3 mL per sample) 
were collected through the cannula into 
heparinized tubes before dosing and at 0.25, 0.5, 
1, 2, 4, 6, 8 and 12 h following amiodarone 
administration; at 24 h post-dose, blood and 
tissues (heart, liver, kidneys and lungs) were also 
harvested after decapitation of the rats. The blood 
samples were centrifuged at 4000 rpm for 10 min 
(4 ºC) to separate the plasma which was stored at 
–20 ºC until analysis. After exsanguinations, liver, 
kidneys, heart and lungs were excised and stored 
at –20 ºC; the organs were weighed and 
homogenized in distilled water (3 mL of water per 
gram of tissue) before analysis of tissue 
homogenates samples. 
 
Analysis of amiodarone and MDEA 
Plasma and tissue concentrations of amiodarone 
and its main metabolite MDEA were determined 
using a liquid-liquid extraction (LLE) procedure 
followed by high-performance liquid 
chromatography-diode array detection (HPLC-
DAD) assay previously developed and validated 
(39). 

Briefly, an aliquot of each plasma sample 
(150 µL) was diluted with 150 µL of 0.1 M 

sodium phosphate buffer (pH 5) and spiked with 
20 µL of the internal standard (IS) working 
solution (50 μg/mL). The mixture was added of 
500 µL of n-hexane (used as LLE solvent), 
vortex-mixed for 30 sec and centrifuged at 17000 
rpm for 2 min at 4 ºC. The upper organic layer 
was transferred to a clean glass tube and the 
sample was re-extracted twice more with n-
hexane (500 µL each time) using the same 
experimental conditions. Then, the whole organic 
extract was evaporated to dryness under a 
nitrogen stream at 60 ºC and the residue was 
reconstituted in methanol (100 µL). Following 
this, an aliquot of the reconstituted extract (20 µL) 
was injected into the HPLC system for analysis. 
On the other hand, for the analysis of tissues, each 
aliquot (400 µL) of tissue (heart, liver, kidney and 
lung) homogenates was spiked with 20 µL of the 
IS working solution (50 μg/mL); then, the mixture 
was added of 400 µL of acetonitrile (used as 
protein precipitating agent), vortex-mixed for 1 
min and centrifuged at 17000 rpm for 10 min at 4 
ºC in order to precipitate the protein content. The 
supernatant was transferred to a new tube and 1 
mL of n-hexane (used as LLE solvent) was added. 
The mixture was vortex-mixed for 1 min and 
centrifuged at 17000 rpm for 5 min at 4 ºC. The 
upper organic layer (n-hexane) was transferred to 
a clean glass tube and the sample was re-extracted 
twice more with n-hexane (0.8 mL each time) 
using the same conditions. The organic extract 
was evaporated to dryness, reconstituted, and then 
injected into the HPLC system using the same 
procedures as mentioned above for rat plasma 
samples. 

The chromatographic separation of 
amiodarone, MDEA and IS was achieved within 
less than 5 min on a reversed-phase LiChroCART 
Purospher Star C18 column [55 mm × 4 mm; 3 
µm; Merck KGaA (Darmstadt, Germany)] by 
elution with a mobile phase consisting of 
phosphate buffer (50 mM) with 0.1% formic acid 
(pH 3.1)–methanol–acetonitrile (45:5:50, v/v/v) 
pumped at a flow rate of 1.2 mL/min. The 
detection was conducted at 254 nm for all 
compounds. Calibration curves were linear (r2 ≥ 
0.995) in the range of 0.10-15 µg/mL for 
amiodarone and MDEA. The limit of 
quantification was established at 0.10 µg/mL for 
each of the analytes (amiodarone and MDEA) in 
both plasma and tissue homogenates, with 
acceptable precision (CV ≤ 11.5%) and accuracy 
(bias ± 12.8%). The overall intra- and inter-day 
imprecision (% CV) did not exceed 6.56% and the 
inaccuracy (% bias) was within ± 7.9%. The mean 
recoveries for amiodarone and MDEA ranged 
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from 59.9 to 97.6%. The analysis of all blank rat 
matrices (plasma and heart, liver, kidney and lung 
tissue homogenates) showed no endogenous 
interferences at the retention times of IS, MDEA 
and amiodarone. Likewise, interferences from 
exogenous compounds such as ketamine, xylazine 
and heparin and C. papaya extract were not found 
at the retention times of the chromatographic 
peaks of IS, MDEA and amiodarone. 
 
Pharmacokinetic analysis 
The plasma concentration versus time data for 
amiodarone and MDEA obtained from each 
individual rat were submitted to a non-
compartmental pharmacokinetic analysis using 
the WinNonlin® version 4.1 (Pharsight Co, 
Mountain View, CA, USA). The peak plasma 
concentrations (Cmax) of amiodarone and MDEA 
and the time to reach Cmax (tmax) were obtained 
directly from the experimental data. Other 
pharmacokinetic parameters estimated from the 
individual plasma concentration-time profiles 
included: area under the concentration-time curve 
(AUC) from time zero to the last sampling time at 
which concentrations were at or above the limit of 
quantification (LOQ; 0.10 µg/mL) of the method 
(AUC0-t), calculated by the linear trapezoidal rule; 
AUC from time zero to infinite (AUC0-∞), 
calculated from AUC0-t + (Clast/kel), where Clast is 
the last quantifiable concentration and kel is the 
apparent terminal elimination rate constant 
calculated by log-linear regression of the terminal 
segment of the concentration-time profile; 
apparent terminal elimination half-life (t1/2el) and 
mean residence time (MRT). The concentrations 
lower than the LOQ of the assay were taken as 
zero for all calculations. 
 
Short-term repeated dose effect of C. papaya 
extract on body weight 
In the short-term C. papaya repeated dose study 
the body weight of the rats treated with C. papaya 
extract (1230 mg/kg/day, p.o.; experimental 
group) or vehicle (control group) was adequately 
registered on the first day and also on the last day 
of these treatments (14th) in order to investigate 
the effect of the herbal extract on body weight 
changes. 
 
STATISTICAL ANALYSIS 
 
Data were reported as the mean ± standard error 
of the mean (SEM). Comparisons between two 
groups were usually performed using unpaired 
two-tailed Student’s t-test; for body weight 
comparisons within the same group the paired 

Student’s t-test was applied. The differences were 
considered to be statistically significant for a p-
value lower than 0.05 (p < 0.05). 
 
RESULTS 
 
Simultaneous co-administration of C. papaya 
and amiodarone 
The mean plasma concentration-time profiles (n = 
6) of amiodarone and its main metabolite 
(MDEA) obtained after the co-administration of 
rats with a single-dose of C. papaya extract (1230 
mg/kg, p.o.) or vehicle (control group) and a 
single-dose of amiodarone (50 mg/kg, p.o.) are 
shown in Figure 2. Up to 24 h post-dosing no 
statistically significant differences (p > 0.05) were 
found between the two groups of rats (C. papaya 
versus vehicle) regarding the mean plasma 
concentrations of amiodarone achieved at each 
sampling time points. Plasma concentrations of 
MDEA were similar in the two groups, showing 
concentration values near or below the LOQ (0.10 
μg/mL), which were manifestly lower than those 
obtained for amiodarone. The main 
pharmacokinetic parameters estimated for 
amiodarone and MDEA after a non-
compartmental analysis of their individual plasma 
concentration-time profiles are summarized in 
Table 1. Considering the paucity of quantifiable 
plasma concentrations obtained for MDEA, it was 
only possible to present the Cmax and tmax 
parameters (Table 1). Overall, the Cmax of 
amiodarone was attained later in the group treated 
with C. papaya comparatively to the vehicle 
(control) group. However, no statistically 
significant differences were found for the mean 
pharmacokinetic parameters in terms of extent of 
systemic exposure of amiodarone and its main 
metabolite (MDEA) among the two groups (Table 
1). 

To evaluate the distribution of amiodarone 
and MDEA after its co-administration with the C. 
papaya extract, the animals were sacrificed at 24 
h post-dosing and several tissues were excised 
and analysed. The mean concentrations of 
amiodarone and MDEA in heart, lung, liver and 
kidney tissues, and also in plasma at the same 
time point (24 h post-dose) are shown in Figure 3. 
The tissue concentrations of amiodarone and 
MDEA were markedly higher than those 
determined in plasma. However, taking into 
account the comparisons performed between the 
C. papaya and the vehicle (control) groups, 
statistically significant differences were only 
detected for amiodarone concentrations in kidney 
tissue (p < 0.05), being significantly higher in the 
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kidney tissue of rats treated with the herbal 
extract. 
 
Short-term repeated dose pre-treatment with 
C. papaya followed by administration of 
amiodarone 
Rats were administered for 14 days with C. 
papaya extract (1230 mg/kg, p.o.) or vehicle 
(control group) in order to investigate the 
influence of a short-term repeated dose pre-
treatment with C. papaya extract on the 
pharmacokinetics of amiodarone, which was only 
administered on the 15th day as a single-dose of 
50 mg/kg (p.o.). The mean plasma concentration-
time profiles (n = 6) of amiodarone and its main 
metabolite (MDEA) are depicted in Figure 4. 

Comparing the mean plasma concentrations of 
amiodarone in the two groups, there are 
statistically significant differences at 6, 8 and 24 h 
post-dosing (p < 0.05) and the concentrations 
were higher in the group pre-treated with C. 
papaya extract. The corresponding 
pharmacokinetic parameters are listed in Table 2. 
The C. papaya extract pre-treatment of the rats 
showed a statistically significant increase in the 
extent of systemic exposure to amiodarone (as 
assessed by AUC0-t and AUC0-∞). In the C. papaya 
group a considerable delay in reaching Cmax of 
amiodarone was also observed. The plasma 
concentrations of MDEA were near or below the 
LOQ (0.10 μg/mL) of the method in the two 
groups of rats.  

 
 

Table 1 – Pharmacokinetic parameters estimated by non-compartmental analysis of the plasma 
concentration-time profiles of amiodarone (AM) and mono-N-desethylamiodarone (MDEA, major 
metabolite of AM) obtained in rats after the simultaneous co-administration in single-dose of Carica papaya 
extract (1230 mg/kg, p.o.), or vehicle (0.5% carboxymethylcellulose aqueous solution), with AM (50 mg/kg, 
p.o.) by oral gavage (n = 6, unless otherwise noted). 
Parameter AM Carica  AM Vehicle 

AM MDEA  AM MDEA 
tmax (h) 2.5 ± 0.5 6.0 ± 0.0a  1.8 ± 0.5 7.2 ± 1.4b 
Cmax (μg/mL) 1.53 ± 0.41 0.13 ± 0.02a  1.378 ± 0.179 0.125 ± 0.012b 
AUC0-t (μg.h/mL) 15.59 ± 3.41 ND 12.77 ± 0.69 ND 
AUC0-∞ (μg.h/mL) 25.69 ± 3.49 ND  21.43 ± 2.08 ND 
kel (1/h) 0.0470 ± 0.0102 ND  0.0433 ± 0.0082 ND 
t1/2el (h) 19.9 ± 5.3 ND  20.7 ± 5.7 ND 
MRT (h) 29.8 ± 8.0 ND  28.6 ± 7.7 ND 
ND, not determined. 
an = 3; bn = 5. 

 

 
Figure 2. Mean plasma concentration-time profiles of amiodarone (AM) and mono-N-desethylamiodarone (MDEA) 
obtained, over a period of 24 h, from rats simultaneously treated with a single-dose of Carica papaya extract (1230 
mg/kg, p.o.), or vehicle (0.5% carboxymethylcellulose aqueous solution), and AM (50 mg/kg, p.o.) by oral gavage. 
Symbols represent the mean values ± standard error of the mean (SEM) of six determinations per time point (n = 6).  
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Figure 3. Mean plasma and tissue (heart, lung, liver and kidney) concentrations of amiodarone (AM) and mono-N-
desethylamiodarone (MDEA) obtained, at 24 h post-dose, from rats simultaneously treated with a single-dose of Carica 
papaya extract (1230 mg/kg, p.o.), or vehicle (0.5% carboxymethylcellulose aqueous solution), and AM (50 mg/kg, 
p.o.) by oral gavage. Data are expressed as the mean values ± standard error of the mean (SEM) of six determinations 
(n = 6). *p < 0.05 compared to control (vehicle). 
 
 

To assess the impact of a 14-day pre-
treatment period with C. papaya extract on the 
distribution and metabolism of amiodarone in 
rats, the concentrations of amiodarone and its 
major metabolite (MDEA) were also determined 
in various tissues (additionally to plasma) at 24 h 
post-dose and the data are shown in Figure 5. 
Once again, the tissue concentrations of both 
compounds (amiodarone and MDEA) were 
distinctly higher than those measured in plasma. 
However, despite the statistically significant 
differences detected in the plasma concentrations 
of amiodarone at 6, 8 and 24 h post-dose between 
the two groups (Figure 4), statistically significant 
differences in the mean tissue concentrations of 
amiodarone were only found in the lung tissue, 
while MDEA concentrations obtained from rats 
pre-treated with C. papaya extract were higher in 
lung and heart tissues. 

 
Short-term repeated dose effect of C. papaya 
extract on body weight 
In the rats submitted to a 14-day pre-treatment 
period with C. papaya extract (1230 mg/kg/day, 
p.o) or vehicle a statistically significant increase 
was found in the body weight of the two groups. 
In the group of rats treated with C. papaya extract 
was observed an increase in the body weight from 

368.0 ± 12.6 g to 382.3 ± 15.4 g (p < 0.01) and in 
the group treated with vehicle the body weight 
increased from 341.0 ± 7.6 g to 362.2 ± 8.8 g (p < 
0.001). Furthermore, the increase in the body 
weight was comparable (14.3 ± 3.5 g vs. 21.2 ± 
2.2 g, p > 0.05) between the two groups of rats (C. 
papaya versus vehicle). Hence, under these 
experimental conditions, the C. papaya extract 
was shown to be ineffective to control the body 
weight gain in rats. 
 
DISCUSSION 
 
Most of the herb-drug interaction studies found in 
literature have been conducted in vitro conditions 
employing concentrations usually higher than the 
clinically relevant ones (17) and, up to date, few 
significant drug interactions have actually been 
accurately predicted from in vitro assays (40). 
Thus, taking into account these limitations, the 
present work evaluated the potential of interaction 
between C. papaya extract and amiodarone in a 
whole animal model, the Wistar rat. 

Overall, our results showed that the single-
dose co-administration of C. papaya extract and 
amiodarone caused a delay in the tmax, but did not 
alter the extent of systemic exposure to 
amiodarone (as assessed by AUC0-t and AUC0-∞). 
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Figure 4. Mean plasma concentration-time profiles of amiodarone (AM) and mono-N-desethylamiodarone (MDEA) 
obtained, over a period of 24 h, from rats submitted to a 14-day pre-treatment period with Carica papaya extract (1230 
mg/kg/day, p.o.), or vehicle (0.5% carboxymethylcellulose aqueous solution), and treated on the 15th day with a single-
dose of AM (50 mg/kg, p.o.) by oral gavage (n = 6). Symbols represent the mean values ± standard error of the mean 
(SEM) of six determinations per time point (n = 6). *p < 0.05 compared to control (vehicle). 
 
 
This delay in tmax is not expected to change the 
efficacy of amiodarone and it is unlikely to be 
clinically important. It is interesting to emphasise 
that after the co-administration of amiodarone 
with other herbal extracts that are claimed to be 
useful in weight loss/weight management (e.g. 
Citrus aurantium extract, Fucus vesiculosus 
extract and Paullinia cupana extract) a delay in 
the time to reach Cmax was also observed; 

however, the co-administration with Fucus 
vesiculosus extract or Paullinia cupana extract 
also significantly decreased the systemic exposure 
to amiodarone in the rats (41-43). 

Moreover, because of the central role that the 
induction of cytochrome P450 (CYP) isoenzymes 
and P-glycoprotein (P-gp) play on drug-drug and 
herb-drug interactions, and bearing in mind that 
the induction mechanisms are time-dependent, the 

Table 2 – Pharmacokinetic parameters estimated by non-compartmental analysis of the plasma 
concentration-time profiles of amiodarone (AM) and mono-N-desethylamiodarone (MDEA, major 
metabolite of AM) obtained in rats submitted to a 14-day pre-treatment period with Carica papaya 
extract (1230 mg/kg/day, p.o.), or vehicle (0.5% carboxymethylcellulose aqueous solution), and treated 
on the 15th day with a single-dose of AM (50 mg/kg, p.o.) by oral gavage (n = 6, unless otherwise noted). 
Parameter AM Carica  AM Vehicle 

AM MDEA  AM MDEA 
tmax (h) 3.2 ± 0.5 10.5 ± 2.1a  2.2 ± 0.6 7.3 ± 2.4b 
Cmax (μg/mL) 1.44 ± 0.22 0.14 ± 0.01a  0.95 ± 0.16 0.12 ± 0.01b 
AUC0-t (μg.h/mL) 16.93 ± 2.56* ND 10.53 ± 0.89 ND 
AUC0-∞ (μg.h/mL) 26.64 ± 2.53# ND  15.33 ± 0.95 ND 
Kel (1/h) 0.0541 ± 0.0127 ND  0.0533 ± 0.0082 ND 
t1/2el (h) 18.3 ± 5.1 ND  14.4 ± 1.9 ND 
MRT (h) 27.1 ± 7.1 ND  21.0 ± 2.4 ND 
ND, not determined. 
an = 4; bn = 3. 
* p < 0.05, significantly different from the control group. 
# p < 0.005, significantly different from the control group. 
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interference of C. papaya extract on the 
pharmacokinetics of amiodarone was also 
evaluated by administering the herbal extract for 
14 consecutive days until 24 h before 
administering a single-dose of the drug. In the rats 
pre-treated with C. papaya extract during the 14 
days, a statistically significant increase in the 
extent of systemic drug exposure was observed 
comparatively with control group (as assessed by 
AUC0-t and AUC0-∞). However, no significant 
differences were found in the peak of systemic 
exposure to amiodarone (as assessed by Cmax). 
Thus, to explain the higher systemic exposure to 
amiodarone in the C. papaya group we 
hypothesize that the herbal extract or some of its 
phytochemical constituents could have 
antimotility properties, determining the inhibition 
of the intestinal propulsion movements (11). The 
reduction of gastrointestinal motility can prolong 
the transit time of drugs and, consequently, can 
increase the extent of absorption of slightly 
soluble drugs, such as the amiodarone (44). In 
fact, the low aqueous solubility of amiodarone is 
the rate-limiting step of its intestinal absorption, 
which occurs by passive diffusion (a non-
saturable transport process) (45,46). 

Another possibility to explain the higher 
AUC0-t and AUC0-∞ values found for amiodarone 
in the group of rats pre-treated with C. papaya 

extract could be related to a time-dependent 
inhibitory effect on CYP isoenzymes and/or P-gp-
mediated efflux activity. Theoretically, a drug that 
is a dual substrate for CYPs and P-gp has a much 
higher potential for drug interactions with herbs 
that also modulate CYP3A4 and P-gp (24). In 
fact, amiodarone is metabolized by several CYP 
isoenzymes including CYP1A1/2, CYP2C8, 
CYP2C19, CYP2D6 and CYP3A4 (27,47) and it 
is also a substrate of P-gp (48,49). In addition, 
there is some evidence regarding the effects of C. 
papaya on CYPs and/or P-gp activity; the fruit of 
C. papaya seems to produce inhibitory effects on 
the activity of CYP3A and CYP2E1 in human and 
mouse liver microsomes, respectively (50,51). 
The juice of C. papaya has also shown a weak 
inhibitory effect on the CYP2C9 activity in 
human liver microsomes (52). Oga et al. (53) also 
reported the inhibition of P-gp in Caco-2 cells 
mediated by the leaf extract of C. papaya. In 
addition, the aqueous extract of C. papaya leaves 
significantly increased (54.5%) the apparent 
permeability of the P-gp substrate digoxin in the 
mucosal-to-serosal direction in intestinal 
segments mounted in Ussing chambers (54). 
However, the co-administration of the leaf extract 
of C. papaya and digoxin in rats did not 
determine a significant increase in the extent of 
systemic drug exposure (54). 

 

 
Figure 5. Mean plasma and tissue (heart, lung, liver and kidney) concentrations of amiodarone (AM) and mono-N-
desethylamiodarone (MDEA) obtained, at 24 h post-dose, from rats submitted to a 14-day pre-treatment period with 
Carica papaya extract (1230 mg/kg/day, p.o.), or vehicle (0.5% carboxymethylcellulose aqueous solution), and treated 
on the 15th day with a single-dose of AM (50 mg/kg, p.o.) by oral gavage. Data are expressed as the mean values ± 
standard error of the mean (SEM) of six determinations (n = 6). *p < 0.05 and #p < 0.01 compared to control (vehicle). 
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Regarding the tissue distribution data 
obtained at 24 h post-dose, only deserves to be 
highlighted the higher concentration levels of 
amiodarone found in lungs and the greater 
exposure of heart and lung tissues to MDEA in 
the group pre-treated with C. papaya extract. 
Therefore, the repeated administration of C. 
papaya extract could contribute to the tissue 
accumulation and, consequently, to the target 
organ toxicity ascribed to amiodarone and 
MDEA. 

Based on the herb-drug interaction data 
between C. papaya extract and amiodarone found 
in the present work, it is suggested that this herbal 
extract influences the pharmacokinetics of 
amiodarone, particularly after the repeated 
treatment; indeed, the 14-day pre-treatment period 
with C. papaya induced an increase in the 
bioavailability of amiodarone. Even so, it should 
be taken in account that results from animal 
experiments cannot be directly extrapolated to 
humans; however, bearing in mind the studies of 
Meng et al. (55) and Shayeganpour et al. (36), the 
rat appears to be an appropriate model for man in 
this case. Indeed, the mean peak plasma 
concentrations of amiodarone achieved in our 
work (Cmax 1.38 μg/mL and 0.95 μg/mL) are 
within the established drug therapeutic range (0.5-
2 µg/mL) (36,37) and such concentrations were 
only slightly higher than the levels found in other 
studies performed in Wistar rats with same dosage 
(50 mg/kg) of amiodarone (Cmax 0.78 μg/mL and 
0.84 μg/mL) (56).  

Additionally, in the present study, the 
increase of body weight of the rats pre-treated 
during 14 days with C. papaya extract or vehicle 
was comparable. Despite there is evidence in 
literature that C. papaya has anti-obesity effects, 
our data do not support these findings. In a study 
conducted by Athesh et al. (9) in which rats fed 
with high fat diet were treated during a 14-day 
period with C. papaya extract at doses in the 
range of 200-600 mg/kg only a slight reduction in 
body weight gain was observed. Indeed, the anti-
obesity effect was more evident after 45 days of 
treatment with C. papaya fruit extract. In other 
studies the treatment with C. papaya seed extract 
induced a reduction in body weight gain of rats 
when doses of 100 to 400 mg/kg were 
administered over 30 days and doses of 2000 
mg/kg were administered during 14 days (12); 
moreover, a 28-day treatment period with 5 to 
20% of ground bark extract of C. papaya in the 
diet also determined a reduction in body weight 
gain of rats comparatively to the control group 
(57). At last, in a study conducted by Goyal et al. 

(58) no significant changes were observed in the 
body weight of the rats treated during 52 days 
with doses of 50 to 500 mg/kg of the methanol 
sub-fraction of C. papaya seeds.  

 
CONCLUSION  
 
In conclusion, the single-dose co-administration 
of C. papaya fruit extract and amiodarone had no 
major effects on the pharmacokinetics of 
amiodarone in rats; at this point, only the delay 
induced by herbal extract in reaching the peak 
plasma concentration of amiodarone should  be 
highlighted. On the other hand, following a 14-
day pre-treatment period with C. papaya extract 
marked changes were found in the systemic 
exposure to amiodarone. Apart from a slight delay 
in achieving the Cmax, the significant increase 
observed in the extent of amiodarone systemic 
exposure in the group of rats treated with C. 
papaya was noteworthy. Hence, the repeated 
administration of C. papaya extract may clearly 
affect the bioavailability of amiodarone. 
Nevertheless, it is important to be aware that this 
work only provides a non-clinical proof of the 
effects of C. papaya extract on the 
pharmacokinetics of amiodarone and, thus, further 
clinical studies should be performed aiming at 
confirming this herb-drug interaction in humans. 
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ABBREVIATIONS 
 
AM, amiodarone; AUC, area under the 
concentration-time curve; AUC0-t, AUC from 
time zero to the last sampling time; AUC0-∞, AUC 
from time zero to infinite; Clast, last quantifiable 
concentration; Cmax, peak plasma concentration; 
CYP, cytochrome P450; FDA, Food and Drug 
Administration; HPLC-DAD, high-performance 
liquid chromatography-diode array detection; 
INR, international normalized ratio; i.p., 
intraperitoneal; IS, internal standard; kel, apparent 
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terminal elimination rate constant; LLE, liquid-
liquid extraction; LOQ, limit of quantification; 
MDEA, mono-N-desethylamiodarone; MRT, 
mean residence time; P-gp,  P-glycoprotein; p.o., 
per os; SEM, standard error of the mean; t1/2el, 
apparent terminal elimination half-life; tmax, time 
to reach Cmax. 
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ADDITIONAL FILE 
 
Additional file: Certificate of analysis of Carica papaya extract provided by Bio Serae Laboratories (ref. 
420015 – batch 0810960). 
 

 


