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ABSTRACT
Context: Phyllanthus amarus Schumach. and Thonn. (Euphorbiaceae) is traditionally known to improve
general liver health. However, its effect on hangover is unknown.
Objective: This study evaluated PHYLLPROTM, a standardized ethanol extract of P. amarus leaves for pro-
tection against oxidative stress and recovery from hangover symptoms.
Material and methods: Ten days daily oral supplementation of 750mg/day followed by intoxication was
evaluated in a randomized placebo-controlled (containing only excipient), crossover study in 15 subjects
(21–50 years old), for oxidative stress, liver damage, alleviating hangover symptoms (Hangover Severity
Score: HSS) and mood improvement (Profile-of-Mood-Scores: POMS).
Results: PHYLLPROTM was able to remove blood alcohol in the active group while the placebo group still
had 0.05% at 12 h post-intoxication (p< 0.0001). For HSS, the active group showed reduced hangover
symptoms while there were higher levels of nausea, headache, anorexia, tremulousness, diarrhoea and
dizziness in the placebo group (p< 0.05) at hour 10 post-intoxication. Increased fatigue at hour 2 and
tension (p> 0.05) from baseline to hour 22 was reported in the placebo group using POMS. Significant
anti-inflammatory group effect favouring the active group, by the upregulation of cytokines IL-8
(p¼ 0.0014) and IL-10 (p¼ 0.0492) and immunomodulatory effects via IL-12p70 (p¼ 0.0304) were
observed. The incidence of adverse events was similar between groups indicating the safety
of PHYLLPROTM.
Discussion and conclusion: Preliminary findings of PHYLLPROTM in managing hangover, inflammation
and liver functions following intoxication, is demonstrated. Future studies on PHYLLPROTM in protecting
against oxidative stress and hangover in larger populations is warranted.
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Introduction

The World Health Organization (WHO) estimates that the aver-
age alcohol consumption per capita in adults is 5.1 L per year
based on the report by the National Institute on Alcohol Abuse
and Alcoholism (Roa 2004). Alcohol dependency affects millions
of individuals around the world and is associated with several
types of diseases. Based on the International Classification of
Disease 10th edition; ICD-10 (WHO 2018), cause of death for
liver cirrhosis is associated with alcohol consumption. Although
moderate alcohol intake may have some health benefits, espe-
cially in relation to cardiovascular disease, elevated intake causes
hepatic damage. Alcoholic steatosis (reversible) and alcoholic
steatohepatitis are stages leading to liver disease where hepatic
stellate cells are activated, depositing collagen in the liver. Binge
drinking, defined by the National Institute on Alcohol Abuse
and Alcoholism as a pattern of drinking that brings the blood
alcohol level to 0.08 g % or higher, occurs when five (for men)
or four (for women) or more alcoholic beverages are consumed
over a period of 2 h (Roa 2004). Health concerns associated with
binge drinking include injuries, alcohol poisoning, neurological
damage and liver disease. Hangovers are the body’s reaction to
poisoning and withdrawal from alcohol.

Several herbal products have been studied for liver health.
These include, but are not limited to, milk thistle, Astragalus
membranaceus Bunge (Leguminosae) and dandelion (Chen 1990;
Tan et al. 2001; Rambaldi et al. 2007). Phyllanthus amarus
Schumach. and Thonn. (Euphorbiaceae) is a tropical plant com-
monly found in India and Indonesia, and is traditionally used
for the treatment of hepatitis and jaundice, and for general liver
health (Adeneye and Benebo 2008; Nworu et al. 2010; Patel et al.
2010), among other uses. Constituents of P. amarus include
lignans, phyllanthin, hypophyllanthin phyltetralin and niranthin
(Patel et al. 2011; Jantan et al. 2014).

In patients with chronic viral hepatitis B, P. amarus normal-
ized alanine aminotransferase (ALT) and the albumin:globulin
ratio, and the effective rate was not significantly different from
patients treated with interferon (Xin-Hua et al. 2001). In add-
ition, P. amarus treated group showed a decrease in ALT and
bilirubin, while an increase in haemoglobin (Patel et al. 2010).
Meanwhile, in animals, P. amarus exhibited protective effect
against carbon tetrachloride-induced liver toxicity (Krithika and
Verma 2009). This hepatoprotective effects of P. amarus is pro-
posed to be due to its antioxidant activities (Harish and
Shivanandappa 2006; Chatterjee & Sil 2006; Londhe et al. 2008;
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Manjrekar et al. 2008; Karuna et al. 2009) and/or its ability to
normalize liver enzymes (Borah et al. 2004; Igwe et al. 2007;
Vijayanand et al. 2007) as shown in animal models. While in
ethanol treated rats, aqueous extract of P. amarus is able to
reduce the AST and ALT to normal values (Pramyothin et al.
2007), while methanol extract of P. amarus is able to restore
glutathione (GSH) levels, reduce lipid peroxidation (Faremi et al.
2008) and protect against hepatic fibrosis (Narayanan et al.
2011). However, the role of P. amarus in hepatoprotection
against hangover symptoms and alcohol-induced injury has not
been studied clinically. In the current study, we tested the hypoth-
esis that an ethanol extract preparation of P. amarus leaves,
PHYLLPROTM, previously associated with antioxidant and free
radical scavenging activity, would protect the liver against oxida-
tive stress induced by alcohol consumption, thus reducing hang-
over symptoms.

Material and methods

Plant material

Phyllanthus amarus was identified by Mr. Shamsul Khamis the
taxonomist from the Institute of Bioscience, University Putra
Malaysia (UPM) based on its exomorphic characteristics (vou-
cher specimen SK3185/17). The leaves of the plant were used by
Biotropics Malaysia Berhad to produce a standardized extract
trademarked as PHYLLPROTM for the clinical studies.

Plant extract

The standardized ethanol extract of P. amarus trademarked as
PHYLLPROTM, was determined by high performance liquid
chromatography (HPLC) to contain not less than 0.1% w/w
hypophyllanthin and 0.4% w/w of phyllanthin. The total phenolic
content (TPC) was not more than 100mg GAE/g dry extract.
The extract was prepared by air-drying the leaves of P. amarus,
before grinding and extraction with a mixture of ethanol and
water at a ratio of 1:1 for 4 h at 45 �C. The resulting liquid was
filtered and evaporated at 60–80 �C, and spray dried.

Investigational product

The investigational product was a tablet containing 375mg of
PHYLLPROTM, the propriety standardized ethanol extract of P.
amarus and microcrystalline cellulose, calcium phosphate dibasic
dehydrate, sodium starch glycolate, glyserylbehenate and colloidal
silicon dioxide as excipient, to be taken orally twice a day for
10 days. The placebo contained only the microcrystalline cellu-
lose, calcium phosphate dibasic dehydrate, sodium starch glyco-
late, glyserylbehenate and colloidal silicon dioxide, at the same
dosage regimen. The investigational product was produced under
good manufacturing practices (GMP) requirements by Unison
Nutraceutical Sdn Bhd.

Subjects

Sixteen healthy male and female subjects between the ages of 21
and 50 with a minimum profile of mood states (POMS) score of
15 and who consumed at least five servings of alcohol per week
as inclusion criteria were recruited. Subjects were asked to main-
tain their regular lifestyle and to not make significant changes to
their diet. Exclusion criteria included any chronic liver condition,

hepatitis B and C; liver function test results greater than three
times the upper level limit of normal; a history of aggressive
behaviour and alcoholism; the presence of ascites; any significant
gastrointestinal conditions; renal, hepatic, endocrine (including
diabetes mellitus), cardiac, pulmonary, pancreatic, neurologic or
biliary disorders; known allergy or sensitivity to any ingredients
in the study products; uncontrolled hypertension (systolic blood
pressure �160mmHg or diastolic blood pressure �100mmHg at
visit 1, week-1); a history of cancer; recent use of antibiotics;
females who were pregnant, lactating or planning to become
pregnant during the study period; a recent history of (within
12months) or strong potential for alcohol or substance abuse
(defined as >14 drinks per week; one drink ¼12 oz. of beer, 5 oz.
of wine, or 1.5 oz. of distilled spirits); enrollment in any other
clinical trial within 3months prior to recruitment and investiga-
tor’s determination of unsuitability for trial participation.

Study design

This was a single-centre, double-blind, placebo-controlled,
randomized crossover study. The research was expected to gener-
ate pilot data from which future size calculations could be made.
Ethics approval was obtained from Copernicus Group Institutional
Review Board (IRB), Cary, NC prior to the study. All subjects
signed informed consent before undergoing screening procedures.
Subjects, clinical staff, data management staff and statistical analysis
staff were blinded to the study group. The study was conducted in
2010 at the Staywell Research clinical research site located in
Northridge, CA. The recruitment and follow-up took place from
13 July 2010 to 16 October 2010. The study was conducted in
accordance with the FDA Code of Federal Regulations (CFR
312.50 and 312.56), ICH Guidelines for Good Clinical Practice:
Consolidated Guidance (GCP E-6, April 1996), the Declaration
of Helsinski and HIPAA (Health Insurance Portability and
Accountability Act). The clinical study has been registered with
clinicaltrials.gov (NCT03349697).

Patients were randomly assigned to order of treatment (pla-
cebo or active) using simple randomization based on the atmos-
pheric noise method and sequential assignment was used to
determine group allocation (GraphPad Prism 6, San Diego, CA,
USA). A computer-generated list of random numbers was used
to allocate participants. Initially, 10 subjects were randomized to
the active group and five to the placebo group. In the second
arm, these allocations were reversed. Allocation, enrollment and
assignment of participants to trial product were performed by
the staff of Staywell Research Centre, who did not perform any
analyses or clinical procedures. Allocation was disclosed to the
investigator, subjects, and a statistician after all measurements
were completed. The investigational product was stored in a
Study Product Container in a locked cabinet with limited access.

Subjects were required to attend a total of five visits (Figure 1).
At the first visit of baseline screening, and fulfilling all inclusion
and exclusion criteria, subjects were recruited and randomized
before receiving standardized frozen foods (ready-to-eat after
microwaving or oven-heated foods such as pizza) to consume for
36 h prior to their next visit and 10 days’ worth of study products.
Subjects were instructed to avoid alcohol while taking the product
and were given subject diaries to record product compliance and
track caffeine intake on a daily basis.

At visit 2, after eating only the standardized foods in the
36 h prior, subjects were given several shots (1.5 fluid oz.) of
alcohol (Jack Daniel’s Whisky, TN, USA) to reach a blood alco-
hol level (BAL) of 0.12% to create a high enough level of
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impairment to result in positive hangover scores the following
morning (visit 3), measured using a breathanalyzer (AlcoMateVR
PRO, Korea). Whisky was chosen for its high congener content
relative to other types of alcohol (Wiese et al. 2004). The num-
ber of shots was estimated based on gender and body weight.
Breath analyzer measurements were taken at 30 and 60min
after the initiation of alcohol ingestion. During the overnight
stay, the primary, secondary and tertiary endpoints were meas-
ured over 22 h upon intoxication. At the end of the visit, sub-
jects received standardized frozen foods to consume for 36 h
prior to switching to the next arm in the next visit (visit 4).

Subjects then underwent an 11-day washout period and were
crossed over to receive the other arm and re-assessed. Visits 4
and 5 were the same as visits 2 and 3, until all subjects com-
pleted the trial.

Subjects were allowed to discontinue from the study if serious
pathological findings occurred, which would require follow-up
until resolution or until the findings were fully clarified or rea-
sonably explained. Study data of discontinued subjects would be
fully documented up to the time of their withdrawal. If an
adverse event was the reason for discontinuation, the event was
followed up and documented as per protocol. In case of with-
drawal, the investigator would indicate in the Case Report Form
one primary reason for discontinuation and as many secondary
reasons as were applicable

Outcome measurements

Primary endpoints were C-reactive protein (CRP), an inflamma-
tory cytokine panel (tumour necrosis factor (TNF)-a, interleukin
(IL)-1b, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12p70, IL-13,
IL-17A, granulocyte [G]-colony stimulating factor [CSF], eotaxin,
human macrophage inflammatory protein [MIP-1b], interferon
(IFN)-c, vascular endothelial growth factor (VEGF), monocyte
chemotactic protein (MCP)-1, fibroblast growth factor (FGF)-
BASIC, and granulocyte macrophage (GM-CSF) analyzed by
Affymetrix (San Diego, CA), liver function tests and glutathione
peroxidase [GSH-Px] analyzed by American Analytical Chemistry
Laboratories Corp. (Champaign, IL). Blood alcohol levels were
assessed by breathanalyzer. The secondary endpoints were the
Hangover Severity Score and POMS. The Hangover Severity Score
is a unit of measurement on a seven-point scale from 0 to 6.
Healthy subjects should have a score of 0. Symptoms on the scale
include nausea, headache, lack of appetite, dry mouth, soreness,
weakness, tremulousness, diarrhoea and dizziness (Wiese et al.
2004). Two additional questions were added to assess the overall
feeling of the subject at that time point and their ability to attend
work or school if applicable.

POMS is a psychological rating scale used to assess transient,
distinct mood states (McNair et al. 1992). The moods included
are tension, depression, anger, vigour, fatigue, confusion and
total mood disturbance.

The tertiary endpoints were safety measured by complete blood
count with differential electrical resistance methods, comprehensive
metabolic panel using the spectrophotometric method, urinalysis
outsourced to Primex Laboratories, Cary, NC, electrocardiogram
analysis and adverse events.

Statistical analysis

A per-protocol sample was used for this analysis. Only patients
who completed the entire clinical trial were counted towards
the final results and included the 15 subjects. Statistical analy-
ses, group� time interaction for cytokine panel, blood alcohol
levels, Hangover Severity Score and POMS were performed
using a two-way repeated ANOVA. Shapiro–Wilk normality
testing was carried out to determine data normality where
p> 0.05 was found. Within-group comparisons were made
using a paired t-test. Student’s t-test was used in the analysis of
hepatoprotection assay. All statistical analyses (descriptive sta-
tistics and Student’s t-tests) were performed using SPSS Base
System Ver. 18 (IBM SPSS Inc., Chicago, IL). The level of sig-
nificance was set at p< 0.05.

Results

Baseline characteristics of subjects

The baseline characteristics of the 15 subjects are provided in
Table 1. Sixteen subjects were screened in this study. One termi-
nated early because of the inability to tolerate the amount of
alcohol required to reach the target BAL. Fifteen subjects

Table 1. Baseline characteristics of subjects.

Baseline characteristics

N 15
Male number (percentage) 10 (66.67%)
Female number (percentage) 5 (33.33%)
Age in years (mean) 25 ± 8.9
Age in years (range) 21–47
Weight in lbs. (mean) 155.6 ± 15.1
Weight in lbs. (range) 134–193
BMI (mean) 23.9 ± 2.1
BMI (range) kg/m2 20.4–28.3

Figure 1. Study flow chart. Fifteen of the 16 subjects screened were randomized
in the study with 15 in the PHYLLPROTM and placebo group, crossed over and
included as the per-protocol final analysis. Subjects who received PHYLLPROTM

during Arm 1 received placebo during Arm 2. Subjects who received placebo
during Arm 1 received PHYLLPROTM during Arm 2.

Table 2. Effect of treatment on blood alcohol level (mean ± SD).

Baseline 0.5 h 1 h 1.5 h 12 h 18 h 22 h

Active 0.000 ± 0.000 0.110 ± 0.021 0.130 ± 0.022 0.130 ± 0.014 0.000 ± 0.018a 0.000 ± 0.000 0.000 ± 0.000
Placebo 0.000 ± 0.000 0.101 ± 0.032 0.120 ± 0.025 0.140 ± 0.016 0.050 ± 0.120 0.000 ± 0.000 0.000 ± 0.000
aDenotes significant difference between groups p< 0.0001.
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Table 3. Inflammatory cytokine panel and liver function of subjects at baseline to 22 h.

Baseline Hour 2 Hour 12 Hour 22

treatment Placebo treatment Placebo treatment Placebo treatment Placebo

CRP 0.89 ± 0.97 0.72 ± 0.88 0.90 ± 0.92 0.72 ± 0.82 0.83 ± 0.72 0.68 ± 0.79 0.86 ± 0.87 0.73 ± 0.85
Inflammatory cytokine panel
TNF-a 4.74 ± 1.10 5.07 ± 1.39 4.74 ± 1.03 5.00 ± 1.25 4.25 ± 1.14 4.52 ± 0.74 5.16 ± 1.68 5.30 ± 1.16
IL-1b 8.27 ± 3.73 7.81 ± 1.88 7.32 ± 1.79 7.82 ± 1.84 7.48 ± 1.79 7.60 ± 2.09 8.47 ± 1.92 8.40 ± 2.73
IL-2 4.17 ± 0.65 4.48 ± 0.83 4.15 ± 0.51 4.23 ± 0.84 4.01 ± 0.65 3.96 ± 0.64 4.43 ± 0.91 4.71 ± 1.14
IL-4 5.39 ± 1.60 5.09 ± 1.10 5.08 ± 1.56 5.27 ± 1.44 4.76 ± 1.57 4.79þ 0.63 5.92 ± 2.26 5.21 ± 1.07
IL-5 4.36 ± 1.55 4.16 ± 0.98 405 ± 1.07 4.67 ± 1.05 3.90 ± 1.00 4.45 ± 1.79 4.15 ± 0.94 4.70 ± 1.75
IL-6 2.94 ± 0.26 3.02 ± 0.05 3.02 ± 0.05 3.02 ± 0.05 3.00 ± 0.38 2.97 ± 0.13 3.27 ± 0.46 3.06 ± 0.14
IL-8 4.83 ± 0.79 5.24 ± 1.07 4.68 ± 0.73 4.77 ± 0.78 8.72 ± 4.84 5.69 ± 1.40 5.28 ± 0.68 4.19 ± 0.81#
IL-10 3.82 ± 0.61 4.35 ± 0.76 4.15 ± 0.62 4.04 ± 0.56 3.92 ± 0.40 4.10 ± 0.71 4.09 ± 0.45 4.23 ± 0.71#
IL-12p70 3.98 ± 0.80 4.99 ± 1.49 4.30 ± 0.70 4.48 ± 0.65 4.02 ± 0.54 4.41 ± 0.96 4.54 ± 0.84 4.62 ± 0.64#
IL-13 4.88 ± 0.94 4.84 ± 0.88 4.90 ± 0.96 5.21 ± 1.03 4.70 ± 0.74 4.61 ± 0.82 4.84 ± 0.84 5.11 ± 0.99
IL-17A 3.61 ± 0.47 3.87 ± 0.74 3.63 ± 0.48 3.73 ± 0.46 4.00 ± 0.53 3.68 ± 0.45 3.53 ± 0.52 3.67 ± 0.49
GM-CSF factor 5.87 ± 0.99 5.84 ± 0.53 5.55 ± 0.48 6.24 ± 0.78 5.51 ± 0.63 5.85 ± 0.80 6.27 ± 1.16 6.23 ± 1.01
Eotaxin 54.10 ± 39.89 68.67 ± 44.12 61.07 ± 50.93 55.02 ± 30.01 90.33 ± 61.2 92.93 ± 62.66 98.57 ± 67.84 87 ± 61.56
MIP-1beta 422.67 ± 161.14 410.72 ± 171.99 411.07 ± 195.48 381.52 ± 176.67 556.52 ± 183.08 586.23 ± 222.62 462.71 ± 145.04 485.18 ± 197.25
IFN-c 5.67 ± 1.77 6.40 ± 2.10 5.66 ± 1.63 5.49 ± 1.26 5.54 ± 2.04 6.03 ± 2.62 5.78 ± 1.91 6.18 ± 2.32
VEGF 47.86 ± 24.02 61.67 ± 40.74 45.65 ± 24.23 51.33 ± 30.81 57.64 ± 37.68 64.72 ± 44.88 54.89 ± 29.34 62.12 ± 37.67
MCP-1 16.43 ± 6.31 15.54 ± 4.66 14.35 ± 5.09 15.15 ± 4.66 18.28 ± 5.21 20.64 ± 8.28 16.8 ± 4.67 17.55 ± 5.80
FGF-basic 4.31 ± 0.46 4.46 ± 0.51 4.30 ± 0.59 4.50 ± 0.56 4.55 ± 0.89 4.32 ± 0.46 4.70 ± 0.45 4.51 ± 0.50

Liver function tests
AST 21.8 ± 8.61 18.13 ± 5.30 21.6 ± 8.26 18.87 ± 5.14 18.79 ± 6.58 17.07 ± 3.9 17.08 ± 4.91 17.27 ± 3.84
ALT 18.13 ± 8.79 16 ± 5.68 18.33 ± 8.74 16.13 ± 5.65 16.21 ± 8.38 15.4 ± 5.15 15.92 ± 8.25 15.53 ± 5.64
Total bilirubin 0.51 ± 0.2 0.49 ± 0.22 0.48 ± 0.15 0.47 ± 0.17 0.42 ± 0.15 0.39 ± 0.12 0.59 ± 0.21 0.54 ± 0.22
Albumin 4.53 ± 0.29 4.41 ± 0.32 4.59 ± 0.35 4.45 ± 0.34 4.36 ± 0.35 4.36 ± 0.43 4.41 ± 0.31 4.45 ± 0.41
INR 1.04 ± 0.07 1.03 ± 006 1.03 ± 0.07 1.04 ± 0.06 1.06 ± 0.11 1.07 ± 0.09 1.06 ± 0.08 62.47 ± 14.88
ALK 63.88 ± 13.08 67.44 ± 14.17 66.31 ± 14.62 69.84 ± 13.31 62.84 ± 14.76 67.41 ± 15.23 62.47 ± 14.88 67.88 ± 15.61
GSH-Px 69.89 ± 15.77 74.69 ± 16.18 70.46 ± 15.52 71.48 ± 14.27 70.79 ± 9.60 75.3 ± 13.26 73.79 ± 11.66 76.86 ± 12.88

#p< 0.05, Denotes significant difference of active compared to placebo.
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Figure 2. Domains of (A) headache, (B) tremulousness, (C) dizziness and (D) diarrhoea within the Hangover Severity Score in the placebo and active groups within
22 h of the initiation of alcohol.
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completed both arms of the study (Figure 1). There were no dif-
ferences in compliance between the groups (95.8% in
both groups).

Blood alcohol levels

Females in both treatment groups consumed five shots of alcohol
each. Males consumed 6–8 shots of alcohol, with an equivalent
number of shots consumed during both treatment phases. BAL
was consistent with intoxication by hour 0.5. The groups showed
no difference until hour 12, when BAL in the active group had
returned to zero, while the placebo group still had BAL of 0.05%
(p< 0.0001; F¼ 12.73) (Table 2).

Anti-inflammatory effects

There were no statistical differences in inflammatory cytokines
between the groups at any time point except for IL-8
(p¼ 0.0014), IL-10 (p¼ 0.0492) and IL-12p70 (p¼ 0.0304), where
significant increases in the active group and decreases in the pla-
cebo group were observed (Table 3). In the liver function tests,
no significant differences were observed between the groups.

Effect of PHYLLPROTM on hangover and mood

There was no significant difference between the groups in the
Hangover Severity Score. However, notable differences between
the groups were observed at specific time points (Figure 2).
The placebo group had higher scores than the active group
(p< 0.05) for at least one-time point on every individual hang-
over symptom scale, and in some cases, the active group
reported no symptoms at hours12–18 post-treatment and
intoxication (Table 4).

There were more reports of nausea in the placebo group than
the active group at hours 10 (p¼ 0.04) and 12 (up to p< 0.001),
and of headache at hours 10, 12, and 18 (p¼ 0.004; p¼ 0.009;
p¼ 0.04, respectively). There were more reports of anorexia in
the placebo group than the active group at hour 10 (p¼ 0.008),
and of dry mouth in the placebo group at hours 10 and 12, but
these differences were not statistically significant. With respect to
soreness, there were more reports in the placebo group than the
active group at hours 10 and 18 (p< 0.05). The active group
reported soreness only at baseline (p¼ 0.04). There were signifi-
cantly more complaints of weakness in the placebo group than
in the active group at baseline, hours 2 and18 (p¼ 0.04 for both
groups). There were more complaints of tremulousness in the
placebo group than in the active group at hour 10 (p¼ 0.003).
Results for diarrhoea domain of POMS in the placebo group
were significant (p¼ 0.05) between groups at hour 10. There
were significantly more complaints of dizziness in the placebo
group than the active group at hours 2, 10 and 12
(p< 0.0001–p< 0.05). The scores for overall feeling were not sig-
nificantly different between the groups in the population as a
whole. For the ability to attend work or school if necessary, at
hours 12 and 22, more subjects felt able to attend work or school
in the placebo group than in the active group (p¼ 0.031).

No statistically significant differences between groups were
observed in the POMS questionnaire or in its individual
domains. Notable differences between time points were observed
in the placebo group, which had significantly higher scores than
the active group at hours 18 (p¼ 0.04) and 22 (p¼ 0.008), repre-
senting higher levels of tension at these time points (Table 5). Ta
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The active group had significantly higher scores than the placebo
group at hours 10 (p¼ 0.002), 12 (p¼ 0.04) and 22 (p¼ 0.04),
representing higher levels of depression at these time points. The
placebo group had significantly higher scores for anger than the
active group at hours 2 (p¼ 0.04) and 12 (p¼ 0.026), and the
active group had significantly higher scores at hour 18
(p< 0.0001), representing higher levels of anger at these time
points. POMS vigour was not significantly different between
groups at any time point. The clinically and statistically signifi-
cant reduction in vigour in both groups at hour 10 can be
explained by the fact that this questionnaire was administered at
4:00 am (p< 0.05). For fatigue, the placebo group had signifi-
cantly higher scores than the active group at hour 2 (p¼ 0.033),
representing higher levels of fatigue at this time point which
were significantly different between the groups.

Safety profile of PHYLLPROTM

The safety profile of the test product appeared to be identical to
that of placebo, with no serious adverse events reported; none of
the adverse events were attributed to the test product. In the
active group, adverse events included mild upper respiratory
infection (n¼ 2; not related) and mild headache (n¼ 1; unlikely
related). In the placebo group, adverse events included vomiting
(mild-to-moderate; n¼ 3; unlikely or possibly related) and mild
dry mouth (n¼ 2; possibly related).

Discussion

This clinical study provides evidence of the ability of PHYLLPROTM

to remove blood alcohol more efficiently compared with placebo,
resulting in reduced hangover symptoms and improved mood.
PHYLLPROTM also demonstrated certain anti-inflammatory and
antioxidant protective effect by the up-regulation of anti-inflamma-
tory cytokine IL-8 and IL-10 upon alcohol toxification.

The main compounds isolated from P. amarus are lignans,
flavonoids, ellagitannins, triterpenes, alkaloids, sterol and essen-
tial oil (Patel et al. 2011). The pure compounds phyllanthin and
hypophyllanthin, also found in PHYLLPROTM, have high anti-
oxidant effects with a low IC50 value, especially for phyllanthin
with IC50 of 7.4mol/mL (Sen and Batra 2013). A similar 50%
ethanol extract of the aerial parts of P. amarus contains phyllan-
thin, amariin, repandusinic acid and phyllanthusiin D, flavo-
noids, rutin and quercetin 3-O glucoside, which display high
antioxidant activity (Londhe et al. 2008; Krithika et al. 2009). It
is well known that the TPC of an extract corresponds to its anti-
oxidant effects (Eldeen et al. 2011). This could have contributed
to the beneficial effects seen in this study.

In this study, IL-8, IL-10 and IL-12p70 levels increased signifi-
cantly in the active group, denoting an anti-inflammatory effect
when supplemented with PHYLLPROTM. Cytokine IL-10, a potent
anti-inflammatory agent, plays a central role in preventing dam-
age and maintaining normal tissue homeostasis (Haddad and
Fahlman 2002). While IL-8, a chemokine secreted by many cell
types, including monocytes, neutrophils, epithelial cells, fibro-
blasts, endothelial cells, mesothelial cells and tumour cells in
response to inflammation (Matsushima and Oppenheim 1989),
acts as a chemotaxis agent in mobilizing T cells as well as other
non-specific inflammatory cells to inflammation site (Schr€oeder
1992). In this study, the potential liver injury during alcohol
intoxication may have increased the release of IL-8 to the site of
liver inflammation. Zhang et al. (2005) demonstrated that activa-
tion of the Nrf2 (NF-E2-related transcription factor 2)/antioxidantTa
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response pathway induces the expression of IL-8 to attenuate tis-
sue injury, indicating that IL-8 responds in an anti-inflammatory
manner to resolve tissue injury. The IL-12 families of cytokines
are key players in the regulation of T-cell responses to infection
(Gee et al. 2009) and are responsible for immune responses.
Functionally, IL-12 is a heterodimeric cytokine whereby IL-12p70
is the active heterodimer with both pro- and anti-inflammatory
properties. In another related study, IL-10 and IL-12 were also
increased significantly compared with other cytokines during the
hangover period (Kim et al. 2003) associating these increases with
a response to hangover. An antioxidant-rich fermented product of
fruit and vegetable caused increased levels of IL-12 accompanied
by an increase in CD4þ (Zulkawi et al. 2017a) denoting an immu-
nomodulatory response to intoxication which has been reported
elsewhere (Hoek and Pastorino 2002).

Chronic ethanol intake (i.e., several years of heavy alcohol use
in humans, several weeks or months in experimental animals)
enhances the damaging consequences of inflammatory responses
through a variety of mechanisms. It would have been expected
that, in the presence of alcohol detoxification, AST would have
increased as a number of liver cells may have been damaged;
however, in this case, there was no significant difference in AST
between the groups. Another biomarker that is commonly asso-
ciated with inflammation is CRP, which in this study did not
show group difference, whereas in another study, supplementa-
tion of the medicinal herb Ginkgo biloba L. (Ginkgoaceae) was
shown to reduce CRP levels while improving total antioxidant
levels in serum ischaemic stroke patients (Thanoon et al. 2012).
In a study on hangover symptoms, decreased levels of CRP were
associated with reduced hangover symptoms; however, liver
enzymes (AST and ALT) were not reduced (Wiese et al. 2004).
It is possible that the alcohol toxification in this study was not
chronic enough to warrant an intense inflammatory reaction.

In this study, alcohol was consumed in a healthy population
with a mean age of 25 years. It is also possible that in this young
and healthy population, acute alcohol consumption prior to
investigation can quickly be restored by the bodies’ normal
homeostasis as the liver would be robust compared with an age-
ing population that has potentially been exposed to prolonged
oxidative stress from various sources. This effect was observed in
an animal study of young rats, where all hepatocytes entered the
cell cycle after 70% liver resection, whereas only one-third did so
in the aged liver (Stocker and Heine 1971), pointing towards an
effect of age on liver recovery. This phenomenon could have
added to the statistical non-significance between groups, which
was further pronounced by the small sample size of 15 per arm.

There was a statistically significant effect of PHYLLPROTM on
POMS fatigue score and hangover symptom severity scale at sev-
eral time points. The tension domain clearly demonstrated a sig-
nificant increase in the placebo group and a decrease in the
active group at hours 18 and 22 in the POMS. There was a sig-
nificant evidence of fatigue in the placebo group at hour 2. The
increase in tension and fatigue in the placebo group and not in
the active group may possibly be due to antioxidative protection
afforded by the extract. Oxidative stress has been linked to an
increase in malondialdehyde (MDA) and psychological variables
such as depression (Srivastava and Batra 2014). Oxidative stress
produces higher lipid peroxidation products such as MDA in the
blood than do a normal person. A significant reduction in MDA
levels in CCl4-induced hepatotoxicity in rats was observed with
the administration of Phyllanthus niruri L. (Phyllanthaceae), a
closely related species to P. amarus (Karuna et al. 2009) pointing
to a possible reduction in oxidative stress that would otherwise

lead to higher MDA levels and poorer psychological states.
Further studies are needed to confirm this for P. amarus.

Alcohol elimination was faster in the active group
(p< 0.0001) at hour 12. It would have been helpful to have had
additional BAL time points between hours 1.5 and 12, especially
at hour 10, to evaluate the rate of alcohol detoxification since it
was at hour 10 that the placebo group reported the highest com-
plaints of nausea, headache, anorexia, tremulousness, diarrhoea
and dizziness. This appears to be the time where alcohol was still
present at a higher amount in the placebo group while 2 h later,
the active group no longer had any alcohol in the bloodstream
whereas the placebo group still did. This implies that
PHYLLPROTM improved hangover symptoms through the effi-
cient clearing of alcohol from the bloodstream. This was the case
for the fruit extract of Evodiae rutaecarpa (Juss.) Benth
(Rutaceae) and XenijiTM (a trademarked fruit- and vegetable-
based preparation) which reduced alcohol concentration in blood
plasma in vivo and upregulated the relative expression of alcohol
dehydrogenase (ADH) and antioxidant Cu-Zn superoxide dismu-
tase (Cu-Zn SOD), suggesting the removal of alcohol by hepatic
alcohol metabolizing and antioxidant enzymes (Cho et al. 2005;
Zulkawi et al. 2017b). Other alternative therapies such as arti-
choke extract have been examined in a randomized controlled
trial, but no benefit was found (Pittler et al. 2003). Nopal cactus
[Opuntia ficus-indica L. Mill (Cactaceae)] was found to reduce
some of the symptoms associated with hangover (Wiese
et al. 2004).

The potential mechanism of action of hepatoprotection and
reduction in hangover symptoms in alcohol-induced toxicity
may be exerted through the improved antioxidant status as P.
amarus demonstrated liver function improvement through
decreased levels of liver function enzymes and increased antioxi-
dant enzymes (Pramyothin et al. 2007; Faremi et al. 2008). There
was an increasing trend in GSH-Px in the active group, although
it was not significant, indicating increasing antioxidant activity
in the blood in support of the free radical-producing damage
caused by alcohol. In other in vivo studies, a significant increase
in GSH-Px through antioxidant administration and an increase
in liver enzymes suggesting liver damage through alcohol con-
sumption as a result of chronic alcohol administration for up to
15 days was observed in untreated rats (Vogt and Richie 2007;
Wang et al. 2015). In addition, the detrimental effects of alcohol
were more apparent in older rats compared with younger adult
rats, with the effects of oxidative stress and free radicals more
prevalent. In this study, once-only acute alcohol administration
in a young population (mean age of 25 years) might not have
been sufficient to induce damaging effects and an intense oxida-
tive stress reaction, as observed by the normal levels of liver
enzymes, to result in a statistically significant improvement in
GSH-Px following P. amarus supplementation.

Hepatoprotective effects of medicinal plants against short-
term toxins have been observed in animal studies (Hwang et al.
2002). The detoxification effect seen particularly in the liver has
been reported in several closely related Phyllanthus species
(Karuna et al. 2011). Since clinical evidence in support of any
compound for the reduction of hangover symptoms is lacking,
the clinical evidence presented in this study is of interest and
supports further studies in larger groups of individuals. As this
was a pilot study, only 15 subjects were included. Future studies
may include an appropriate number of subjects based on these
preliminary findings. The effect of P. amarus on levels of inflam-
matory markers and liver enzymes following alcohol
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consumption as an example of inducing oxidative stress is of
interest in larger populations.

Conclusions

The ethanol extract of P. amarus, PHYLLPROTM, significantly
improved hangover symptoms when compared with placebo.
The extract also showed some immunomodulatory and anti-
inflammatory effects. In addition, the product was well tolerated,
with no serious adverse events observed in either the placebo or
the active group at an administered dose of 375mg twice daily
for 10 days. The results of this study suggest that this product
may be of interest to generally healthy adults for the treatment
of hangover symptoms and for protection against oxidative stress
induced by various assaults. Further research is still needed to
confirm the mechanism of action of PHYLLPROTM, however,
and to study its effects in older individuals and in individuals
drinking varying amounts of alcohol.
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