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Abstract

AIM: To evaluate the safety and efficacy of Chlorella
in 18 patients chronically infected with hepatitis C virus
(HCV) genotype 1.

METHODS: Eighteen adults with chronic infection by
HCV genotype 1 received daily oral supplementation of
Chlorella for 12 wk. Changes in the RNA levels of HCV,
as well as those of aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) levels were evalu-
ated following this treatment period. Paired ¢ tests
were conducted to compare the means of the different
variables at the beginning and end of the study. Side
effects and quality of life aspects were also compared
between weeks 0 and 12 of the study period.

RESULTS: A majority 84.61% of the patients had a
significant decrease in their ALT levels from week 0
to week 12. Evaluation of side effects showed that
Chlorella was well tolerated. Quality of life assessment
showed that 76.9 of the participants reported an im-
provement in their energy levels and 46.1% reported
an improvement in their perception of general health.
Although 69.23% also showed a decrease in their AST
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levels, this was not statistically significant. Most pa-
tients that exhibited an improvement in their ALT and
AST levels also showed a tendency toward a decreased
HCV viral load. The HCV RNA levels showed a decrease
in 69.23% of the patients, which along with changes in
AST/ALT ratios from week 0 to week 12, these results
were not statistically significant.

CONCLUSION: Chlorella supplementation was well tol-
erated in patients with chronic HCV and associated with
a significant decrease in ALT liver enzyme levels.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Complementary and alternative medicines to treat ch-

ronic liver diseases, including chronic hepatitis C virus
(HCV) infection, are becoming increasingly popular in
North America”. Infection with HCV is global in na-
ture, infecting approximately 160 million persons world-
wide or roughly 2% of the world population, with some
countries documenting a rate of 15% or more'™’. After
an initial HCV infection, close to 70% of cases develop
chronic infection that may progress to liver cirrhosis and
hepatocellular carcinoma if left untreated”. The success-
ful treatment of chronic HCV infection is determined
by a reduced HCV-RNA viral load and improved liver
function and histology. The current Food and Drug
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Administration approved treatment for HCV is up to
42 wk of interferon and antiviral medications. However,
there are significant costs associated with these medica-
tions and side effects which limit their use thus stressing
the need for novel treatment optionsp’mj. In addition,
subjects that fail to respond to the initial treatment are
less likely to respond to retreatment' . Many herbal and
other natural compounds have now been used for the
treatment of liver diseases, including HCV infection.
Silybum marianum and Lactoferrin have been associated
with a decrease in serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels"*". More
recently, green tea catechins have been shown to inhibit
HCV attachment and transmission in human liver cells
in vitrd"". However, the potential benefits of herbal and
other natural molecules in inhibiting the progression of
HCYV infection are only beginning to be understood, and
more controlled studies are needed in this area.
Chlorella, a fresh water unicellular alga rich in macro-
and micronutrients, has been used as a food source
and nutritional supplement for centuries'”. In animals,
Chlorella has been reported to improve host resistance
to viral infection and tumors"*'". In humans, Chlo-
rella supplementation has been shown to enhance the

M and to
[20,21]

antibody titer after influenza immunization
improve the outcome in several chronic diseases
Chlorella supplementation has been also associated with
an improvement in liver function in animal models?”*).
Due to the documented benefits of Chlorella treatments
in liver diseases in animals and in chronic diseases in hu-
mans, we studied the effects of Chlorella in 18 patients
with chronic HCV genotype 1 infection. The plasma
HCV RNA levels, hematological and chemistry results,
including liver enzyme levels, and the quality of life and
psychological well-being were assessed in this cohort fol-
lowing dietary supplementations with Chlorella-derived
products.

MATERIALS AND METHODS

Population

The current study trial took place at a primary care clinic
in western Massachusetts. Approval was obtained from
the New England Institutional Review Board (NEIRB,
Wellesley, MA, United States). The study cohort com-
prised 18 patients with chronic HCV infection who were
cither unwilling or unable to receive an interferon plus
antiviral therapy. The inclusion criteria were an age of
18-65 years, evidence of chronic HCV infection by re-
verse transcription polymerase chain reaction (PCR), and
a confirmation that the infection was due to HCV geno-
type 1. The exclusion criteria were any acute or chronic
liver disease other than chronic HCV infection, any evi-
dence of advanced liver disease such as a history or pres-
ence of ascites, a history of bleeding esophageal varices
or encephalopathy, any known existing medical condi-
tion that could interfere with participation in the current
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study, co-infection with hepatitis B virus and/or human
immunodeficiency virus, or a history of active alcohol or
drug abuse three months prior to the beginning of the
trial. Some of the patients had already been treated with
interferon plus ribavirin (three years or more previously)
before their participation in this study and had failed to
respond.

Study design

This study examined the effects of Chlorella upon the
HCV viral load, and on hematological and chemical test
results, including AST and ALT liver enzyme levels, in
infected patients during a 12 wk treatment period. To
control for factors others than Chlorella that could have
affected the results of our study, only patients with a
HCYV genotype 1 infection were selected for this trial.
The AST/ALT ratio at week 0 and after the 12 wk of
Chlorella supplementation was compared among the 13
subjects in the cohort.

We also compared the safety and efficacy of orally
administered Chlorella by assessing the presence of pos-
sible side effects and their impact on quality of life. The
side effects assessed included constipation, diarrhea,
depression, irritability, headache/body aches, and any
other significant symptoms that arose during the study
period. Similarly, quality of life was assessed by evaluat-
ing changes in energy levels, general health perceptions,
quality of sleep and changes in appetite. Patients were
interviewed about possible side effects and impact of
quality of life at baseline, and at weeks 1, 2, 4, 8 and 12.
The answers were coded on a 5 level scale from 1 (much
worse) to 5 (much better). Scores were then compared
between baseline and weeks 1, 2, 4, 8 and 12. To assess
compliance, patients were instructed to return all used
and unused products at each visit.

“Sun Chlorella ATM” consisted of a dry pulverized
Chlorella pyrenoidosa powder plus a water soluble ex-
tract (“Wakasa Gold™”; Sun Chlorella Corp, Kyoto,
Japan), which contained 82 mg/mL of Chlorella. It was
administered orally to each patient as follows: three 500
myg tablets were administered twice daily on days 1-7 and
then three times each day thereafter. Wakasa Gold ™ was
administered at a dose of 30 mL twice a day starting on
day 1. Both pulverized tablets and water soluble extracts
were used in the treatment given in order to administer
the greatest amount of Chlorella possible. Patients were
evaluated as described above during the duration of the
trial. Routine hematology, chemical tests and HCV RNA
levels were done at baseline and at week 12 using a PCR-
based assay conducted at a local laboratory (Life Lab;
Mercy Hospital, Springfield, MA, United States).

Changes in AST and ALT liver enzyme levels and the
HCV viral load in our “Chlorella treat” cohort were mea-
sured after the 12 wk study petriod and were compared
with the same laboratory test results in a control group
of 26 subjects who were also chronically infected with

HCV genotype 1, but did not receive Chlorella. Subjects
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Table 1 Levels of aspartate aminotransferase, alanine aminotransferase, aspartate/alanine aminotransferase ratio and hepatitis C vi-

rus viral load at weeks O and 12

Patient No. AST (IU/mL) ALT (IU/mL) AST/ALT ratio HCV viral load (IU/mL) Previous
Week 0 Week 12 Week 0 Week 12 Week 0 Week 12 Week 0 Week 12 INF Rx

1 80 63 82 68 0.975 0.926 11 420 1183 No

2 53 44 103 72 0.514 0.611 140 642 32334 No

8] 87 40 71 39 1.225 1.025 91 808 24 141 No

4 35 56 48 92 0.729 0.608 223075 89 331 No

5 19 25 22 21 0.863 1.19 221116 281 886 No

6 39 33 83 72 0.469 0.454 1917 040 560 082 No

7 51 41 81 64 0.629 0.645 269 079 217 334 Yes

8 138 74 157 105 0.878 0.704 382773 1302 860 Yes

9 48 51 37 47 1.297 1.085 136 292 236 748 Yes

10 75 85 102 95 0.735 0.894 716 152 503 764 Yes

11 27 24 39 29 0.692 0.827 7 672 080 7 692 310 Yes

12 103 77 157 119 0.656 0.647 847 412 542 398 Yes

13 127 93 159 106 0.798 0.877 869 846 568 398 Yes

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; HCV: Hepatitis C virus; INF: Interferon.

in the control group were randomly selected, attended
the same clinic and had a similar demographic profile as
the Chlorella-treated group. Changes in the hematologi-
cal, liver enzyme values and HCV-RNA viral load in this
control group were assessed within an 11-21 wk period
as part of a standard clinical evaluation. No subjects in
either the study or control groups received treatment
with interferon or other anti-viral drugs during the study
period. This study was conducted in accordance with
the Declaration of Helsinki, Good Clinical Practices and
the study protocol was reviewed and approved by the
NEIRB.

Statistical analysis

Data gathered during the study was used to examine
statistically significant changes in the HCV RNA levels,
and in the hematological and liver enzyme (AST, ALT)
levels. Side effects and quality of life aspects were also
compared between weeks 0 and 12 of the study period.
Paired ¢ tests were conducted to compare the means of
the different variables at the beginning and end of the
study. P values < 0.05 were considered statistically sig-
nificant. All data was analyzed using Statistical Package
for Social Sciences version 17.0.

RESULTS

Thirteen out of 18 enrolled patients completed our 12
wk study. Of the five patients who did not complete
the trial, one individual discontinued treatment due to
constipation on the first two days of treatment, which
resolved upon treatment withdrawal. Four subjects were
excluded due to poor compliance which was unrelated to
side effects or changes in their general health status.

HCVRNA titer and liver enzyme analysis

Changes in the HCV RNA levels and in the AST and
ALT liver enzyme levels among our study subjects are
shown in Table 1. A majority of patients experienced
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an improvement in their liver enzyme profiles; 84.61%
(11/13) had a decrease in their ALT levels from week 0
(mean £ SD, 89.30% * 49.36%) to week 12 (mean & SD,
71.46% £ 31.12%). Moreovet, this decrease was statisti-
cally significant (P < 0.05). Although 69.23% of the pa-
tients (9/13) also showed a dectease in their AST levels
from week 0 (mean * SD, 67.84% * 37.73%) to week 12
(mean * SD, 54.30% % 22.63%), this was not statistically
significant (P = 0.06). The results further showed that
69.23% (9/13) of the patients had a decrease in their
HCV RNA levels, although the results of the paired 7
test also showed this was not statistically significant (P
= 0.42). Most patients that exhibited an improvement in
their AST and ALT levels also showed a tendency toward
a decreased HCV viral load. An exception was patient
No. 8 whose viral load increased significantly (Table 1).
The changes in the AST/ALT ratio between weeks 0 and
12 among the subjects in the Chlorella cohort shown in
Table 1 were not statistically significant. The values ob-
tained from additional laboratory tests, including routine
hematology (complete blood count and differential) and
chemical tests, showed no statistically significant changes
during the study petiod (data not shown). No statistically
significant differences in the changes of the AST and
ALT liver enzymes, AST/ALT ratio and HCV viral load
was observed within a 11-21 wk period, among the con-
trol group who received not Chlorella supplementation.

Side effect profile and quality of life assessment

The main side effects associated with the Chlorella treat-
ments in our trial included constipation and diarrhea.
Four of the 13 patients (30.7%) with a previous history
of constipation reported their symptoms as worse or
somewhat worse during the first two weeks of treat-
ment. However, in all of these cases, the constipation
symptoms were mild to moderate and resolved within
the first two weeks. These patients continued in the trial
for the scheduled 12 wk. Similarly, two of the 13 patients
(15.3%) who completed the study complained of mild

February 21, 2013 | Volume 19 | Issue 7 |



Azocar J et al. Use of Chlorella in chronic hepatitis C virus

diarrhea at week 1, but reported that these symptoms
were much improved after week 2. None of the patients
reported symptoms of abdominal pain, fever, depres-
sion, headache, body ache or other complaints during
the 12 wk study.

Quality of life

Four variables were tested to assess changes in quality
of life; 76.9 % of the patients (10/13) reported an im-
provement in their energy levels during the study period
whereas 23.1% (3/13) reported no change in energy
levels. In addition, 46.1% (6/13) of the patients reported
an improvement in their perception of general health
while 53.9% (7/13) reported no change in this regard.
None of the patients reported issues with sleep quality
or appetite during the 12 wk study period.

DISCUSSION

In our present study, most of the subject patients with
chronic HCV showed a good tolerance to Chlorella
oral supplementation. This was anticipated, based on
previous studies which had also shown good tolerance
of similar doses of Chlorella administered in pregnant,
lactatingm, and elderly subjects“gj, as well as in patients
with diverse chronic diseases™". In addition, a signifi-
cant percentage of our subjects reported health impro-
vements in their quality of life questionnaire: 76.9% had
an increase in energy levels and 46.1 % described an
improvement in their general health perception.

The most significant finding from our current study
was the statistically significant decrease in ALT levels, a
marker of liver inflammation, among our patient cohort
after 12 wk of Chlorella treatment. The cause-effect re-
lationship between the observed significant decrease in
the ALT levels and treatment with Chlorella is further
suggested by the lack of significant ALT changes within
the 11-21 wk period in a control group of HCV geno-
type 1 infected patients who had not received Chlorella.
We further found that 69.23% of our patients showed a
tendency toward a decrease in both their AST and HCV
RNA levels after the 12 wk Chlorella treatment period,
although this was not statistically significant. The AST/
ALT ratio has been widely used as an indicator of liver
disease; a ratio higher of 1 is used as indicator of liver fi-
brosis and cirrhosis™”’. In our cohort only four of thir-
teen subjects had an AST/ALT higher than 1 and there
was no significant change after the Chlorella supplemen-
tation period (Table 1).

Animal studies have shown that enhanced immuno-
competence provided by oral administration of Chlorella
extract is mediated by augmentation of cell mediated im-
munity in normal and immunocompromised hosts"*"".
More recently Kwak ef al’” demonstrated enhancement
of natural killer cell activity and increase interferon and
other cytokines production in humans after an 8 wk
period of Chlorella supplementation at doses similar
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to the ones used in this study. We propose that the im-
provements in liver function tests in our population
with chronic HCV infection is most likely due to the
beneficial immunostimulatory effect of Chlorella supple-
mentation. This is consistent with the finding that in our
cohort most of the subjects that had been previously
treated with interferon and failed to respond, were less
likely to show a dectease in ALT and HCV-RNA values
during Chlorella supplementation (Previous INF Rx,
Table 1). The recovery from liver inflammation in all
viral and non-viral cases of hepatitis is associated with a
reduction in the ALT levels®™™. In Chronic HCV infec-
tion, early normalization of the ALT levels is predictive
of the response to interferon™""". However, whether
the significant decrease in ALT values observed in our
patients after 12 wk of Chlorella administration is asso-
ciated with an improvement in liver histology remains to
be determined.

The strength of our hypothesis; that the benefits of
Chlorella supplementation ate related to the well known
immunoenhancement effects of Chlorella is limited
by the lower number of subjects in our cohort and the
limited time of supplementation (12 wk). Nevertheless,
we conclude from our present findings that the benefits
of Chlorella administration in the treatment of chronic
HCV infection before and/or duting the administration
of interferon plus antiviral drugs, as well as the effects
of Chlorella upon chronic infection by other HCV gen-
otypes, warrant further study.
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Background

Chronic hepatitis C viral (HCV) infection are becoming increasingly popular in
North America and most cases develop chronic infection that may progress to
liver cirrhosis and hepatocellular carcinoma if left untreated. Chlorella supple-
mentation has been shown to enhance the antibody titer after influenza immuni-
zation, and to improve the outcome in several chronic diseases.

Research frontiers

Animal studies have shown that enhanced immunocompetence provided by
oral administration of Chlorella extract is mediated by augmentation of cell
mediated immunity in normal and immunocompromised host. More recently
Kwak et al demonstrated enhancement of natural killer cell activity and increase
interferon and other cytokines production in humans after an 8 wk period of
Chlorella supplementation at doses similar to the ones used in this study.
Innovations and breakthroughs

The study suggestes that the benefits of Chlorella administration in the treat-
ment of chronic HCV infection before and/or during the administration of
interferon plus antiviral drugs, as well as the effects of Chlorella upon chronic
infection by other HCV genotypes, warrant further study.

Terminology

Chlorella, a fresh water unicellular alga rich in macro- and micronutrients, has
been used as a food source and nutritional supplement for centurie. In animals,
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Chlorella has been reported to improve host resistance to viral infection and
tumors.

Peer review

The results are interesting and suggest that most of the subject patients with
chronic HCV showed a good tolerance to Chlorella oral supplementation.
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