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ABSTRACT

This study presents a comprehensive systematic review and meta-analysis of randomized
controlled trials (RCTs) on Chlorella vulgaris (C. vulgaris) supplementation and liver function
biomarkers. Pertinent studies were identified using Scopus, ISI Web of Science, PubMed,
and Cochrane library databases up to August 2020. Mean differences were pooled using a
random-effects model. Pooling 7 RCTs together showed that C. vulgaris supplementation led
to a significant reduction of serum aspartate aminotransferase (AST) levels (weighted mean
difference [WMD], -9.15 U/L; 95% confidence interval [CI], -16.09, -2.21), but not alanine
aminotransferase (ALT) or alkaline phosphatase (ALP) levels compared to the placebo
consumption. Subgroup-analysis indicated that C. vulgaris supplementation had more

effect on AST decreasing among non-alcoholic fatty liver disease patients (WMD, -16.42
U/L; 95% CI, -29.75, -3.09) than others. Furthermore, subgroup analysis based on kind of
supplementation showed that C. vulgaris supplementation significantly decreased ALT levels
(WMD, -4.65 U/L; 95% CI, -8.88, -0.42) compared with the placebo, but not metformin
consumption. It seems that C. vulgaris supplementation mainly affects AST levels rather than
ALT and ALP levels, however, as mentioned the effect of C. vulgaris on those enzymes might
be context-dependent. Therefore, further investigations with a large number of patients as
well as on different disorders are necessary and can provide more definitive evidence.
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Chlorella vulgaris (C. vulgaris) is a genus of small spherical unicellular green algae that
naturally exist in freshwater environments. Its name is derived from the Greek word “chloros”
meaning green and the Latin suffix “-ella” meaning small [1]. Chlorella belongs to the phylum
Chlorophyta and the class Trebouxiophyceae. Among different species of this genus, C. vulgaris

is the most known and studied one [2]. C. vulgaris has traditionally been used as a food
source only in Japan and Taiwan. But now, it has been marketed as a nutraceutical product in
different forms such as tablets, capsules, powders, and extracts all over the world [3].

C. vulgaris provides 42%-58% proteins, 5%—40% lipids, and 12%-55% carbohydrates per
its dry weight. Interestingly, this microscopic alga contains all essential amino acids as well
as all essential fatty acids and is a good source of dietary fiber [4]. It also has many kinds of
vitamins and minerals such as thiamine, riboflavin, niacin, pantothenic acid, pyridoxine,
biotin, folic acid, cobalamin, ascorbic acid, retinol, tocopherols, sodium, potassium,
calcium, magnesium, phosphorous, copper, zinc, manganese, iodine, and iron [5-7].

Also, this functional food has beneficial pigments including chlorophyll, beta-carotene,
astaxanthin, canthaxanthin, violaxanthin, lutein, and pheophytin [4].

Due to the aforementioned nutritional composition, C. vulgaris has been reported to

have antioxidant, anti-inflammatory, and immunomodulatory properties [8-10]. This

alga has shown favorable effects on different health conditions, such as hyperlipidemia,
hyperglycemia, obesity, depression, anxiety, and cancer; therefore, it is regarded as a
multifunctional dietary supplement [11]. Importantly, C. vulgaris supplementation not

only has health-promoting benefits but also has a good record of safety and even aids
detoxification. These features have made researchers investigate its possibly protective
effects on hepatocytes, especially in patients suffering from non-alcoholic fatty liver disease
(NAFLD) [12]. However, the effectiveness of this bioactive compound in humans is not fully
elucidated. It has been well established that, the hepatocytes are in the frontline against
oxidative stress, and thus may be affected more [13]. In this regard, the serum levels of
different enzymes including aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and alkaline phosphatase (ALP) have been correlated with the extent of oxidative
damage [14,15].

Although growing evidence from animal and human studies suggests that C. vulgaris can be a
promising hepatoprotective agent, the obtained results are neither consistent nor conclusive
[16-19]. 1t is expected that dietary supplements like C. vulgaris would decrease the plasma
levels of these enzymes, corresponding to their antioxidant properties. Considering the
above-mentioned notes, the current literature review and meta-analysis based on clinical
trial studies was performed to investigate whether C. vulgaris supplementation can alter the
aforementioned liver enzymes in the context of different human disorders. Therefore, we
aimed to conduct a systematic review and meta-analysis of published randomized controlled
trials (RCTs) to assess the effect of C. vulgaris supplementation on liver enzymes as indicators
of hepatocellular function. To the best of our knowledge, the present study is the first one of
its kind.
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Literature search and selection

Current systematic review and meta-analysis were conducted based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis statement [20]. A comprehensive
and systematic literature search was carried out through the Scopus, the Cochrane library,
PubMed, and Web of Science databases until 5 August 2020. In the search strategy, we
used medical subject heading (MeSHs), abstract, and keywords but the language and

date restrictions were not used. Systematic search was performed using the following
search terms (((“Chlorella”’[Mesh] OR “Chlorella”[tiab] OR “Chlorellas”[tiab]) AND
((“Non-alcoholic Fatty Liver Disease”[Mesh] OR “Non-alcoholic Fatty Liver Disease”[tiab]
OR “Nonalcoholic Fatty Liver Disease”[tiab] OR “NAFLD”[tiab] OR “Nonalcoholic

Fatty Liver Disease”[tiab] OR “Nonalcoholic Fatty Liver”[tiab] OR “Nonalcoholic Fatty
Livers”[tiab] OR “Nonalcoholic Fatty Livers”[tiab] OR “Nonalcoholic Steatohepatitis”[tiab]
OR “Nonalcoholic Steatohepatitis”[tiab])) OR (“Alanine Transaminase”[Mesh] OR
“Alanine Transaminase”[tiab] OR “Glutamic-Alanine Transaminase”[tiab] OR “Alanine
Aminotransferase”[tiab] OR “Glutamic-Pyruvic Transaminase”[tiab] OR “SGPT”[tiab]))
OR (“Aspartate Aminotransferases”[Mesh] OR “Aspartate Aminotransferases”[tiab] OR
“Aspartate Apoaminotransferase”[tiab] OR “Aspartate Transaminase”[tiab] OR “Glutamic-
Oxaloacetic Transaminase”[tiab] OR “Glutamate Aspartate Transaminase”[tiab] OR
“SGOT”[tiab])) OR (“Alkaline Phosphatase”[Mesh] OR “Alkaline Phosphatase”[tiab])).
Electronic database searches were completed along with reference lists and citation hand
searches. The research process was conducted by 2 authors (Sajjad Moradi and Mohammad
Hosein Farzaei) independently and in duplicate. Any disagreements in this regard were
resolved through discussion with the third researcher (Niloofar Hemati).

Eligibility criteria

Two investigators selected eligible articles separately by reading titles, abstracts and
whenever required the full-text of the publications. All human RCTs (either parallel or cross-
over designs) which reported the efficacy of C. vulgaris supplementation on liver enzymes
including ALT, AST, and ALP were considered. Following studies were excluded: 1) RCTs with
treatment duration less than 2 weeks, 2) studies without any comparing control group. To
keep away from overlapping, we included studies with larger participants. Disagreements
regarding the study selection process were resolved by face to face discussion. Description of
population, intervention, comparator, and outcome is displayed in Table 1.

Data extraction

The following data were extracted from the full-text of included studies using a pre-designed
abstraction form: first author's specification, publication year, location of the study, study
design and blinding, total sample size, patient characteristics (age, gender, and diseases)
type and the dose of the intervention of Chlorella and placebo, study duration and the
ultimate result of ALT, AST, and ALP comparisons. When the data were reported at multiple
measurements, only the outcomes at the end of the intervention were included in the

Description of population, intervention, comparator and outcome

Characteristics Description

Population Healthy and patients subjects

Intervention Chlorella vulgaris

Comparison Placebo

Outcome Aspartate aminotransferase, alanine aminotransferase or alkaline phosphatase
https://doi.org/10.7762/cnr.2021.10.1.83 85
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Table 2. Risk of bias assessment for included randomized controlled clinical trials

Domain Leeetal. Panahi Miyazawa Ebrahimi-Mameghani Talebi Pour Chitsaz Ebrahimi-Mameghani  Vakili
[25] etal.[7] etal.[27] etal. [17] etal.[28] etal.[30] etal. [19] etal. [29]

Random sequence generation (selection bias) + + + + + + +

Allocation concealment (selection bias) ? ? + ? ? + ?

Blinding of participants and personnel + - + + - + +

(performance bias)

Blinding of outcome assessment (detection bias) + - + + - - - -

Incomplete outcome data (attrition bias) + + + + + - + -

Selective reporting (reporting bias) ? - ? ? - ? ? ?

Score 4 2 5 4 2 3 4 3

Overall quality Good Fair Good Good Fair Good Good Good

analysis. In cases of lack of relevant data, we contacted the corresponding authors via e-mail
to get their help. The whole process of data extraction was undertaken independently by 2
investigators (Sajjad Moradi and Mohammad Hosein Farzaei) to minimize potential errors. If
there was a disagreement, it was resolved by consensus.

Quality assessment of studies

We had used Cochrane Collaboration's tools for quality assessment of studies [21]. The
tool separates a judgment about the risk of bias from a description of the support for that
judgment, for a series of items covering different domains of bias. The method of quality
assessment was mentioned in our previous study [22]. The quality assessment results for
each article are shown in Table 2.

Meta-analysis of data

To analyze the effect size for ALT, AST, and ALP, the mean change and its standard deviation
for intervention and control groups as the comparison groups were extracted. A random-
effect model was used to calculate weighted mean differences (WMDs) with 95% confidence
intervals (CIs). Between-study heterogeneity was tested by Cochran's Q test and quantified
by I? statistic. A subgroup analysis based on the health status (NAFLD patient and others) and
kind of compression (metformin and placebo) was performed to detect potential sources of
heterogeneity. Between subgroup, heterogeneity was assessed using a fixed-effect model.
Sensitivity analysis was conducted by removing each study one by one and recalculating the
pooled evaluations. Begg's rank correlation test and Egger's regression asymmetry test were
performed for detecting potential publication bias. Statistical analysis was conducted using
STATA, version 11.2 (Stata Corp., College Station, TX, USA). The statistical significant value
was defined as p values < 0.05.

RESULTS

Selection and identification of studies

Out of the initial 518 articles that were obtained by electronic and hand search (105
duplicates) 403 were excluded because according to our inclusion criteria, they were
unrelated to the present meta-analysis. After reading the full text of the remaining 10 papers
[7,17,23-30], 2 studies did not meet the desired criteria [23,24]. In total, 8 eligible RCTs with
8 treatment arms were included in our final analysis [7,17,25-30]. A flow chart describing the
systematic search and study selection process is shown in Figure 1.
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Screening Identification

Eligibility
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Records identified through PubMed, Scopus,
Web of Science, and Cochrane library

Exclusion based on duplication records (n =105)
Records screened (n = 413)

Records were excluded based on title
and abstract (n = 403)
Reasons:

Animal studies (n = 38)

Editorial letter (n = 4)

Book chapter (n = 3)

Conference report (n =15)

Review article (n = 6)

Unrelated topic (n = 337)

Full-text articles assessed for the eligibility
(n=10)

Full-text articles were excluded (n =2)
Reasons:

Inadequate information (n =1)

Same study participants (n =1)

Studies included in quantitative synthesis (n = 8)

Figure 1. PRISMA flowchart describing the study's systematic literature search and study selection.
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis.

Characteristics of studies

The main characteristics of the included studies in the present meta-analysis are described
in Table 3. Overall, 8 effect sizes were extracted from 8 RCTs which included a total of 432
subjects, out of which 211 subjects were in the C. vulgaris group and 221 belonged to the

control group. The mean age of participants in these studies ranged from 20 to 57 years.

Five of this RCTs were conducted on NAFLD patient [11,17,26,28,30] and other conducted on
metabolic syndrome patient [25], type 2 diabetic patient [29] and healthy participants [27].
All the RCTs used a parallel study design. These studies were published between the years
2012 and 2019. The RCTs were conducted in Iran [11,17,26,28-30], Japan, [27] and Taiwan
[25]. The dose of C. vulgaris ranged from 300 mg to 8 g/day and 7 studies of included studies
were used alone C. vulgaris as an intervention [11,17,26-30]. Just one study was used C. vulgaris

plus another plant extractive as an intervention [25]. The duration of intervention also varied

from 8 to 12 weeks. According to Cochrane scores, except 2 studies [11,28], other studies
were classified as high-quality studies (score = 3) [17,25-27,29,30]. The result of the quality
assessment is reported in Table 2.

Effects of C. vulgaris supplementation on liver enzymes
Effects of C. vulgaris on AST
Forest plots summarizing the efficacy of C. vulgaris supplementation on AST are shown in

Figure 2. Pooling 7 RCTs (8 treatment arms) together showed that C. vulgaris supplementation
led to a significant reduction of serum AST levels (WMD, -9.15 U/L; 95% CI, -16.09, -2.21)
(Figure 2). High heterogeneity was observed in the studies (I? = 87.7%; p < 0.001). For
determining the sources of heterogeneity, subgroup analysis was conducted according to

the health status (NAFLD patient and others) and kind of compression (metformin and

https://e-cnr.org
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Table 3. Main characteristics of included studies

Author Year Country Sample size Target  Meanage(yr) MeanBMI RCTdesign Duration Doseof Comparison Results
(intervention/ population (blinding) ~ (wk)  Chlorella
placebo)

Lee et al. 2012 Taiwan 106 (54/52) Metabolic 52.00+10.00 27.20 +3.50  Parallel 12 1.5g/d Placebo  There were no significant
[25] syndrome (double) plus other (NR) differences in the changes in

patient plant liver functions, including serum

extractive AST, ALT, Alk-P
Panahi 2012  Iran 54 (21/33) NAFLD  51.00+7.94 31.22+4.75 Parallel (no) 12 1.5g/d Placebo  Serum ALT, AST, Alk-P were
etal. [7] patient (metformin) reduced only in the Chlorella
group but not placebo group

Miyazawa 2013  Japan 12 (6/6) Healthy  57.00+7.00 23.50+3.40  Parallel 8 8g/d Placebo  Inthe Chlorella supplemented
etal. [27] (double) (NR) group, serum Alk-P after a total

of 2 months of treatment were
significantly lower than the
placebo group

Ebrahimi- 2013 Iran 70 (35/35) NAFLD 20-50 >30 Parallel 8 300mg/d  Placebo The differences Alk-P between
Mameghani patient (double) (NR) the 2 groups were statistically
etal. [17] significant. A significant

reduction in serum Alk-P was
observed but not AST or ALT

Talebi Pour 2015  Iran 60 (30/30) NAFLD  38.00+10.00 27.00 +4.00 Parallel (no) 8 1.5g/d Placebo  Serum ALT and AST were
et al. [28] patient (metformin significantly reduced
and vitamin after 8 weeks Chlorella
E) supplementation in comparison
with placebo group
Chitsaz 2016  Iran 40 (20/20) NAFLD  42.80+8.58 27.03+1.68 Parallel (no) 8 1g/d Placebo Mean of changes of ALT was
etal. [30] patient (NR) significant but not for AST

or Alk-P in comparison with
placebo group

Ebrahimi- 2017  Iran 70 (35/35) NAFLD 20-50 >30 Parallel 8 300mg/d  Placebo  Serum concentrations of ALT and
Mameghani patient (double) (NR) AST decreased significantly after
etal. [19] intervention in Chlorella vulgaris
(a subset of treated group, while no change
2013 study) in placebo-treated group was
occurred
Vakili 2019  Iran 20 (10/10) Type2  56.80 +4.21 >25 Parallel (no) 8 600 mg/d  Placebo A significant difference was
etal. [29] diabetic (NR) observed among control and
patient Chlorella group after 8 weeks
training on the enzymes AST,
ALT, Alk-P

BMI, body mass index; RCT, randomized controlled trial; NR, not reported; AST, aspartate transaminase; ALT, alanine transaminase; Alk-P: alkaline phosphatase;
NAFLD, non-alcoholic fatty liver disease.

placebo). Subgroup-analysis indicated that Chlorella supplementation had more effect on AST
decreasing among NAFLD patients (WMD, -16.42 U/L; 95% CI, -29.75, -3.09) than others
including healthy people, patients with type 2 diabetes and metabolic syndrome participants
(WMD, -2.58 U/L; 95% CI, -8.90, 3.75). However, there was no significant differences

Author WMD (95% CI) Weight (%)
Lee et al. [25] P4 0.50 (-3.84, 4.84) 16.38
Panahi et al. [7] —_— ~55.92 (-71.67, -38.77) 8.83
Miyazawa et al. [27] P 0.70 (-5.98, 7.38) 15.06
Talebi Pour et al. [28] —~— -10.00 (-17.10, -2.90) 14.80
Chitsaz et al. [30] -- -4.00 (-7.80, -0.20) 16.63
Ebrahimi-Mameghani et al. [19] —t -6.29 (-15.47, 2.89) 13.41
vakili et al. [29] — -9.90 (-16.85, ~2.95) 14.89
overall (12 = 87.7%, p = 0.000) <> -9.15 (-16.09, -2.21) 100.00
NOTE: Weights are from random effects analysis :

-71.7 0 AN

Figure 2. Forest plot of the comparison of the effects of Chlorella versus placebo on AST.
WMD, weighted mean difference; Cl, confidence interval; AST, aspartate transaminase.
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Table 4. Effect of Chlorella supplementation on other liver enzymes

Liver enzymes Subgroup No. of studies Effect size” 95% Cl 12 (%) p for heterogeneity
AST Health status
NAFLD patient -16.42 -29.75, -3.09 91.7 <0.001
Others 3 -2.58 -8.90, 3.75 70.7 0.030
Kind of compression
Metformin 2 -31.98 -76.27,12.32 95.9 <0.001
Placebo 5 -3.25 -6.92, 0.42 51.3 0.080
ALT Health status
NAFLD patient 9.26 -7.01, 25.53 93.4 <0.001
Others 3 -4.41 -11.45, 2.64 61.2 0.070
Kind of compression
Metformin 2 32.16 -32.19, 96.51 96.9 <0.001
Placebo 5 -4.65 -8.88, -0.42 51.0 0.080
ALP Health status
NAFLD patient 3 -4.06 -18.60, 10.47 84.2 <0.001
Others 3 -8.95 -33.46, 15.56 73.2 0.020

Cl, confidence interval; AST, aspartate transaminase; ALT, alanine transaminase; ALP, alkaline phosphatase; NAFLD, non-alcoholic fatty liver disease.

*Calculated by random-effects model.

https://e-cnr.org

Author WMD (95% CI) Weight (%)
Lee et al. [25] + 0.90 (-6.23, 8.03) 15.46
Panahi et al. [7] ; ———  65.68(45.06, 86.30) 8.41
Miyazawa et al. [27] —0- -3.20 (-9.99, 3.59) 15.63
Talebi Pour et al. [28] D 0.00 (-8.96, 8.96) 14.50
Chitsaz et al. [30] —| -10.86 (-19.62, -2.10) 14.61
Ebrahimi-Mameghani et al. [19] - -2.52 (-5.99, 0.95) 16.93
Vakili et al. [29] —— -12.40 (-21.46, -3.34) 14.45
Overall (12 = 88.3%, p = 0.000) > 1.36 (-6.95, 9.67) 100.00
NOTE: Weights are from random effects analysis :

-86.3 0 86.3

Figure 3. Subgroup analysis to assess the effects of Chlorella versus placebo on ALT.
WMD, weighted mean difference; Cl, confidence interval; ALT, alanine transaminase.

between metformin (WMD, -31.98 U/L; 95% CI, -76.27, 12.32) or placebo (WMD, -3.25 U/L;
95% CI, -6.92, 0.42) compressions (Table 4).

Effects of C. vulgaris on ALT

However, our results suggested that C. vulgaris supplementation did not indicate any
significant effect on ALT levels (WMD, 1.36 U/L; 95% CI, -6.95, 9.67) (Figure 3). Although
high heterogeneity was identified among the studies (I> = 88.3%, p < 0.001). For determining
the sources of heterogeneity, subgroup analysis was conducted according to the health

status (NAFLD patient and others) and kind of compression (metformin and placebo).
Subgroup analysis based on kind of compression showed that C. vulgaris supplementation
significantly decreased ALT levels (WMD, —4.65 U/L; 95% CI, —8.88, —-0.42) compared with
the placebo, but not Metformin concumption (WMD, 32.16 U/L; 95% CI, -32.19, 96.51)
(Table 4). Although, other subgroup analysis based on health status illustrated that C. vulgaris
supplementation did not have any effect on serum ALT levels among NAFLD patients (WMD,
9.26 U/L; 95% CI, -7.01, 25.53) and others including healthy people, and patients with type 2
diabetes or metabolic syndrome (WMD, —4.41 U/L; 95% CI, -11.45, 2.64) (Table 4).

Effects of C. vulgaris on ALP

In the same results, our outcomes demonstrated that C. vulgaris supplementation did not have
any effect on serum ALP levels (WMD, —4.06 U/L; 95% CI, -18.60, 10.47) (Figure 4). In addition,
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Author WMD (95% CI) Weight (%)
Lee et al. [25] i+ 0.00 (-3.32, 3.32) 25.14
Panahi et al. [7] [ ————  39.96 (16.48, 63.44) 15.30
Miyazawa et al. [27] e 8.80 (-23.67, 41.27) 11.22
Ebrahimi-Mameghani et al. [17] —— -15.65 (-24.31, —6.99) 93.36
Chitsaz et al. [30] — -90.17 (-50.08, 9.74) 12.96
vakili et al. [29] — -39.60 (-68.44, -10.76) 12.72
Overall (1? = 84.2%, p = 0.000) <:> -4.06 (-18.60, 10.47) 100.00
NOTE: Weights are from random effects analysis :
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Figure 4. Forest plot of the comparison of the effects of Chlorella versus placebo ALP.
WMD, weighted mean difference; Cl, confidence interval; ALP, alkaline phosphatase.

other subgroup analysis based on health status illustrated that C. vulgaris supplementation did
not have any effect on serum ALP levels in NAFLD patients (WMD, -4.06 U/L; 95% CI, -18.60,
10.47) or others including healthy people, and patients with type 2 diabetes and metabolic
syndrome (WMD: -8.95 U/L; 95% CI, -33.46, 15.56) (Table 4).

Publication bias and sensitivity analysis

The sensitivity analysis revealed that evaluated overall effect sizes for AST, ALT and ALP were
not substantially changed after removing each study. Egger's weighted regression tests and
Begg's rank correlation were used to assess the publication bias. The results of Begg's test
demonstrated no publication bias for AST (p = 0.09), ALT (p = 0.88) and ALP (p = 0.85).
Besides, the outcomes of Egger's test revealed no publication bias for AST (p = 0.06), ALT (p =
0.34) and ALP (p = 0.74).

Side effects

In toxicological studies conducted on animals and humans, no toxic or side effects were
reported for C. vulgaris [11]. Included studies did not report any allergic or serious adverse
events during administration among patients with NAFLD [11,17,26,28,30], metabolic
syndrome [25], type 2 diabetes [29] and healthy participants [27] (dosage intervention from
300 mg/day to 8 g/day). However, rare potential adverse effects for C. vulgaris were reported
in some case reports in Chlorella consumer with kidney failure [31] Although, the C. vulgaris
supplementation is safe and well-tolerated in routine dosage, it is better to consider an
allergy risk assessment before administration.

DISCUSSION

The findings of the present study showed that C. vulgaris could significantly decrease the
levels of AST. Interestingly, the most significant changes were observed among patients
with NAFLD rather than other diseases. However, according to our results, the consumption
of C. vulgaris only slightly decreased both ALT and ALP levels but the differences were not
significant different compared to the placebo consumption.

It is obvious that the effect of C. vulgaris on liver enzymes was not the same among patients
with different kinds of diseases, and was more probably context-dependent. For instance,
C. vulgaris could improve serum levels of AST rather than ALP and ALT in the majority of the
patients with NAFLD, but, treatment with C. vulgaris has significantly reduced ALT levels
rather than AST in patients with hepatitis C virus (HCV) infection. It is well demonstrated
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that ALT and AST levels strikingly increased in acute hepatic injuries, and the ALT remained
elevated in chronic injuries [32]. Therefore, it might be assumed that in conditions like
NAFLD, C. vulgaris partially could improve the hepatic function by decreasing AST levels.
However, in other conditions like infection with HCV, the C. vulgaris could results in more
promising effects by reducing ALT levels. Moreover, it should be noted that ALT and ALP
are found predominantly in the liver, but AST is found in the liver, skeletal muscle, heart,
kidneys, the brain as well as red blood cells [33], thus the effect of C. vulgaris on these
enzymes must have been context-dependent.

Although the putative mechanisms by which C. vulgaris could decrease plasma levels of liver
enzymes are not clearly defined, it is likely that this compound exerts its protective effects
at least partially by reducing patients' weight, changing lipid profiles (decreasing both
cholesterol and triglyceride levels), improving fasting blood sugar levels through decreasing
insulin resistance and probably scavenging free radicals produced as a result of different
oxidation processes, and thus protecting the tissue from damage [17,19,30,34].

Previous studies suggested that the C. vulgaris protects liver cells by affecting insulin
resistance as a biomarker involved in the onset of NAFLD [19]. The proposed mechanisms
are as follows the C. vulgaris supplementation reduces plasma non-esterified fatty acid
concentration which increases improvement in glucose homeostasis and noticeable
reduction serum glucose concentrations [35,36]. Besides, the C. vulgaris administration
induces activation of insulin signaling pathways [37] and subsequently decreases insulin
resistance [19]. Furthermore, according to the literature and the results of previous studies,
there are other mechanisms by which antioxidant dietary supplements could affect plasma
levels of liver enzymes. In this regard, the previous experiences with some antioxidants have
demonstrated that the function of both antioxidant enzymatic systems including catalase,
superoxide dismutase, NADPH, and glutathione peroxidase (GSH-Px), and non-enzymatic
electron receptors such as GSH in deals with oxidative stress are improved by dietary
antioxidant supplements and resulted in decreased levels of liver enzymes [38-40].

Regardless of the NAFLD, the therapeutic effects of C. vulgaris on liver enzymes have also
been investigated in the context of other disorders. Lee et al. [25] have examined the effect
of C. vulgaris in complex with some other plant-extractive compounds on lipid profile in
subjects with metabolic syndrome. Although, this group found a significant reduction in
the levels of serum fasting triglyceride among the subjects that received plant extractives, no
significant alterations in the levels of ALT, AST, and ALP were observed between treatment
and placebo groups. Miyazawa et al. [27] have also assessed the potential preventive effect
of C. vulgaris supplementation on oxidative stress induced by phospholipid hydroperoxide
(PLOOH) in erythrocyte membranes. After 2 months of treatment, the erythrocyte PLOOH
concentrations were found to be lower than those concentrations before supplementation.
Furthermore, they showed that C. vulgaris has no effect on the serum values of ALP in
treatment group compared to the controls. Azocar et al. [24] investigated the efficacy of C.
vulgaris supplementation in adult patients with HCV infection. The levels of ALT and AST was
found to be decreased among the majority of patients who received C. vulgaris, however only
the ALT levels was significantly reduced before and after treatment. The results of this study
also showed that the HCV viral load was also decreased together with improvement in the
levels of AST and ALT. Therefore, C. vulgaris exhibited beneficial effects in patients with HCV
infection. Recently, Vakili et al. [29] have examined the effect of C. vulgaris supplementation
on the levels of liver enzymes among women with type 2 diabetes. Significant differences
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were observed in serum AST and ALP levels between patients who received C. vulgaris for 8
weeks and controls.

It is probable that the C. vulgaris has also exerted similar effects among the studies, but
further research is required to establish this claim. We propose that future researches should
be more focused on:

« Determining the best effective doses of Chlorella supplementation on liver enzymes
management

+ Clinical trials on the C. vulgaris supplementation on different levels of fatty liver disease

+ Clinical trials on the C. vulgaris supplementation on other liver health parameters
including liver size, hepatic steatosis, or hepatic fibrosis

« Assessing the possible interactions between C. vulgaris supplementation and well-known
fatty liver disease treatments, by both experimental and clinical studies

There are some limitations in our study. First, high statistical heterogeneity was detected
among the studies. However, we used a subgroup analysis based on intervention duration to
find the potential sources of heterogeneity. Second, the outcomes of the present systematic
review and meta-analysis are in agreement with a small number of studies. Therefore, the
results should be interpreted with caution.

CONCLUSIONS

Collectively, according to the result of this study, C. vulgaris supplementation could
significantly decrease the levels of AST. Interestingly, the most significant changes were
observed among patients with NAFLD rather than other diseases. Further investigations with
a large number of patients as well as on different disorders are necessary and can provide
more definitive evidence.
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