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Abstract : The effect of crude lysate of Chlorella sp. (CLC) on acetaminophen (APAP)-induced liver injury in
male ICR mice was investigated. The CLC is a protein-enriched powder containing around 65% of microalgal
proteins. There were no hepatotoxicity and renal toxicity detected in the mice fed with the feed containing CLC
with a much high level of 10% for 28 days. The hepatoprotective function of CLC was determined in a mouse
model of APAP-induced liver injury. Each CLC supplementation (1, 2.5, and 5% CLC) groups could
significantly alleviate the increased serum glutamic oxaloacetic transaminase (GOT) and glutamic pyruvic
transaminase (GPT), and hepatic superoxide dismutase (SOD), catalase (CAT) and oxidative damage in the
APAP-treated mice. The hepatoprotective effects in the CLC supplementation groups were comparable with the
mouse group treated with silymarin, a drug for liver injury. Our results indicate the CLC containing molecules
that is potential as candidate for the prevention of chemical-induced liver damage.
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I.  Introduction

Microalgae are usually used as additive in food to enhance the nutrient of food and/or improve the
health of humans and animals because of their chemical composition and bioactive molecules. The high protein
content of microalgae is the major reason for the untraditional source of protein [1]. Moreover, the amino acids
of microalgae which could synthesize essential amino acid to humans and animals compares favorably with that
of other food proteins [2]. Furthermore, there are many valuable antioxidants in microalgae, e.g., chlorophyll,
carotenoids, astaxanthin, lutein and phycobiliproteins[3, 4]. Chlorella sp., a type of unicellular green algae, has
been a popular food supplements or health food worldwide [3]. Taiwan is one of the major countries to produce
Chlorella-related productions. The world annual sales of Chlorella sp. are in excess of US$ 38 billion [5]. It has
been reported to have certain beneficial physiological effects by Chlorella sp. supplementation, such as
antihypertensive [6], antioxidative [7], hypocholesterolemic[8] and antitumor activities [9] in animal and human
studies. However, the hepatoprotective activity of extract derived from Chlorella sp. is not extensively studied
[10]. Acetaminophen, or N-acetyl-para-amino-phenol (APAP), is the widely used analgesic antipyretic drug,
though considered a safe drug; it causes hepatic necrosis and renal failure when given in high doses [11].
Increasing acute liver failure cases attributed to APAP use during last two decades have been reported [12].
Oxidative stress was reported to play a fundamental role in the pathogenesis of APAP-induced liver damage
[13]. In the present study, the crude lysate of Chlorella sp. powder enriched in protein and antioxidants, i.e.,
CLC, was prepared and used as diet supplement to investigate the bioactivity functions on hepatoprotection. In
agreement with previous studies[14, 15], significant liver injury in the mice administrated with APAP was
found and the liver injury could be recovered by CLC supplementation, even only 1% of CLC added in the diet
for mice. To overcome APAP-induced hepatic oxidative damage, the search for new bioactive products with
antioxidant activity is necessary. The present study was undertaken to evaluate the protective effect of the
protein and antioxidants-enriched crude lysate from Chlorella sp. against APAP-induced liver injury in a mouse
model.

1. Materials And Methods
2.1 Microalgal strain and chemicals
The fresh water microalga Chlorella sp. was originally obtained from the collection of Taiwan
Fisheries Research Institute (Pingtung, Taiwan). The fresh water microalgal culture medium has following
composition (per liter): including 1.25 g KNOs, 1.25 g KH,PO,, 1 g MgSO, - 7H,0, 83.5 mg CaCl, - 2H,0,
0.1142 g H3BO3, 49.8 mg FeSQO, - 7H,0, 88.2 mg ZnSO, - 7H,0, 14.4 mg MnCl, - 4H,0, 15.7 mg CuSQ, - 5H,0,
7.1 mg Na,MoOy, 4.9 mg Co(NO3), - 6H,0. The initial pH of the initial culture medium was adjusted to 6 by 5N
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NaOH[16]. All of chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA) or Showa Corp.
(Gyoda, Saitama, Japan).APAP and silymarin were purchased from Sigma-Aldrich. All the diagnostic kits
assaying hepatic function tests, the levels of lipid peroxidation and antioxidants were obtained from Cayman
Chemical Company (Ann Arbor, MI, USA). All of the chemicals were of analytical grade.

2.2 Chlorella sp. cultivation

Microalga Chlorella sp. was cultured in an autotrophic outdoor cultivation in an outdoor vertical
photobioreactor array (total culture volume is 2,000 L) [17]with a semi-continuous culture operation from
September to December, 2016. The microalgal cultures were aerated with 2% CO, at day light and with air at
night. The microalgal cultures were aerated continuously with bubbling gas from the bottom of photobioreactor
with an aeration rate of 0.2 vvm (volume gas per volume broth per min). The microalgal biomass productivity
could reach about 0.6 g (dry matter)/(L-day).

2.3 The process of Chlorella sp. biomass

The microalgae were harvested by continuous-flow centrifugation (Alfa Laval, Lund, Sweden) up to
about 10% dry matter in the slurry and then submitted to disruption in a ultrasonic extraction apparatus
(YYenchen, Taoyuan, Taiwan) under ultrasonic power 500 W and temperature of microalgal slurry 25-30°C by a
circulated water cooling jacket with continuous ultrasonication for 6 h to make sure the disruption rate being up
to 80%. Finally, the microalgal slurry was centrifuged to remove debris and undisrupted cells, and then dried in
a spray dryer (INORA, Taichung, Taiwan) at 180-200°C inlet and 90-100°C outlet temperature. The crude
lysate of Chlorella sp. (CLC) powder thus obtained (moisture content about 6.8%) was preserved for further
determination and use.
2.4 Chemical analysis

Total nitrogen, total fiber and ash were analyzed according to AOAC [18] approved methods. Crude
protein content was calculated using a conversion factor of 6.25. Total soluble sugars were estimated
colorimetrically by the phenol-sulfuric acid method using a standard curve of glucose [19], and total lipids were
measured according to Kochert [20]. Pigments were determined in methanolic extracts according to Wellburn
[21]. Nucleic acids were measured as described by Rut [22].
2.5 Animal experiment

Male ICR mice (4 weeks old; 20.3 + 2.2 g) were obtained from National Laboratory Animal Center
(NLAC, Taipei, Taiwan) and were allowed to quarantine and acclimate for a week prior to experimentation. The
animals were handled under standard laboratory conditions of a 12 h light/dark cycle in a temperature and
humidity controlled room (at 22 + 2°C and 60 + 5% relatively humidity). Food (hormal chow diet) and water
were available ad libitum. Institutional Animal Care and Use Committee of National Chiao Tung University
(Taiwan) approved the protocols for the animal study, and the animals were cared for in accordance with the
institutional ethical guideline. The animals were randomly divided into 6 groups with each consisting of 6 mice.
Groups and treatments of the mice were listed in Table 1. Group Normal served as normal control and was
given phosphate buffered saline (PBS) buffer as placebo by intraperitoneal injection (IP). For inducing
hepatotoxicity (in vivo), the animals of Group NC, PC, 1, 2.5 and 5% CLC were administered 200 mg/kg body
weight of APAP dissolved in PBS buffer by IP twice a week for a period of 4 weeks. After APAP intoxication,
Group NC served as negative control APAP. Group PC served as positive control and was given 0.1% silymarin
(w/w) daily mixed in food ad libitum for a period of 4 weeks. Group 1, 2.5 and 5% CLC were given the CLC in
feed at contents of 1, 2.5 and 5% (w/w) ad libitum for a period of 4 weeks, respectively. At the end of the
experiment, the animals were sacrificed. Blood samples were centrifuged to obtain serum at 3,000 xg for 15 min
at 4°C. Liver samples were dissected out and washed immediately with ice phosphate buffered saline (pH 7.4)
to remove as much blood as possible. A piece of the liver sample was fixed in 10% formalin for
histopathological examination. The remnants of the livers were immediately stored at -80°C until the
experiment.

Table 1. Groups and treatments of the experimental ICR mice.

Group Short name of group Treatment Diet

Normal control Normal® PBS buffer Chow diet

Acetaminophen NC® APAP Chow diet

(negative control)

0.1% silymarin pc* APAP Chow diet containing 0.1% silymarin (w/w)
(positive control)

1% crude lysate of Chlorella sp. 1% CLCY APAP Chow diet containing 1%CLC (w/w)

2.5% crude lysate of Chlorella sp. | 2.5% CLC® APAP Chow diet containing 2.5%CLC (w/w)

5% crude lysate of Chlorella sp. 5% CLC' APAP Chow diet containing 5%CLC (w/w)

# Group Normal served as normal control with feeding chow diet and was given PBS buffer as placebo by IP
twice a week for a period of 4 weeks.
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® Group NC served as negative control APAP with feeding chow diet and was given 200 mg/kg body weight of
APAP dissolved in PBS buffer by IP twice a week for a period of 4 weeks.

¢ Group PC served as positive control 0.1% silymarin with feeding chow diet containing 0.1% silymarin (w/w)
and was given 200 mg/kg body weight of APAP dissolved in PBS buffer by IP twice a week for a period of 4
weeks.

%% Group 1, 2.5 and 5% CLC of mice were fed chow diet containing 1, 2.5 and 5% CLC (w/w) individually
and was given 200 mg/kg body weight of APAP dissolved in PBS buffer by IP twice a week for a period of 4
weeks, respectively.

2.6 Homogenate preparation

Liver tissues were homogenized with exact buffer according to the protocols of commercially available
kits, and centrifuged at 10,000 xg for 30 min in a high-speed centrifuge (HanilBioMed, Gwangju, Korea) at 4°C.
The supernatants were collected to determine the activity of superoxide dismutase (SOD), catalase (CAT) and
the malondialdehyde (MDA) content.

2.7 Assay of blood biochemistry

The activities of glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT),
blood urea nitrogen (BUN) and albumin (ALB) in serum were measured to evaluate hepatoxicity and renal
toxicity. An autoanalyzer (FUJIFILM, Kanagawa, Japan) was used in the experiments.

2.8 Determination of hepatic SOD and CAT activity

SOD was measured according to the protocol of commercially available kit (Cayman Chemical
Company). SOD activity was evaluated by utilizing a tetrazolium salt for detection of superoxide radicals
generated by xanthine oxidase and hypoxanthine. One unit of SOD is defined as the amount of enzyme needed
to exhibit 50% dismutation of the superoxide radical. SOD activity is standardized using the cytochrome ¢ and
xanthine oxidase coupled assay.CAT activity was measured by the decomposition of H,0, according to the
Aebi[23]. The final reaction mixture comprised 10 mM H,0O, in 50 mM phosphate buffer at pH 7.0. The
decomposition of H,0O, was followed by spectrophotometry at 240nm. CAT activity is expressed in k/mg
protein, and the equation showed as follows:
k/mg protein = [ 2.3/(t, - t;) ]xlog (AJ/A,)
where k is the first-order reaction rate constant, t is the time over which the decrease of H,0, due to CAT
activity was measured 30 s, and A4/A; is the optical density at times 0 and 30 s, respectively.

2.9 Determination of hepatic lipid peroxidation intermediate

The MDA content, a measure of lipid peroxidation, was assayed in the form of thiobarbituric
acid-reactive substances. Briefly, a volume of 0.5 mL of liver homogenate was mixed with 3 mL of 1% H3PO,
(v/v) and 1 mL of 0.6% thiobarbituric acid (TBA, w/v) and then heated to and maintained at 100°C for 40 min.
The samples were allowed to reach room temperature and 2 mL of butanol was added. After shaking vigorously
with the vortex, the butanolic phase was obtained by centrifugation at 3,000 xg for 10 min to determinate the
absorbance at 535nm.

2.10 Statistics

Data were compared with one-way analysis of variance (ANOVA) test to evaluate differences among
multiple groups. All results are expressed as the mean * standard deviation (SD). Differences were considered
statistically significant when p< 0.05. Statistical analysis was performed using statistical soft-ware (SPSS,
Chicago, IL, USA).

I11. Results And Discussion
3.1 Preparation of the crude lysate of Chlorella sp.

Chemical composition of Chlorella sp. biomass and its CLC were shown and compared in Table 2. The
main feature was their abundant protein content (50-55%). The crude protein, soluble carbohydrates, total fiber,
fat, ash and nucleic acids obtained in the CLC biomass were 63.7 + 2.1,17.3+1.1,45+ 0.6, 3.4 £ 0.6, 5.6 £ 0.7
and 1.4 + 0.2 g/100 g individually after ultrasonic extraction. Especially the crude protein of ultrasonic-extracted
CLC biomass was 1.2 times higher than that of non-extracted biomass. Besides, the CLC also contains a number
of biologically active compounds as chlorophylls (2,094 + 166 mg/100 g) and carotenoids (211 + 20 mg/100 g),
these compounds have the potential function of free radicles scavenging, i.e., antioxidative activity. The
chlorophylls and carotenoids of CLC biomass both were increased 1.5 folds compared with that of non-extracted
biomass.

Table 2. Chemical composition of Chlorella sp. biomass and its crude lysate (CLC).
| Constituent (g/ 100 g) | Non-extracted biomass® | Ultrasonic-extracted biomass® |
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Crude protein (Nx6.25) 536+23 63.7+21
Carbohydrates 16.7+1.0 173+1.1

Fiber 85+1.0 45+0.6

Fat 6.6+0.8 34+06

Ash 6.5+0.7 56+0.7
Nucleic acids 55+0.6 14+0.2

Others 26+0.6 41+08
Pigments (mg/ 100 g) |
Chlorophylls 1,394 + 148 2,094 + 166
Carotenoid 130+ 16 211+20

Each data indicates the mean = SD from three independent determinations.
& The Chlorella sp. biomass was harvested and spray-dried without extraction.
® The CLC was harvested and spray-dried with ultrasonic extraction.

3.2. Feeding toxicity of CLC

The ICR mice were fed with the chow diet containing 0, 1, 5 and 10% (w/w) of CLC to test feeding
toxicity. After 28 days, the ICR mice were sacrificed to determine the serum GPT and GOT activities for
evaluating the liver function and serum BUN and ALB activities for evaluating the kidney function. The final
body weights of the mice, which were fed with the chow diet containing 0, 1, 5 and 10% (w/w) of CLC, were 40.3
+2.2,40.9+2.0, 41.7 £2.3 and 41.3 £2.6 g, respectively. As shown in Fig. 1, all of the average serum GPT, GOT,
BUN and ALB levels in Group 1, 5, 10% CLC were no significant differences between the Group Normal. These
results indicate that mice fed with the protein-enriched CLCup to a dose level of 10% (w/w) were considered as
safe, and none hepatic and renal toxicity induced. Hence, 1, 2.5 and 5% CLC in feed were selected to evaluate the
effect of Chlorella sp. supplementation against APAP-induced liver injury in the study.
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Figure 1. Index of liver function of the ICR mice supplement with CLC for toxicity test. The ICR mice
were fed with containing 1, 5 and 10% of CLC (w/w) and without containing CLC as control for 28 days. The ICR
mice were sacrificed after 28 days to determine the GOT and GPT (A), and BUN and ALB (B) activity in serum.
All of the values were expressed as the mean + SD from 6 mice of each group.

3.3Effect of CLC supplementation on liver marker enzymes in serum

Table 1 shows the detail information of the experimental animal groups. As shown in Fig. 2, the mice
challenged with APAP (Group NC) for 4 weeks showed significantly increased serum GOT and GPT activities
compared with those in the sham control (Group Normal) (166 + 46 vs. 62 + 12 U/L for GOT and 118 + 39 vs. 30
+ 10 U/L for GPT; p< 0.05), indicating that APAP induced the hepatotoxicity. Both of silymarin administration
(Group PC) and CLC supplementation could reduce the increases of serum GOT and GPT induced by APAP
treatment. Serum GOP and GPT levels in Group PC, Group 1, 2.5 and 5% CLC were 77 £ 15,86 + 9, 78 £ 12 and
71+ 8UJ/L, and 44 + 11,52 £ 6, 48 + 11 and 42 + 10U/L, respectively.GOP and GPT levels among these groups
were similar without significant difference. However, Group PC, Group 1, 2.5 and 5% CLC were significantly
reduced serum GOT and GPT activities, compared with the APAP-treated group (p< 0.05). These results
suggested that the CLC was no dose-dependent protective effect against APAP-induced hepatotoxicity, but the
CLC may provide the liver protection caused by APAP-induced. Similar results in previous study [24], the
increase of serum GOT and GPT activities in APAP-intoxicated mice was significantly alleviated in diets
containing6 and 9% Spirulina platensis.
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Figure 2.Effect of CLCsupplementation on liver marker enzymes in the serum of mice administrated

with APAP. The Group NC, PC, 1, 2.5 and 5% CLC were administrated with 200 mg/kg APAP and the Group

Normal was administrated with PBS as placebo twice a week for 4 weeks. The PC was fed with the chow diet

containing 0.1% silymarin (w/w). The Group 1, 2.5 and 5% CLC were fed with the chow diet containing 1, 2.5 and

5% ofCLC (w/w), respectively. All the groups were sacrificed after 4 weeks to sample the blood via cardiac

puncture to determine the GPT and GOT activities in serum. All of the values were expressed as the mean + SD

from 6 mice of each group. Letters mean there are significant differences between each group (p< 0.05).
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3.4Effect of CLC supplementation on hepatic antioxidative enzymes activity

Results pertaining to the activities of hepatic antioxidative enzymes, SOD and CAT, were presented in
Fig. 3. APAP administration would induce oxidative stress in liver and resulted in the decreased hepatic SOD
and CAT activities. The hepatic SOD and CAT activities in Group NC (APAP-treated only) were 144 + 17 U/mg
protein and 0.192 + 0.091k/mg protein, respectively. Both levels were significantly lower than those in Group
Normal, 252 + 3 U/mg protein in SOD and 0.618 + 0.086 k/mg protein in CAT. In Group PC (APAP-treated plus
silymarin administration), the hepatic SOD and CAT activities was 233 + 11 U/mg protein and 0.757 £+ 0.151
k/mg protein, respectively. Both SOD and CAT activities in Group 1% CLC (226 + 9 U/mg protein and 0.648 +
0.177 k/mg protein) and Group 2.5% CLC (235 + 14 U/mg protein and 0.747 + 0.202 k/mg protein) were
comparable with those determined in Group PC. Group 5% CLC had 243 + 17 U/mg protein in SOD and 0.786
+ 0.117 k/mg protein in CAT. Both values were higher than those detected in Group PC, Group 1% CLC and
Group 2.5% CLC; however, the differences were insignificant. Based on the SOD and CAT results, it is
indicated that the degree of defense for the APAP-induced oxidative stress by CLC were close with that by
silymarin administration.It has been reported that oxidative stress plays a fundamental role in the pathogenesis
of APAP-induced liver damage [13,25]. Our results show that CLC supplementation is responsible for the
increased resistance to oxidative stress induced by APAP. CLC supplementation could significantly alleviate the
decreased hepatic SOD and CAT activities and increased oxidative liver injury, i.e., hepatic lipid peroxidation, in
the APAP-treated mice.Besides, advanced in vitro studies revealed that receptor-interacting protein kinase 1
(RIPK1) inhibition reduces APAP-induced reactive oxygen species (ROS) production, which is one of the main
causes of APAP-induced hepatocyte damage[26].
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Figure 3.Effect of CLC supplementation on hepatic SOD and CAT activities in the mice with APAP
administrated. The Group NC, PC, 1, 2.5 and 5% CLC were administrated with 200 mg/kg APAP and the Group
Normal was administrated with PBS as placebo twice a week for 4 weeks. The Group PC was fed with chow
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diet containing 0.1% silymarin (w/w). The Group 1, 2.5 and 5% CLC were fed with chow diet containing 1, 2.5
and 5% ofCLC (w/w), respectively. All the mice were sacrificed after 4 weeks and liver was isolated and
homogenated for the determinations of hepatic SOD and CAT activities. All of the values were expressed as the
mean + SD from 6 mice of each group. Letters mean there are significant differences between each group (p<
0.05).

3.5 Effect of CLC supplementation on hepatic lipid peroxidation

Fig. 4 shows the effect of CLC supplementation on lipid peroxidation against APAP-induced oxidative
stress in the mice. Treatment of experimental animals with APAP (Group NC) caused a significant increase in
the levels of primary product of lipid peroxidation, MDA, in comparison to the Group Normal (2.67 + 0.84 vs.
0.33 = 0.07nmol/mg protein). Supplementation of the mice with CLC showed significant inhibition on the
hepatic MDA induced by APAP treatment (0.72 +0.14, 0.63 £ 0.22 and 0.47 + 0.11nmol/mg protein in Group 1,
2.5 and 5% CLC, respectively). These eliminated MDA levels by CLC supplementation were statistically
similar to the level in group of silymarin treatment (Group PC, 0.69 £ 0.41mol/mg protein), and correlated with
the increase of antioxidant enzymes, such as SOD and CAT.The antioxidant enzymes such as SOD and CAT are
related to direct elimination of ROS to prevent and neutralize the free radical-induced damage[10]. In
APAP-induced hepatotoxicity, the balance between ROS production and these antioxidant defenses may be lost,
oxidative stress results, which through a series of events deregulates the cellular functions leading to hepatic
necrosis[15].According to the results in this study, CLC supplementation probablycould reduceoxidative liver
injury induced by APAP.

L a T
L]

Normal NC PC 1% 2.5% 5%

MDA (nmol/mg protein)

CLC

Figure 4.Effect of CLC supplementation on lipid peroxidation in the liver of mice administrated with
APAP. The mice in Group NC, PC, 1, 2.5 and 5% CLC were administrated with 200 mg/kg APAP and the Group
Normal was administrated with PBS as placebo twice a week for 4 weeks. The Group PC was fed with chow
diet containing 0.1% silymarin (w/w). The Group 1, 2.5 and 5% CLC were fed with chow diet containing 1, 2.5
and 5% of CLC (w/w), respectively. After 4 weeks of treatment, all mice were sacrificed and isolated the liver to
homogenate for the determination of hepatic lipid peroxidation. All of the values were expressed as the mean *
SD from 6 mice of each group. Letters mean there are significant differences between each group (p< 0.05).

3.6 Effect of CLC supplementation on histopathological changes in liver

Histopathological examinations showed that APAP administration (Group NC), compared to the
control of the mice received PBS, the liver tissue revealed hepatocyte necrosis with inflammatory cell
infiltration. Livers of the mice simultaneously administered with APAP and supplemented with CLC revealed
improved liver condition and showed the inflammatory cell infiltration was reduced gradually with increase of
CLC dosage. The minimal damage of hepatocyte necrosis was shown in Group 2.5% CLC and Group 5% CLC
and the situation was comparable to that of mice administrated with silymarin. According to histopathological
examinations, severe hepatic lesions induced by APAP were remarkably reduced by the supplementation of CLC,
which were in good consistency with the results found in liver marker enzymes in serum and hepatic oxidative
stress and lipid peroxidation.
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IV. Conclusions
In conclusion, crude lysate of Chlorella sp. may have protective functions as ROS scavenger, it can be
considering as a potential source of natural antioxidant with hepatoprotective activity. The hepatoprotective effect
of Chlorella sp. crude lysate may be also due to the presence of specific peptides and antioxidants in the lysate,
which have biological functions, at least including antioxidant activity. Further detailed investigations on this
microalgal strain are needed in order to identify and isolate the hepatoprotective components in the extract and to
evaluate its use in the treatment of liver disorders.
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