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Figure 1. Fucoidan KW inhibited replication of IAV in vitro with low toxicity. (A)
Schematic diagram of the chemical structure of fucoidan KW. (B) MDCK cells were exposed
to different concentrations of KW in triplicate, and incubated at 37 °C for 48h. Then the cell
viability was evaluated by MTT assay. (C) PR8 virus (MOI=0.1) infected MDCK cells were
treated with KW at the indicated concentrations after removal of virus inoculums. (D) IAV
(MOI=0.1) infected MDCK and A549 cells were treated with KW at the indicated
concentrations after removal of the virus inoculum. The antiviral activity was determined by
hemagglutination (HA) assay at 48h p.i. (E) Approximately 50-100 PFU/ well of PR8 was pre-
incubated with different concentrations of KW for 60min at 37 °C before infection. Then the
virus-KW mixture was transferred to confluent cell monolayers in 6-well plates, incubated at
37 °C for 1h and subjected to plaque assay. (Wang et al., 2016 )
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Figure 2. KW possesses broad-spectrum anti-IAV activities and low tendency of induction
of viral resistance. (A) HA titers and (B) infectious virus titers from single-cycle high-moi
assays performed on MDCK cells infected with PR8, Minnesota, Cal09 and TX09 and treated
with the indicated concentrations of KW. Mean percentage HA titers or infectious virus titers
were calculated as a percentage of HA or infectious virus titers, respectively, from untreated
cells for each drug treatment condition in an experiment. Values are means = S.D. (n=4). (Wang
etal.,2016)
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Figure 3. Influence of different treatment conditions of fucoidan on IAV infection.
Inactivated PR8 virus was incubated with indicated concentrations of KW or Zanamivir
(30uM), and the NA enzymatic activity was determined by a fluorescent assay. Values are
means = S.D. (n=4). (Wang et al., 2016 )
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Figure 4. KW reduced IAV endocytosis through inhibition of cellular EGFR pathway. (A—
P) A549 cells were infected with PR8 virus (MOI=3.0) with or without KW (250ug/ml)
pretreatment at 37 °C for 1h, or were stimulated with EGF (100 ng/ml), each for 1h at 4 °C and
30min at 37 °C. An EGFR-specific rabbit antiserum and Alexa 594-conjugated goat anti-rabbit
IgG as well as a HA-specific mouse antiserum and FITC-conjugated goat anti-mouse IgG were
employed. (Q) IAV (MOI=1.0) infected cells were treated with or without drugs at indicated
concentrations after removed virus inoculums. At 4h p.i., the expression of viral NP protein
and phosphorylated PKCa and EGFR proteins were evaluated by western blot. (R)
Quantification of immunoblot for the ratio of p-PKCa, p-EGFR or NP to B-actin. (S) IAV
(MOI=1.0) infected cells were treated with indicated compounds for 4h, and then the
phosphorylation of NF-kB and Akt proteins was evaluated by western blot. Blots were also
probed for B-actin and GAPDH as loading controls. (T) Quantification of immunoblot for the
ratio of p-NF-kB to actin or p-Akt to GAPDH. (Wang et al., 2016 )
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Figure 5. The anti-IAV effects of fucoidan KW in vivo. (A) Viral titers in lungs. After
treatment with KW (10 or 20pg/day) or placebo (PBS) for 4 days, four mice per group were
sacrificed and the pulmonary viral titers were evaluated by plaque assay on MDCK cells. (B)
Survival rate. IAV infected mice were received intranasal therapy with KW (10 or 20pg/day)
or placebo once daily for seven days. Results are expressed as percentage of survival, evaluated
daily for 14 days. (C—G) Histopathologic analyses of lung tissues on Day 4 p.i. by HE staining
(x10). The representative micrographs from each group were shown. Mock: non-infected lungs;
PRS8: TAV infected lungs without drugs; PR8+Oseltamivir-20: [AV infected lungs with
Oseltamivir (20mg/kg/day) treatment; PR8+KW-10: IAV infected lungs with KW (10pg/day)
treatment; PR8+KW-20: TAV infected lungs with KW (20ug/day) treatment. The red arrows
indicate the presence of inflammatory cells in the alveolar walls and serocellular exudates in
the lumen. (H,I) After treatment of KW (10 or 20ug/day) for four days, the production of
interferon-y (IFN-y) (H) and interleukin 2 (IL-2) (I) in spleen tissues was determined by using

the ELISA kits for IFN-y and IL-2. (Wang et al., 2016 )
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Figure 6. The cold water extract of Spirulina (Arthrospira platensis) inhibits viral
replication and plaque formation in a broad range of influenza strains in vitro. (a) The
influenza virus strains A/WSN/33(HIN1), A/TW/3446/02(H3N2), and B/TW/70555/05, and
(b) the oseltamivir-resistant strains A/TW/70058/09(HIN1) and A/TW/147/09(HIN1),
propagated on MDCK cells, all exhibited dose-dependent reductions in virus plaque formation
after treatment with 0.375, 0.75, 1.5, and 3.0mg/ml of Spirulina extract. (¢) The TCID50 assay

showed that Spirulina extract reduced virus production of the influenza A/TW/04/2014 (H7N9)
virus. (Chen et al., 2016)
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Figure 7. Spirulina extract acts to disrupt viral replication at an early stage of infection.
(a) A time of addition assay was conducted, in which 2.5mg/mL of Spirulina extract was added
at the indicated timepoints to MDCK cells infected with the A/WSN/33(H1N1) influenza strain.
Eo medium was overlaid on cultures at 9hours post-infection, and supernatants were harvested
at 12 hours post-infection. (b) Virus yields were determined by the plaque assay, and reported
as a percentage of untreated controls. Data represent the meant SD for two independent
experiments. Statistical analysis was performed with two-tailed unpaired t-test, and the
statistical significance was determined to be * P< 0.05, **P< 0.01, or ***P< 0.001 for each
treated group versus the virus control. (Chen et al., 2016)
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Figure 8. Spirulina extract inhibits influenza virus infection by disrupting
hemagglutination. (a) 5x 10° PFUs of the influenza A/WSN/33(HIN1) virus was incubated
with 1.5, 3, 6, or 12mg/mL of Spirulina extract at room temperature for 2 hours, after which
cultures underwent a 10* -fold. (b) Plaque assays showed that plaque formation percentages for
Spirulina extract-treated viruses were significantly lower than untreated controls. (c)
Monolayer MDCK cells in 6-well plates were either treated with 3mg/mL of Spirulina extract
for 2 hours, after which the culture medium was replaced with fresh medium containing no
Spirulina extract (the —3~—1 group), or treated with 3mg/mL of Spirulina extract just prior to
and during viral adsorption (the —1~+1 group). (d) Plaque assays showed that the plaque
formation percentage of the —3~—1 group was comparable to the untreated virus control, while
plaque formation was significantly inhibited in the —1~+1 group. (e) Varying concentrations of
Spirulina extract were added to 96-well plates containing 1% of guinea pig RBCs and 4 HA
units of influenza A/WSN/33(HIN1), A/TW/3446/02(H3N2), or B/TW/70555/05 viruses. In
the virus control column at far right, no Spirulina extract was added. Results showed that
concentrations of Spirulina extract above 0.78mg/mL were capable of inhibiting influenza
hemagglutination. (Chen et al., 2016)
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Figure 9. Short-term acute and subacute oral toxicity for the Spirulina extract. (a) 14-day
acute oral toxicity study was conducted in Sprague-Dawley rats given 0, 1,000, 3,000, or
5,000mg/kg of Spirulina extract. Body weight changes were tracked for (a) male and (b) female
rats during the study period, and no significant changes were observed. (a) 14-day subacute
study, in which Sprague-Dawley rats were subjected to repeated dosing with 750, 1,500, or
3,000mg/kg/day of Spirulina extract for 14 consecutive days, was also conducted. Body weight
changes for (c) male and (d) female rats were measured on Day 1, Day 8, and Day 14. All data
are presented as mean = SD (N= 10). (Chen et al., 2016)
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Figure 10. Spirulina extract improves survival rates in influenza-infected mice. Six-week-

old female BALB/c mice were inoculated with 2x 10* PFUs of the influenza A/WSN/33(HIN1)
virus, after receiving Spirulina extract 4 hours prior to infection by oral gavage. Spirulina

extract was again administered at 6 hours post-infection and twice daily thereafter for 4 days,

at respective daily doses of 10, 25, or 50mg/kg. Survival rates were improved in mice treated

with Spirulina extract, as compared to vehicle-treated controls that did not receive Spirulina

extract. Statistical analyses of the survival curves were performed using the Log-rank

(MantelCox) test compared each Spirulina extract treated group to the vehicle-treated group

(n=5 mice per group). *P< 0.05, **P<0.01. (Chen et al., 2016)
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Figure 11. Effects of time-of-addition of RS on IFV replication. RS at a concentration of 50
pg/mL (closed bar) or 500 pg/mL (open bar) was added to the culture medium 3 h prior to virus
infection (a), during infection for 1 h (b), during infection for 1 h, and throughout the
subsequent incubation (c), immediately after infection (d), at 1 h post-infection (p.i.) (e), at 3
hp.i. (f), or at 6 h p.i. (g). Each value is expressed as the mean = SD from independent duplicate
assays. (Masabhiro et al., 2020)
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Figure 12. Effects of RS on virus adsorption and penetration. (a) For viral adsorption
inhibition assays, Madin—Darby canine kidney (MDCK) cell suspensions were infected with
IFV (1 PFU/cell) in the absence or presence of RS (20 or 50 pg/mL) at 4 °C for 1 h prior to
plaque assays. (b) In viral penetration assays, cell monolayers were infected at 4 °C with IFV
in the absence of RS, and then shifted to 37 °C to allow virus penetration in the presence of RS
for indicated time. Virus titers were determined by the plaque assay. Closed diamond, no drug
control; closed square, 20 ug/mL RS; and closed triangle, 50 pg/mL RS. The number of plaques
in the control 6 h after temperature shift was assigned as 100%. Each value is the mean = S.D.
from triplicate assays. (Masahiro et al., 2020)
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Figure 13. Effects of RS and oseltamivir on mouse body weight change. IFV-infected mice
were subcutaneously injected with or without 5-FU, and they were orally administered with
water (open and closed circles; control), 5 mg RS (open and closed triangles), or 0.5 mg
oseltamivir (open and closed squares) per day. Changes in body weight in 5-FU (-) mice (a)
and 5-FU (+) mice (b) are shown (n = 6-11). Bodyweight on the day of viral infection (0 d)
was taken as 100%. (Masahiro ef al., 2020)
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Figure 14. Effects of RS and oseltamivir on virus production in lung and bronchoalveolar
lavage fluid (BALF) samples of mice taken 3 or 7 days after IFV infection. IFV-infected
mice were subcutaneously injected with or without 5-fluorouracil (5-FU) and were orally
administered with water (closed columns, control), 5 mg RS (gray columns), and 0.5 mg
oseltamivir (open columns). Virus yields in the (a) lung and (b) BALF samples are shown. Each
value represents the mean = S.D (n = 5). * p < 0.05, ** p < 0.01, *** p < 0.001 versus the
control group. ## p <0.01 against the oseltamivir-administered FU (-) group. (Masahiro et al.,

2020)
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Figure 15. Effects of RS and oseltamivir on the production of neutralizing antibodies
against IFV in serum samples of mice taken at 3, 7, or 14 days after IFV infection. IFV-
infected mice were subcutaneously injected with or without 5-FU and were orally administered
with water (control), 5 mg of RS, and 0.5 of mg oseltamivir. Titers of neutralizing antibody in
the serum are shown. Each value represents the mean + S.D (days 3 and 7, n=5; day 14, n =
6-11). * p <0.05, ** p <0.01, *** p < 0.001 versus the control group. + p < 0.05, +++p <
0.001 versus the control or RS-administered group. (Masahiro et al., 2020)
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Table 1. Hematology results in rats (Mean £ SD, N=10)

Dose (mg/kg/day)
Parameters Sex
0 750 1500 3000
Male 11.058 +£3.260 11.769 + 3.089 14.721 + 3.362 13.434 + 4.067

WBC (10%pL)
Female 11.158 + 3.107 11.104 + 3.626 11.387 + 2.467 11.280  4.141

Male 7.867 +0.238 8.066+ 0456 T7.889+0.375 7.809+0.236

RBC (10%/pL)
Female 8.447 +0.488 8.287 +0.585 8.558 + 0.555 8.392 + 0.517

Male 1483052 1522+0.94 1519+0.57 15.00+ 0.57
ro gl Female 15.64 +0.91 1547 +£1.19 1598+0.78 15.69+ 0.83
Male 4698+141 48.19+x2.82 4780+1.75 47.14+1.83
Ht (%) Female 48.35+294 4764+334 4893+234 48.23+251
Male 58966+088 58.76+1.13 6058+1.01 60.37+1.40
MCV () Female 57.24+1.60 57.52+088 57.24+1.75 57.52%1.63
Male 1886040 18.87 +0.41 19.26 £ 0.27 19.22 +0.47
MCH (pg) Female 1849+050 1868+033 1867+068 18.71+046
MCHC (%) Male 3159046 31582027 318112041 31.81+0.38
Female 32.32+0.37 3245046 3263+064 3253+046

Male 1134.0 £ 155.0 1152.4 £ 156.4 1088.8 + 168.8 1150.2 £ 147.8

Platelet (10°/pL)
Female 1219.0 + 86.0 1197.0 + 164.8 1244.3 + 104.5 1209.2 + 106.5

" P<0.05

(Chen et al., 2016)
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Table 2. Effects of RS and oseltamivir on mortality.

Sample FU-Treat Survived/Challenged Mortality Day of Death
Control - 11/11 0%
RS - 11/11 0%
Oseltamivir - 10/10 0%
Control + 9/11 18% 9,10d
RS + 10/10 0%
Oseltamivir ~ 6/6 0%
(Masabhiro et al., 2020)
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