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A B S T R A C T   

Ethnopharmacological relevance: Kucha tea plant (Camellia assamica var. kucha Chang et Wang) is regarded as a 
mutant variety of wild Pu’er tea plant found in few mountain areas of Yunnan, China. Its fresh young leaves and 
shoots are picked by the indigenous aborigines in these local areas to prepare an herbal tea for the treatment of 
common cold empirically. 
Materials and methods: Two extra compounds of relative abundance were detected in Kucha tea in comparison 
with Pu’er tea, and their chemical structures were identified as chlorogenic acid and theacrine. These two 
compounds as well as two major compounds, strictinin and caffeine, in Kucha tea were evaluated for their 
cytotoxicity and inhibitory effects on human influenza virus A/Puerto Rico/8/34 by analyzing viral protein 
expression and progeny production. 
Results: No or low cytotoxicity was detected for the four Kucha compounds when their concentrations were below 
100 μM. Expression of viral NS1 protein was significantly inhibited by chlorogenic acid, theacrine or strictinin, 
but not caffeine at a concentration of 100 μM. The relative inhibitory potency was detected as chlorogenic acid <
theacrine < strictinin, and both theacrine and strictinin displayed significant inhibition at a concentration of 50 
μM. According to a plaque assay, viral progeny production was significantly reduced by theacrine or strictinin, 
but not by chlorogenic acid or caffeine under the same concentration of 100 μM. 
Conclusion: It is suggested that theacrine and strictinin are two major ingredients responsible for the anti- 
influenza activity of Yunnan Kucha tea traditionally used for the treatment of common cold.   

1. Introduction 

Two types of Chinese Kucha (bitter) tea are traditionally consumed 
for health improvement; one is Kuding tea prepared from leaves of 
Ligustrum robustum or Ilex kaushue, and the other is Yunnan Kucha tea 
prepared from young leaves of Camellia assamica var. kucha Chang et 
Wang. Camellia assamica var. kucha naturally grown in certain mountain 
areas of Yunnan, China is assumed to be a mutant variety of wild Pu’er 
tea plant (Camellia sinensis var. assamica) (Xie et al., 2010). Thus, 
Yunnan Kucha tea is also called bitter Pu’er tea or Pu’er Kucha tea. 

Pu’er tea is restrictively defined as the tea prepared from Camellia 
assamica grown in certain areas of Yunnan, China, and manufactured 
according to traditional processes. Several beneficial effects for human 

health have been reported for Pu’er tea, such as anti-obesity and anti- 
cancer as well as antiviral and antimicrobial activities (Cao et al., 
2011; Chen et al., 2018; Lee and Foo, 2013; Su et al., 2012; Zhao et al., 
2011). Strictinin, a hydrolysable ellagitannin, is generally present as a 
minor constituent in various teas, but detected as a relatively abundant 
compound in Pu’er tea (Chen et al., 2015). It has been shown that 
strictinin could prevent replication of human, duck and swine influenza 
A viruses in vitro at non-toxic concentrations putatively by reacting with 
the viral particles to inhibit viral entry in the initial stage (Saha et al., 
2010). Being demonstrated to possess antiviral and antimicrobial ac-
tivities, strictinin was assumed to be an active ingredient in Pu’er tea for 
the treatment of common cold (Hsieh et al., 2016). 

Theacrine, a purine alkaloid with chemical structure similar to 
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caffeine, was first identified as a minor constituent in tea plant (Camellia 
sinensis L.), and then detected as a relatively abundant component in 
Yunnan Kucha tea (Zheng et al., 2002). Theacrine is much more bitter 
than caffeine in taste, and seems to be the key ingredient responsible for 
the bitterness of Yunnan Kucha tea. In the past decade, extract of 
theacrine was commercialized with a trademark, TeaCrine™ and highly 
promoted for its biological activities, such as ergogenic effects of people 
on their performance in sports, anti-inflammation, anti-depression, and 
sleep improvement, though concern on the conflict of interest has been 
raised for the data in the related publications sponsored by the company 
(Bello et al., 2019; Cesareo et al., 2019; Gao et al., 2020; Kuhman et al., 
2015; Qiao et al., 2017; Wang et al., 2010; Xie et al., 2010; Xu et al., 
2007). 

Both wild Pu’er trees and mutant Kucha Pu’er trees are available in 
certain mountain areas of Yunnan. Empirically, indigenous aborigines 
select fresh leaves from mutant Kucha Pu’er trees instead of those from 
normal Pu’er trees to prepare an herbal tea when they catch a cold. In 
light of the above observation for the treatment of common cold, we 
speculated that Kucha tea might possess a higher content of strictinin or 
other effective ingredient(s) compared with Pu’er tea. To examine this 
possibility, we first compared the infusion constituents of Kucha tea and 
Pu’er tea, and then identified major extra components in Kucha tea. 
Furthermore, the extra components identified in Kucha tea and the 
known active ingredient, strictinin, in Pu’er tea were evaluated and 
compared for their antiviral activity against human influenza virus A. 

2. Materials and methods 

2.1. Chemicals and materials 

Pu’er tea prepared from wild plants (Camellia sinensis var. assamica) 
and Kucha tea prepared from wild plants (Camellia assamica var. kucha 
Chang et Wang) grown in the Ailao Mountain Nature Reserve were 
obtained from Yunan Puer Yifeng Tea Co. Ltd (Yunnan, China). Voucher 
specimen of wild Pu’er tea and Kucha tea (350 g for each) were 
deposited in the Association of Technical Improvement for Tea Pro-
duction at the National Chung-Hsing University, Taiwan with herbarium 
numbers Yunan Pu’er 004 and 005, respectively. Caffeine (99.6%), 
chlorogenic acid (95%) and dimethyl sulfoxide (DMSO) were purchased 
from Sigma (Sigma-Aldrich, St Louis, MO, USA). Caffeine, strictinin, and 
theacrine were dissolved in double distilled water while chlorogenic 
acid was dissolved in DMSO. All the four compounds were kept in so-
lution and stored at � 80 �C. Acetonitrile and acetic acid used in high 
performance liquid chromatography (HPLC) were bought from ECHO 
(Miaoli, Taiwan). 

2.2. HPLC analysis of Pu’er and Kucha tea infusions 

Tea infusion was produced by placing 2 g of Pu’er or Kucha tea in 50 
mL of water at 70 �C for 30 min. Chemical ingredients in the tea in-
fusions were separated by using a C18 column (Syncronis, Thermo 
Scientific, Waltham, MA, USA) in the HPLC system coupled to a Model 
600E photodiode array detector (Waters Corporation, Milford, MA, 
USA). The mobile phase consisted of (A) 0.5% acetic acid and (B) 
acetonitrile; 0–100 min, linearly gradient from 5% to 25% B; 100–101 
min 25% B; and 101–110 min, linearly gradient from 25% to 5% B. The 
UV absorbance detection wavelength was set at 254 nm. Gallic acid 
(GA), 5-galloylquinic acid (5GA), theobromine (TB), caffeine, strictinin, 
(� )-epigallocatechin gallate (EGCG), and (� )-epicatechin gallate (ECG) 
shown in the HPLC profiles of this study were identified as described 
previously (Chen et al., 2018). 

2.3. Identification of theacrine and chlorogenic acid in Kucha tea 

Two extra peaks were detected in the HPLC profile of Kucha tea in 
comparison with that of Pu’er tea. These two peaks were structurally 

determined as theacrine and chlorogenic acid by mass spectrometric and 
nuclear magnetic resonance (NMR) spectroscopy analysis. The NMR 
spectrum of theacrine was acquired on the Bruker Avance III 400 MHz 
instrument using the residual solvent resonance (CD3OD) as internal 
shift reference. 

2.4. Purification of theacrine, chlorogenic acid and strictinin from Kucha 
tea 

Theacrine, chlorogenic acid and strictinin were purified from Kucha 
tea. Briefly, 50 g of Kucha tea leaves were extracted with 600 mL of 
water at 70 �C for 30 min, and the extraction was repeated for three 
times. The three extractions were combined, filtered and partitioned 
with dichloromethane. Dichloromethane layer was collected and 
concentrated in a rotary evaporator while water layer was partitioned 
with ethyl acetate, and then with butanol. The butanol layer was 
concentrated in a rotary evaporator. The dichloromethane extract and 
the butanol extract were lyophilized, respectively. The two powders 
dissolved in 50% methanol were separately loaded into a Sephadex LH- 
20 open column (100 mL; GE Healthcare Bio-Sciences AB, Sweden). 
Theacrine was eluted with 30% methanol aqueous solution from 
dichloromethane layer while chlorogenic acid and strictinin were eluted 
with 30% and 80% methanol aqueous solution from butanol layer, 
respectively. Fractions containing theacrine, chlorogenic acid or stric-
tinin were collected and further confirmed by HPLC analysis. 

2.5. Preparation of influenza virus A 

Madine Darby canine kidney (MDCK) cells were cultured in Dul-
becco’s modified eagle medium (DMEM; Invitrogen, Carlsbad, CA, USA) 
containing 10% fetal bovine serum (FBS, Invitrogen), penicillin of 100 
U/mL, streptomycin of 10 μg/mL, and sodium bicarbonate of 3.7 g/L, at 
37 �C incubator with 5% CO2. Human influenza virus A/Puerto Rico/8/ 
34 (strain PR8, of subtype H1N1) was amplified in the MDCK cells. 
MDCK cells were firstly washed with PBS prior to infection, and then 
cultured in infection medium (DMEM without FBS) supplemented with 
the antibiotics and 1 μg/mL of TPCK-treated trypsin (Gibco; Invitrogen, 
Carlsbad, CA). 

2.6. Cytotoxicity test 

Cytotoxicity was determined by the Alamar blue assay (Thermo 
Scientific, Waltham, MA, USA). Briefly, MDCK cells (2 � 104 cells/well) 
were seeded with DMEM in 96-well plates (Corning Incorporated, NY, 
USA) for 12 h. The seeding medium was replaced with DMEM con-
taining various concentrations (0–100 μM) of the four Kucha com-
pounds, chlorogenic acid, theacrine, strictinin, and caffeine for 24 h. 
After removing the medium, the cells were incubated with the Alamar 
blue reagent for 6 h protected from light, and then the absorb wave-
length at 570nm and 595nm was measured by Tecan infinite 200 PRO 
spectrophotometer (Tecan, M€annedorf, Switzerland). The cell prolifer-
ation rate of control treatment was set as 100%. 

2.7. Inhibitory activity of tea compounds on viral infections 

The full-time treatment strategy was employed to evaluate effects of 
the four Kucha compounds on influenza virus A infection. In brief, 
MDCK cells seeded in 24-well plates were treated with mock (negative 
control, NC), chlorogenic acid (CA), theacrine (TH), strictinin (ST), or 
caffeine (CF) with a final concentration of 50 μM or 100 μM for 12 h 
prior to infection. Subsequently, cell monolayers were infected with 1 
MOI (multiplicity of infection) of influenza virus A. The supernatant 
from infected cells was collected at 12 or 24 h post-infection (hpi), and 
the yield of virus progeny was measured by a standard plaque assay. 
Meanwhile, infected cells were harvested in a lysis buffer (25 mM Tris- 
HCl, 150 mM NaCl, and 1% NP-40), and the expression levels of NS1 and 
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β-actin were simultaneously detected by western blot analysis using 
their specific antibodies. Images were taken by ImageQuant LAS 4000 
mini (GE Healthcare Life Sciences) and quantified by using Multi Gauge 
v3.0. 

2.8. Plaque assay 

MDCK cell monolayers in 12-well plates (2 � 105 cells/well) were 
washed twice with phosphate-buffered saline (PBS) followed by infec-
tion with serial dilutions of the virus harvested from cells treated with 
tested compounds. After 1 h of viral adsorption, the suspension con-
taining unbound virus was discarded, and the cells in plates were 
covered with DMEM (1 mL/well) supplemented with 0.1% TPCK-trypsin 
(Worthington Biochemical Corp., Lakewood, NJ, USA) and 0.6% 
agarose (Lonza, Rockland, ME, USA) at 37 �C under 5% CO2 for 2 days or 
until the plaques were visible. Infected cells were fixed with 100% 
methanol for 2 h followed by staining with 1% crystal violet (Sigma 
Aldrich). For evaluation of the relative viral yield, the virus titer with 
control treatment was arbitrarily set as 100%. 

2.9. Western blot analysis 

Sodium dodecyl sulphate–polyacrylamide gel electrophoresis (SDS- 
PAGE; 12%) was performed with a MINI-PROTEAN III apparatus (Bio- 
Rad; Hercules, CA) followed by electrophoretic transfer to PVDF mem-
branes according to the manufacturer’s recommendations. After a 
blocking procedure in PBS containing 0.1% Tween-20 (PBS-T) and 5% 
dried milk for 1 h at room temperature, the PVDF membrane was 
reacted with the primary antibody, i.e. mouse anti-NS1 (1:400 dilution) 
or anti-β-actin (1:1000 dilution) (Santa Cruz Biotechnology, Inc.) at 4 �C 
overnight. Subsequently, the filter was washed with PBS-T for six times, 
followed by incubation the secondary antibody (1:1000 dilution of 
Mouse IgG conjugated with Horseradish Peroxidase; Santa Cruz 
Biotechnology, Inc.) for 1 h. After extensive washes with PBS-T, the 
signal was visualized by reacting with the Immobilon western 

chemiluminescent HRP substrate (Merck Millipore, Spain). 

2.10. Statistical analysis 

The data were shown as mean values � standard deviation (SD). The 
significant differences were analyzed with the one-way ANOVA using 
SigmaStat (Version 3.5 integrated with SigmaPlot 10) from Systat 
Software (San Jose, CA, USA). A p value < 0.05 was considered to be 
statistically significant. 

3. Results 

3.1. Identification of chlorogenic acid and theacrine in Kucha tea 

As Yunnan Kucha tea plant is assumed to be a mutant variety of wild 
Pu’er tea plant, chemical constituents of Kucha tea were analyzed and 
compared with those of Pu’er tea. In the HPLC analysis, similar patterns 
were observed for the infusion of Kucha tea and that of Pu’er tea; 
however, two extra peaks of relative abundance were detected in Kucha 
tea infusion, but not in Pu’er tea infusion (Fig. 1). The occurrence of the 
two extra peaks was consistently observed in three different prepara-
tions of Kucha tea though the relative contents of most chemical con-
stituents were variable (data not shown). These two extra peaks were 
purified and subjected to structural determination by mass and NMR 
spectrometric analyses, and their chemical structures were identified as 
chlorogenic acid and theacrine by comparison with spectrometric data 
published previously (Cho et al., 2016; Hammerstone et al., 1994). The 
molecular weight of theacrine was determined as 224 by the pseudo-
molecular ion peak at m/z 225 ([MþH]þ). The fragmentation of MS2 ion 
was found at m/z 168. The NMR spectrum of theacrine was afforded as δ 
(ppm) 3.32 (3H, s, CH3), 3.53 (3H, s, CH3), 3.64 (3H, s, CH3), 3.74 (3H, s, 
CH3). The molecular weight of chlorogenic acid was determined as 354 
by the pseudomolecular ion peak at m/z 353 ([M-H]-). The fragmenta-
tion of MS2 ion was found at m/z 191. The NMR spectrum of chlorogenic 
acid was afforded as δ (ppm) 2.06–2.25 (4H, m, H-2 and H-6), 3.73 (1H, 

Fig. 1. HPLC chromatograms of infusions from Pu’er and Kucha teas at 254 nm. The peaks of 5-galloylquinic acid (5GA), gallic acid (GA), theobromine (TB), 
chlorogenic acid, theacrine, caffeine, strictinin, (� )-epigallocatechin gallate (EGCG), and (� )-epicatechin gallate (ECG) in the HPLC profiles are indicated. 
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dd, J ¼ 8.0, 3.2 Hz, H-4), 4.17 (1H, m, H-5), 5.33 (1H, m, H-3), 6.27 (1H, 
d, J ¼ 16.0 Hz, H-80), 6.78 (1H, d, J ¼ 8.4 Hz, H-50), 6.96 (1H, dd, J ¼
8.4, 2.0 Hz, H-60), 7.05 (1H, d, J ¼ 2.0 Hz, H-20), 7.56 (1H, d, J ¼ 16.0 
Hz, H-70). 

Caffeine and strictinin were found to be major compounds in Kucha 
tea as well as in wild Pu’er tea (Fig. 1). Therefore, chlorogenic acid and 
theacrine in company with caffeine (as a negative control) and strictinin 
(as a positive control) were used in the following evaluation of anti- 
influenza activity. 

3.2. Cytotoxicity of the four selected compounds in Kucha tea 

Initially, cytotoxicity of the four selected compounds in Kucha tea 
was examined on canine MDCK cells by Alamar blue staining method. 
The results indicated that chlorogenic acid even at a concentration as 
high as 100 μM showed no significant cytotoxicity on MDCK cells 
(Fig. 2). Similarly, theacrine had no significant impact on cell viability. 
However, the survival rate of cells treated with 100 μM of strictinin or 
caffeine dropped to approximately 75%. Hence, the effects of these 
compounds on influenza infection were evaluated with their final con-
centrations of 50 and 100 μM. 

3.3. Effect of the four Kucha compounds on the expression of viral NS1 
protein 

The impact of the four Kucha compounds on influenza virus infection 
was firstly evaluated in a cell model by monitoring the expression of 
viral NS1, the non-structure protein produced at the early stage of 
infection. To measure the possible impact on viral protein expression, 
the expression of viral NS1 protein from six independent experiments 
was initially normalized with that of actin in each group. And the 
normalized expression level of NS1 in NC group was arbitrarily set as 
100%. The results indicated that the expression level of NS1 was 
apparently reduced in the presence of chlorogenic acid, theacrine or 
strictinin, but not caffeine at a concentration of 100 μM at 12 hpi 
(Fig. 3A). The relative potency of the three compounds for reducing NS1 
expression was detected as chlorogenic acid < theacrine < strictinin, 

and both theacrine and strictinin displayed significant inhibition at a 
concentration of 50 μM at 12 hpi (Fig. 3B). Similar trend (chlorogenic 
acid < theacrine < strictinin) was observed for the relative inhibitory 
activities of the four examined compounds from three independent ex-
periments at 24 hpi though their potency on the reduction of NS1 
expression was weaker than that at 12 hpi. Statistically, only 100 μM of 
strictinin was found to significantly suppress NS1 expression. 

3.4. Effect of the four tea compounds on viral progeny production 

Next, the impact of the four Kucha compounds on overall viral 
infection was evaluated based on the yield of viral progenies by a 
standard plaque assay. The production of viral progenies was apparently 
reduced in the presence of theacrine or strictinin; in contrast, it was 
slightly reduced by caffeine, but almost unaffected by chlorogenic acid 
(Fig. 4A). Statistical analysis of the quantitative data showed that viral 
progeny production was significantly reduced by theacrine or strictinin 
of 100 μM, but not by chlorogenic acid or caffeine of 100 μM (Fig. 4B). 

4. Discussion 

In the present study, quite similar chemical patterns (fingerprints) 
were observed for wild Pu’er and Yunnan Kucha tea infusions, except for 
the presence of two extra constituents, theacrine and chlorogenic acid in 
Yunnan Kucha tea (Fig. 1). The observation supports the conventional 
viewpoint regarding Yunnan Kucha plant as a mutant variety of wild 
Pu’er plant. Strictinin, rich in wild Pu’er tea plant, has been demon-
strated to be a key ingredient responsible for the anti-influenza effect of 
Pu’er tea (Chen et al., 2015). Besides the inhibitory potency on plaque 
formation shown in the previous work, strictinin was also shown to 
reduce the viral NS1 protein level and progeny yield in this study. 
Moreover, theacrine as well as strictinin was demonstrated to be effec-
tive for the inhibition of influenza virus A (Figs. 3 and 4). Theacrine is a 
relative new active ingredient with its pharmacological activities not 
well clarified (Wang et al., 2020). To the best of our knowledge, this is 
the first time showing the anti-influenza activity of theacrine. Thus, 
theacrine and strictinin are two major ingredients for the anti-influenza 

Fig. 2. Cytotoxicity of the four Kucha compounds. Cytotoxicity was estimated based on the cell survival rate. Canine MDCK cells were treated with chlorogenic acid 
(CA), theacrine (TH), strictinin (ST), and caffeine (CF) at concentrations of 0, 10, 50, 100 μM for 24 h. The cell survival rate was evaluated by Alamar blue staining 
method. Results from three replicates were shown as mean � standard error. 
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effect of Yunnan Kucha tea. The results provided a reasonable expla-
nation for the local aboriginals selecting Yunnan Kucha tea instead of 
wild Pu’er tea for the treatment of common cold. Of course, many other 
constituents, such as chlorogenic acid, catechins, theaflavins, and 
flavonol glycosides, might also possess synergistic or additive effects on 
the anti-influenza activity of Pu’er tea or Yunnan Kucha tea (Ding et al., 
2017; He, 2017; Ha et al., 2014; Karamese et al., 2015; Song et al., 
2007). 

According to this study, the concentration of theacrine or strictinin 
for effective inhibition of influenza virus is approximately 50 μM. For an 
adult of 60 kg, the blood volume is around 4.5 L (60 kg � 1/13 ¼ 4.6 kg 
¼ ~4.5 L); thus 50 mg of theacrine is required to reach a concentration 
of 50 μM (4.5 L � 50 � 10� 6 M � 224 ¼ 50 � 10� 3 g ¼ 50 mg), and 140 
mg of strictinin is required to reach a concentration of 50 μM (4.5 L � 50 
� 10� 6 M � 634 ¼ 160 � 10� 3 g ¼ 140 mg). Certainly, the effective 
dosages of theacrine and strictinin should be higher than the above 
estimation as their availability is presumably reduced through intestinal 
absorption. The tea infusion prepared from 10 g of Kucha tea in this 
study contained approximately 200 mg of theacrine (2%) and 900 mg of 
strictinin (9%). Therefore, tea infusion extracted from 2.5 g of Kucha tea 
(containing 50 mg of theacrine and 225 mg of strictinin) is sufficient for 
both theacrine and strictinin to reach their effective concentrations. 
When the indigenous aborigines in Yunnan mountain areas catch a cold, 
5–10 g of Kucha tea is used in one preparation of tea infusion, and 
several tea preparations were consumed daily until the flu symptoms 
were completely relieved. The dosages of theacrine and strictinin in 
Kucha tea empirically consumed by the aborigines seem to be in 
agreement with their effective concentrations for influenza virus inhi-
bition observed in this study. 

With a wide range of potential bioactivities, chlorogenic acid has 

been shown to inhibit viral infection, including subtypes H1N1 and 
H3N2 in an animal model, and the underlying mechanism involves 
down-regulation of cytokine expression that mitigates the tissue dam-
ages resulted from the over-reactive immune response and the inhibition 
of viral neuraminidase activity that reduces viral dissemination between 
cells (Ding et al., 2017; Xu et al., 2020). Noticeably, treatment of 100 μM 
chlorogenic acid weakly reduced NS1 expression (Fig. 3), while viral 
progeny production remained unaffected in the presence of chlorogenic 
acid (Fig. 4). Considering the protein expression is an earlier stage than 
virus maturation, several possible factors might results in the discrep-
ancy on the two systems: 1. The turnover time of chlorogenic acid in 
cells might be short and thus the inhibition effect cannot sustain to the 
last stage of viral replication cycle, 2. The lowered NS level resulted from 
chlorogenic acid might be sufficient for supporting viral maturation, and 
hence there is no impact observed on virus yield. Nevertheless, the un-
derlying mechanism requires further investigation. 

Though many alkaloids are toxic, some of them are demonstrated to 
possess biological activities in man, presumably by mimicking signal 
transduction molecules, such as dopamine and adrenaline (Debnath 
et al., 2018). Caffeine, a purine alkaloid is the most widely consumed 
stimulant drug in the world. Besides caffeine, several structurally similar 
purine alkaloids, such as theobromine, theophylline and theacrine are 
also found in tea leaves (Zheng et al., 2002). Despite similar chemical 
structure, caffeine is well known for its stimulatory effect while thea-
crine is assumed to possess hypnotic property (Qiao et al., 2017). Of the 
two compounds, caffeine is present as the major purine alkaloid in all 
kinds of tea plants while theacrine is found as a relative abundant 
constituent only in Yunnan Kucha tea plants. Biosynthesis of theacrine 
involves oxidation at the C8 and methylation at the N9 positions of 
caffeine (Zheng et al., 2002). Recently, a key enzyme, 

Fig. 3. The effects of the four Kucha compounds on the expression of viral NS1 protein. MDCK cells were mock-treated (negative control, NC), or treated with 
chlorogenic acid (CA), theacrine (TH), strictinin (ST), and caffeine (CF) at concentrations of 50μM or 100 μM throughout the time of viral infection. At 12 and 24 h 
post infection (hpi), total cell lysate was harvested and the viral NS1 protein expression was detected by western blot analysis using antibodies against NS1 (A). The 
expressions of viral NS1 protein after different treatments (N ¼ 6 for 12 hpi and N ¼ 3 for 24 hpi) were normalized with those of actin, and the relative expression 
level of NS1 in NC group was arbitrarily set as 100% (B). Symbols, *, ** and *** indicate p-value <0.05, <0.01 and < 0.001, respectively. 
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N9-methyltransferase identified in the Kucha tea plants was demon-
strated to be involved in converting caffeine into non-stimulatory 
theacrine (Zhang et al., 2020). 

A plethora of researches have been conducted to investigate the 
physiological effects and anti-viral potential of caffeine. It was reported 
that a combination of statin with caffeine provided protection against 
infection of influenza A virus, including the subtypes H5N1, H3N2 and 
H1N1, by inhibiting viral replication in a murine model (Liu et al., 
2009). However, the effect of caffeine on viral infection remains 
ambiguous; e.g., it was reported that caffeine inhibited amplification of 
HSV-1 and poliovirus in cells while influenza virus was not affected 
(Murayama et al., 2008). Consistently, in the current study, neither NS1 
protein level nor progeny yield of influenza A virus was influenced by 
the treatment of caffeine at the concentration as high as 100 μM. It is 
worthy of noting that the study of the murine model was to investigate 
the adjuvant role of caffeine in the combined regimen with statin, rather 
its sole effect on viral infection (Liu et al., 2009). Hence, in such a sce-
nario, the impact of caffeine on anti-influenza activity cannot be clari-
fied; it is possible that either statin plays a major part in anti-influenza 
activity, or caffeine acts synergistically with statin. 

It has been noticed that influenza viruses affect directly the host cells 
as well as cause indirect effects via severe immunological disorders; in 
some cases, multiple organ dysfunction is putatively resulted from 
excessive release of inflammatory cytokines termed “cytokine storm” 
(Peiris et al., 2010). Therefore, anti-influenza and anti-inflammatory 
therapies might be equally important and should be synergistically 
combined for the treatment of influenza patients (Li et al., 2018). Be-
sides anti-influenza activity shown in this study, theacrine has been 
demonstrated to possess anti-inflammatory activity (Gao et al., 2020). 
Moreover, strictinin, another major anti-influenza ingredient in Kucha 
tea, was found as a minor constituent in Punica granatum Linne, and was 
also demonstrated to possess anti-inflammatory activity (Lee et al., 

2010). It is very likely that the effectiveness of Kucha tea used for the 
treatment of common cold might be resulted from the anti-inflammatory 
activities as well as anti-influenza activities of its two major ingredients, 
theacrine and strictinin. 

5. Conclusion 

Besides morphological similarity between wild Pu’er plant and 
Yunnan Kucha plant, chemical constituents of their tea infusions support 
that Yunnan Kucha plant is a mutant variety of wild Pu’er plant. 
Comparative analysis indicates that theacrine and strictinin are two 
major ingredients responsible for the anti-influenza activity of Yunnan 
Kucha tea. 
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Fig. 4. The effect of the four Kucha compounds on the yield of viral progenies. MDCK cells were mock-treated (negative control, NC), or treated with chlorogenic 
acid (CA), theacrine (TH), strictinin (ST), and caffeine (CF) at concentrations of 50μM or 100 μM. The yield of viral progeny was determined by standard plaque assay 
(A), and the relative viral yield was plotted; NC group was arbitrarily set as 100% (B). Symbols, ** and *** indicate p-value <0.01 and < 0.001, respectively. 
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