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Natural products have been used to mitigate the effects of cancer and infectious diseases, as they
feature diverse bioactivities, such as antioxidant, antibacterial, anti-inflammatory, and immunomodula-
tory effects. Here, we chose 10 natural products that are well-known as pulmonary enhancers and
investigated their bactericidal effects on Streptococcus pneumoniae. In the disk diffusion assay, the
growth of S. pneumoniae was significantly regulated by G. fructus treatment regardless of extraction
method used. We first adopted spraying as a novel delivery method for G. fructus. Interestingly,
mice exposed to G. fructus three times a day for 2 weeks were resistant to S. pneumoniae intranasal
infection (shown both through body weight loss and survival rates compared to the control group).
Moreover, we confirmed that exposure to G. fructus regulated the colonization of the bacteria despite
the sustained inflammation in the lung after exposure to S. pneumoniae, indicating that migrated in-
flammatory immune cells may involve a host defense mechanism against pulmonary infectious diseases.
While a similar number of granulocytes (CD11b Ly6C Ly6G"), neutrophils (CD11b+Ly6CimLy6G+),
and monocytes (CD11b'Ly6C™Ly6G") were found between groups, a significantly increased number
of alveolar macrophages (CD11b'CD11¢"F4/80") was detected in BAL fluids of mice pre-exposed
to G. fructus at 5 days after S. pneumonia infection. Taken together, our data suggest that this usage
of G. fructus can induce protective immunity against bacterial infection, indicating that facial spray
may be helpful in enhancing the defense mechanism against pulmonary inflammation and in evaluating
the efficacy of natural products as immune enhancers against respiratory diseases.
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Table 1. Natural products and its origin that have possibility
to enhance lung immunity

Herbalmedicine Origin

Agrimonia pilosa Ledebour
Potentilla chinensis Seringe
Rosa rugosa Thunberg

Agrimonia eupatoria
East Asian cinquefoil
Sweetbrier

Orostachys japonicus A. Berger Houseleek/Sengreen
Gleditsiae fructus Japanese honey locust
Citrus unshiu Markovich Tangerine peel

Thuja orientalis L. Oriental arbor vitae seeds

Ginkgo biloba L. Ginkgo
Diospyros kaki Persimmon tree leaves
Rhynchosian ulubilid Lour Seomoktae
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Fig. 1. Screening of an antimicrobial activity of natural products by disk diffusion assay. (A) Each disk containing vancomycin
(0.025 pg/ml) and natural product (100 mg/ml) were plated on TSA plates (a: DEPC water, b: Agrimonia pilosa Ledebour,
c: Potentilla chinensis Seringe, d: Rosa rugosa Thunberg, e: Orostachys japonicus A. Berger, f: Gleditsiae fructus, g:
Citrus unshiu Markovich, h: Thuja orientalis L., i: Ginkgo biloba L., j: Diospyros kaki, k: Rhynchosia nulubilid Lour
and 1: vancomycin). White dashed lines with round corner are the diameter of the clear zone (disk diameter: 8 mm).
(B) Quantification of diameters of clear zone: distilled water (white); vancomycin (black); Natural products extracted
with 70% EtOH (red) or bioconversion (blue). Statistical analyses were performed with #-test (*p<0.05; **p<0.01;
**%p<0.001; NS: not significant).
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Fig. 2. An antibacterial effect of G. fructus to S. pneu-

moniae. (A) Representative image of disk dif-
fusion assay is clearly shown the inhibition area
of S. pneumonia growth with white dashed
lines. Each disks were dipped into distilled wa-
ter, the vancomycin (5 pg) and 2 kinds of G.
fructus (100 mg/ml) and placed on the TSA
plate. Disk diameter: 8 mm. (B) Quantification
of diameters of clear zone. Growth ratio of S.
pneumonia were investigated by liquid culture
with G. fructus (C) and its quantification graph
on optical density (D). Statistical analyses were
performed with ¢-test (*p<0.05; Mp<0.01; M*p<
0.001).
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Fig. 3. Determination of optimal challenge dose in S. pneumoniae infection. To find proper challenge dose in murine model
after intranasal infection to mice with S. pneumoniae. (A) Experimental scheme: G. fructus was treated using spray three
times in a day for 7 or 14 days. (B-D) body weight and survival rate were monitored before and after S. pneumoniae
infection. (B: 2x10° CFUs/20 pl, C: 5x10° CFUs/20 pl, and D: 1x10° CFUs/20 pl, respectively). (E) Lung tissues were
harvested at 5 days after infection. Representative photos of lung tissue performed by H&E staining were investigated
with different magnification (40x and 200x). The scale bar means 250 um and 50 pm, representatively. Body weight
data are mean+ SEM (n=8) and survival rates (n=3, 4 per group) are measured. Statistical analyses were performed
by multiple ¢ test of two-stage step-up method of Benjamini, Krieger, and Yekutieli for body weight loss and log-rank
(Mantel-Cox) test for survival rate (NS: not significant).
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mean = SEM and results are representative of three independent experiments (n=6 per group). Statistical analyses were

performed with #-test (*p<0.05; NS: Not significant).
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