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Abstract
The radical scavenging activity and inhibition effect from lipid peroxidation induced by peroxyl radical of meth-

anol extract from Perilla frutescens and its active compound, rosmarinic acid (RA), were investigated in vitro. 
The treatment of extract and RA scavenged 1,1-diphenyl-2-picrylhydrazyl, hydroxyl radical (·OH) and nitric oxide 
in a concentration-dependent manner. In particular, the extract and RA showed strong radical scavenging activity 
against ·OH, the most toxic and reactive radical. In addition, Perilla frutescens and RA effectively inhibited lipid 
oxidation induced by sodium nitroprusside and 2,2'-azobis(2-aminopropane) dihydrochloride, determined by the 
ferric thiocyanate method. The present results suggest that Perilla frutescens and RA play a protective role against 
oxidative stress induced by free radical and lipid peroxidation.  
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INTRODUCTION

The overproduction of reactive oxygen species (ROS)/ 
reactive nitrogen species (RNS) cause oxidative stress 
and nitrosative stress in biological systems. ROS and 
RNS are highly reactive because of their unpaired elec-
trons. The most prominent ROS/RNS are superoxide 
anion (O2·), hydrogen peroxide (H2O2), hydroxyl ion 
(·OH) and nitric oxide (NO·) (1). These radicals are 
formed by all aerobic organisms and are involved in a 
variety of physiological and biochemical lesions. The 
overproduction of free radicals contributes to occurrence 
of degenerative diseases such as diabetes, arteriosclerosis, 
cardiovascular diseases, cancer, neurodegenerative dis-
orders and the aging process (2-4). Therefore, the ability 
of antioxidants to attenuate oxidative stress, induced by 
excessive production of free radicals, has been suggested 
for the prevention and treatment of diseases. Recently, 
natural antioxidants have attracted much attention because 
synthetic antioxidants cause various side effects and 
toxicities. Therefore, searching for natural antioxidants 
from herbs or plants, to attenuate oxidative and nitro-
sative stress, is of growing interest.

Perilla frutescens var. japonica Hera has a long his-
tory of cultivation and abundant consumption in Eastern 
Asia. The plant’s biological effects such as antibacterial, 
antiseptic, antipyretic, spasmolytic, antiasthmatic and an-
ti-allergic functions have been demonstrated in several 
studies (5-7). In addition, the active components caffeic 

acid, methyl caffeate, quercetin, rosmarinic acid (RA), 
and luteolin 7-O-glucuronide-6″-methyl ester were iso-
lated from Perilla frutescens (8,9). In particular, RA, a 
polyphenolic phytochemical, is an important constituent 
of Perilla frutescens extract. RA in perilla leaves and 
seeds functions as an anti-inflammatory and anti-allergic 
compound (10-13). However, the protective activity of 
Perilla frutescens and RA from oxidative stress and ni-
trosative stress has not been clearly elucidatated. There-
fore, in the present study, we examined the protective 
effect of Perilla frutescens and its major component, RA, 
against oxidative stress induced by free radicals. 

MATERIALS AND METHODS

Materials 
Perilla frutescens was obtained from Milyang (Korea). 

Rosmarinic acid (RA) (M.W.: 260.31) was purchased 
from Sigma-Aldrich Co. (St. Louis, MO, USA) and the 
structure was shown in Fig. 1. 1,1-Diphenyl-2-picrylhy-
drazyl (DPPH), nitroblue tetrazolium (NBT), malondialde-
hyde (MDA), 2-deoxyribose and Griess reagent were 
purchased from Sigma-Aldrich Co. 2,2'-Azobis(2-amidi-
nopropane) dihydrochloride (AAPH) and sodium nitro-
prusside (SNP) were obtained from Wako Pure Chemical 
Industries, Ltd. (Osaka, Japan). All other chemicals used 
were of analytical grade and obtained from Merck 
(Darmstadt, Germany) and Sigma-Aldrich Co.
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Fig. 1. Structure of rosmarinic acid.

Preparation of sample 
Freeze-dried Perilla frutescens was extracted three 

times with 20 volumes of 100% methanol at room tem-
perature for 24 hr. The extract was obtained by a rotary 
evaporator and the yield was 23.43%. The extract from 
Perilla frutescens and RA were dissolved in phosphate 
buffered saline (PBS) and dimethylsulfoxide, respectively. 

DPPH scavenging assay
This assay is based on the capacity of a substance 

to scavenge stable DPPH radicals. Here, reaction mix-
tures, containing test samples (100 µL) and DPPH etha-
nolic solution (100 µL) in 96-well micro plates, were 
incubated at 37oC for 30 min and absorbance values 
were then measured at 540 nm (14). 

Hydroxyl radical scavenging assay 
The reaction mixture contained 0.45 mL of sodium 

phosphate buffer (0.2 M, pH 7.0), 0.15 mL of 2-deoxy-
ribose (10 mM), 0.15 mL of FeSO4-ethylenediamine tet-
raacetic acid (EDTA) (10 mM), 0.15 mL of H2O2 (10 
mM), 0.525 mL of distilled water, and 0.075 mL of sam-
ple solution. After incubation at 37oC for 4 hr, the re-
action was stopped by adding 0.75 mL of 2.8% trichloro-
acetic acid and 0.75 mL of 1.0% 2-thiobarbituric acid 
in 0.05 N NaOH. The solution was boiled for 10 min 
and then cooled in water. The absorbance was measured 
at 520 nm. Hydroxyl radical scavenging activity was 
evaluated as the inhibition rate of 2-deoxyribose oxida-
tion by ·OH (15).

NO scavenging activity 
NO was generated from SNP and measured by the 

Griess reaction, according to Sreejayan and Rao (16). 
SNP (5 mM), in phosphate buffered saline, was mixed 
with different concentrations of sample and incubated 
at 25oC for 150 min. The amount of NO produced by 
SNP was assayed by measuring the accumulation of ni-
trite, based on the Griess reaction, using a microplate 
assay method.

Determination of lipid oxidation 
Lipid oxidation was measured by the ferric thiocyanate 

(FTC) method (17). The solution, containing 1 mL of 
each sample, 2 mL of 2.51% linoleic acid in ethanol, 
4 mL of 0.02 M phosphate buffer (pH 7.0), 0.417 mL 
of 100 mM AAPH or 12 mM SNP, and 2 mL of distilled 
water, was mixed and placed in a dark oven at 37°C 
for 200 min. 0.1 mL of aliquot was taken from a reaction 
mixture every 24 hr that was first diluted with 9.7 mL 
of 75% ethanol, then 0.1 mL of 30% ammonium thio-
cyanate solution, and finally 0.1 mL of 0.02 M ferrous 
chloride in 3.5% hydrochloric acid. The absorbance of 
red color was measured at 500 nm every 24 hr until one 
day after absorbance of the control reached maximum.

RESULTS AND DISCUSSION

The overproduction of free radicals can cause ex-
tensive damage to tissues and biomolecules, leading to 
various pathological conditions and degenerative dis-
eases (1). Many synthetic drugs with antioxidative ef-
fects can protect against oxidative damage, but the vari-
ous adverse side effects are becoming serious issues. 
Dietary antioxidant intake may be an important strategy 
for inhibiting or delaying the oxidation of susceptible 
cellular substrates, by overproduction of free radicals, 
and relevant to disease prevention in many paradigms. 
Flavonoids and other phenolic compounds of plant origin 
have been reported as radical scavengers and inhibitors 
of lipid peroxidation (18,19). Perilla frutescens leaves 
are known to be rich in flavonoids and RA, the main 
phenolic acid (20). In addition, evidence suggests that 
Perilla frutescens exhibits are strong anti-inflammatory 
and anti-allergic biological activities (5,21). However, the 
protective activity of Perilla frutescens and RA against 
oxidative stress and nitrosative stress has not been clear-
ly elucidated. We investigated the protective activity of 
Perilla frutescens extract and its active compound RA 
against free radicals.

DPPH radical scavenging activity 
DPPH, a stable nitrogen centered free radical, has been 

widely used to test the ability of compounds or plant 
extracts to act as free radical scavengers or hydrogen 
donors (22). The DPPH scavenging activity of Perilla 
frutescens and RA increased in a concentration-depend-
ent manner (Fig. 2). At 100 µg/mL, the DPPH scaveng-
ing effect of methanol extract from Perilla frutescens 
was over 80% and RA showed over 90% scavenging 
activity at 200 μM. Perilla frutescens extract and RA 
had IC50 values of 8 µg/mL and 15 μM, respectively, 
suggesting their promising role as free radical scavengers.

·OH radical scavenging activity 
·OH scavenging activity of Perilla frutescens and RA 
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(A) (B)

Fig. 2. DPPH scavenging activity of MeOH 
extract from Perilla frutescens (A) and ros-
marinic acid (B). Values are mean±SD. 
a-eMeans with the different letters are sig-
nificantly different (p<0.05) by Duncan’s 
multiple range test.

(B)(A)

Fig. 3. Hydroxyl radical scavenging activity 
of MeOH extract from Perilla frutescens (A) 
and rosmarinic acid (B). Values are mean± 
SD. a-eMeans with the different letters are sig-
nificantly different (p<0.05) by Duncan’s 
multiple range test.

(A) (B)

Fig. 4. NO scavenging activity of MeOH ex-
tract from Perilla frutescens (A) and rosmar-
inic acid (B). Values are mean±SD. a-eMeans 
with the different letters are significantly dif-
ferent (p<0.05) by Duncan’s multiple range 
test.

was shown in Fig. 3. ·OH is the major active oxygen 
species causing lipid peroxidation and enormous bio-
logical damage. ·OH is formed from hydrogen peroxide 
by the Fenton reaction and is considered the most toxic 
ROS (23,24). The Perilla frutescens extract showed high 
·OH scavenging activity, even at low concentrations 
(Fig. 4). At 100 μg/mL, Perilla frutescens showed over 
90% scavenging effect of ·OH. RA also exerted a strong 
scavenging effect of ·OH in a concentration-dependent 
manner. At 200 μM, RA scavenged 87.5% of total ·OH. 
These results indicated that Perilla frutescens and RA 

may have protective activity from the most toxic and 
reactive radical, ·OH. 

NO scavenging activity 
NO is an important signaling molecule that acts in 

many tissues to regulate a diverse range of physiological 
processes including vasodilatation, neuronal function, in-
flammation and immune function. In addition, NO can 
damage DNA, inhibit a variety of enzymes and induce 
lipid peroxidation. Also, NO plays a role in the regu-
lation of apoptosis (25). Therefore, to investigate the NO 
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(A) (B)

Fig. 5. Protective effect of MeOH extract from 
Perilla frutescens (A) and rosmarinic acid (B) 
from lipid peroxidation induced by sodium 
nitroprusside. Values are mean±SD.

(A) (B)

Fig. 6. Protective effect of MeOH extract from 
Perilla frutescens (A) and rosmarinic acid (B) 
from lipid peroxidation induced by 2,2'-azo-
bis(2-amidinopropane) dihydrochloride. Val-
ues are mean±SD.

scavenging activity by Perilla frutescens and RA, we 
used SNP as a NO radical generator. Treatment with 100 
μg/mL of Perilla frutescens exhibited the inhibitory ef-
fect against NO over 45% and RA showed a similar re-
sult at 200 μM (Fig. 4). Compared to other radicals, the 
effect of NO scavenging by Perilla frutescens and RA 
was relatively low, but significantly increased in a con-
centration-dependent manner. 

Antioxidant activity from the linoleic acid peroxi-
dation 

To determine the antioxidant activity of samples, the 
FTC method was applied by measuring the peroxide lev-
els during the initial stage of lipid oxidation (26-28). 
Two different generators, SNP and AAPH, were used 
to induce NO and peroxyl radicals. SNP is comprised 
of a ferrous ion center complexed with five cyanide moi-
eties and a nitrosyl group. SNP can interact with oxy-
hemoglobin, dissociating immediately and forming meth-
emoglobin, and eventually releasing cyanide and nitric 
acid (29). Perilla frutescens and RA inhibited the lipid 
peroxidation induced by NO (Fig. 5). Control showed 

the highest absorbance value of 0.38 at 6 days, while 
after the 7 day incubation period, the formation of per-
oxides was stopped and the value declined to 0.26 because 
of non-availability of linoleic acid. The result showed 
significant decline of absorbance values of Perilla fru-
tescens and RA on the last day. Compared with control, 
the treatment of Perilla frutescens showed low absorb-
ance values overall, peaking at 0.019 and gradually de-
clined to 0.004 with 100 μg/mL treatment. Similarly, RA 
values declined from 0.010 to lower than 0 at the 200 
μM concentration. This data indicates that Perilla fru-
tescens and RA inhibited lipid peroxidation through 
elimination of NO. Similarily, AAPH can generate free 
radicals at a constant rate in a water environment by 
unimolecular thermal decomposition without the addi-
tion of potentially interfering cofactors and transition 
metals. AAPH was used as the peroxyl radical generator 
to initiate the reaction (30-32). Peroxyl radicals have 
been proposed to be mediators of the hydroperoxide-de-
pendent oxidations related to human diseases, and there-
fore widely accepted that peroxyl radicals are important 
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intermediates in the oxidation of fatty acid (33). The 
treatment with Perilla frutescens and RA led to the de-
crease in absorbance values after the 2 day incubation 
period (Fig. 6). Control treated with AAPH revealed the 
value of 0.137 at the 1st day, however the treatment of 
Perilla frutescens and RA at the concentration of 100 
μg/mL and 200 μM led to the decline of the values 0.032 
and lower than 0, respectively. These results suggested 
that Perilla frutescens and RA exerted antioxidative ac-
tivity against peroxyl radicals and lipid peroxidation.

In conclusion, the methanol extracts from Perilla fru-
tescens and RA exerted strong antioxidative activities 
against DPPH, ·OH, and NO and inhibited lipid perox-
idation induced by NO and the peroxyl radical. These 
results suggest the promising role of Perilla frutescens 
and RA as effective antioxidants against free radical in-
duced oxidative stress.

ACKNOWLEDGEMENTS

This research was supported by program for Regional 
Innovation System (RIS program) of the Ministry of 
Knowledge Economy through Pusan National University 
Welling Products RIS center. 

REFERENCES

1. Turner TT, Lysiak JJ. 2008. Oxidative stress: a common 
factor in testicular dysfunction. J Androl 29: 488-498. 

2. Piao XS, Piao XL, Kim HY, Cho EJ. 2008. Antioxidative 
activity of geranium (Pelargonium inquinans Ait) and its 
active component, 1,2,3,4,6-penta-o-galloyl-beta-D-glucose. 
Phytother Res 22: 534-538.  

3. Halliwell B. 1987. Oxidants and human disease: some new 
concepts. FASEB J 1: 358-364. 

4. Slater TF. 1984. Free-radical mechanisms in tissue injury. 
Biochem J 222: 1-15. 

5. Makino T, Furuta Y, Wakushima H, Fujii H, Saito K, Kano 
Y. 2003. Anti-allergic effect of Perilla frutescens and its 
active constituents. Phytother Res 17: 240-243. 

6. Banno N, Akihisa T, Tokuda H, Yasukawa K, Higashihara 
H, Ukiya M, Watanabe K, Kimura Y, Hasegawa J, Nishino 
H. 2004. Triterpene acids from the leaves of Perilla fru-
tescens and their anti-inflammatory and antitumor-promot-
ing effects. Biosci Biotechnol Biochem 68: 85-90.

7. Heo JC, Nam DY, Seo MS, Lee SH. 2011. Alleviation of 
atopic dermatitis-related symptoms by Perilla frutescens 
Britton. Int J Mol Med 28: 733-737. 

8. Nakazawa T, Yasuda T, Ueda J, Ohsawa K. 2003. Antide-
pressant-like effects of apigenin and 2,4,5-trimethoxycin-
namic acid from Perilla frutescens in the forced swimming 
test. Biol Pharm Bull 26: 474-480. 

9. Ueda H, Yamazaki C, Yamazaki M. 2002. Luteolin as an 
anti-inflammatory and anti-allergic constituent of Perilla 
frutescens. Biol Pharm Bull 25: 1197-1202. 

10. Sanbongi C, Takano H, Osakabe N, Sasa N, Natsume M, 
Yanagisawa R, Inoue KI, Sadakane K, Ichinose T, 
Yoshikawa T. 2004. Rosmarinic acid in perilla extract in-

hibits allergic inflammation induced by mite allergen, in 
a mouse model. Clin Exp Allergy 34: 971-977. 

11. Žekonis G, Žekonis J, Šadzevičienė R, Šimonienė G, 
Kėvelaitis E. 2008. Effect of Perilla frutescens aqueous 
extract on free radical production by human neutrophil 
leukocytes. Medicina 44: 699-705.

12. Tada M, Matsumoto R, Yamaguchi H, Chiba K. 1996. 
Novel antioxidants isolated from Perilla frutescens Britton 
var. crispa (Thunb). Biosci Biotechnol Biochem 60: 1093- 
1095.

13. Dapkevicius A, Venskutonis R, Van Beek TA, Linssen 
JPH. 1998. Antioxidant activity of extracts obtained by 
different isolation procedures from some aromatic herbs 
grown in lithuania. J Sci Food Agric 77: 140-146. 

14. Hatano T, Edamatsu R, Hiramatsu M, Mori A, Fujita Y, 
Yasuhara T, Yoshida T, Okuda T. 1989. Effects of the in-
teraction of tannins with co-existing substances, VI: ef-
fects of tannins and related polyphenols on superoxide 
anion radical, and on 1,1-diphenyl-2-picrylhydrazyl radical. 
Chem Pharm Bull 37: 2016-2021. 

15. Chung SK, Osawa T, Kawakishi S. 1997. Hydroxyl radi-
cal-scavenging effects of spices and scavengers from 
brown mustard (Brassica nigra). Biosci Biotech Biochem 
61: 118-123.

16. Sreejayan, Rao MN. 1997. Nitric oxide scavenging by 
curcuminoids. J Pharm Pharmacol 49: 105-107. 

17. Kikuzaki H, Nakatani N. 1993. Antioxidant effect of some 
ginger constituents. J Food Sci 58: 1407-1410.  

18. Sundararajan R, Haja NA, Venkatesan K, Mukherjee K, 
Saha BP, Bandyopadhyay A, Mukherjee PK. 2006. Cytisus 
scoparius link－a natural antioxidant. BMC Complement 
Altern Med 6: 8. 

19. Formica JV, Regelson W. 1995. Review of the biology 
of quercetin and related bioflavonoids. Food Chem Toxicol 
33: 1061-1080.

20. Peng Y, Ye J, Kong J. 2005. Determination of phenolic 
compounds in Perilla frutescens L. by capillary electro-
phoresis with electrochemical detection. J Agric Food 
Chem 53: 8141-8147. 

21. Osakabe N, Takano H, Sanbongi C, Yasuda A, Yanagisawa 
R, Inoue K, Yoshikawa T. 2004. Anti-inflammatory and 
anti-allergic effect of rosmarinic acid (RA); inhibition of 
seasonal allergic rhinoconjunctivitis (SAR) and its mecha-
nism. Biofactors 21: 127-131. 

22. Ak T, Gülcin I. 2008. Antioxidant and radical scavenging 
properties of curcumin. Chem Biol Interact 174: 27-37.  

23. Esmaeili MA, Sonboli A. 2010. Antioxidant, free radical 
scavenging activities of Salvia brachyantha and its pro-
tective effect against oxidative cardiac cell injury. Food 
Chem Toxicol 48: 846-853. 

24. Aruoma OI, Grootveld M, Halliwell B. 1987. The role 
of iron in ascorbate-dependent deoxyribose degradation. 
Evidence consistent with a site-specific hydroxyl radical 
generation caused by iron ions bound to the deoxyribose 
molecule. J Inorg Biochem 29: 289-299.  

25. Morbidelli L, Donnini S, Ziche M. 2004. Role of nitric 
oxide in tumor angiogenesis. In Angiogenesis in Brain 
Tumors. Kirsch M, Black PM, eds. Kluwer Academic 
Press, Boston, VA, USA. p 155-168.

26. Li F, Wang FF, Yu F, Fang Y, Xin ZH, Yang FM, Xu 
J, Zhao LY, Hu QH. 2008. In vitro antioxidant and anti-
cancer activities of ethanolic extract of selenium-enriched 
green tea. Food Chem 111: 165-170. 

27. Ahmad R, Ali AM, Israf DA, Ismail NH, Shaari K, Lajis 



Antioxidative Activity of Perilla frutescens and Rosmarinic Acid 229

NH. 2005. Antioxidant, radical-scavenging, anti-inflam-
matory, cytotoxic and antibacterial activities of methanolic 
extracts of some Hedyotis species. Life Sci 76: 1953-1964. 

28. Liu Q, Yao HY. 2007. Antioxidant activities of barley seeds 
extracts. Food Chem 102: 732-737.  

29. Friederich JA, Butterworth JF. 1995. Sodium nitroprus-
side: twenty years and counting. Anesth Analg 81: 152- 
162. 

30. Zou CG, Agar NS, Jones GL. 2001. Oxidative insult to 
human red blood cells induced by free radical initiator 
AAPH and its inhibition by a commercial antioxidant 
mixture. Life Sci 69: 75-86.

31. Miki M, Tamai H, Mino M, Yamamoto Y, Niki E. 1987. 
Free-radical chain oxidation of rat red blood cells by mo-
lecular oxygen and its inhibition by alpha-tocopherol. Arch 
Biochem Biophy 258: 373-380.  

32. Sato Y, Kamo S, Takahashi T, Suzuki Y. 1995. Mechanism 
of free radicals-induced hemolysis of human erythrocytes: 
hemolysis by water-soluble radical initiator. Biochemistry 
34: 8940-8949.  

33. Chamulitrat W, Mason RP. 1989. Lipid peroxyl radical in-
termediates in the peroxidation of polyunsaturated fatty 
acids by lipoxygenase. Direct electron spin resonance 
investigations. J Biol Chem 264: 20968-20973. 

(Received July 25, 2011; Accepted September 5, 2011)


