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Date January 16, 2003
From Chemist, Division of Standards and Labeling Regulations, Office of Nutritional

Products, Labeling and Dietary Supplements, HFS-821

Subject: 75-Day Premarket Notification of New Dietary Ingredients

To:

Dockets Management Branch, HFA-305

Subject of the Notification: 3’4’ 5,77-tetrahydroxyflavone
(Luteolin)(Lutimax)

Firm: SYNORX, Inc.

Date Received by FDA: August 13, 2002

90-Day Date: November 11, 2002

In accordance with the requirements of section 413(a) of the Federal Food, Drug, and
Cosmetic Act, the attached 75-day premarket notification and related correspondence for the
aforementioned substance should be placed on public display in docket number 95S-0316 as

soon possible since it is past the 90-day date. Thank you for your assistance.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES " Public Health Service

Food and Drug Administration

College Park, MD

ocT 25 2002

Thomas P. Lahey

President

SYNORX

1031 Calle Trepadora

Suite D

San Clemente, California 92673

Dear Mr. Lahey:

This letter acknowledges receipt of a new dietary ingredient notification, dated

August 6, 2002, submitted to the Food and Drug Administration (FDA) for a new dietary
ingredient pursuant to 21 U.S.C. 350b(a)(2) [section 413 (a)(2) of the Federal Food, Drug, and
Cosmetic Act (the Act)] and 21 Code of Federal Regulations (C.F.R.) 190.6. FDA received
your submission on August 13, 2002. Your submission notified FDA that you intend to
market Luteolin (3°, 4’ 5, 7-tetrahydroxyflavone), a flavonoid compound, as a new dietary
ingredient.

Your notification further stated that luteolin will be marketed as a dietary supplement under
the trade name Lutimax, with each pill containing 25 mg. Recommended use is 1 Lutimax
pill taken 1-3 times per day. You also state in your submission that the luteolin that you
intend to market is “...a bioflavonoid synthesized from the bioflavonoid rutin. The glycoside
of quercitin is the starting material in the synthesis and is called rutin.”

In accordance with 21 U.S.C. 350b(a)(2), a manufacturer or distributor of a dietary
supplement that contains a new dietary ingredient must submit certain information to FDA at
least 75 days before the dietary ingredient is introduced or delivered for introduction into
commerce. This information must include the basis on which the manufacturer or distributor
has concluded that a dietary supplement containing such new dietary ingredient will
reasonably be expected to be safe. FDA reviews this information to determine whether it
provides an adequate basis for such a conclusion. Under section 350b(a)(2), there must be a
history of use or other evidence of safety establishing that the dietary ingredient, when used
under the conditions recommended or suggested in the labeling of the dietary supplement,
will reasonably be expected to be safe. If this requirement is not met, the new dietary
ingredient is deemed to be adulterated under 21 U.S.C. 342 (f)(1)(B), because there is
inadequate information to provide reasonable assurance that the new dietary ingredient does
not present a significant or unreasonable risk of illness and injury.
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significant concerns about the evidence on which you rely to support your conclusion that a
dietary supplement containing luteolin will reasonably be expected to be safe. You state in
your submission that “luteolin-containing preparations have a long history.” However, your
submission contains no information to support this statement nor establishes that historical
use, if any, is relevant to reaching a conclusion that your product, when used under the
conditions recommended or suggested in the labeling of the dietary supplement, will
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scientific literature on flavonoid compounds. These articles are both reviews and research
studies and appear only to address topics such as the general chemistry, isolation, dietary
sources, metabolism, and purported antioxidant properties of flavonoid compounds or on cells
in vitro, or in one instance, two human subjects ingested 50 mg of luteolin suspended in starch
solution in a single dose to assess intestinal absorption (reference 22). Such information is
likely of limited utility in evaluating the safety of a dietary supplement containing luteolin.

The studies supplied with the notification do not appear to be relevant to an evaluation of the
safety of the luteolin product that is the subject of your notification. Your notification fails to
explain the relationship between your substance and the substance used in the studies.
Therefore, your notification does not meet the requirements establishing history of use or
other evidence of safety when used as recommended or suggested as required by

21 CFR 190.6(b)(4).

For the reasons discussed above, the information in your submission does not provide an
adequate basis to conclude that luteolin or Lutimax, when used under the conditions
recommended or suggested in the labeling of your product, will reasonably be expected to be
safe. Therefore, your product may be adulterated under 21 U.S.C. 342(f)(1)(B) as a dietary
supplement that contains a new dietary ingredient for which there is inadequate information to
provide reasonable assurance that such ingredient does not present a significant or
unreasonable risk of illness or injury. Introduction of such a product into interstate commerce
is prohibited under 21 U.S.C. 331(a) and (v).

Your submission will be kept confidential for 90 days from the date of receipt, and after
November 11, 2002, your submission will be placed on public display at Dockets
Management Branch (Docket No. 95S-0316). Commercial and confidential information in
the notification will not be made available to the public. Prior to November 11, 2002, you
may wish to identify in writing specifically what information you believe is proprietary.
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Nevertheless, our Center’s Freedom of Information Officer has the authority to make the final
decision about what information in the notification should be redacted before it is posted at
Dockets.

Please contact us if you have questions concerning this matter.

Sincerely yours,

Felicia B. Satchell

Director

Division of Standards
and Labeling Regulations

Office of Nutritional Products, Labeling
and Dietary Supplements

Center for Food Safety

and Applied Nutrition
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August 6, 2002

Office of Special Nutritionals (HFS-450)
Center for Food Safety and Applied Nutrition
Food and Drug Administration

200 C Street SW

Washington, DC 20204

Re: New Dietary Ingredient Notification

Dear Sir / Madam:

In accordance with 21 CFR 190.6, SYNORYX, Inc. d/b/a Lutimax
Nutraceuticals, Inc. is hereby notifying the Food and Drug Administration that we
intend to market a dietary supplement containing a dietary ingredient calied
Luteolin. Although it is our professional legal opinion that Luteolin has long been
present in the food supply as an article used for food and will be offered as a
dietary supplement ingredient in a form that has not been chemically altered from
the natural occurring compound and thus is not a new dietary ingredient requiring
a “new dietary ingredient notification” to the FDA, we nevertheless hereby submit
a Notification for the marketing of a new dietary ingredient pursuant to Section 8
of the Dietary Supplement Health and Education Act of 1994.

1. The name and complete address of the manufacturer or distributor:
SYNORY, Inc., d/b/a Lutimax Nutraceuticals, Inc.
1031 Calle Trepadora
Suite D
San Clemente, CA 92673
USA
2. The name of the new dietary ingredient:

Luteolin

3. A description of the dietary supplement or dietary supplements that contain the
new dietary ingredient including:

a) the level of the new dietary ingredient in the dietary supplement:
25 mg per dietary supplement pill
b) the conditions of use recommended or suggested in the labeling of the

dietary supplement or, if none, the ordinary conditions of use of the
suppliement:

1031 Calle Trepadora, Suite D, San Clemente, CA 92673
phone [949] 492.6642 fax [949] 482.4270
www.SYNORx.com



Dietary Supplement Lutimax contains Luteolin, a bioflavonoid synthesized
from the bioflavonoid rutin, present with or without other dietary
supplements, in a pill form.

Luteolin (3', 4', 5, 7-tetrahydroxyflavone) is a flavonoid isolated from
many plants including Reseda luteola L., Achillea millefolium L.,
Chamomillae requtita, Cynara scolymus, Thymus vulgaris, Limonium
sinuatum, Vitex rotundifolia, Erigeron cadadensis L., Sophora
angustifolia, Satureja obovata, Lonicera japonica. 1t is also found in
Propolis.

Luteolin occurs naturally and is found as a component of many commonly
consumed foods. Luteolin is found in many foods including artichoke
leaves, broccoli, sage, and rosemary. It is most closely related in
structure to quercitin. The glycoside of quercitin is the starting material in
the synthesis and is called rutin.

Luteolin-containing preparations have a long history. The most common
plant in the U.S. diet is the artichoke, the highest percentage source in
nature is Reseda Luteola, commonly called Weld.

Luteolin is a yellow microcrystaliine powder. It is sparingly soluble in
water, but soluble in alkali.

Extracts from Chemomillae requtita (chamomile) and Achillea millefolium
L. (yarrow), are rich in Luteolin and its glycosides. They are well
established for a wide range of beneficial effects such as anti-oxidant
activity. Luteolin, constituent of artichoke leaf extract, showed a
concentration-dependent inhibitory activity in several models of oxidative
stress. The antioxidant potential of Luteolin, measured in Trolox test, is
twice stronger that that of Vitamin E. Luteolin is a significantly more
potent antioxidant than the synthetic antioxidant butylated hydroxytoluene
(BHT), which is generally used in oxygen sensitive processes. Luteolin
has strong scavenging properties for superoxide radicals.

Luteolin is a potent physical quencher of singlet oxygen. Luteolin inhibits
single strand break in DNA induced by singlet oxygen in a dose-
dependent manner. Xanthine oxidase is considered to be the most
prominent biological source of harmful superoxide radicals. Luteolin is a
strong competitive inhibitor of xanthine oxidase, which results in a
reduced formation for H20.

Recommended use: As a dietary supplement, take 1 Lutimax pill 1-3

times daily. Do not exceed the recommend dosage without the advice of
a physician.
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4. The history of use or other evidence of safety establishing that the dietary
ingredient, when used under the conditions recommended or suggested in the
labeling, reasonably will be expected to be safe. This should include citations to
published articles or other evidence that forms the basis for the conclusion that
the ingredient is safe. References to published literature should be accompanied
by reprints or copies of the references and should be in English:

GENERAL SAFETY

Toxicity of Luteolin

Luteolin is considered nontoxic.
The determination of LD50 in various animals did not show any acute toxicity.

LD 50 of Luteolin

Animal Route Dose Reference

Mouse Intraperitoneal >180mg/kg | Peng, H.; Xiang, S.; Bi, Z. (1981)
Yao Hsueh T'ung Pao 16(ISS 2),
11-13

Chavant, L.; Combie, H.; Crs, J.
(1975) Plant. Med. Phytother. 9(4),
267-272

Rat Intraperitoneal 411 mg/kg Dai, L.M., Cheng, H., Li, W.P., Liu,
S.Q., Chen, M.X,, Xu, S.Y. (1985)
Acta Anhui Med. Univ. 20, 1-3.

Rat Intramuscular 592 mg / kg Annui Cooperation Group,
Preliminary experimental study of
Aruga decumbens Thunb. against
chronic bronchitis, (1973) Chin.
Herb. Med. Commun. 2, 18-23

Mouse Oral >2500 mg / kg | Dai, L.M., Cheng, H., Li, W.P., Liu,
S.Q., Chen, M.Z,, Xu, S.Y. (1985)
Acta Anhui Med. Uni. 20, 1-3

Enclosed please find documentation that establishes this dietary ingredient,
Luteolin, when used under the conditions suggested on the [abel, will reasonably
be expected to be safe. This documentation includes a Certificate of Analysis,
Rat Toxicity Test Information and Results, and scientific studies which also
reflect Luteolin’s strong safety profile. Please see citation list in alphabetical order
below.
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Certificate of Analysis- please also note that Luteolin is
manufactured in accordance with applicable FDA Good Manufacturing Practices.

Acute Oral Toxicity Study in the Rat (FHSA Method) of Luteolin by
NAMSA completed on February 6, 2001.

Scientific Study Articles:

1. Bashir, A.K.; Wasfi, Abdalla, I.A., Flavonoids of Liimonium
axillare, Int. J. Pharmacog., 32(1994). No.4, 366-372.

2. Beretz, Alain; et al., The effect of flavonoids on blood-
vessel wall interactions, Plant flavonoids in biology and
medicine |l: Biochemical, Cellular and medicinal properties,
pages 187-200.

3. Boersma MG, Van der Woude H, Bogaards J, Boeren S,
et.al, Regioselectivity of phase 11 metabolism of luteolin
and quercetin by UDP-glucuronosyl transferases,
Chemical Research in Toxicology, 15(5): 662-670, May
2002.

4. Boersma, Marelle G., et al., Regioselectivity of Phase |
metabolism of luteolin and quercetin by UDP-Glucuronosyil
Transferases, Chem. Res. Toxiol. 2002, 15, 662-670.

5. Braune A, Gutschow M, Engst W. et al., Degradation of
quercetin and luteolin by Eubacterium ramulus, Appl
Environ Microb 67 (12): 5558-5567 December 2001.

6. Braune, Annett; Gutschow, Michael, Degradation of
Quercetin and Luteolin by Eubacterium ramulus, Applied
and Environmental Microbiology, Vol 67, No. 12, 5558-
5567, December 2001.

7. Brenes, Manuel; Garcia, Aranzazu, Phenolic Compounds
in Spanish Olive QOils, j. Agric. Food Chem. 1999, 47, 3535-
3540.

8. Brown, Jonathan E.; Rice-Evans, Catherine A., Luteolin-
Rich Artichoke extract protects law density lipoprotein from
oxidation /n Vitro, Free Rad. Res., Vol. 29, 247-255, 1998.

9. Cai, Qiuyin; Rahn, Ronald O., Dietary flavonoids,
quercetin, luteolin and genistein, reduce oxidative DNA
damage and lipid peroxidation and quench free radicals,
Cancer Letters, 119(1997) 99-107.

10. Chen, Hancai; et;al., Proteome analysis demonstrates
complex replicon and luteolin interactions in pSyma-cured
derivatives of sinorhizobium meliloti strain 2011,
Electrophoresis 2000, 21, 3833-3842.
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11. Cheong, Ho; et al., Studies of structure activity
relationship of flavonoids for the anti-allergic actions, Arch.
Pharm. Res. Vol. 21No.4, 478-480, 1998.

12. Chin-Yen, Gow; et al., Relationship between Antioxidant
activity and maturity of peanut hulls, J. Agri. Food Chem.
1993, 41, 67-70.

13. Cholbi, M.R.; Paya, M; et al., Inhibitory effects of phenolic
compounds on CCl 4-induced microsomal lipid
peroxidation, Experientia 47(1991).

14. Chowdhury, Arnab Roy; Sharma, Shalini, et al., Luteolin,
an emerging anti cancer flavonoid. Biochemical Society,
Manuscript BJ20020098, May 23, 2002.

15. Cotelle, Nicole; et al., Antioxidant Properties of Hydroxy-
Flavones, Free Radical Biology & Medicine, Vol 20, No. 1,
pp. 35-43, 1996.

16. Crozler, Alan, et al., “Quantitative Analysis of the Flavonoid
Content of commercial tomatoes, onions, lettuce, and
celery, J. Agric. Food Chem. 1997, 45, 590-595.

17. Daigle, D.J; Conkerton, E.J, et al., Peanut Hull Flavonoids:
their Relationship with peanut maturity, J. Agric. Food
Chem. 1988, 36, 1179-1181.

18. Das, Dipak, Naturally occurring flavonoids: structure,
chemistry, and high-performance liquid chromatography
methods for separation and characterization, Methods in
Enzymology, Vol. 234, 411-415, 1994.

19. Das, N.P;Griffiths, L.A., Metabolism of (+) — Catechin on
the Guinea Pig, Biochem. J. (1968) 110, 449.

20. Duarte, Juan; Vizcaino, Francisco Perez; et al.,
Vasodilatory effects of flavonoids in rat aortic smooth
muscle, structure-activity relationships, Gen.Pharmac. Vol
24, No.4. pp 857-862, 1993.

21. Duh, Pin-Der; et al., Extraction and Identification of an
antioxidative component from peanut hulls, JAOCS, Vol.
69, no.8 (August 1992)

22. Elangovan, N. Sekar; Govindasamy, S., Chemopreventive
potential of dietary bioflavonoids against 20-
methylcholanthrene-induced tumorigenesis, Cancer
Letters, 87 (1994) 107-113.
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23. Elangovan, V.; Ramamoorthy, Nalini; et al., Studies on the
antiproliferative effect of some naturally occurring
bioflavonoidal compounds against human carcinoma of
larynx and sarcoma-180 cell lines, Indian Journal of
Pharmacology, 1994; 26; 266-269.

24. Ferriola, Patrice C; et al., Protein Kinase C Inhibition by
Plant Fiavonoids, Biochemical pharmacology, Vol. 38,
No.10, pp.1617-1624, 1989.

25. Formica, J.V.; et al., Review of the Biology of quercetin
and related bioflavonoids, Fd Chem. Toxic. Vol. 33. No. 12,
pp. 1061-1080, 1995.

26. Fotsis, Theodore; et al., Flavonoids, Dietary-derived
Inhibitors of cell proliferation and in vitro angiogenesis,
Cancer Research 57, 2916-2921, July 15, 1997.

27. Gebhardt, Rolf, Inhibition of cholesterol biosynthesis in
primary cultured rat hepatocytes by artichoke (cynara
scolymus L.) extracts, JPET 286: 1122-1128, 1998.

28. Griffiths, L.A., Identification of the metabolics of (+)-
Catechin in rat urine, Biochem. J. (1964), 92, 173.

29. Hagiwara, Masatoshi; et al., Differential effects of
flavonoids as inhibitors of tyrosine protein kinases and
serine/threonine protein kinases, Biochemical
Pharmacology, Vol. 37., No. 15, pp. 2987-2992, 1998.

30. Heimler, D.; et al., Seasonal trend of flavonoids in olive
(olea europaea L.) leaves, Agr. Med., Vol. 126, 205-209
(1996).

31. Heller, Werner; et al., Flavonoids as antioxidants:
Determination of Radical-Scavenging Efficiencies,
Methods in Enzymology, Vol. 186.

32. Hertog, Michael G.L.; Holiman, Peter C.H.; et al., Content
of potentially anticarcinogenic flavonoids of 28 vegetables
and 9 fruits commonly consumed in the Netherlands, J.
Agric. Food Chem. 1992, 40, 2379-2383.

33. Hertog, Michael G.L.; Holiman, Peter C.H.; et al., Content
of Potentially anticarcinogenic flavonoids of tea infusions,
wines and fruit juices, J. Agric. Food Chem. 1993, 41,
1242-1246.

34. Hertog, Michael G.L.; Hollman, Peter C.H.; et al.,
Optimization of a quantitative HPCL determination of
potentially anticarcinogenic flavonoids in vegetables and
fruits, J. Agric. Food Chem. 1992, 40, 1591-1598.
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35. Hilsenbeck, Richard A.; et al., Flavonoids of Gaura
Triangulata, Phytochemistry, vol. 23, No. 05, pp. 1077-
1079, 1984.

36. Horhammer, L; Farkas, L, et al., isolierung Des Luteolin-7-
Glucosids aus achillea millefolium L. Und eine neue
synthese des glucosids, Acta Chim. Hung. Tomus 40.
1964.

37. Huamin, Peng; Siyuan Xiang, et al., A study of the
Pharmacological action of luteolin, the active component of
Ajuga Decumbens Thunb., on Cough, Sputum and
Dyspnea, 16(2) 1981.

38. Igile, Godwin O.; et al., Flavonoids from veronia
amygdalina and their antioxidant activities, J. Agric. Food
Chem. 1994, 42, 2445-2448.

39. llo, Masayoshi; et al., Effect of a-Glucosidase and -
Fructosidase from yeast, Agric. Biol. Chem., 48(6), 1559-
1563, 1984.

40. Ingkaninan, K; et al., Luteolin, a compound with
Adenosine A1 Receptor-Binding Activity, and chromone
and dihydronalhtalenone constituents from senna siamea,
J. Nat. Prod. 2000, 63, 315-317.

41. Joussen, Antonia M.; et al., Treatment of corneal
neovascularization with dietary isoflavonoids and
flavonoids, Exp. Eye Res. (2000) 71. 483-487.

42. Justesen, H.; et al., Accumulation of Anthocyanins and
Flavones during bud and flower development in
campanula isophylla moretti, Annals of Botany 79: 355-
360, 1997.

43. Karakaya, Sibel; Nehir EL, Sedef, Quercetin, Luteolin,
Apigenin and Kaempferol contents of some foods, Food
Chemistry 66(1999) 289-292.

44. Kimata, Masahiro; et al., Effects of Luteolin and other
flavonoids on IgE-Medicated Allergic Reactions, Plant
Medica 66(2000) 25-29.

45. Ko WG, Kang TH; Lee SJ, Kim YC; Lee BH, Effects of
Luteolin on the inhibition of proliferation and induction of
apoptosis in human myeloid leukemia cells, Phytotheraphy
Research 16(3): 295-298, May 2002.
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46. Kotanidou A, Xagorari A, Bagli E, et al., Luteolin reduces
lipopolysaccharide-included lethal toxicity and expression
of proinflammatory molecules in mice, AM J RESP CRIT
CARE 165(6): 818-823 March 15, 2002.

47. Kraft, K, Artichoke leaf extract—Recent findings reflecting
effects on lipid metabolism, liver and gastrointestinal tracts,
Phytomedicine Vol. 4(4), pp.369-378, 1997.

48. Kuppusamy, U.R; Das, N.P, Inhibitory effects of flavonoids
on several venom hyaluronidases, Experentia 47 (1991).

49. Le Marchand, Loic, Cancer preventive effects of
flavonoids—a review, Biomed Pharmacother 00 (2002)
000-000.

50. Lee, Youn; Howard, Luke, Firmness and Phytochemical
losses in pasteurized yellow banana peppers (capsicum
annum) as affected by calcium chloride and storage, J.
Agric. Chem. 1999, 47, 700-703.

51.Li, Y.C.; Hung C.F., Luteolin-inhibited arylamine N-
acetyltransferase activity and DNA-2- aminofluorence
adduct in human and mouse leukemia cells, Food and
Chemical Toxicology 39(2001) 641-647.

52. Llorach, Rafael; et al., Artichoke (Cynara scolymus L.)
byproducts as a potential source of health-promoting
antioxidant phenolics, J. Agric. Food Chem. 2002, 50,
3458-3464.

53. Lu, Huang Wei, et al., Effect of three flavonoids, 5, 7, 3’, 4’
- Tetrahydroxy-3-methoxy Flavone, Luteolin, and
quercetin, on the stimulus-induced superoxide generation
and tyrosyl phosphorrylation of proteins in human
neutrophil, Archives of Biochemistry and Biophysics, Vol.
393, No.1, September 1, pp.73-77, 2001.

54, Markaverich BM, Shoulars K. Brown MAT, Purification and
characterization of nuclear type |l [H-3]estradiol binding
sites from the rat uterus: Covalent labeling with [H-3]
Luteolin, Steroids 66(9): 707-719 September 2001.

55. Matsuda, Hideaki; Cai, Hong, et al., Study on anti-cataract
drugs from natural sources. 1l. Effects of buddlejae flos on
in vitro aldose reductase activity, Biol. Pharm. Bull. 18(3)
463-466 (1995).

56. Matsui T, Kobayashi M; Hayashida S, et al., Luteolin, a
flavone, does not suppress postprandial glucose
absorption through an inhibition of alpha-glucosidase
action, Biosci Biotech Bioch 66(3): 689-692 March 2002.
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57. Middleton, Elliott, et al., The effects of plant flavonoids on
mammalian cells: Implications for inflammation, heart
disease and cancer, Pharmacol Rev 52: 673-751, 2000.

58. Miean KH; et al., Flavonoid (myricetin, quercetin,
kaempferol, luteolin, and apigenin) content of edible
tropical plants, J Agr Food Chem 49(6): 3106-3112 June
2001.

59. Miean, Koo Hui, Mohamed, Suhaila, Flavonoid (Myricetin,
Quercetin, Kaempferol, Luteolin, and Apigenin) content of
edible tropical plants,

60. Miller, Micholas J., The Relative antioxidant activities of
plant-derived polyphenolic flavonoids,

61. Moriyama, Ayako; et al., Inhibition of Xanthine Oxidase by
Flavonoids, Agric. Biol. Chem., 49(7), 2173-2176, 1985.

62. Nagarajan, Shaheen Taj, Inhibition by quercetin and
luteolin of chromosomal alterations induced by salted,
deep-fried fish and mutton in rats, Mutation Research 369
(1996) 97-106.

63. Nagarathnam, Dhanapalan; Cushman, Mark, A short and
facile synthetic route to hydroxylated flavones. New
Synthesis of apigenin, tricin, and luteolin, J. org. chem..
1991, 56, 4884-4887.

64. Nakayama, Tsutomu; et al., Suppression of active oxygen-
induced cytotoxicity by flavonoids, Biochemical
Pharmacology, Vol. 45, No.1. Pp. 265-267, 1993.

65. NAMSA, Actual Oral Toxicity Study in the Rat, Lot: 167-20-
012; February 2, 2001.

66. Norton, Robert A., Inhibition of Aflatoxin B1 Biosynthesis in
Aspergillus flavus by anthocyanidins and related
flavonoids, J. Agri. Food Chem. 1999, 47, 1230-1235.

67. Occhiuto F.; Busa, G., Comparative antiarrhythmic and
anti-ischaemic activity of some flavones in the guinea-pig
and rat, Phytother. Res. 5, 9-14 (1998).

68. Park, Keun eong, et al., Inhibitory Effect of Luteolin 4’-O-
Glucoside from Kummerowla striata and other Flavonoids
on Interleukin-5 Bioactivity, Planta Med. 65 (1999) 457-
459.
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69. Park, Keun Yeong, et al., Inhibitory Effect of Luteolin 4’-O-
Glucoside from kummerowia striata and other flavonoids
on interluekin-5 bioactivity, Plant medica 65(1999) 457-
459.

70. Post, Jan F.M.; Varma, Rajendra S., Growth inhibitory
effects of bioflavonoids and related compounds on human
leukemia CEM-C1 and CEM-C7 cells, Cancer Letters, 67
(1992) 207-213.

71. Rainova L, Gakhniyan R, Changes in the resistance of the
capillary walls in rats under the effect of flavonoid
compounds isolated from Genista L. (Leguminosae),
Farmatsiya (sofia) 28, 5, 39-42, 1978.

72. Rice-Evans, Catherine A., et al., Antioxidant properties of
phenolic compounds, Vol. 2., No.4, April 1997.

73. Rimando Agnes M.; et al., Cancer chemopreventive and
antioxidant activities of pterostilbene, a naturally occurring
analogue of reservation, J. Agric. Food Chem. 2002, 50,
3453-3457.

74. Rojas, Sanchez de; et al., Isolation of vasodilatory active
flavonoids from the traditional remedy Satureja obovata,
Plant Medica 62 (1996) 272-274.

75. Ronzio, et al., Antioxidant derived from lentil and its
preparation and uses, U.S. Patent 5, 762, 936, June 9,
1998.

76. Ross, Julie A.; Kasum, Christine M., Dietary Flavonoids:
Bioavailability, Metabolic Effects, and safety,
Annu.Rev.Nutr.2002.22: 19-34.

77. Ruckstuhl, M; et al., Flavonoids are selective cyclic GMP
phospodiesterase Inhibitors, Biochemical Pharmacology,
Vol. 28, pp.535-538.

78. Ryu, Shi Yong; Choi, Ock Lee, et al., Antitumor Activity of
some phenolic components in plants, Arch. Pharm. Res.
Vol. 17, No.1, pp. 42-44, 1994,

79. Samejima, Kazuyasu, et al. Luteolin: A strong antimutagen

against dietary carcinogen, Trp-P-2, in peppermint, sage
and tayme, J. Agric. Food Chem. 1995, 43, 410-414.
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80. Shimoi K, Saka N, Nozawa R, et al., Deglucuronidation of
a Flavonoid, Luteolin monoglucuronide during
inflammation, Drug Metab Dispos 29(12): 1521-1524
December 2001.

81. Shimoi, Kayoko, Deglucuronidation of a flavonoid, luteolin
monoglucuronide, during inflammation, DMD 29:1521-
1524, 2001.

82. Shimoi, Kayoko, et al, Intestinal absorption of luteolin and
luteolin 7-O-4- glucoside in rats and humans, FEBS Letters
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CERTIFICATE OF ANALYSIS

Material: Luteolin

Chemical Name: 3'4, S, 7- tetrahydroxyflavone
CAS No. 491-70-3

Chemical Formula: C,, H,s O

Molecular Weight: 286.24

Lot Number: 061902-4XR

Date: July 8, 2002

TEST-ASSAY SPECIFICATIONS RESULTS
Color Yellow-Green It complies
Odor Odorless It complies
Appearance - Yellow green amorphous powder It complies
Loss on drying 5.5109.0% 5.0%
Quercetin (HPLC) Less than 5% Less than 1.0%
Assay (TLC) Rf complies to standard It complies
Assay (FTIR) 95.0t0 101.5% 98+%

Assay (HPLC) 95.0t0 103.5% 99.96

Specifications conform to NFXL (USP)

Signed by: ’/-éw/,(/

Quality Assurance

The information contained herein is offered us u service 1o our customer and is not intended o relievecu%&r fro
the suitability of this information or of the marerials deseribed hercin for purchaser’s purpose to investigate other sour|

responsibility 1o determine
of information to comply with

all laws and procedures regarding the aafe use of these materiak and lo use these materiult in a vafe effective manner.  No warranty. expressed or
implied is made of the merchantabilty or fitness of any product. and nothing herein waives any of the Sellers conditicas of sale,

1031 Calle Trepadora, Suite D, San Clemente, CA 92673
phone [849] 482.6642 fax [948] 492.4270
www. SYNORx.com
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SUMMARY

The test article, Luteolin, was evaluated for oral toxicity in accordance with the guidelines of the Federal Hazardous
Substances Act (FHSA) Regulations, 16 CFR 1500. The test article was prepared in Tween 80 to a 0.16 g/ml
concentration. A single dose of 5 g/kg of body weight was gavaged to 20 rats. The animals were observed for any
signs of toxicity. Ten rats were euthanatized on day 14 and the remaining ten rats were allowed to continue for 28
days. Rats euthanatized at 14 and 28 days were subjected to a gross necropsy of the viscera.

Under the conditions of this study, there was no mortality or significant evidence of toxicity observed in the rats.
The 0.16 g/ml test article solution would not be considered toxic at a dose of 5 g/kg by the oral route in the rat.

Study and Supervisory
Personnel: Gina M. Johnson, BA, LAT
Brenda Gonzalez, AS, LVT
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Study Director, Toxicology
/nee
Page 3 of 8

X Corp. Hdqtrs: 2261 Tracy Road, Northwood, OH 43613-1397 / 419.666.9455 / Fax 419.666.2954
3400 Cohb International Blvd., Kennesaw, GA 30152-7601/ 770.427.3101 / Fax 770.426.5692
9 Morgan, Irvine, CA 92618-2078 / 949.951.3110/ Fax 949.951.3280

Ensuring Medical Davice e . . . .
Satety and Compliance~ Affiliates: France  Germany « Israel « Taiwan * United Kingdom

Authonzation for duplication of this report, except in whole, is reserved pending NAMSA's written approval. 1003Y



TA004-900/8 Lab No. 00C 08676 00
DUPLICATE ORIGINAL #1
INTRODUCTION

The test article identified below was evaluated for oral toxicity in accordance with the guidelines of the Federal
Hazardous Substances Act (FHSA) Regulations, 16 CFR 1500. The purpose of the study was to determine the
potential for oral toxicity of the material following a single gavage in the rat. The test article was received on May
15,2000. Animals were dosed on May 19, 2000, and the observations were concluded on June 2, 2000 and June
16, 2000.

MATERIALS

The sample provided by the sponsor was identified and handled as follows:

Test Article: Luteolin

Identification No: 167-20-012 .

Storage Conditions: Room temperature

Preparation: With the assistance of the sponsor, a 12.8 gram sample of the test article was

mixed with 80 m] of Tween 80 (Lot # H286N42468) to yield 0.16 g/ml.
Duplicate mixtures were prepared, one batch for animals # 1-5 and # 11-15, a
second batch for animals # 6-10 and # 16-20.

METHODS
Test System:
Species: Rat (Rattus norvegicus)
Strain: Crl:CD (SD) BR
Source: Charles River Laboratories
Sex: 10 male, 10 female
Body Weight Range: 228 grams to 304 grams prior to fasting
Age: No particular age was prescribed for this test
Acclimation Period: Minimum 5 days
Number of Animals: Twenty
Identification Method: Ear punch

Justification of Test System:

The rat has historically been used to establish hazardous substance labeling data. The oral route of dosing is
selected as the strongest challenge for materials that could be accidentally ingested.
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Animal Management:
Husbandry: Conditions conformed to Standard Operating Procedures which are based on the "Guide for

the Care and Use of Laboratory Animals."

Food: PROLAB® R-M-H 1000 Rodent Diet was provided daily. Food was withheld 16-20 hours
prior to dosing.

Water: Freely available, municipal (Irvine, CA) water was delivered through an automatic watering
system.

Contaminants: Reasonably expected contaminants in feed or water supplies did not have the potential to

influence the outcome of this test.
Housing: Animals were housed in groups of up to five per sex in stainless steel suspended cages
identified by a card indicating the lab number, animal numbers, test code, sex, animal code

and date dosed.

Environmental: The room temperature was monitored daily. The temperature range for the room was within
a range of 64-79°F.

The room humidity was monitored daily. The humidity range for the room was 30-70%.
The light cycle was controlled using an automatic timer (12 hours light, 12 hours dark).
Facility: NAMSA is an AAALAC International accredited facility and is registered with the United

States Department of Agriculture. Additionally, NAMSA maintains an approved Animal
Welfare Assurance on file with the National Institutes of Health, Office for Protection from

Research Risks.
Personnel: Associates involved were appropriately qualified and trained.
Selection: Only healthy, previously unused animals were selected.

Experimental Procedure:

Each rat was weighed and the food was removed from each cage 16-20 hours prior to dosing. Each rat was gavaged
with the test article (via stainless steel blunt-tipped cannula) at a dose of 5 g/kg of body weight. The animals were
then returned to their cages and food was returned after treatment.

Animals were observed immediately after dosing, at 4 hours, and daily for up to 28 days for signs of illness or
mortality. Body weights were recorded at dosing, at 14 days and at 28 days for survivors. Ten rats were
euthanatized on day 14, and the remaining 10 rats were euthanatized on day 28 by carbon dioxide inhalation.
Animals found dead during the study or those euthanatized (carbon dioxide inhalation) at 14 days and 28 days were
subjected to a macroscopic examination of the viscera. Based on the FHSA Regulations, a substance is considered
"toxic" if it produces death within 14 days in 50% of a group of rats gavaged with a single 50 mg/kg to 5 g/kg dose.
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RESULTS
Individual observations appear in Table I.
Body Weight: Body weight data were acceptable. All rats gained weight during the study.
Mortality: No animals died during the 28 day study.

Clinical Observations: On days 1 and 2, all animals were observed to have diarrhea. By day 3, the stools of all
animals appeared normal. On days 1 through 5, all animals appeared to have a rough coat and yellow staining of
the fur. On day 6, the yellow color of the fur began to fade. By day 9, all fur coats appeared normal. Otherwise, all
animals appeared clinically normal throughout the study.

Necropsy: There were no macroscopic changes in the viscera at necropsy that could be attributed to the single oral
dose. .
Results and conclusions apply only to the test article tested. No further evaluation of these results is made by
NAMSA. Any extrapolation of these data to other samples is the responsibility of the sponsor. All procedures were
conducted in conformance with good laboratory practice and EN45001 Quality Standards (TUV Product Services
1/96).

CONCLUSION

Under the conditions of this study, the test article would not be considered toxic at a dose of 5 g/kg by the oral route
in the rat.

RECORD STORAGE

All raw data pertaining to this study and a copy of the final report are to be retained in designated NAMSA archive
files.
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TABLE]
INDIVIDUAL OBSERVATIONS
Animal Sex / Volume Body Weight (g) Clinical Observations
Number Administered (ml)* Day 0 Day 14 Day 28
1 Male/ 8.8 283 382 NA Appeared normal®
2 Male /9.0 290 395 NA Appeared normal*
3 Male/8.8 284 368 NA Appeared normal®
4 Male /8.7 280 383 NA Appeared normal®
5 Male /8.1 260 356 NA Appeared normal®
6 Male /7.8 252 352 411 Appeared normal®
7 Male /9.5 306 403 461 Appeared normal®
8 Male / 8.8 285 375 440 Appeared normal®
9 Male/ 8.6 277 346 392 Appeared normal®
10 Male/ 8.5 273 365 431 Appeared normal®
11 Female/ 7.3 236 300 NA Appeared normal®
12 Female/7.3 237 298 NA Appeared normal®
13 Female / 7.2 231 262 NA Appeared normal*
14 Female /7.1 228 286 NA Appeared normal®
15 Female /7.4 240 300 NA Appeared normal®
16 Female /7.1 228 280 312 Appeared normal®
17 Female /6.7 216 267 300 Appeared normal*
18 Female / 6.8 220 262 275 Appeared normal®
19 Female /6.7 217 260 291 Appeared normal®
20 Female /6.9 222 270 288 Appeared normal®
Mean: 253 326 360

* All animals had diarrhea on days 1 and 3. Stools returned to normal by day 3. Fur coat ungroomed on day 1 and

yellow in color on days 1-5. Fur returned to normal color by day 9.

* Dose factor - 5 g/kg + 0.16 g/ml test solution = 31 ml/kg

NAMSA
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TABLE II

MACROSCOPIC EXAMINATION OF VISCERA

Animal Sex Termination Necropsy
Number Observations
1 Male Day 14 ) Macroscopically normal
2 Male Day 14 Macroscopically normal
3 Male Day 14 Macroscopically normal
4 Male Day 14 Macroscopically normal
5 Male Day 14 . Macroscopically normal
6 Male Day 14 Macroscopically normal
7 Male Day 14 Macroscopically normal
8 Male Day 14 Macroscopically normal
9 Male Day 14 Macroscopically normal
10 Male Day 14 Macroscopically normal
11 Female Day 28 Macroscopically normal
12 Female Day 28 Macroscopically normal
13 Female Day 28 ‘ Macroscopically normal
14 Female Day 28 Macroscopically normal
15 Female Day 28 Macroscopically normal
16 Female Day 28 Macroscopically normal
17 Female Day 28 Macroscopically normal
18 Female Day 28 Macroscopically normal
19 Female Day 28 Macroscopically normal
20 Female Day 28 Macroscopically normal
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