한국광고자율심의기구
아브마콜 광고 검토의견 답변
 
1. 아브마콜에 들어있는 재료를 확인할 수 있는 자료 제출 요망

답변: 아브마콜은 국내 정식 수입품 혹은 건강기능식품이 아닌 직구 구매대행 제품입니다. 그러무로 식약처에 성분 자료를 제출할 필요는 없습니다.  아브마콜에 들어있는 제료를 확인할 수 있는 자료는 아래 아브마콜 라벨에 표시된 것과 SCI급 논문에 아브마콜에는 glucoraphanin과 myrosinase가 있다는 것을 확인 했다는 내용입니다. 

[image: Avmacol: regular strength – VetNutra – Högkvalitativa produkter för att  främja och upprätthålla djurhälsan]
추가로 아브마콜에 글루코라파닌과 미로시나아제가 함유되어있다는 내용은 아래 SCI급 논문에서 확인이 가능합니다. 논문은 “1번 답변’ 이름으로 첨부해드렸습니다. 
  
[image: ]

2. 설포라판 생성이 검증된 브로콜리 새싹 추출물 - 입증자료 제출 요망 및 수정
이부분은 이미 식약처로 누가 신고해서 자료를 제출해 확인을 받은 부분입니다. 아래 보시는 자료는 식약처에 보내고 승인 받은 자료입니다. 전체 논문은 PDF “2번 답변”으로 첨부해드렸습니다. 
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- 우선 설포라판이 생성되는지부터 입증되어야 하고, 입증된다면 '검증'은 '확인'으로 수정하실 것을 권고합니다.

의견: 저의는 ‘검증’이라는 표현이 더 올바른 표현인 것 같습니다.  1번에 체출했던 내용을 보시면 아래 논문에서는 “validating’ 이라는 용어로 적혀있습니다.  사전에서는 validate= 입증 검증  의 뜻으로 나와 있습니다. 
[image: ]

3. 글루코라파닌 + 미노시나아제 배합 - 입증자료 제출 요망

[image: ]
GR = glucoraphanin 

4. 설포라판 생성, 1정당 평균 2mg - 입증자료 제출 요망

[image: ]

계산법: 
molecular weight of glucoraphanin = 437.49 g/mol
molecular weight of sulforaphane = 177.27 g/mol 
glucoraphanin in a single Avmacol tablet = 15mg 
Bioavailability of Sulforaphane = 34.41%
1:1 mol ratio Glucoraphinin : Sulforaphane

15g 의 글루코라파닌을 섭취했을 경우 34.41% 가 설포라판으로 전환되어 소변에서 검출이 되었다면 몸에서 생산된 설포라판의 함량은 얼마일까?  ( 글루코라파닌을 설포라판으로 전환하는 엑셀시트를 보내드렸습니다. 참고 부탁드립니다.) 

15 / 437.49 x 177.27 x .0.3441 = 2.09mg

5. 존스 홉킨스 언급 내용 일체 수정

- 존스 홉킨스 대학을 언급하는 것은 개발자가 존스 홉킨스 대학 출신이라는 것까지입니다.
· 존스 홉킨스 대학 출신 박사가 제품을 개발했다고 해서 존스 홉킨스 대학에서 검증했다거나 '존스 홉킨스 대학 연구원 B.Cornblatt박사'라고 표현할 수는 없습니다.
답변: 네. 선생님 말씀이 맞습니다. 아브마콜을 개발한 사람은 존스 홉킨스 출신이라는 것을 표시한 것입니다.  하지만 아브마콜의 설포라판 함량을 검증을 한 분은 존스홉킨스 대학의 교수인 Dr.Jed Fahey입니다.  이 사실은 논문과 인터뷰에서도 나와있습니다.  
https://www.youtube.com/watch?v=vCMolTwZJRQ&t=478s
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영상에서 8분  - 8분 40초에서 아브마콜을 실험했다는 것을 말씀하십니다.  

추가로 아래 영상에서는 Jed Fahey 교수님이 존스 홉킨스에서 왜 아브마콜을 연구에 사용하게 되었는지까지 설명하는 1시간 강의 입니다. 
https://www.youtube.com/watch?v=5xaDLQi0uX4&t=2342s
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1번에 답변으로 제출한 논문을 보시면 main researcher / author 는 Jed Fahey 입니다. 아브마콜은 존스 홉킨스 대학에서 설포라판을 생산한다는 사실이 검증되었습니다. 실은 설포라판은 처음 존스 홉킨스 대학에서 발견이 되어 지금까지 발행된 브로콜리새싹과 설포라판에 대한 약동학적의 연구는 존스 홉킨스 대학 연구실에서 진행되었습니다. 

현재 B.Cornblatt박사는 존스 홉킨스 소속이 아니라 뉴트라맥스 소속이므로, 개발자의 출신을 밝힐 때 대학을 언급하는 정도로 수정하실 것을 권고합니다.

답변: 저의가 표시하고자 하는 것은 두가지입니다.  1. 존스 홉킨스 출신인 콘블라트 박사가 개발한 제품이다.  2. 아브마콜은 존스 홉킨스 대학에서 검증이 되었다. 

참고로 식품광고에서는 의료기관의 추천, 보증 표현을 사용할 수 없습니다.
답변: 네 확인했습니다. 


6. B.Cornblatt박사 개발한 제품 - 입증자료 제출 요망

아래 링크는 브라이언 콘블라트 박사가 뉴트라맥스에서 개발한 아브마콜 브랜드를 특허 신청한 링크입니다. 

https://pdfaiw.uspto.gov/.aiw?Docid=20160354448&homeurl=http%3A%2F%2Fappft.uspto.gov%2Fnetacgi%2Fnph-Parser%3FSect1%3DPTO1%2526Sect2%3DHITOFF%2526p%3D1%2526u%3D%2Fnetahtml%2FPTO%2Fsrchnum.html%2526r%3D1%2526f%3DG%2526l%3D50%2526d%3DPG01%2526s1%3D20160354448.PGNR.%2526OS%3D%2526RS%3D&PageNum=&Rtype=&SectionNum=&idkey=F889CDD59DB4

7. 과학자 인정 제품 – 삭제
네   “SCI급 연구에서 사용” 으로 수정 하겠습니다.  이러면 괜찮을까요?  

- 아래 8번 내용이 입증된다고 하더라도 과학계가 마치 제품을 보증하는 듯한 표현이므로 해당 표현은 사용하기 어렵습니다.

8. SCI급 연구에 브로콜리 새싹 제품 중 가장 많이 사용된 제품 - 입증자료 제출 요망

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6804255/

이제까지 진행된 설포라판에 대한 연구에 관해 사용된 제품 (예, 브로콜리새싹 추출물, 브로콜리새싹 주스, 생 브로콜리 새싹, 중국 제품, 아브마콜 등”) 을 정리한 논문입니다.  첨부파일에서는 Yagishita et al.  페이지 14~25를 보시면 각 연구에서 사용된 제품이 나옵니다.  아브마콜은 pg.22 부터 나오기 시작하고 통계를 내면 제품에 있어서는 가장 많이 사용된 제품입니다. 참고로 www.avmacol.com 미국 아브마콜 공식 홈페이지에서도 “아브마콜을 브로콜리새싹 제품 중 임상 실험에 가장 많이 사용된 제품이다” 라고 적혀 있습니다. 
[image: ]

9. 미로시나아제 효소, 설포라판 생산에 필수 - 입증자료 제출 요망

[image: ]

10. 뉴트라맥스 온라인 공식판매처 - 입증자료 제출 요망

www.avmacol.com 페이지를 방문하시면 “Looking for Avmacol in South Korea” 라는 링크가 뜹니다.  누르면 저의 스마트스토어 페이지로 이동합니다.  뉴트라맥스와의 계약서는 비밀유지 관계로 공개해 드릴 수 없습니다. 

11. 설포라판이란? 이하 설명 내용 - 입증자료 제출 요망
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https://www.pnas.org/content/94/19/10367
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12. 브로콜리만으론 섭취가 부족? 이하 내용 입증자료 제출 요망

생 브로콜리를 먹어도 혈액 설포라판에는 영향을 미치지 않는다. 아래 출처: 
[image: ]
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브로콜리의 설포라판 전구물질인 글루코라파닌은 브로콜리의 품종마다 20배까지 차이가 난다. 
[image: ]
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미로시나아제 효소는 70도 이상의 온도에서 변질 
[image: ]

브로콜리로부터 얻을 수 있는 설포라판의 함량은 개인의 식단, 유전등으로 차이가 날 수 있다. 
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13. 브로콜리 새싹 안전한가? 이하 1, 2, 3번 내용 - 입증자료 제출 요망

http://premium.chosun.com/site/data/html_dir/2014/05/27/2014052703086.html
https://health.chosun.com/site/data/html_dir/2007/05/15/2007051500800.html
https://www.canada.ca/en/health-canada/services/food-safety-fruits-vegetables/sprouts.html
3번에서 ‘새싹을 섭취하지 말 것을 권고하고 있습니다”  -  “새싹을 섭취할 경우 특별 주의를 해야 한다고 경고하고 있습니다. “ 로 바꾸겠습니다. 
설포라판이 와사비처럼 톡 쏘는 맛에 대한 자료 
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14. 검증된 제품 왜 중요할까? 이하 내용 - 입증자료 제출 요망
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https://www.youtube.com/watch?v=J5aXDHHmFNA
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15. 설포라판의 함량을 측정하는 가장 정확한 방법은? 이하 내용 입증자료 제출 요망
[image: ]
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2002년에 개발된 이 방식은 아직까지 사용이 되고 있습니다. 
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16. 미로시나아제를 추가하면 글루코라파닌만을 섭취했을 때보다 설포라판의 함량을 3배 이상 높일 수 있습니다 - 입증자료 제출 요망
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17. '설포라판은 액상과 상온에서 쉽게 변질되는 성분입니다'부터 '설포라판이 몸 안에서 생산됩니다'까지 - 입증자료 제출 요망
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18. '설포라판 생산의 개인차는'부터 '설포라판의 함량을 생성하는 것으로 확인되었습니다'까지 - 입증자료 제출 요망
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19. 하루에 권장되는 설포라판 함량은 4.4mg - 입증자료 제출 요망

[image: ]
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25 umol 설포라판은 2.2mg 과 동일합니다. 
25 * 177.27 / 1000 = 4.4mg 

- 어느 나라 기준인지도 함께 밝혀야 합니다.


연구는 중국에서 진행을 했습니다. 하지만 연구원들은 나라를 지적하지는 않았고 대기오염으로 인한 암을 예방하는데 도움을 줄 수 있는 최소한의 함량을 말하고 있습니다. ‘중국에서 진행한 실험에서는…” 이라고 추가 하면 될까요? 

20. '모든 훌륭한 제품 뒤에는'부터 '임상관리자를 맡고 있습니다'까지 - 입증자료 제출 요망

“모든 훌륭한 제품 되에는 훌륭한 사람이 있기 마련입니다.” 부분 삭제 

아래는 브라이언 콘블라트 박사가 존스홉킨스에서 설포라판을 연구하여 발행한 논문입니다. 

[image: ]

아래는 1달 전 브라이언 박사가 미국 인터뷰에서 브로콜리에 대한 주제를 설명합니다.  0:13 에서 소개가 됩니다.  “Brian Cornblatt is a PhD and he is the medical director of Nutramax Laboratories.” 

https://www.youtube.com/watch?v=sET5XrqaRzs&t=142s

21. 캡슐 포장재질 / 16% 수분 함유 , 아브마콜 정제형 / 4% 수분함유 - 입증자료 제출 요망
[image: ]
아래로 바꾸겠습니다. 
[image: ]
아래 자료를 보시면 젤라틴 캡슐안에는 13~16%의 수분을 함유하고 있습니다. 
[image: ]
https://basicmedicalkey.com/analytical-testing-and-evaluation-of-capsules/


- 아울러 모든 캡슐 포장재질을 대표할 수 없기 때문에 자사 제품 기준임을 밝혀야 합니다.
 젤라틴 캡슐을 지명하겠습니다. 이정도면 자세한가요?. 




이상입니다.



수정시안 및 입증자료는 이 게시판에 올려주시고 기타 문의사항은 02-2144-4300/010-6306-7384로 연락주시기 바랍니다.
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Biomarker evaluation in PBMCs from ASD patients with in vivo SF treatment.  Asa pilot study
for a clinical trial of SF in children with ASD (clinicaltrials.gov NCT02561481), we evaluated the same biomark-
ers from the ex vivo studies in 10 young males with ASD, 6-12 years of age (Table 1), who received SE (in the
form of a dietary supplement containing GR and myrosinase), 2.2 pmol/kg/d for 14 days. We chose this dietary
supplement, because it represents a highly standardized commercially available source of SF that could be easily
obtained by patients and caregivers. Blood and urine samples were collected before and at the end of treatment.
This study design allowed for each patient to serve as his own control. Notably, a placebo group was not included
for biomarker evaluation in this pilot study, because it is difficult to subject ASD children to blood draws, and
there are no endogenous sources of SF in human tissues, as we have shown in a previous placebo-controlled
study®”. There were no serious adverse events; one was judged by his parents to be more hyperactive, one had
increased urinary frequency, two had increased flatus, one had nausea, and one complained of unpleasant taste.
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PreDose Plasma DTC (nmol/ | Time between
Age DIC % Excretion | mL) last dose

Subjects* [ (Vears) inurine | in urine pre-dose | post-dose | and blood draw
1 9 none 541 0,004 0,052 159

2 10 none 16.1 0.006 0.159 89

3 6 none 103 0.002 0.088 75

4 12 none 524 0.026 0257 97

5 9 none 684 0.007 0307 94

6 10 none 82 0,008 0014 19.1

7 10 none 304 0011 013 725

8 12 none 372 0,019 0016 19

9 none 376 0.047 0.09 175

10 B none 294 0.003 016 14

Table 1. Sulforaphane bioavailability as a function of treatment. *All subjects are males.




image8.png
Recruitment tangeted hesthy adults. Tty participants wre recruited for 3 brie singe dose
pilot converion sty using the BSE plus myrosinas supplement, AVREOINotramax Laboratoris

Somumercor o Edercod, MD. USA) CTilo et o de.nﬁ.m see Table S1). After
the laboratory-created food supplements we had for years been creating for clincal studies (only),

e progressed to the “PP1 Phase.” This phase was 3 more detaild examination of both en

ic-conted,




image9.png
22 N3|= AvmacolS =g
AMES0|A Al&s] 2L CFRk

) 8:12/9:28 v





image10.png
>

> Premium

M o s252/10426

Development of sulforaphane as a supplement
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The Avmacol® brand has been selected for use in more sulforaphane human clinical
trials than any other supplement* and Avmacol® Extra Strength harnesses the
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Sulforaphane

From Wikipedia, the free encyclopedia

Sulforaphane (sometimes sulphoraphane in British English) is a compound within the isothiocyanate group of organosulfur
compounds.'] It is obtained from cruciferous vegetables such as broccoli, Brussels sprouts, and cabbages. It is produced when
the enzyme myrosinase transforms glucoraphanin, a glucosinolate, into sulforaphane upon damage to the plant (such as from

chewiing or boiling during food preparation), which allows the two compounds to mix and react. Young sprouts of broccoli and

cauliflower are particularly rich in glucoraphanin./”!
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Sulforaphane (sometimes sulphoraphane in British English) is a compound within the isothiocyanate group of organosulfur
compounds.'] It is obtained from cruciferous vegetables such as broccoli, Brussels sprouts, and cabbages. It is produced when
the enzyme myrosinase transforms glucoraphanin, a glucosinolate, into sulforaphane upon damage to the plant (such as from
chewiing or boiling during food preparation), which allows the two compounds to mix and react. Young sprouts of broccoli and
cauliflower are particularly rich in glucoraphanin.™”!
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isothiocyanate) are very potent inducers of phase 2 enzymes. Unexpectedly, 3-day-old
sprouts of cultivars of certain crucifers including broccoli and caulifiower contain 10-100
times higher levels of glucoraphanin (the glucosinolate of sulforaphane) than do the
corresponding mature plants. Glucosinolates and isothiocyanates can be efficiently
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Hanlon, N., Coldham, N., Gielbert, A. Sauer, M. J., & loannides, C. (2009) Repeated
intake of broccoli does not lead to higher plasma levels of sulforaphane in human
volunteers. Cancer Letters, 284, 15-20.
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Abstract

The plasma pharmacokinetic characteristics of the chemopreventive isothiocyanate
sulforaphane were determined in six human volunteers following single and repeated intake of
raw broccoli Initally, an analytical method utilising LC-MS/MS, capable of determining low
levels of sulforaphane in human plasma was developed and validated. The plasma profile of
the isothiocyanate best fitted a two-compartment pharmacokinetic model. Sulforaphane was
rapidly absorbed with peak plasma levels being attained within 1.5h, and was characterised
by a long terminal elimination phase. Repeated intake of broccoli had no impact on the
pharmacokinetic behaviour or plasma levels of sulforaphane, and there was no evidence of
‘accumulation.
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Carlson et al. (1987), working with six commercial cultivars
of broccoli identified 10 GSs present. The principal GSs identi-
fied in broceoli were the aliphatic GS, glucoraphanin and the
ndolyl-GS, glucobrassicin. In another study Kushad etal. (1999)
surveyed 50 accessions of broceoli in a single environment and
entified the principal aliphatic GSs as glucoraphanin and
‘gluconapin. and the principle indolyl-GS as glucobrassicin. This
survey noted a difference in the levels of glucoraphanin
and in total aliphatic GSs among genotypes. In addition, a few
lines in this study displayed unique qualitative GS profiles that
included significant levels of sinigrin and progoitrin GS.
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Heating decreases epithiospecifier protein activity
and increases sulforaphane formation in broccoli

Nathan V Matusheski ', John A Juvik, Elizabeth H Jeffery

Affiliations + expand
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Abstract

Sulforaphane, an isothiocyanate from broccoli,is one of the most potent food-derived
anticarcinogens. This compound is not present in the intact vegetable, rather it is formed from its
glucosinolate precursor, glucoraphanin, by the action of myrosinase, a thioglucosidase enzyme, when
broccoli tissue is crushed or chewed. However, a number of studies have demonstrated that
sulforaphane yield from glucoraphanin s low, and that a non-bioactive nitrile analog, sulforaphane
nitrile, is the primary hydrolysis product when plant tissue is crushed at room temperature. Recent
evidence suggests that in Arabidopsis, nitrile formation from glucosinolates is controlled by a heat-
sensitive protein, epithiospecifier protein (ESP), a non-catalytic cofactor of myrosinase. Our objectives
were to examine the effects of heating broccoli florets and sprouts on sulforaphane and sulforaphane
nitrile formation, to determine if broccoli contains ESP activity, then to correlate heat-dependent
changes in ESP activity, sulforaphane content and bioactivity, as measured by induction of the phase II
detoxification enzyme quinone reductase (QR) in cell culture. Heating fresh broccoli florets or broccoli
sprouts to 60 degrees C prior to homogenization simultaneously increased sulforaphane formation
and decreased sulforaphane nitrile formation. A significant loss of ESP activity paralleled the decrease
in sulforaphane nitrile formation. Heating to [l degrees C and above decreased the formation of both
products in broccoli florets, but not in broccoli sprouts. The induction of QR in cultured mouse
hepatoma Hepa Iclc7 cells paralleled increases in sulforaphane formation.
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On the other hand, administration of BSE rich in glucoraphanin (GR, the main glucosinolate in broccoli
and broccoli sprouts), results in highly variable conversion of GR to SF metabolites. This conversion,
which we also refer to as bioavailability, ranges from 1 to 40%, with a mean of about 10%. This huge range
depends primarily on the specifics of the microbiome of the person ingesting if, as well as a host of other
unknown anthropomorphic factors (e.g., BEHEHNES, diet. and metabolic differences between people
[2.15.16.17)). GR-tich BSE, although hygroscopic, is stable when kept diy, and thus has a long shelf-life
even at room temperature. Some GR may be excreted, either intact, or as non-ITC metabolites [18], and the
‘majority of glucosinolates delivered to humans are not converted to ITC [2,5,11].




image25.png
. molecules [Mb

Review
Broccoli or Sulforaphane: Is It the Source or Dose
That Matters?

Yoko Yagishita !, Jed W. Fahey >34, Albena T. Dinkova-Kostova **® and Thomas W. Kensler -**

1 Translational Research Program, Fred Hutchinson Cancer Research Center, Seattle, WA 98109, USA;
yyagishi@fredhutch.org

Department of Medicine, Division of Clinical Pharmacology, Johns Hopkins School of Medicine,
Baltimore, MD 21205, USA; jfahey@jhmi.edu

Department of Pharmacology and Molecular Sciences, Johns Hopkins School of Medicine,
Baltimore, MD 21205, USA

4 Cullman Chemoprotection Center, Johns Hopkins School of Medicine, Baltimore, MD 21205, USA
Jacqui Wood Cancer Centre, Division of Cellular Medicine, Ninewells Hospital and Medical School,
University of Dundee, Dundee DD1 9SY, Scotland DD1 9SY, UK; A.DinkovaKostova@dundee.ac.uk
*  Correspondence: tkensler@fredhutch.org; Tel.: +1-206-667-6005




image26.png
harst
Molecules 2019, 24, 3593 13

The harsh taste (ak.a. back-of-the-throat burning sensation) that is noticed by most people
who consume higher doses of sulforaphane, must be acknowledged and anticipated by investigators.
They must make accommodations for what some subjects may consider a highly objectionable taste.
This is particularly so at the higher limits of dosing with sulforaphane, and not so much of a concern when
dosing with glucoraphanin, or even with glucoraphanin-plus-myrosinase. It is this harsh or burning
sensation that has led in part to the characterization of the glucosinolate-myrosinase-isothiocyanate
system as “the mustard oil bomb” [121]. This should not, however, be confused with the bitter
descriptor leveled at most brassica vegetables and moringa, that appears to have more to do with the
TAS2R class of taste receptors.
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A number of these BSE dietary supplements rich in GR, SE, or GR + myrosinase (an “SF production
system”) now appear to be continuing/enduring parts of the supplement marketplace. Many of them
are capsules (gelatin or vegetarian capsules filled with powdered ingredients), with potentially very
different pharmacokinetics than those reported [11]. In order to clear up some of the confusion about
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Evaporative Light-Scattering Analysis of Sulforaphane in
Broccoli Samples: Quality of Broccoli Products Regarding
Sulforaphane Contents

KIYOTAKA NAKAGAWA, T TOSHIKO UMEDA." OHKI HIGUCHL' TSUYOSHI TSUZUKL'
TOSHIHIDE SUZUKL! AND TERUO MIYAZAWA™T

Food and Biodynamic Chemistry Laboratory, Graduate School of Agricultural Science,
Tohoku University, Sendai 981-8555, Japan, and Laboratory of Toxicology. Faculty of Pharmaceutical
Sciences, Teikyo University, Sagamiko, Kanagawa 199-0195, Japan

Broccoli sulforaphane has received attention as a possible anticarcinogen. Sulforaphane analysis is
difficult due to the lack of a chromophore for spectrometric detection. Hence, we developed a method
for determining sulforaphane by using high-performance liquid chromatography (HPLC) coupled with
an evaporative light-scattering detector (ELSD). Sulforaphane was extracted from acid-hydrolyzed
broceoli samples, followed by solid-phase extraction and reversed-phase HPLC. Sulforaphane was
detected by ELSD and concurrently identified by electrospray ionization time-offlight mass
spectrometry. The recovery of sulforaphane from broccoli samples was above 95%. The detection
limit was 0.5 ug. The present method was sensitive enough to determine sulforaphane in mature
broceoli, broceoli sprouts, and commercial broceoli products. Sulforaphane concentration in broccoli
sprout (1153 mg/100 g dry weight) was about 10 times higher than that of mature broccoli (44—171
mg/100 g dry weight). Therefore, the broccoli sprout is recommended as a source of sulforaphane-
rich products. In contrast, we found that sulforaphane could not be déteeted in most of broccoli
products, suggesting present commercial broccoli products having low quality.

KEYWORDS: Broccoli; broccoli sprouts; evaporative light-scattering detector (ELSD); sulforaphane
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Bioavailability and inter-conversion of sulforaphane and erucin
in human subjects consuming broccoli sprouts or broccoli
supplement in a cross-over study design
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Abstract

Broccoli consumption may reduce the risk of various cancers and many broecoli supplements are
now available. The bioavailability and excretion of the mercapturic acid pathway metabolites
isothiocyanates afer human consumption of broceoli supplements has not been tested. Two.
important isothiocyanates from broceols are sulforaphane and erucin. We employed a cross-over
study design in which 12 subjects consumed 40 grams of fresh broccoli sprouts followed by a 1
‘month washout period and then the same 12 subjects consumed 6 pills of a broccoli supplement.
As negative controls for isothiocyanate consumption four additional subjects consumed alfalfa
sprouts during the first phase and placebo pills during the second. Blood and urine samples were
collected for 48 hours during each phase and analyzed for sulforaphane and erucin mefabolites
using LC-MS/MS. The bioavailability of sulforaphane and erucin is dramatically lower when
subjects consume broccoli supplements compared to fresh broccoli sprouts. The peaks in plasma
concentrations and urinary excretion were also delayed when subjects consumed the broccoli
supplement. GSTP! polymorphisms did not affect the metabolism o excretion of sulforaphane or
erucin. Sulforaphane and erucin are able fo interconvert in vivo and this interconversion is
consistent within each subject but variable between subjects. This study confirms that
consumption of broceoli supplements devoid of myrosinase activity does not produce equivalent
plasma concentrations of the bioactive isothiocyanate metabolites compared to broccoli sprous
This has implications for people who consume the recommended serving size (1 pill) of a broceoli
supplement and believe they are getting equivalent doses of isothiocyanates.
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Quantitative determination of dithiocarbamates in
human plasma, serum, erythrocytes and urine:
pharmacokinetics of broccoli sprout isothiocyanates
in humans
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Conclusion: A sensitive and specific method for quantifying DTC levels in human plasma, serum, and
erythrocytes has been devised. Determinations of ITC/DTC levels are important because: (i) dietary
isothiocyanates are of potential value in reducing the risk of cancer, and (i)) humans are extensively
exposed to DTC as fungicides, insecticides, pesticides and rubber vulcanization accelerators.
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are then metabolized rapidly by conjugation with glutathione followed by stepwise hydrolysis of those
conjugates, leading ultimately to N-acetylcysteine derivatives (mercapturic acids). Collectively, these
conjugates are known as dithiocarbamates (DTC) and can be quantified by the cyclocondensation
reaction developed in our laboratory in the 1990s, and more recently refined [10].
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Abstract ——

Gilucoraphanin from broccoli and its sprouts and seeds is a water soluble and relatively inert
precursor of sulforaphane, the reactive isothiocyanate that potently inhibits neoplastic cellu-
lar processes and prevents a number of disease states. Sulforaphane is difficult to deliver in
an enriched and stable form for purposes of direct human consumption. We have focused
upon evaluating the bioavailability of sulforaphane, either by direct administration of glucor-
aphanin (a glucosinolate, or B-thioglucoside-N-hydroxysulfate), or by co-administering glu-
coraphanin and the enzyme myrosinase to catalyze its conversion to sulforaphane at
economic, reproducible and sustainable yields. We show that following administration of
glucoraphanin in a commercially prepared dietary supplement to a small number of human
volunteers, the volunteers had equivalent output of sulforaphane metabolites in their urine
to that which they produced when given an equimolar dose of glucoraphanin in a simple
boiled and lyophilized extract of broccoli sprouts. Furthermore, when either broccoli sprouts
or seeds are administered directly to subjects without prior extraction and consequent
inactivation of endogenous myrosinase, regardless of the delivery matrix or dose, the sulfo-
raphane in those preparations is 8- to 4-fold more bioavailable than sulforaphane from glu-
coraphanin delivered without active plant myrosinase. These data expand upon earlier
reports of inter- and intra-individual variability, when glucoraphanin was delivered in either
teas, juices, or gelatin capsules, and they confirm that a variety of delivery matrices may be
equally suitable for glucoraphanin supplementation (e.g. fruit juices, water, or various types
of capsules and tablets).
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it, as well as a host of other unknown énthroporﬁorp}ﬂc factors (e.g., genetics, die,:t, and metabolic
differences between people [2,15-17]). GR-rich BSE, although hygroscopic, is stable when kept dry,
and thus has a long shelf-life even at room temperature. Some GR may be excreted, either intact, or as

non-ITC metabolites [18], and the majority of glucosinolates delivered to humans are not converted to
ITC [2,511].
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most potent known naturally occurring inducers of cytoprotective phase 2 enzymes [2]. Upon
consumption of myrosinase-containing plants and subsequent rupture of cells (e.g. by herbivo-
rous insects, fungal or bacterial pathogens, or chewing humans) glucoraphanin is hydrolyzed
and myrosinase, normally segregated from its substrate, is released [10,11,12]. The rapid prod-
uct of enzymatic breakdown is spontaneously converted to, among other metabolites, sulfo-
raphane. Sulforaphane acts as an antifeedant (deterring insect predators), a selective antibiotic,
and a cytotoxin at high concentrations that may be encountered at plant wound sites [12]. In
humans, sulforaphane is metabolized by initial rapid and reversible conjugation with glutathi-
one, and successive steps of hydrolysis of the conjugates leading to ultimate formation of the
N-acetylcysteine derivatives (known as mercapturic acids). All of these conjugates are chemi-
cally designated dithiocarbamates (DTC) and can be quantified by the cyclocondensation reac-
tion developed in our laboratory [13].
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On the other hand, administration of BSE rich in glucoraphanin (GR, the main glucosinolate
in broccoli and broccoli sprouts), results in highly variable conversion of GR to SF metabolites.
This conversion, which we also refer to as bioavailability, ranges from 1 to 40%, with a mean of about
10%. This huge range depends primarily on the specifics of the microbiome of the person ingesting
it, as well as a host of other unknown anthropomorphic factors (e.g., genetics, diet, and metabolic
differences between people [2,15-17]). GR-rich BSE, although hygroscopic, is stable when kept dry,
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Abstract: We examined whether gastric acidity would affect the activity of myrosinase, co-delivered
with glucoraphanin (GR), to convert GR to sulforaphane (SF). A broccoli seed and sprout extract
(BSE) rich in GR and active myrosinase was delivered before and after participants began taking
the anti-acid omeprazole, a potent proton pump inhibitor. Gastric acidity appears to attenuate
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Conclusions: An intervention with a broccoli sprout beverage
enhanced the detoxication of benzene, an important airborne pollu-
tant, when dosed at a concentration evoking a urinary elimination
of ~25 pmol sulforaphane metabolites per day. and it portends
a practical and frugal population-based strategy to attenuate




image51.png
Carcinogenesis vol.28 no.7 pp.1485-1490, 2007
doi:10.1093/carcin/bgm049
Advance Access publication March 7, 2007

Preclinical and clinical evaluation of sulforaphane for chemoprevention in the breast
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Consumers of higher levels of Brassica vegetables, particularly
those of the genus Brassica (broccoli, Brussels sprouts and cab-
bage), reduce their susceptibility to cancer at a variety of organ
sites. Brassica vegetables contain high concentrations of glucosi-
nolates that can be hydrolyzed by the plant enzyme, myrosinase,

or intestinal microflora to isothiocyanates, potent mduccrs of cy-
Y

breast cancer remains a global public health challenge affecting one in
eight North American and Northern European women, with an in-
creasing incidence in developing countries, the need for non-toxic and
inexpensive preventive agents that have broad application is great.

In addition to inherited genetic alterations and estrogen burden,
environmental exposures are believed to play a significant role in
the development of breast cancer through the cumulative accumula-
tion of mutagenic events over a women’s lifetime (4). Extent of dam-
age to DNA reflects a molecular equilibrium between activating and
detoxifying reactions as well as DNA repair capacity (5,6). This bal-
ance can be altered by many factors including drugs and phytochem-
icals (7). Environmental carcinogens are often first metabolically
activated via phase 1 enzymes (principally cytochrome P450) into
reactive intermediates (8). Fortunately, at the cellular level, there exist
competing phase 2 enzymes [e.g. glutathione S-transferases and
NAD(P)H:quinone oxidoreductase (NQOI)] which facilitate the
elimination of the reactive forms of carcinogens through biotransfor-
mation reactions including sulfation, acetylation, quinone reduction
and glutathione conjugation (9). As a consequence, a promising strat-
egy for cancer chemoprevention involves the use of agents to favor-
ably shift the balance between phase 1 and 2 enzymes (3.5,10).
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TABLE 13.1
Physicochemical Properties of HPMC and Gelatin Capsules

Property HRMC
Mosture content 2%
Glass transiton temperatore 10-150°C
Water vapor permeatil Low
Subsrate for protesse No
Maillsrd seaction with devg il No
Deformation by hest ss0°C
Water dissoluton a oom temperatuze Soluble
Sttic Low
Light degradation No

Source: Honkanen 0. Biopharmacevtical Evaluation of Orally and Rectally Administered Hard Hydroxypropy! Methylceliulose Capsules. Dissertation submilted to the Faculty of
‘Pharmacy, University of Helsinki, 2004; Rowe RC, Sheskey PJ, Cook WG, Fenton ME (Eds.). Handbook of Pharmaceutical Excipien, Tth edition, 2012. Pharmacentical Press,

‘Philadelphia, PA.
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‘We used excretion of total isothiocyanates (ITC) and their metabolites (dithiocarbamates, DTC) in urine as a
proxy for the bioavailability of GR delivered. Timed urine collection at the end of 14 days were used to determine
excretion of SF and its metabolites as DTC by cyclocondensation reaction-HPLC assay. DTC levels were also
measured in the plasma. The non-detectable or extremely low pre-dose DTC levels in both urine and plasma
samples indicated that, as instructed, no patient was consuming a diet or supplements containing glucosinolates
or ITC, including SF (Table 1). Conversion of GR to SF (bioavailability) was calculated as percent of dose excreted
in collected urine samples, and was normalized on a molar equivalence basis (moles of GR to moles of SF plus
its metabolites as determined in the cyclocondensation reaction). Conversion efficiencies varied among subjects
from 8.2% to 68.4% of the administered dose, which is consistent with the data we and others have previously
reported on bioavailability in adults'>***. Post-dose plasma DTC levels were closely related to the time between
last dose and blood draw, with lower levels at less than 2h or more than 14 h, and higher levels between 9-10h
after the last dose (Table 1). In addition, the plasma DTC value for each patient was well correlated with the
conversion efficiency calculated in his urine sample, taking the time between last dose and blood draw into
consideration.
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Methods
Participants and treatment.  For the ex vivo experiments, 7 healthy adult donors were recruited. Blood
was drawn a single time from 5 donors. Two of them each had blood drawn weekly, for 3 consecutive weeks. All
experiments were performed in accordance with relevant guidelines and regulations at Johns Hopkins University
and informed consent was obtained from all participants prior to blood collection, under a research protocol
approved by the Institutional Review Board of Johns Hopkins University School of Medicine (NA_00036496).
As a pilot study for a clinical trial of SF in children with ASD (clinicaltrials.gov NCT02561481), 10 young
males with ASD, 6-12.5 years of age (mean, 9.9 years) were recruited to evaluate potential blood-based bio-
‘markers in response to oral SF treatment. This study was conducted at the UMass Memorial Medical Center and
University of Massachusetts Medical School, and Johns Hopkins University with approval from the Institutional
Review Boards of both institutions (IRBH00007832 and IRB00084331). The diagnosis of moderate to severe
ASD was confirmed by testing using the Autism Diagnostic Observation Schedule (ADOS)® and all subjects had
screening medical histories, examinations and normal clinical laboratory screening following parental consent.
Fich subject recelved SF i fhe form of Avmaco] ablef (crushable), each containing 12.5-15 mg glucoraphanin
(GR, the precursor of SF) and active plant-derived myrosinase (the enzyme that converts GR to SF). Tablets were
provided along with a COA, by Nutramax Laboratories, Inc. (Edgewater, Maryland, USA), under an IND from
the US FDA. Dosing was calibrated to ca. 2.2 jumol SF/kg body weight per day for 14 days. Subjects’ blood and
urine samples were collected before, and at the end of the treatment period. All experiments were performed in
accordance with relevant guidelines and regulations at University of Massachusetts and Johns Hopkins University.




