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Bob Barish called the meeting to order at 9:40 a.m.    Recently appointed Cal/OSHA Chief Ellen Widess made opening remarks.   She thanked attendees and HEAC members for their participation and contributions to the PELs update project.   She said she was continuing to work to obtain budget for additional health staff for the PELs project. 
Bob Barish noted the handouts in the back of the room and reviewed the agenda.   He said there would be a presentation on phthalates by Dr. Ling Hong Li of OEHHA.  Bob explained that the idea for a presentation on phthalates had originated with the suggestion of Dennis Shusterman of HESIS at the January meeting for a presentation by Shanna Swan of the University of Rochester on phthalates.   However Shanna Swan was not available to speak and at OEHHA Dr. Li has focused on phthalates and reproductive effects. 
For the rest of the day’s meeting Bob Barish noted that Will Forest would discuss his conclusions on arsine and gallium arsenide.  Bob said he would review discussions on cyclohexane that he’d had since the last meeting with Patrick Owens who was not able to attend today’s meeting.   Bob noted a handout on phthalates from the March meeting, noting that Items at the project website had indicated focus on only 3 phthalates suggested by the OEHHA 2007 document but that in fact there are 4, the addition being di-n-hexyl phthalate.   He noted he had prepared and provided a handout informally showing the Proposition 65 Maximum Allowable Dose Levels (MADLs) for reproductive toxicity for 3 of the 4 phthalates based on daily intake, to provide a view of their relative risk.  He said butyl benzyl phthalate does not yet have a MADL.  He noted based on the MADL values that di-n-butyl phthalate (DBP) appeared to present the greatest risk of reproductive effects and so probably warrants being worked on first as Howard Spielman had suggested at the March meeting. 
Presentation on Phthalates
Bob Barish introduced Dr. Ling Hong Li, Staff Toxicologist in the Reproductive and Cancer Hazard Assessment Branch who works at OEHHA in Sacramento.  Dr. Li noted that he has been involved with phthalates research and regulation since 1995.  He said that although the phthalates as a group have similar molecular structures, the specific health effects of different phthalates can vary widely.  As a result a single risk assessment meaningfully applicable to the entire group of substances has not been feasible.   Dr. Li noted that human exposure to phthalates can come from a wide range of sources including food, cosmetics, food containers, and medical products.   Exposure can also come from the workplace.

Dr. Li’s presentation is available by clicking on the icon:    

[image: image1.emf]Phthalates -  CalOSHA 2011 .pdf


   
  (a few seconds may be required before the icon appears) 
Dr. Li noted in his slides the pathway for hydrolysis of phthalates, which can take place in a wide range of tissues.   He said there can be substantial absorption through intact skin.   Slides 8 and 9 in his presentation supplemented his discussion of male reproductive effects seen with many phthalates, especially di-2-ethylhexyl phthalate (DEHP) and DBP. Dr. Li said that DEHP starts a cascade of effects related to male reproductive organs sometimes referred to as “phthalate syndrome” (Slide 10).  He noted however that it appears not all phthalates cause this syndrome.
Dr. Li made special note of his slide 11 regarding testicular toxicity of DEHP in the rat, marmoset, and human and strong positive findings for a number of male reproductive effects in rats not found in marmosets or humans.   He said this assessment raised the important question of the relevance of the rodent data for phthalates health effects for humans.  This discussion is elaborated in his slides 17 through 24.   Slide 24 discusses that hormonal regulation of spermatogenesis is quite different in the marmoset from that in rodents, macaque monkeys, and humans.   Slide 25 shows for particular measurements that human effects are more similar to those of rats than marmosets, leading to the conclusion of Slide 26 that rodent data on male reproductive toxicity of phthalates is in fact relevant to humans.

Dr. Li next discussed the distinction between evidence of effects and risk.   He noted that the Safe Drinking Water and Toxic Enforcement Act of 1986 mandates that MADLs be set at a level such that exposures of 1,000 times the MADL would produce no observable effect.  Being a legal mandate, he said that the 1,000 fold factor should not be viewed as a “margin of safety” but rather as a “margin of warning.”   Dr. Li noted that much of the current health research on phthalates focuses on cumulative effects from a lifetime of exposure (Slide 34).  
The presentation concluded with questions.  Bob Barish asked Dr. Li if the assessment he provided of DEHP would apply to DBP.  He said that it would.  Howard Spielman asked about applying ingestion data to setting of airborne PELs.  Dr. Li said this could be addressed through PBPK studies, although these could never be definitive and are very costly.  Howard Spielman asked about application to animal data of default factors for exposure times to account for assumptions of 70 year lifetime and 24-hour exposures, and for working lifetime of 40 years and 8-hour per day exposure 5 days per week, and the effect of rest periods between exposures on metabolism of phthalates and their toxic effects.  Dr. Li said it was probably not a good idea to assume levels of detoxification during non-exposure periods, better to assess with applicable scientific studies.   Dr. Li noted also that developmental effects are a special case since there is a particular timeframe during pregnancy when the effects are exerted.  Will Forest asked if mode of action of the phthalates is understood.  Dr. Li said no single mode of action has been clearly defined.  He said he thought that once the chemical enters the body, there are many modes of action.

1240 Resumed from lunch break
Phthalates (continued discussion)
There was discussion of the presentation on phthalates.  Several attendees wanted to get the electronic version of  the presentation.  Bob Barish said he would arrange for a manageable size copy, send out after the meeting, and include with the minutes (icon above).

Bob Barish reviewed the key points on phthalates including the marmoset issue raised in Dr. Li’s presentation, and the concern with DBP in nail salons.  
PVC (polyvinyl chloride) dust 
This was a departure in the order of the agenda.  Bob Barish summarized briefly that the research suggests there can be respiratory effects.   Linda Morse working on PVC dust said she wants to do a bit more research but thought that she would be recommending no new PEL for PVC.  She said that studies of workplace exposure levels and health effects were quite limited or significantly confounded with PVC monomer.  She said these studies were primarily from the 1970s before the carcinogenic effect of the monomer was identified and regulated resulting in much lower levels of co-exposure today.  Linda Morse said she also found reports that plasticizers present in the dust may be a factor.    
Bob Barish asked Linda Morse about her assessment of the Ng 1991 study of workplace exposure levels and possible health effects.   Mike Cooper asked if the ACGIH TLV Documentation noted the presence of possibly confounding materials in workplace studies.  Bob Barish said that it did.   Linda Morse said she hoped to come to the next meeting with a firm recommendation on the PEL for discussion. 
Arsine and Gallium arsenide

Bob Barish opened the discussion noting that Will Forest had agreed to review his assessment of the possible cancer risk posed by arsine gas, based on the Proposition 65 No Significant Risk Level (NSRL).  Will Forest briefly reviewed his assessment that the 1/1,000 cancer risk based on the NSRL would be represented by an arsenic (including arsine) concentration of 0.0016 mg/M3 (0.0005 ppm arsine) compared to the current PEL (from Federal OSHA and 8CCR5214) for inorganic arsenic of 0.010 mg/M3 (based on adjustments for exposure time, years of exposure, and air volume inhaled per day) and for arsine of 0.05 ppm (0.2 mg/M3).  Thus by Will’s calculation, for the 1/1,000 risk level, the PEL for arsine should be reduced by a factor of at least 100, with the result that it would be (measured “as arsenic”) at a level about 1/6th of the current PEL for inorganic arsenic (ie. 0.0016 mg/M3 instead of 0.010 mg.M3).  [NOTE:  Arsine is excluded from the current inorganic arsenic PEL for arsenic, and has its own PEL (Federal and state) of 0.05 ppm (0.2 mg/M3)].   Will Forest briefly addressed a question raised by Patrick Owens (who was not able to attend the meeting) regarding the 2007 OEHHA REL document for arsenic and inorganic arsenic compounds and the conclusion of the review article by Carter (2003) that it referred to on the metabolism of inorganic arsenic oxides, arsine, and gallium arsenide.   Will said that he viewed OEHHA’s  overall assessment, and additional findings since 2007, as outweighing the uncertainties suggested in Carter (2003) with regard to the similarity of the metabolism of these compounds. 
 [Note:  The 2008 OEHHA REL document is at http://oehha.ca.gov/air/hot_spots/2008/AppendixD1_final.pdf#page=68 ]
Linda Morse asked if a change was made to the existing PEL for arsine, or a PEL set for the first time for gallium arsenide, would that necessitate modification of the existing comprehensive standard for arsenic (8CCR5214).   Steve Smith responded that could involve a committee process separate from HEAC as has been discussed in the past for other substances.  He noted the current process separate from the HEAC looking at modifications of the existing Title 8 comprehensive standard for inorganic lead (8CCR5198) suggested by the California Department of Public Health.   He said the decision that needed to be considered in the HEAC at the moment is whether the information presented suggests a need to look at the entire standard for arsenic or if it would be reasonable to only propose a revised PEL for arsine, and a new PEL for gallium arsenide.   Will Forest said he believed the information on the hazards of arsenic developed since the OSHA arsenic standard was promulgated, most notably positive findings in animal toxicology studies in addition to the epidemiologic studies on which the OSHA standards was based, warrant looking at possible revision of the arsenic standard.   Will Forest acknowledged that this would be a big difficult project while just limiting discussion and changes to the arsine and gallium arsenide PELs in 5155 would be much easier, but he felt would be inadequate to control the risk presented.  
Mike Cooper noted that especially if the PEL in 5214 were amended for all arsenic compounds that the availability of adequately sensitive air sampling methods would need to be considered.   Steve Smith asked those present if the change suggested by Will Forest to the PEL for arsine would require change to 5214.   Bob Barish asked if there were comments specifically on the PEL value of 0.0016 mg/M3 suggested by Will Forest for arsine (which as noted above would be a value about one-sixth the PEL for arsenic in 5214, and a 30-fold reduction of the existing PEL for arsine of 0.05 mg/M3).   However, these questions were not extensively addressed at this point and Steve Smith indicated that in light of today’s discussion the Division would consider how to move forward with Arsine and Arsenic compounds in general. 

The discussion moved on to gallium arsenide.    Bob Barish noted that the TLV of 0.0003 mg/M3 (0.3 ug/M3) respirable particulate recommended by HEAC member Patrick Owens (to protect against non-neoplastic effects seen in the rat lung in an NTP study) would translate into 0.15 ug/M3 respirable arsenic given the almost identical molecular weights of arsenic and gallium.  [NOTE:  The TLV is not designated as being measured “as arsenic.”]  Bob Barish said that taking Will Forest’s recommended PEL for arsenic for a 1/1,000 risk level of 0.0016 mg/M3 and dividing by a factor of 5 to account for that being total particulate, could be viewed as translating very roughly (and depending upon the operation in question) to 0.3 ug/M3 respirable arsenic.  If a factor of 10 were used for the respirable conversion it would be 0.16 ug/M3 respirable arsenic.  The significance of this would be that by this estimate, a PEL for gallium arsenide at the TLV value for non-neoplastic effects in the lung could be about the same as that for the 1/1,000 cancer risk for inorganic arsenic as presented by Will Forest.     [NOTE:  Patrick Owen’s draft document for gallium arsenide posted at the PELs Project website states that in addition to non-neoplastic effects, the TLV for gallium arsenide should protect against risk of cancer observed in female rats and developmental effects in rats and mice seen at higher doses.]
Bob Barish asked Will Forest about the metabolism of gallium arsenide.  Will Forest responded that it is only slowly soluble with the result that cancer could appear at other areas than the lung due to longer residence time than, for example, arsine.  He said gallium arsenide is rapidly absorbed and distributed in the body, though the actual rate is not known.  

Mike Cooper raised a point he had made at a previous meeting that a separate standard for gallium arsenide could be problematic for operations where there could be exposure to other arsenic compounds in addition to gallium arsenide and the resulting difficulty of separating the sources of measured arsenic for each.   This raised the question of separate air sampling for gallium to determine the airborne concentration of gallium arsenide.  
Cyclohexane

Bob Barish said that Patrick Owens who had reviewed this substance and presented it at the March meeting was not able to attend today’s meeting.   Bob passed out Patrick’s latest draft assessment document which the two of them had discussed prior to today’s meeting.   Bob said that Patrick’s assessment viewed the Malley (2000) study as the most important and as the basis for his recommendation of a revised PEL of 50 ppm (8-hour TWA).    Bob noted that the Kreckman (2000) study had found similar results with auditory response as the NOAEL (in female rats) on which the PEL could be based from Malley (2000).   He said that the Malley and Kreckman studies were both from the DuPont Haskell Laboratory and are related.   Bob said also that the “dim vision” finding in workers in the Yasugi study discussed at the March meeting was reported only in the abstract of the paper and not in its body as Patrick had noted. 
Bob said that Patrick’s additional review of the data had to him affirmed his original recommendation of 50 ppm (8-hour TWA) discussed briefly at the March HEAC meeting, based on a NOAEL for auditory response in rats of 500 ppm from the Malley (2000) study and an uncertainty factor of 10.  It was noted that a UF of 10 applied to a NOAEL was not typical, but that also the health effect was not clearly defined or obviously serious in nature.   There was general agreement on a PEL of 50 ppm one-half the TLV, as reasonable given the information available.    
Vanadium Pentoxide
Bob Barish noted at the March meeting that Mike Kleinmann had given an extended preliminary presentation on vanadium pentoxide based on the TLV and its underlying studies by Kiviluoto.    Following on from the March meeting discussion, Bob Barish asked Will Forest if he’d had time to review the NTP 1992 findings on carcinogenicity.   Will said he would try to develop something on this for the next HEAC meeting. 
Wrap Up
Bob Barish asked Howard Spielman about the outlook for this work on phthalates.  He said he wanted to get information on conversion of oral to inhalation dose and effect and to use that to develop his assessment.   Bob Barish said a good source for that would be the OEHHA MADL documents which developed inhalation NSRLs based on feeding studies. 
Bob Barish asked Linda Morse about the outlook for her assessment of PVC.  She said she was close to being done in her research and she hoped to have a conclusion for the next HEAC meeting. 
Bob Barish noted that Susan Ripple who was not able to attend this meeting was working on ethanol based on the revised TLV.  Mike Cooper said he should have something to present on hydrogen sulfide for the next meeting. 

END
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Phthalates


R & R’ = H: Ortho-phthalic acid
R & R’ = alkyl Dialkyl esters of phthalic acid


or phthalate esters
R & R’ = Methyl Dimethyl phthalate (DMP)
R & R’ Eth l Di th l hth l t (DEP)


tere-Phthalic Acid
(PET; DEHT)


R & R’ = Ethyl Diethyl phthalate (DEP)
R & R’ = n-butyl   Di-n-butyl phthalate (DnBP or DBP)
R & R’ = iso-butyl Di-iso-butyl phthalate (DiBP)
R & R’ = n-hexyl Di-n-hexyl phthalate (DnHP) 
R & R’ = iso-decyl Di-iso-decyl phthalate (DIDP)y y p ( )
R & R’ = iso-nonyl Di-iso-nonyl phthalate (DINP)
R & R’ = Di-2-ethylhexyl Di-2-ethylhexyl phthalate (DEHP)
R = Butyl, R’ = Benzyl Butylbenzyl phthalate (BBP)


Iso-Phthalic Acid
(Dimethyl iso-phthalate) 2







Human Exposure
General Sources


Phthalates in beverages in Taiwan
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Human Exposure
General + Occupational 


General Sources


air, food, drinks, medical products, consumer products


++
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Phthalate Metabolism


Hydrolysis via non-specific lipase or esterase, 
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Phthalate Metabolism


High activities of lipases or esterase in all the tissues tested
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Toxicities of Phthalates
via Non-oral Routes of Exposure


Animal Administration Adverse Effects References


DEHP Rats
neonatal


I.V. injection
PND 4-25


Testicular dev., 
LOEL = 300


Cammack et al., 2003


DBP Rats
neonatal


S.C. injection
PND 5-14


Testicular dev.
LOEL = 


Kim et al., 2004


DBP Rats I P injection Altered metabolism Walseth et al 1982DBP Rats
adult


I.P. injection
3 days


Altered metabolism 
in the liver and lung
1056  mg/kg


Walseth et al., 1982


DBP Rats Inhalation Altered metabolism Walseth et al., 1984
adult 6 h/d X 5 days in the liver and lung


5.7 mg/m3
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Developmental & Reproductive Toxicity
(Laboratory Animals)


Phthalate Traditional Dev. Female Repro. Male Repro.


DEHP +++ ++++ ++++


DBP +++ ++++ ++++


DIDP ++ ++ ++


DINP ++ ++ ++


BBP +++ +++ +++


DHP + + ++


DEP + + +


+ -- ++++: Relative data volume based on the NTP-CERHR reports & a recent data search 8







Testicular Toxicity of DEHP
Rat


Adult/JuvenileAdult/Juvenile
Testicular atrophy (reduced testis weights, sperm production, fertility.


Usually at doses >500 mg/kg-day.
Germ cell death predominantly in spermatocytes.
Generally believed that MEHP targets the Sertoli cell viaGenerally believed that MEHP targets the Sertoli cell via 
a FSH/FSH receptor-mediated mechanism.
Leydig cell is not considered as the primary target. 9







Testicular Toxicity of DEHP
Rat


Developmental Exposure: Gestational Day 12 – PND 35
Development of the male reproductive system!


DEHP Treatment


“A syndrome of reproductive abnormalities characterized by 
malformations of the epididymis, vas deferens, seminal vesicles, prostate, 
external genitalia (hypospadias), cryptorchidism and testicular injury 
together with permanent changes (feminization) in the retention of 
nipples/areolae and demasculinization of the growth of the perineum 
resulting in a reduced anogenital distance (AGD).”  (Foster, 2005)


Phthalate Syndrome
“Androgen Insufficiency Syndrome,”  “Testicular Agenesis Syndrome” 


“Testicular Dysfunction Syndrome”10







Testicular Toxicity of DEHP: 
Of Rat, Marmoset, and Man


Exposure  
Period


Main
Endpoints


Rat Marmoset Man


Adults Germ cell ++++ NDAdults Germ cell 
degeneration


++++ - ND


Reduced sperm 
number


++++ - +/-


Juvenile Germ cell ++++ - NDJuvenile Germ cell 
degeneration


++++ ND


Reduced sperm 
number


++++ - ND


Neonatal Reduced Sertoli ++++ ND ND
cell number


Changes in germ 
cells 


++++ ND ND


Perinatal or Malformation ++++ ND ND/-
gestational or agenesis


AGD ++++ ND ++


reduced T ++++ ND +/-11







Testicular Toxicity of DEHP
Marmoset


Why marmoset?
COMMON MARMOSET


New World Monkey, Callithrix jacchus


Native: Northeast BrazilNative: Northeast Brazil. 
Size: 25-35 g at birth.


250-500 g and 6-8 inches long at 12 months. 
Lifespan: 10-15 years.
Breeding: Mating every six months. 


Gestation 148 days.
2-4 babies per birth. 
Weaning at week 10-12. 


Habits: Monogamous family groups. 
Diet : Fruit gums frogs snails and insectsDiet : Fruit, gums, frogs, snails, and insects. 
Mansfield K. 2003. Marmoset models commonly used 


in Biomedical research. Comp Med 53:383–392.
12







Human Relevance of Rodent Data 
Marmoset IS phylogenetically closer to human than is rodent.
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Testicular Toxicity of DEHP
Marmoset


Two studies in the adult


Rhodes et al., 1986:
Oral intubation (gavage), 2000 mg/kg-day for 14 days: no effect on testicular 


weight. No germ cell death in the testis.  


Kurata et al., 1998:
Oral intubation (gavage), 100, 500, 2,500 mg/kg-day for 13 weeks: no effect on 


testicular weight. No histopathological changes. No change in blood testosterone 
levels.


One study in the juvenile: MCSI, 2003 (Tomonari et al., 2006).


90-115 days old (12-14 weeks), Oral intubation, 100, 500, 2,500 
mg/kg-day for 65 weeks Endpoints: organ weights testicular sperm countsmg/kg-day for 65 weeks. Endpoints: organ weights, testicular sperm counts, 
histopathology, blood testosterone level, and a number of biochemical assays.  
Results: No effect on any endpoint. 14







Testicular Toxicity of DEHP: 
Of Rat, Marmoset, and Man


Exposure  
Period


Main
Endpoints


Rat Marmoset Man


Adults Germ cell ++++ NDAdults Germ cell 
degeneration


++++ - ND


Reduced sperm 
number


++++ - +/-


Juvenile Germ cell ++++ - NDJuvenile Germ cell 
degeneration


++++ ND


Reduced sperm 
number


++++ - ND


Neonatal Reduced Sertoli ++++ ND ND
cell number


Changes in germ 
cells 


++++ ND ND


Perinatal or Malformation ++++ ND ND/-
gestational or agenesis


AGD ++++ ND ++


reduced T ++++ ND +/-15







Testicular Toxicity of DEHP
Relevance of Rodent Data to Humans


Is the rodent data 
relevant to man?
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Testicular Toxicity of DEHP
Relevance of Rodent Data to Humans


Rodent data is not relevant to man, because:Rodent data is not relevant to man, because:


There is no convincing human data.


DEHP t ti l t i it i t dDEHP causes no testicular toxicity in marmosets, and


• The marmoset is phylogenetically closer to human than is the rodent.
• DEHP metabolism in the marmoset is similar to that in human.
• The structure of the marmoset testis is similar to the human testis!
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Testicular Toxicity of DEHP
Relevance of Rodent Data to Humans


Is the rodent data relevant to man?


• Is the toxicokinetics of DEHP in human similar to that in rats?


• What are the Mode(s) of Actions (MOA) in rodent?


• Do humans have the capacity (machinery) for the MOAs?


• Does DEHP cause testicular toxicity in other primates? 


• Why there was no toxic effect in marmosets?y t e e as o to c e ect a osets


18







Testicular Toxicity of DEHP
Relevance of Rodent Data to Humans


1. Are the toxicokinetics of DEHP in human similar to that in rats? 
A Y i ll t d 100 /kAnswer: Yes, especially at doses <100 mg/kg.


2. What are the Mode(s) of Actions (MOA) in rodent?
Answer: Several postulations: FSH-mediated, androgen-p , g


mediated, PPAR-mediated, and a few others.


3. Does a human body have the capacity (machinery) for the MOAs?
Answer: Yes for all the MOAs proposed including the PPARAnswer: Yes, for all the MOAs proposed, including the PPAR-


mediated pathway. 


OEHHA D DEHP MADL 200 2006 A il bl OEHHA’OEHHA.  Documents on DEHP MADLs. 2005;2006. Available at OEHHA’s
webiste: http:// www.oehha.ca.gov. 
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Testicular Toxicity of DEHP
Relevance of Rodent Data to Humans


4. Does DEHP cause testicular toxicity in other primates?  
Answer: Most likely. s e ost e y


Pugh et al. 2000: A study on the toxicity of DINP and DEHP 
in cynomolgus monkeys (an Old World primate)in cynomolgus monkeys (an Old World primate).
Subjects: two years old (1977-2921 g), 4 per group. 
Dosing: gavage, 500 mg/kg-day for 14 days. 


B d i ht R l ti i ht fBody weights Relative weights of 
Testis & epididymis


Control 2590±138 0.083±0.018


DEHP 2378±194 0.069±0.005


 Absolute testis weight critical.
 Sertoli cell proliferation: on (low).
 No spermatocytes at this age


DEHP/Control 92% 83%


 No spermatocytes at this age.
 Stat. power: 10-14/group for 0.8.
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Testicular Toxicity of DEHP
Relevance of Rodent Data to Humans


DEHP causes 
NO testicular effect  in the marmoset.


Why ?
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Human Relevance of Rodent Data
The marmoset seminiferous epithelium is structurally 


similar to that of the human.


H C M t R tHuman Common Marmoset Rat
Li et al (2005).  Review on the testicular development ….  in the common marmoset.  
Birth Defects Research B: Dev Reprod Toxicol 74:450-69. 22







Human Relevance of Rodent Data
Hormonal regulation of spermatogenesis
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Human Relevance of Rodent Data
Hormonal regulation of spermatogenesis in the marmoset is 
remarkably different from that in rodent, macaque, and man!


Gonadotropin-releasing hormone agonists:
Suppress T production in rats, macaques, and men.
Have no effect in marmosetsHave no effect in marmosets.


Gonadotropin-releasing hormone antagonists:
Neonatal -> permanently damages in rats and macaques.
Neonatal -> reversible damages in marmosets.


Luteinizing Hormone (LH):
Essential to T regulation in most mammals.
No LH in marmosets (use chorionic 


gonadotropin, CG). 
Luteinizing Hormone Receptor:


Steroids hormone in marmosets:


High blood levels (total and free form).
G li d i t Luteinizing Hormone Receptor:


Normal function essential in most 
mammals (inc.men).


Marmosets/New World Monkey: Type 2.


Generalized resistance.
Low 5-alpha-dihydrotestosterone. 
Positive feedback to estradiol injection.


Transplant studies: initiation and maintenance of spermatogenesis requires anTransplant studies: initiation and maintenance of spermatogenesis requires an 
hormonal milieu that is different from that for all other mammals tested so far 
(mice, rats, rabbits, cats, dogs, boars, bulls, rhesus monkeys)!24







Human Relevance of Rodent Data
Testicular Toxicity of DEHP: Rat, Marmoset, Man


Points for Comparison Rat Marmoset Man


Oral absorption ++++ ++ ++++


MEHP generation (%) + + +


Sertoli cell proliferation Reduction ND ND


Background Cell death in 
spermatocytes


High Low High


DEHP-induced cell death in 
t t


High Negative ND
spermatocytes


LH-LHR Function Essential Absence Essential


Steroid hormone sensitivity High Low High


Androgen dependence High Very low High


Vitamin C/E protection Controlled High Low25







Human Relevance of Rodent Data 


Yes, the data from rodent models on the 
male reproductive toxicity of phthalates ismale reproductive toxicity of phthalates is 
relevant to man!
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Human Relevance of Rodent Data 
Do you believe in what you SEE?
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Human Relevance of Rodent Data 
You have to crack it and look carefully!
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Phthalates
under the Proposition 65 Program


Toxicity Date Listed MADL 
(µg/day)


LOEL
/NOEL


Reference


BBP Dev. Dec. 2, 2005 Not available


DBP Dev., female, male Dec. 2, 2005 8.7 1.5/0.15 Lee 2004


DEHP Dev., male Oct 24, 2003 4200 (i.v.) 300/60 Cammack 2003 DEHP , , ( )


410 (oral) 28.9/5.8 David 2000


DHP Female, male Dec. 2, 2005 2200 380/38 Reel 1985


DIDP Dev. April 20, 2007 2200 130/38 EBSI 2000


• There are age-specific MADLs for DEHP. 


• Non-oral routes of exposure: “For the purpose of Proposition 65, exposure by the 
dermal or the inhalation routes or via multiple routes that leads to xxxx μg/day should be 
considered the maximum allowable dose level. “29







Phthalates
under the Proposition 65 Program


25249.10. Exemptions from Warning Requirement. Section 25249.6 shall not apply to any 
of the following:
…….
(c) An exposure for which the person responsible can show t…. that the exposure will 
have no observable effect assuming exposure at one thousand (1000) times the level in 
question for substances known to the state to cause reproductive toxicity, based on 
evidence and standards of comparable scientific validity to the evidence and standards 
which form the scientific basis for the listing of such chemical pursuant to subdivision (a) 
of Section 25249 8 In any action brought to enforce Section 25249 6 the burden ofof Section 25249.8. In any action brought to enforce Section 25249.6, the burden of 
showing that an exposure meets the criteria of this subdivision shall be on the defendant.


Safe Harbor Numbers --- for warning exemptions, guidance


No warning required for exposure level at “1000” times below the “no observable effect 
level” --- 1000 is not an uncertainty factor30







Health Risks: How Serious?


Seriousness       ––– Risk Levels
Risk Levels ––– Risk Perception
Risk Perception  ––– Risk Communication


“How safe is safe enough” depends on:
who you are
what you wantwhat you want
How much you can afford
what you know
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Risks: Known vs. Unknown
DEHP as an Example


Toxicity Animals Human
Cancer ++++ -


Male repro. ++++ ++
Female repro. ++++ ++


Sufficient 
Data:


++++
Some Data: Female repro.


Developmental ++++ ++
Thyroid function + ++
R i t


Some Data:
+++


Limited Data:
++


Littl D t Respiratory - ++
Neurological + -
Obesity +/- +


Little Data: 
+


No Data:
-


Epigenetic effect + -
? ? ?32







Risks: Known vs. Unknown
“Phthalates: Toxicogenomics and Inferred Human Diseases”
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Risks: Known vs. Unknown
Cumulative Effects
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Reproductive Toxicity of Phthalates


K i d !Keep our minds open!
35






