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The Dow Chemical Company

April 27,2009 Midland, Michigan 48587:

CERTIFIED MAIL--RETURN RECEIPT REQUESTED 7000 0600 0025 5632 7009
[CONTAINS NO CONFIDENTIAL BUSINESS INFORMATION]

Document Processing Center (7407M)
(Attn: TSCA Section 8(e) Coordinator)

Office of Pollution Prevention and Toxics -3
Environmental Protection Agency - -
1200 Pennsylvania Avenue, NW =
Washington, DC 20460-0001 L3
Re:  Ethanol, 2,2-iminobis- (diethanolamine) CASRN 111-42-2 S

{:‘;5 rT
Dear Sir/Madam: -

The following information is being submitted by The Dow Chemical Company (Dow)
pursuant to current guidance issued by EPA indicating EPA's interpretation of Section
8(e) of the Toxic Substances Control Act. Dow has made no determination as to
whether a significant risk of injury to health or the environment is actually presented by
the findings.

Dow became aware of an abstract from the Teratology Society Poster Session that
summarized reproductive and developmental toxicity studies of diethanolamine.
Subsequently Dow received a copy of the full paper (in Korean), A Study on the
Reproductive and Developmental Toxicity of Diethanolamine, from The Annual Report of
KFDA, Vol. 11, 1802 — 1824, 2007. A copy of the abstract, the original paper in Korean
and an unofficial English translation of the paper is attached.

Questions may be addressed to the undersigned.

Sincerely,

e b Tl (LR

Imogene E. Treble

PH: 732-563-5706

FAX: 732-563-6074
E-MAIL: trebleie @dow.com
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LEE RD, RHEE GS, MOON H), SEQK JH, YANG JY,
CHAE SY. LEE YU, CHUNG SY. Nalional Insiiluie
of Toxicelopical Research, Scoul, Republic of Korea. Study
on_ the Reproduetive and Deygfopmental Toxicity of

Digjhang in

Digthanolamine {DEA) is widely vsed 45 a chemieal
Inlermedigte, 85 an anlicorvosion agent in metalwarking
tiquids, and as o surface-active agent ju  cosmetic
formulations, pharmaceuticals, and egriculiwnl products,
Estimated annual production af DEA in the U,S. way 106,000
tong in 1995. The most yrobable routc of eavironmenial
exposwre to DEA in humans in via demmal exposure
personal care products, detergents, and other surfacients that
contain DEA; cosmesic formulstion mayhave coneentmlions
of DEA ranging form | 10'25%, The Nalions! Instilme for
Occupational Saféty and health estimates har the number of
worker powntially exposed to DEA Is  800,000/year.
However litde is known about their polential loxicolopical
propentics. The purpese of our study is to Invesiigale the
paterpatly and malernolly medioted offeets including fertility,
physleal development, reflex and behaviors alter expasure to
DEA (0, 20, 80, 320 mg/kg). respectively. Alsa DEA-induccd
devclopmental abnormalitics were Tavestigated I vitro,
Postimplaniution ¢mbryos al GD 9.5 were cultured for 48 h
and obscrved for morphological changes. DEA mcdinted
changes In proliferation ond differentiation were measvred in
cmbryonic  midbrain  and  limbbug  cells, In patemally
mediated cffects study, Sperm molilily and iesies organ
weight of F1 micc borm of FO wmale trested with
diethanolamine was reduced significandly. In motemally
mediated effects study, DEA showed extenal abnormalities
of fetuses of offsprings and the body weight gain, physieal
dovelopment of F1 mice wers influcnccd by DEA. [ vive
study, reflex, movement end fcaming/memoty funetions were
changed by teealment with DEA, approximately. Allogether,
il is supgested that tremment of DEA in this study for
yeproductive and developmentgl toxitities have adverse
effccts on offsprings and alter Jeamning ability,

Birth Defocts Research (Part Ay 82:349-356 (2000)
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BENASSI JC. GORMIAK SL, HUEZA IM. School of
Vetcrinary Medicine and Aninal Sclence, University of Sio
Paulo, S% Paulo, SP, Brazil, Gvalyetion of the Possible
I notoxle Eficets o !

ol t i jon

introduction:  Monocrolaline (MCT) 15 =
pyrralizidinic alkalmd founded in many polsonous plmis
widely distributed in the world, Notural inloxicstlon with
these plants occurs when livestock invade arcas where they
are cullvaled 03 “precn fostilizer., Morcover, human
foodstufTs, such a8 milk, heney, grains, herbal mediclncs and
diewry supplements, con be olso contaminated by MCT, To
be loxic, MCT must be raetabolized In the liver into a pymole

- compound {MCTP). The main toxic effects of MCT arc

hepata- and pefrotoxicity, in rodents pulmonary hypenension
is alsa observed. The mechanizm of toxicity of MCTP Is
related 1o fis DNA alfinity, resuling In DNA adduction,
{eading o an antimitotic stale and cancer development. Due
to this antlprolilerative clloch, it is possible 10 suggest Uiat
MCT vxposure In merus can compromise both fetus viabilily
and the immune sysiem development. Evaluaie the passible
terotologic effect of MCT. Methods: Twenty one pregnant
s were distributed Jto 1 control and 2 experimesial groups,
which received 0. 3 and S5mp/kg of MCT, orally, from GD6 to
21, Clinica! sipns, body weight gain (BWG) and (oed imake
{F1) were measurcd dafly. Immediatcly afior birth, pups were
cvaluated for gross afterarions wnd weighed unlil postaatal
duy (PND)7. On PND 4 and 7, hall of cuch fitter was killed 10
lymphoid organs ¢valuation (ihymus and spleca). Resulis: No
clinical signs af MCT wicosis were observed in both dams
and pups. Rss weated with MCT did not shew reduction in
either BWG or F). No difTerence in BW was noticed in any
group of pups immedistely aficr birth; hawever, female pups
from dams treated with Smg/kg showed a reduced BWG on
PND4. Intercstingly, only on PND? it was obscrved 2
decreased in \hymos relative weight of both gender of pups
from female treated with 3mg/ke of MCT. Male pups from
Img/ke ircauncnt showed splenamepaly on FND7Z.
Conelusion/Discussion; For our knowledge, the proset work
is the first (o describe that MCT exposwree in uterus can
compromise Immune orgins, cspecally thymus, onc of the
mest sensitive lymphold organs fo xenobiotic cxposure.
Dezpite of the discrepancics among dats fom geader and
petiod of life of pups, the dose here employed can be consider
a2 pol toxle, as could be scen in mother paramelers. Thus,
cxperiments have been conducied in our lab, employing
higher doses of MCT, 1o beiwr verify the cffect of (his
alkaloid on the developing immung sysiem. FAPESP
07/51648-0.
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l%—q“’}"] (Diethanolamine)2] PAFAIEA] of] .Jrs} 04-?-

,m

TR AN54H

ojole}, olFAl, BAF, A3

tolgk&olyl (dicthanolamine, DEA)S 45, W, uly, A9d 24, §V‘"ﬁ, FojxzLao] 4

soh (Gask 5 AHABEEL GokE L ¥ Bl R3A, FeA, AVDAA 2 34 Foz
97 4§53 9. gdEUe %2 94 ol AY Ane UY VY 8 Ao
& e degdolds Ade) AvIde] FEHYR, AT AP g Lol xEA S Z

gote] o FA AP FAT FEFE vA 710' g Shggofo] JFE vAkE Bash @ ¢Age
AARR = Hojste] 7FES T 7oA 23 ANHR Jout, 4AYAER R FAYg A
= 9%d g FAHY 489247 2nd v gtk B dFdAE RS LEEd o¥ §iEH
go] 2TF %Z7tsAol & fojggelwly B va 4 =& A% FAYFE Ytz
Ak B4 20 g8 42 el uz, geg-Zolal (0, 20, 80, 320 mg/kg)E 45 FANA
=ES 3 34 ozid avAA AS4E e, 24 s-_goﬂ Ag 3L oknuz, AN ¥
gol@golil e X & JAAE 48 ¥ %‘?]v"é’ 5, AAES - w4, 2% /,z;kﬁ
7o 59 52 9AREY d7dH, ddggotue ‘1‘7‘“ :r-%oﬂ ols] gjold XAl MLW
Fol FAHe 2 ZFadigtor], FANYINE SrluizZd Hste A fgfas. =3 g
EnNIL) telehgolRle] 7 mBof o3 Hold FAAe] Aoy 4R AR AF g0l
freRen Aadgon $¥%Y Eﬁ* goajzFd vstd #4435 dolAe AL FAsdd. K-
AR 2N D7 =EAY EFGA £5 -85 -7 598 5& dAF R ool o8] 7
28 AL vgon 53 AT *é—x A BA =BT 39 Za BFUE ngen
Bast 34 x5 o4& gold AdAE dASA F9¥oz F2He Jeudd FF g
olvle] AR ATFE st 24 ol = ) Yoo} s, dedoile] YeE A
TEsoor & Aoz wdhA

ALAEY VA

Ado| - ojdgoldl, ANTASY, TAUIY

N 2 & o4 88T AY¥. gelugolne YRz
A F5E 9%, AR, T, BFY FE

$2E 4 A TLELoltE Aol A7l

tJofgZolel (diethanolamine, DEA)S ¥,
Az, ¥y, AJH ADA, 32 F, sojaxd 1
2 gob (FA)F T GENBEEH AGF %
F B 34, AEA, AVEAAA R F2A

soz gd Agdn? wFeMw g 108 B

= &89 AHEHAFAUIHA 02/330/1783)]

Z2 gojg). 8 ¥¥9 A TR AL
5] 7] 94§ 5302 diethanolamineo] A
Zd ¥HEE AR 229 5%° ga=
ASE due ARS9 AFo] ggolE 44
SgEgd dE SHAuE I8 AFFHo|d
HAZ d387} diethanolamined] FNx=SA #




A 8 oElole] ] A HAo fai gFEL ul
A 719 2 Sggdoo] L o= wa?

A GA9] AL (spermatogenesis)l & &
3ty 7|EEL 598 shsA 5‘35} AN Hx

R SAY AGE 547 BE A2y
54 % FAQd iﬂt‘ S;M g FAHA
AYARE olARAA B }7P gl makd
UPHEGE F & %‘5101 agE =8

7Vs4eol =& diethanolamine® FEAte] u)
e FAG9E] A AWHA Hrbe vl
AAZREAZANYE BFEANPEE F4d3 =g
in vive A& F35tn, dFAH 7)x8Ed
diethanolamine®] ¢3j4-& WHsZ FF FA
U 4742 BEsied sesiag d@a.

telggottie] 48 4H4LPENE golnn
A BA (FA) xFd g8 A9 EHIY
R EA (FF) =59 o AR MGG
o2 Wl FHadck. + | 9y
A
1. YA LU= HAH -
7}. FAlxe
39 3 C5BLA vH-2& FEE AR

71% olgdte] AT RYY W& 448 3 o
olgh-Zobzl 0, 20, 80, 30 mg/kg S FF
1554 g od £US Ao (F FHHo
=x39ch 4537 gojagons =z gy
HeTH g23e 9599 ?}’* CS?BI./G P

2 27 12 FAAGeY ey 24 FAe
St A2 (vaginal plug)ol zrelsem %Ml oYz
A

. BAlxS

95-#e] - 43 COTBLAG 7h¢-&= 47 112
SANRLY g FA AXNE s 2A
(vaginal plug)e] E<l=w d4 0¥ (GD 0OZ
AgouN 4N ZAE IS 94 68
B 528 ARSE ol AYE 299 €
< AAT F dog2eld 0, 20, 80, 320
mg/kg $Fo2 9 1044 WY 274 4%
Nzd 184 Exsu 2gdgs 2o 0P

1803

(postnatal day, PND 0¥)Z 332 PND 2127}
A& 2Ad =E35Th PND 499 x4kas
o 47 4utey 2A6tn, o ¥, EAG A
A (-4 247 244) EEsn YA §
sUd AEE FAE] 98 Alg ALSskdd

. FEAE

SRYAARLA (SPF) C5BLS rhe2 & -
AL (F)LYdE (Scoul, Korea)FHE :L?l
I vz AYFEAR AF5E3 (Association for
Assessment and Accreditation of Laboratory
Animal Care; AAALACYH A3 g A ZojekEct
AF IEEAAEY AZARANLE ol 53
t}. Diethanolamined Sigma A} (St. Lowuis, MO,
US.A. D0681, 985%), ethanold Merck A}
(Gernany)°I AEE 8893, ethanolS &

2 39 diethanolamine 20, 80, 320 mg/kg &%

2% w9 oA FIdTE MG AWGFT Aol Z
of B0 ZESFALH, JRFE A FUE §
Ao ethanolS =X&Het. AQE Apole] £X
e SE8E ARYE ol&8d 98 AAA

i

o} {figure D). . -
Hg ARA (P '-'?—f; - %‘-% ek
(PND, postnatal day) 4, 7, 1 14,21, 2, 35 49, 49

56, 63, 7024 43 A= } E R o
s Argage F lﬂi‘% #7éo‘~04 THES *
Atk #3105 43 92E 47 1R

ARaw g Fd FANE a9
(vaginzi plug)e] = A nd= z;g—}
44 SR AF WAL 33 A 1T W 47
o &4, A4EH =& Ad 27 A #9e &

A <8 adsde 2F 34 L 94 F =
Z EAE ¥ty A 189, —E’Z}-«L 2 o
-—— "37.'.31‘.0,3.1:} qu‘ L}‘Q‘A} zl.)\'-z],_'i Z“g’%’

21997 ol+3te] F-HHAT

Figure 1. Dermal application
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A gz gst] Agre 3 19 18 $8
9 gutza 9 ARFFE BRI, o] 9l
°o®| Z4d FF, VHAF A, A£AD 7
CEL mram a*u AES 7123GTh

ANAe w4 2 weAes 27 A% 24
o 495 (PND 4ol =4 & wedD Fua
-5 247 454 & 85R ZFsRPoD, 24

A AR $9 24 F AR £ vlmste]

2 3bgic}, ffﬂeg 219 (PND 219 ol§-A7]
>3 01/‘- AN G 924 olg A R

N
Ji

L%
y -

o K
L_-i%

obF WRHRgE 10% v”SEE%a £qo] 73
sha} REs ‘

ol 7] %3] 43. e velA AaAe A4
4 88 2 38 £ %”"’3}7] S8 &4 42
Ao #AZR (Sensory hair)¢t °©]71743 (Pinna
detachment), 785 H=¥A (Visible pilation)
st olARAL - 9¥Ad - BAFRA  (Surface
righting reflex)s} #5X]4] (Negative geotaxis),
108 A} Xo}#Z (Incisor eruption)™ TEFA%
(312, Growth of claw), 1447l £ X3 BeEAL
(Midair  righting reflex), Zoj8® (Clff
avoidance), AJAHAE (Wire 'grasping)"'%l 3
1€ (Eye opening), 20%53"11 Zutgkabel BA
37 (Testis descent), ‘Q"W] ﬂ’ﬂ%—/‘]ﬁ
(Rotarod  test), 30%5%1 %ﬂl-‘:‘ (Vaginal
opening), 35 A g %-i‘& (Opm field), 42
dAd TEIHANE (Passxve avoxdance ‘test),
5 A BN A( Hot plate test) 3t 2 634 A

IXF ZZANE, (Fear condltlomng test) §&

22 3 23990 i
BE 4%, 2% 3 9FLT B} BY 4

%71 (PND 70) ¢ SR R BRI -

*3*"&71«1 % FA%y, G SA3 ¥
URE= 10% Tﬁzagag—w 37_75,6}04 BnE
%}?&D}. ¢ .mA ,

cat

o AAEEE A
DEAYl »=%d ¥A9% -rjﬂ “‘ CRA 311%"1]
o8 43w A7 £3 Ao oh e 7"7‘}'1"
2 Hamilton-Thorne IVOS 2000

.o
g

~ g

3R EE5E

o Yegs] @ ANAAE HEstgod], &

R

‘éystemE o) £3td EAsgd

2, BAIEH oM

ANOVA test ¥ Dunneft's test® ©188]
p<0059] #EAM Euidzz R Ad2E FA
T e FAXe FASA

Zot U nE

. SH=E0 ° ofaf XAlx0) Dixle EHBH

_Gelggeln (O, 2, 80, 320 mg/kg)—- 477
AL P9l TEHE T RE FAZIA
AUEY Foiz 9 IIFHE BAAA w3k
ou, AYEE B¢ BAHA Ytk L&Y
A EER90] 48AYe] BRAY S 3
2Eg.

3Ae -4 DRLIRL 4577 Felsht
Fatmhosel AFds] ol Fridzes
NYgd- Tl Hole VAHA A%z,
z7lee BT $A7 ddggorad
wggol 4% -4 FuAY AT ¢A
A0l A4 SRR TH WIA Fol7t ¥R
97 -gskow, £3 A AFEsE 28

% (3W0mg/keg) Y B SHAETE Hlas

o gagaste A% Yoy fa4de
2257 ¢¥skc} (Table 1, Figure 2).
470 e ggold £ F RAAR 8
gz 2 AEE FoiPd € FEI4 A
A A 3719 oldade] #FHA Ak
¥, U3, A% § Fo 9egris 14,
yag 5. 44378 A& ¥ 53

‘23 2ng $%d A4S $dzIH Ha A

243 g7 Fgardte 3FE 2ol
F3 AYAE

nELBo T
S e Q) (Table 2). &

" o7 (PND 208 A&7] (PND 709 32

o QePrI% A4S 2R TFE 44

@ 23, £ AR o167 $AN delgeel

Wl 80 mg/kg SFA Fage] FFo] fAA

CoA Zasiged, 4 AdAE AT FH

A8 A% Jehilt (Table 3, 9. 4%
7 $74¢ 4A¢ 2, 478F 320 mghke T
AR 7 AAEAY $Fo) 49Foz Fas




Fdon oA A$E of7] FHI} vz &

22 AF FFI FhE A¢e 2w
(Table 5, 6).

44 18Yo] AN HEH AEHAS
WA 2 ZHoGo] dg BAES S EEH
tojgrgolyl FojF v & Hol: JEHA
ggom &R AXA 43, 8 9 P
9g sy & AlidzE A8yt (7
Zn oMM, ABAG, XeldE, WEAT,
Bass, AAF F), HApE (ol AW}, 2
skAh, AR} (FPPAL, £FAA) &
#Ee A3 2 EFTA SulgETd v& &
9ol FAHAE gkoyd AwdYo| kofF
on] =g 2FAge] FATE & ¢ UMk
T3 oA A5 veds 4B Hxsge]
Sz Fol] Hlgle] HBFFAN RRE A
22 Jehgtl (Table 7). EZ4A % (Hot-plate
testiol e GuftizFol dlsie] @AEA &F
degez H4 Je e YUY
(Table 8 & Figure 3).

%R AR $E%YH (rotarod test)E
3¢ A3 £A9 Z9% 20 mg/kg ToAIFE
7t ZrE9m, 4Ae niFdA Fide F
Fe Jehigied fa4¢ 41t (Table 9 &
Figure 4). A2 A3d FTAM 8388
FAse AEEF5F (open field) FHE 23
Sz Hlsd ¢ -3 2F g2 Fe
7t AF5A Lt} (Table 10 & Figure 4), &
&3 47154 & Fof AAFHE Frksh= Ad
l FEFEAQAY (fear conditioning test) B
. $R BRE SoilRTd Hdld FisE 4
e Jehigied #4948 9T (Table 11
& Figure 4. A71%3¢ Fo| 1 4&E& UAs}
t & AAsE FEIANY  (passive
avoidance test) 23 vlI7IARZ ¢-FR B
F fuidizdo uste) i FEE el
e} foAe egrl (Tablz 12 & Figure 4).

tjoggoluio] HAE B8 8 JLAY 4
A% g X Y Golung R3@Y A
ALEH 2 AALE 5& Sz vlady
224 FA. $A9 FS Sudzd

H# FAeggdel ARA SFAEHez F

ade] $948 YehiRes, F4% 94 &
ezl Z2ABe nos 58 ueD

1805

320 mg/kg cAE Fode] AR (Table 13,
14 & Figure 5).

th BH=F0 ol XAX OlxE S4BT

tojekgolnl (0, 20, 80, 320 mg/kg)E N
g il ADGE ELl EXe G B

BEoPdr AFEE B g 44580l
FEEA] ggte s, AEEE T8 E4EHA ¥
ATh nEFd ZERYY GGl FEH
Ao} viz B

A F dejgfelvld =ZHE ¥4 9
zAe AFusel dolM HHgETH AYE
A FoE3o] Hol WA W, FAME
FH&% 25k 94 F ddggolile) =%
" BN "ol & - AARY HFL &
=g dld Fddex 428 vkl
on £3] o5l FuRe] FE A FFAA &
A F TY5E 49974 53] Sudgixgd st
o AFo fdFez FAsAT (Table 15 &
Figure 6).

48 F 2 F47d dejggeld R4 £ 8
AZ% =T € AYEZ FoiTd 2E
FE2AA A A F7]9] ol¢4aZel #FHA
gt

¥, L ouE, AF 5 F8 4Ry 13,
Bugl 5 AAFNE HEd FHFE &4
as gz 8lZA 80 mgkeg §F A I}
Z9 3ol FUEkg et foHoiME Fan,
dutgrle dgAz 9zt FUMETE Jedid
o} (Table 16). ¢ - 3 AAAE olf7] (PND
29 A&7 (PND 70)9] ®dstd gutdrist
A7 HEs9 F9& 34T 24, &
FR A BE olf7] RAA SujizEd
Hlaste] oldol YEIA ggten, oA
AA Ax7lel A% FE5TS Az Folw
A g 28X 3 A4 ds7] FEA
FoZoA Fig Fgo] 502 F4EE
JERARIG (Table 17-20).

A1 1849l AF A AR -JEH A EHAS
g 2 %‘??Slﬁ%}m%ﬁé}%%“}iﬂ%i‘ﬂ
Jefggoinl R Fg & Aol FAHA
gstor AW wA5E A BLEHe] #A
18 Fo 4.

&R A4 A4F, 2S5 9 PFide §

e rjn oy
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A7 A8 A7IEE AALSHIL (FAR, o
ANA, HAAL, AetdE, TELE, B2eH,
AT F), HA7E (o178}, ZEhikal), 244
A7l (Rl F2A4) 5¢ #IE B
Foldol BAHAE goto) £RA &S U
Bl AEQ FasFo] fulnizid - vsid
tofggottl x&FA FoXE Aoz e
B (Table 21). ¥4 (Hot-plate test)s]A]
T SudizTd Hs SFeEH oz F7E
= 2% Uil (Table 22 & Figure 7).
- A AR $559 (rota-rod test)$
ZR% 25 o453 BT 4Py ow i
dPen 53 3 AT BF Svidzdd
vjaled g9@ez AL JehIAW (Table
23 & Figure 8). AZ43 AHA FHdAAg 2%
Fg FAHNE AL EFY (open fiedd)g A9
23 izl blste] & . 430 2% ¥ S
Fol7} A A &k (Table 24 & Figure 8).
257 AVEA S Fol dAFHE e A
J¢ FEZFZAAY (fear conditioning test) 2
I 4.3 2nE g viso Zise
A%E el ey #2142 g (Table 25
& Figure 8). A71%$2 & Fo 2 47 & IR
+ 59¢ AARE £%39A38  (passive
avoidance test) 2#E wlFIVAZ G- F3A B
T gz HEd Zaske A Vel
Bort oL gigitt (Table 26 & Figure 8).
dA F R ST el g gelld] »FH
BAE 5o A HAAS 45 vXE

3
= 5¢ iz vagezy #2a
3 e Sodol vehiAE 2ge
BALFAGA 224 %E Bk (Table 27

Figure 9).

A4 F tlefegelnld =&d 24 ol
3 AdGe 42873 2 AL o
wolAE 4TS o} 4 B opig,

27t goj@golgle] w&5o] B4 4T

@rje] 8 24T 3 JdAE Y 3
ol 980 A4 or AALEL 94 2

gFFA folFoR Fase Aoz ey

% ot BA =¥ Hoke ¥A wFo] A0

g ALl U & 92 & Aoz vy

o Aol 4L HAA VYL ALY $ gom

LD

B

& goluaa Pade AALEL. 2 BF

2 g8 477 £95ojol & Aoz B
CEE 94 2 dojggolule] w29 FiRpE
AFEE A E, £F - 85 -7 58 Fo
dR8 ol AL AL £ ANS B o}y
2, 23 =%d JdHAE $YG Fabol e
t} olfE AFdE EF =F golk ¥4 x%
woz FAY F¥E & 5 Aok A4S A
A& ool f@ A A7s S $9solo}
& Aoz pgdh

ik
rok

g

1. CIR : Cosmetic ingredients review: final report
' on the dafety assessment of triethanolamine,
~ diethanolamine, and monoethanclamine, J.
- Am. Coll. Toxicol 2:183-235, 1983

2. CIR : Cosmetic ingredienis review: final

- report on the dafety assessment of cocamide

i DEA, lauramide DEA, lLinoleamide DEA, and
oleamide DEA, J Am Coll Toxicol

- 5:415-454, 1936

. Technology Plamning and Management
Corporation. National Toxicology Program

NIEHS; Durham, NC: Report on carcinogens
background document for diethanolamine.
273, 20
4, Craciunescu C. N, Wu R. and Zesel S. H. :
Diethanolamine alters neurogenesis and
induces  apoptosis in  fetal 1mouse
hippocampis, FASEB. J.  20(10):1635-1640,
2006 )
5. National Toxicology Program Technical
Report Series, NIH-92-3343 NTP-TR-478
1909
6. Barbee, S. J. and Hartung, J. : The effect of
diethanolamine on hepatic and renal
phospholipid metabolism in the rat, J.
Toxicol. Appl. Pharmacol. 47(3):421-430, 1979

. CIR : Cosmetic ingredients review: final
report on the dafety assessment of cocamide
DEA, lauramide DEA, linoleamide DEA, and
oleamide DEA, J. Am Coll. Toxicol
5:415-454, 1986

0

=~




8

9.

10. Department  of

11

12.

13.

14

CIR : Cosmetic ingredients review: final report
on the dafety assessment Of triethanolarpine,
diethanolamine, and monoethanolanine, J.
Am. Coll. Toxicol. 2:183-235, 1983
Craciunescu C. N, Wu R. and Zesel S. H.
Diethanolamine alters neurogenesis and
induces apoptosis in fetal mouse hippocampus,
FASEB. J. 20(10):1635-1640, 2006
Health &  Human
Services/National Institute of Environmental
Health Sciences, National Toxicology Program
Developmental Toxicity Screen for
Diethandlamine (CAS Mo. 111-42-2) Admiristered
by Gavage to Sprague-Dawley Rats on
Gestational Days 6 through 19: Evaluation
of Dams and Pups through Postnatal 12
Day 21, 2002 '
Ellenhom M. ]J. ard Barceloux D. G. :
Medical Toxicology ~ Diagnosis and Treatrent
of Human Poisoning. New York, NY:
Elsevier Science Publishing Co., Inc. n.907,
1988
Flint Q. P. and Octon T. C. : An in vitro
assay for teratogens with culture of rat
embrvo midbrain and limb bud cells,
Taoxicol. Appl. Pharmacol. 76:383-395, 1984
JIARC Summary & Evaluation, Volume 77
(2000)
Maele-Fabry G.V., Dehaise F. and Picard
J1.J. : Morphogenesis and quaentification of
the developemnt of post-inplantation

15.

16.

18.

19,
. Prehled Prumyslove Texikologie; Organicke

2.

1807

mouse embryos, Teratclogy In Vitro
4:149-156, 1960

Marty M. S., Neeper-Bradley T. L., Neptun
D. A and Camey E. W. : Developmental
toxicity of diethanolamine applied cutaecusly
to CD rats and New Zealand White rabbits,
Regul. Toxicol. Pharmacol. 30(3):169-181,
1999

New, D. A. T. : Whole embryo culture and
the study of manmalian embryo during

organogenesis, Biol. Rev. 53:81-122, 1978

. National Technical Information Service,

#PB2001-103718, OTS0516742, OTS0516797
National Toxicology Program Technical
Report Series, NIH-92-3343, NTP-TR~-478,
1993

OHS MSDS, Elsevier MDL

Latky, Marhold, J, 685, 1986

Snyder, R. : Ethel Browning’s Toxicity and
Metabolism of Indusirial Solvents. 2ud ed.
vol. I: Nitrogen and phosphorus solvents.
Amsterdam-New  York-Oxford:  Elsevier.
406, 1990

. Technology Planning and Management

Coryporation. National Toxicology Pregram
NIEHS; Durham, NC: Report on carcinogens
background document for dicthanolamine.
229, 2002

. Tox-Info : National Institute of Toxicological

Rasearch, Korea-FDA, 2007



.....

1808

Table 1. Body weight of T1 gerieration miée born of Fy male treated with diethanolamine

PND4

PND7

PND14

PND21

PND28

PND35

PND42

PND49

PND56

PND63

PND70

Male

Male

Female

Male

) Female

" Female

Male
Female
Male
F emal(?

Male

Female

Male

Female

Male

Female

Male

Female

Male

Female

Male

Female

3.20£0.34

3.23+045

4674053
472067

751+0.95

746086

11.06+1.13

10.81x1.11

1554+1.94

1424160

18.64£1.47

1662+1.24 |

20.24+1.23

' 18.29+1.34-

21.08+1.56

18.76+1.49

22.18+1.90

19.76+1.70

2327155

2041x1.77

2393155

21.20+1.70

3.34+0.26
3.27+0.15
5.19+0.27
5.00+0.13
8.49:0.34
"8.18+0.48
11214047
10.8240.58

15.90+0.95

| 1472£087

19.20+1.33

16.69+1.58

20981 41

-

18.36+1.81
21.49;;:60
18.76£1.61
22.68+1.54
19.48+1.60
23.50+1.48
20.22+1.81
24.85+2.38

20.87+1.81

3.0120.36
2654065
4.36+059
418+068.
7.41:0.78

7.00+0.93

10.16+1.01

951+1.34

15.18+1.12

12.95:1.45

18.85+0.61

15.80+1.34

20.43£0.93

17.01+1.17

21.42+1.01

17.55+1.20

22592105

18.39+1.31

23.52:1.17

18.95+1.23

2450+1.36

19.74+1.41

311057
2.9420.42

471£0.35

4782027

7.48+0.48

7.49+0.38

10.00+1.88
10.70:0.75
714564250

© 1418:1.01

17.90+2.47
1651£1.28
19.40+2.27
1767+1.31
19.23+3.78
18.20+1.49
21.43x2.12
19.04£1.71
2203+2.36
19.7232.02
22.84+2.31

20.45x1.90
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Figure 2. Change in body weight of F1 male (A) and female {B) mice bom of Fp male
treated with diethanoiamine

Table 2. Absolute organ weighis (g) of Fo male mice treated with diethanolamine

Final Body Weight

Brain

Liver

Kidoey

Thymus

Spleen

Adrenal gland

Testis

Epididymis

Seminal vesicle

prostate

34.1023.34
0.4316£0.0120
1.4469£0.1281
0.3741x0.0202
0.0345+0.0047
0.0567+0.0087
0.0031+2.0006
0.1545+0.0072
0.0772£0.0022
0.4440+0.0481

0.0134+0.0050

35.17+25]

0.4395+0.0189

Laote @
T “i‘;,/
0.4012:x0, '3?7“5'

0.03630.0070
0.0031+0.0006
0.1605+0.0171
0.0763+0.0043
0.4520+0.0231

0.0133+0.0025

33.83+4.19

0.4136+0.0339

_1.3765+0.1350

0.3960::0.0337

0.0365+0.0045

0.0551+0.0206

0.003320.0009

0.1533+0.0116

0.0742+0,0042

0.437210.0470

0.0124+0.0021

33.36£3.25

0.4318+0.0319

13297101405

235701136

0.02721:0.0037

Q.0513 +.0079

0.0035£0.0004

0.1575+0.0202

0.073910.0094

0.4215+0.0686

0.0150x0.0022

Mean+SD ("Significantly different from the control, p<0.05)
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"} Table 3. Absolute organ weights (g) of Fi male mice born of Fo male treated with
el diethanolamine on PND 21

ity

| Final Body Weight 10.22+1.33 10.32+1.03 9.9040.79 10.11£0.78
Brain 0.3845:0.0167 0.378520,0232 0.3657+0.0305 0.3761:0.0320
. Liver 05761:01111 0.4996:0.0841 05083£0.0827 0.4938+0.0530
tl Kidney 0.1549+0.0229 0.147620.0171 0.1452£0.0149 0.1446£0.0130
= Thymas 0.0685:0.0101 00632600066  00641:0.0083  0.0697:0.0112
- Spleen 00797:00115  0.0743+0.0104 0.0748+0.0065 0.08490.0166
. Adrenal gland 0.00260.0004 0.00240.0008 0.0026:0.0005 0.0024:£0.0005
id
Testis 0.0491:0,0063 0.0465+0.0089 0.0440+0.0048 0.0487+0.0051
£ P T —
i Epididymis 0.012120.0007 0.0114+0.0024 0009610001 =0.0109+0.0028"
.i,wj br ) N L e < }_—‘:‘J
) Seminal v. & prostate  0.0079:0.0022 00066:0.0013 - 0.0062+0.0008 0.0062+0.0016
i Mean+SD (+Significantly different from the control, p<0.05)
| | P .

Table 4. Absolute organ weights (g) of F1 female rmoe born of R\m mg;e_tmars\d_\th
w diethanolamine on PND 21 O

Final Body Weight

'Brain
Liver
Kidney
Thymus

Spleen

Adrenal gland

Uterus

Ovary

9.40+1.14
0.3751+£0.0203

0.4649:0.0712

. 0143700185

0.0637£00135
0.0720+0.0139
0.0032:0,0013
0.0064:0.0019

0.003220.0004

10.40:0.82

40.3531+0.0875
. 0.5382+0.0873

. 0.15700.0178

0.0644+0.0090

0.0785+0.0082

0.0026+0.0008
0.0084£0.0023 -

0.0035+0.0010

7. 996£1.26

0.3805+0.0214
0.4935+0.0936
0.1468:0.0213
0.0648+0.0117

0.0838+0.0082

0.0031+0.0015

0.0070+0.0015

0.0024+0.0008

961081
0.3839:+0.0286
0.4547+0.0704

0.1369+0.0109

0.0680:£0.0082

0.0793+0.0187

0.0029:0.0010

0.0091+0.0029

0.0035+0.0012

Mean+SD




Table 5. Absolute organ weights (g) of Fi male mice borm of Fy male treated with

Final Body Weight 24.48+2.20 2350+1.82 95.35+2.17 23.49+1.65
Brain 0.4045+0.0359 0.4253£0.0192 0.4221+0.0224 0.41950.0181
Liver 11811201847 1.0342:0,1863 1.1582+0.1325 1.0481+0.1100
Kidney 0.3096:0.0421 0.3161£0.0270 0.3230£0.0286 0.3045:0.0219
Thymus 0.0434:0.0042 0.0449:0.0046 0.0407:0.0044 0.0386+0.0051
Spleen 0.0581£0.0028 0.0597+0.0074 0.0585:0.0069 0.0562+0.0051

Adrenal gland 0.0033:0.0008 0.0031:£0.0006 0.0084::0.0009 0.0031:£0.0005
Testis 0.16370.0097 01674200114 0.1611:00175  0.1446:0.0262"
Epididymis 00632:0.0053 0.0632:0.0085 0064100020 0.0581+Q0067"
Seminal vesicle 0.2246+0.0385 0.2065:0.0309 0.2444£0.0161 0.2245+0.0148
prostate 0.01010.0015 00088:0.0018  0.0078:0.0019" 0.0085£0.0010

oo
e
)
S
g
H
vl
et

Mean+SD (+Significantly different from the control, p<0.05)

Table 6. Absolute organ weights (g) of Fi female mice born of Fo male treated with
diethanolamine on PND 70

Final Body Weight

Brain
Liver
Kidney
Thymus
Spleen
Adrenal gland
Uterus

Ovary

21.37+158
0.4387::0.0257
1.1251+0.1509
0.2859+0.0286
0.0642:£0.0046
0.0730£0.0085
0.0054:0.0008
0.0633£0.0145

0.006520.0011

21.79+1.87

0.4601£0.5134

1.237620.1525

0.2855+0.0257

0.0606+0.0081

0.0756+0.0093

0.0059+0.0014

0.0784+0.0401

0.0068+0.0017

1963+162
0.4435::0.0266
1.1374+0.1365
0.2721+0.0287
0.0578+0.0068
0.0716+0.0068
0.0060+0.0011
0.0794+0.0217

0.0071£0.0010

20.20+2.64
0.4453+0.0173
1.2188+0.2901
0.2750£0.0447
0.0566+0.0105
0.0679+:0.0114
0.0061£0.0012
0.0736+0.0301

0.0065+0.0014

MeantSD
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Table 7. Physical development and reflex of Fi mice born of Fo male treated with
diethanolamine

Sensory hair 4.0£0 4.0+0 4.0+0 4.0+0

Pinna detachment 4050 4020 4020 400
’ Visible pilation 7.0+0 7020 74£1.21 9.1£6.61
Pinna reflex 7.0:0 7.0£0 7.020 7.0£0
Surface Tighting 9020 9,020 9,010 9,020
B Negative geotaxis 9,00 9.0+0 9.2:0.60 9.0£0
Incisor eruption 10.020 10.0:0 10.0:0 10.0:0
Growth of claw 10.0£0 10.0x0 10010 10.0£0
Midair righting reflex 14.0:0 14.0:0 1400 14.0+0
Cliff avoidance 14.0:0 1400 1400 14.0+0
: Wire grasping 142063 14.0:0 141030 14,00
L ' Eye opening 14.0x0 14040 1460 14020
Cornea reflex 20.0£0 20.0£0 20040 20.0£0
vg Testis descent 215x4.14 21.3+0.50 23.1£1.30 24.2+2.71
] Vaginal opening 30.0+0 30020 31.8+392 30.1£0.30
' MeantSD

Hot plate male  2222:2514 31397208 2869+4516" 28 88+4.100"

female ' 1618:4608 = 0377364  oigedasr  306456074°

7 Mean+SD ("Significantly different from .tﬁei control, p<0.05) l
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Figure 3. Hot plate test of Fy mice born of ¥y male treated with diethanolamine.
(*Significantly different from the control, p<0.05)

Table 9. Rota rod test of F1 mice borm of Fo male treated with diethanolaynine

male 1.05x0.517 0.6810.474 1.16x0.620 1130625
female 1.45+0.584 1.03x0.521 99+).447 1.03x0.416
Mean+SD
B iolamine

Table 10. Open field test

O/‘

A s

i mice born o Fo male treated with dieth=

-

T

SRS

Total Distance(mm)  3480.5:888.2 3402527116 4027257195 3386.1£498.0
Male V max 5032458911 33.74+19.262 67.81250.276 80.23+€8.580
V mean 6.16£0.995 5.68+1.171 6.93+1.415 6.40£1.793
Total Distance(mm}  556).22331.3 3535.74517.1 3722.9:47-7 8 349&2#?9.6
Female V max 287844 481 38.20+27.505 31.61£7.085 28.26+1.931
V mean 5930524 6.29+0.962 6.54:0.847 6.06:0.806

MeantSD
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Context 55.11+21.526 40.64+14.962 4354+14.896" 46.67+23.942

Male :
Cs 545121747 5122421168  5217:26215 466720456
Context 5629:21819 , - 4601213738  4047:14776 498124078
Female ' ) .
Cs 34075340 349932994 3430:11525  34.06+45%
Mean+SD ’

Table 12. Passive avoidance test of Fi mice born of Fo male treated with diethanolamine

gt

male 33.88+15.487 28.00+12.293 27.38+7.744 255612817
female 29.56+16.164 13.00+£9.250 24.20+18.079 29.75+25.348
Mean=SD s
25 - . °
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Figure 4. Rota-rod (A), open field (B), fear conditioning (C) and passive avoidance (D) test
of F; mice born .of Fy male treated with diethanolamine
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Table 13. Sperm motility and other parameter of sperm in Fo male mice treated with
diethanolamine

Sperm motility (%) 76.90+7.88 €3.00:2.85 52.40£0.74 59.80+11.27

Path velocity (m/s) 391£19 BEES M.726 344427
Prog. Velocity (mm/s) 245121 . 213229 21.243.1 21433
Track speed (mm/s) §1.6+34 TC4332 731240 726+4.4
Lateral amplitude(pm/s) 6.520.4 6.2+0.7 6.0+0.7 56208
Beat frequency(Hz) 31.8x15 323422 32622 328+15
Straightness(%) 59.8:4.0 514245 57.746.5 58657
Linearity(26) 30.7:24 29.3+2.8 29.8+4.3 304136
Elongation(%) 50.5¢4.7 448+14.3 50.2+4.3 47145

Mean+SD ("Significantly different from the control. p<0.05)

Table 14. Sperm motility and other parameter of sperm in F: mice born of Fg male treated
with diethanclamine

Sperm motility (%) 73.30+6.38 69.20:9.65 66.90+4.36 57.80+13.54
Path velocity (m/s) 30.243.1 36.0:18 34623 33842y
Prog. Velocity (mm/s) 23.4£2.7 192167 212428 20.1+4.0
Track speed (m/s) 82.74.9 772433 752136 726242
Lateral amplitude(sm/s) 6.7+0.5 6.7:0.6 T 6306 5.8£0.7
Beat frequency(Hz) 331£17 - 336£13 339:1.2 340218
Straightaess(%) 55.3t4.4 56.0+3.8 58.1#55 56.1:7.2
Linearity(%6) 28.2+2.7 281%1.9 29.03.0 28548
Elongation(%) 46.3+1.8 453123 451£3.2 473155

Mean+SD ("Significantly different from the control, p<0.05)

&



Figure 5. Sperm f}r,n_gj:iﬁty and other p
diethanolamine and F1 mice born of Fo male treated with diethanolamine.

Table 15. Body weight of F: generation mice born of Fo female treated with diethanolamine

100

3 3

Percent sperm motitity
&

o
S s T

-
==

arameter; of .sperm in Fo male. .mice treated with

CF1-

(“Significantly different from the control, p<0.05)

2.75t0.45

2.92+0.30

‘PND4 Male 2.84+0.19
Female 290:035 2724050 2.80£0.42 247+031
- PND7 Male . 449:0.27 410:0.73 4262020 3.6520.54%
Female 466£0.50 3.88+0.53+ 415:029 3.79:0.27%
PND14 Male . 7315124 631153, -~ . '659+128 '6.16£0.63
: Female - 73:065 61137y o 6.345063 6.19:0.32+
PND21 Male 10.16£0.92 9.66+1.38 9.48+0.77 8.21+1.08%
Female 10.13£1.33 9.01£0.64 9.12+0.73 8.18+0.42+
PND28 Male 15.65+0.71 1558+1:37 15.10£0.94 12.9441.60+
Female 1354052 13.04:0.34 1364117 12.062054
PND35 Male 1868£1.10 19.14+E68 18.930.90 17.44£113
' Female 16.73+0.80 15.89:0.80 16.29+1.15 15.41£0.40
PND42 Male 20.00:0.80 20611163 20.30+1,08 19.241.14
Female 18.10£1.02 17.00£0:90 17.39+0.95 16.48£0.49+
PND49 Male 21.20+1.42 21644168 21.70£1.02 21.05+1.18
Female 1933+1.10 18.07£1.09 1845:123 17.44:0.41»
PND56 Male 20.27+1.69 22.02+168 2.14:1.25 22.00+133
Female 1975:1.03 18.74:0.70 19.37+134 18.28+0.59
PND63 Male 2340+1.71 24214185 2453+1.25 2395:1.25
Female 20.48+1.14 19.27:0.69 20.10+161 1889033
PND70 Male 2401151 24832173 25.33+1.24 24.07+1.46
Female 21.07+1.67 19.720.43 20.55+1.61 19.40+0.90

Mean+SD ("Significantly different from the control, p<0.05)
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Figure 6. Change in body weight of ¥y male (A) and female (B) mice bom of Fo maie
treated with diethanolamine. (*Significantly different from the control, p<0.05)

Table 16. Absolute organ weights (g) of Fo female mice treated with diethanolamine

Final Body Weight 25.03+0.71 25.32+1.00 24.94+0.96 26.79+0.92

Brain 0.3899+0.0735 0.4243+0.0386 0.4188+0.0295 0.4344+0.0173

Liver 1977301204 20082031499 227110114 2.8276+0.3114
Kidney 0.3364+0.0107 0.3409+0.0224 0.3588+0.0224 0.411320.0316
Thymus 0.0524+0.0077 @.0495%.01& 0.0462+0.0001 LGS0 0000
Spleen 0.069520.0037 0.0693+0.0043 0.0755+0.0066 0.0972+0.0231
Adrenal gland 0.00580.0011 £.0060+0.0011 0.00690.0012 0.0069+0.0011
Uterus 0.0649+0.0112 0.0606+0.0165 0.06840+0.0416 €.0573820.0225
Qvary 0.0057+0.0034 0.0086+0.0020 0.0099+0.0011 0.0096+0.0021

Mean+SD ("Significantly different from the control, p<0.05)
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Table 17. Absolute organ weights (g) of F1 male mice bom of Fo female treated with
diethanolamine on PND 21

Final Body Weight
Brain
Liver
Kidney
Thymus
Spleen
Adrenal gland
Testis
Epididymis

Seminal v. & prostate .

BT
SR

9.05+1.03

0.3763+0.0285

" 0.4796+0.0815

0.1319£0.0162

0.0543+0.0151
0.0651+0.0121
0.0026+0.0009
0.0448+0.0154

0.0076+0.0018

0.0052:0.0019

9.99+1.34
0.3781£0.0142
0.5063+0.0929
0.1473£0.0227
0.06630.0143
0.0803+0,0081
0.0026+0.0007
0.041520.0088

0.009520.0020

0.00650.0022

9.27:0.60
0.37810.0215
0.495820.0677
0.1453+0,0125
0.0675£0,0079
0.0574£0.0061
0.0022+0,0006
0.0428:0,0039

0.0090+0.0013

' 0,0052£0,0007

8.45:0.82

03714¢d:0317
0.4189:0.0765
0.1320£0.0140
0.0639:£0,0080
0.0684:+0.0112
0.00210.0009
0.0380:0.0063
0.008140.0022

0.0045:0.0011

Mean+SD

Table 18. Absolute organ weights (g) of Fi female mice born of Fo
diethanolamine on PND 21

female treated with

Final Body Weight 9.40+1.07 9.27+1.06 9.45:090 854:052
Brain 03667600827  036TI:00290 03700038 03772400233

Liver 05348:00202 - 0486200548  O5M01:00842  04584:00573
Kidney 01456:00085 0152500202  O0I516:00118 0144700076
Thymus 00612:00102  00646:00076  00643:00085  0.0606:0.0090
Spleen 00650:00155 00655400087  0O0703:00000  0.0558£0.0075
Adrenal gland 0.0024:00005  00024:00006 00024300006  0.002120.0005
Uterus 0.0000:00025  00081:0.0018  0.0083:0.0023  0.0067:0.0008
Ovary 00034:00010  00028:0.0006 00033300009  0.0027:0.0009

Mean+SD
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Table 19. Absolute organ weights (g) of Fy male mice bom of Fy female treated with
diethanolamine on PND 70

2887+2.42 29.52+3.46 31.50+2.80
Brain 0.4427+0.0168 0.4181£0.0224 0.4277+£0.0282 0.4373+0.0617
Liver 1.3242+0.1668 1.2807+0.1646 1.3231&0.1031 1.2405+0.1263
Kidney 0.3707+0.0351 0.3429+0.0381 0.3493+0.0326 0.3382+0.0192
Thymus 0.041020.0040 0.0403+0.0046 0.0426+0.0067 0.036510.0033
Spleen 0.0634+£0.0105 0.0638+0.0078 0.0591+0.0074 0.0607+0.0087
Adrenal gland 0.0040+0.0009 0.0033+0.0005+% 0.0028+0.0005+ 0.0036+0.0011
Testis 0.1628+0.0077 0.1661+0.0161 0.1659:0.0083 0.1573+£0.0180
Epididymis 0.0702+0.0056 0.0706x0.0042 0.0725+0.0035 0.0672+0.0058
Seminal vesicle 0.3237+0.0385 0.316610.0442 0.3076+0.0318 .3053+0.0411
prostate 0.0111+0.0027 0.00960.0027 0.0112+0.0020 0.0085+0.0021

Mean+SD (*Significantly different from the control, p<0.05)

Table 20. Absolute organ weights (g) of Fi female mice bom of Fp
diethanolamine on PND 70

female treated with

Final Body Weight 21.21x1.42 20.3410.50 21452141 20294121

Brain 0.4419+0.0215 0,4256+0.0208 0430600289 0417100399

Liver 1.0596+0.0805 1.0367+0.0604 1.0740+0.0981 0.9745+0.2171
Kidney 0.2674:0.0166 0.259620.0158 0.2702+0.0199 0.2667+0.0157
Thymus 0065100028 0.0605x0.0046 0.06060.0061 0.058010.0081
Spleen 0.0660+0.0046 0.068210.0042 0.0729+0.0082 0.0687+0.0079
Adrenal gland 0.0065:0.0011 0.0056::0.0006 0.0059+0.0010 0.0062£0.0009
Uterus 0.1206+0.0505 0.10612:0.0493 0.0824+0.0278+ 0.0700+0.0184+
Ovary - 0.0074(.0007 0.0069+£0.0011 0.0076+0.0016 0.0073+0.0015

MeanxSD ("Significantly different from the control, p<0.05)
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Table 21. Physical development and reflex of Fi mice bom of Fy female treated with

diethanolamine

Sensory hair 400 400 400 40+
Pinna detachment 4.0+0 4.0+0 400 4020
Visible pilation 7040 7.0+0 7010 7020
Pinna reflex 7.0£0 " 7.0x0 7010 700
S“rfa:’ﬂjfhﬁ“g 0,020 9,040 9010 9020
Negative geotaxis 9.0:0 9.00 9.04¢0 9.0£0
Incisor eruption 10.0+0 10.0£0 1000 10.0x0
Growth of claw 10.0+0 1000 10.0£0 1000
Midair righting reflex 14,040 14020 14020 14020
Cliff avoidance ‘ 14.0+0 14.010 14.0+0 14.0+0
Wire grasping 14.0x0 14.0:0 1400 14.0+0
Eye opening 14.0x0 14010 14.0+0 1400
Cornea reflex 20.0+0 20.0£0 20.0+0 20.0+0
Testis descent 21.4+1.34 22.3+164 2344083 24.7:3.64
Vaginal opening 308045 30.8:0.45 31.4+188 31.9£0.90

Mean+SD

<.

H ? .
N iy

Table 22. Hot plate test of F; mice born of Fy female treated with diethanolamine

* mal 19846105  33.35:19258 25033151 90,89+5.743

3%

female  1820:3185 248046287  2579:6280  2399:0.704

Mean+SD
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MR control

Second

male female

Figure 7. Hot plate test of F; mice born of Fy female treated -with diethanolamine

Table 24, Open field test ¢f F+ mice born of Fy female treated with dicthanolamine

e

Total Distance(mm)  2890.4+496.4 4043.2+1810.2 3282.8+1024.6 3148312316

Male V max 28.38+5.575 50.93+29.442+ 29.45+4.711 26.13£4.974

V mean 4.81:0.827 8.21£3.478 6.51£3.705 5.89+2.810

Total Distance(mm) 3357745064  2017.3:10666 , 32175:84/2  41733:521.2
Female V max 27.32+1.943 29.17:6.200 2023:3202 3162350

V mean 558+1.006 544+1.246 5.63+0.9% 6.95: .04

PR LN — e ——

s e -

MeantSD

Table 25. Fear conditioning test of F1 mice born of Fo female treated with diethsnolamine

Context 34.73£5.827 36.10:9.713 336743280 35.5619.737

Male
Cs 39.02+14.507 29.55+5.251 29.7945.869 29.98+5.023
Context 69.43£11.549 60.67+19.662 63.88+18.015 65.70+17.700
Female
Cs 35.17+12.090 32.58+4.216 31.59+3.836 3250+3.964

MeantSD
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Table 26. Passive avoidance test of Iy mice born of Fo female treated with diethanolamine

35.75£19.293 26.63+11.747 2250£10.515 274411717

female 54.71269.980 28.71+18590 27.22+14.646 37.25+21.486

Second

40
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Figure 8. Rota-réd (A)//open field (B), fear conditioning (C) and passive avoidance (D) test
of F1 nuc*e/b{om of Fo female treated with diethanolamine

. v L -E .
I - v .
-+ ~ MO
s . .
z oL, 3
N i -




1823

Table 27. Sperm motility and other parameter of sperm in F: mice born of Fo female treated
with diethanolamine

Sperm motility (%)

H
Path velocity (m/s) 378443 35.0£1.9 37317 36.8£2.0
M Prog. Velocity {my/'s) 73536 21323 234224 21.7:18
Track speed (gm/s) 78970 75.1:2.9 77425 76.4+4.2
Lateral amplitude(um/s) 6.1208 51085 6.4+0.7 €508
Beat frequency(Hz) 32016 33211 21,6420 322¢12
Straightness(%) 56.9+8.7 58.1+4.2 508+4.3 55.2+4.4
Linearity(%) 304124 206:25 31.0%2.7 288123
Elongation(26) 498+32 448422 456423 46.7:4.0
Mean+SD
100
80 4
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N Figure 9. Sperm motility and other parameter of sperm in F) mice porn of Fo female treated
with diethanolamine L
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Abstract
Diethanolamine (DZA) is used as an emulsifier, moistening agent, surfactant as well as a thickening
agent in products used for various household needs. In other words, Diethanolamine is used in such
products as shampoo, hair conditioner, soap, sun block, cosmetics, hair spray, and perm (hair
coloring) agents, and also in medicines as well as in agricultural chemicals. Diethanolamine was
noticed to be a carcinogenic substance as it can be easily absorbed and may then cause stomach
cancer, esophageal cancer, liver cancer, and bladder cancer, among others. There are recent reports
indicating its harmful effects on fetal brain development, leading to memory and leaming disorders
when a pregnant woman is exposed to the substance. The possibility of malformation, as
diethanolamine effects spcrmatogenesis in males, is also being studied. However, to date, no detailed
experimental resuits on the effects on spermatogenesis toxicity and on future generations have been
reported. The purpose of this study is to clarify the harmful effects of diethanolamine from exposure to
the fathers’ and mothers’ bodies, which are highly likely to be exposed in large amounts through
products for general household needs. In order to examine the effects due to exposure to the father's
body, diethanolamine was applied to male mice for 4 weeks (0, 20, 80, 320mg/kg). They were caused
to copulate with normal females for fetuses. For experimenting effects due to exposure to mothers’
bodies, diethanolamine was applied during pregnancy and the organ weight, fertility, body growth,
reflex functions, movement, learning, and memory abilities of the fetuses were evaluated. Results
showed that the epididymis weight decreased significantly in fetuses born after exposure of
diethanolamine to the father. These fetuses also had a very significantly slow response to pain
compared with the solvent control group. Among them, the weight increase rate of female fetuses was
meaningfully reduced and the movement power was also much lower than the solvent control group.
Movement, learning, and memory abilities in both ‘examinations of exposure to the fathers’ and
mothers’ bodies appeared to be generally reduced due to diethanolamine. Sperm motility was slightly
decreased in the mother’s body exposure group, but the. fathers and fetuses born of a father's body
subject to exposure showed a remarkably s:gmﬁcanthde/crease Studies of diethanolamine effects on
future generations should be expanded subsequently, and the mechanism of reproductive and
developmental toxicity of diethanolamine should be investigated further.
AT s "Y * “.'«;
Keywords: diethanolamine, reproductive and devélopmen'ﬁl toxicity, and effects on future generations

Introduction

Diethanolamine (DEA) is used as an Diethanolamine was noticed to be a

emulsifier, moistening agent, surfactant as well
as thickening agent in products used for various
household needs, ie., it is used as an in
shampoo, hair conditioner, soap, sun block,
cosmetics, hair spray, and perm (hair coloring)

and also in medicines and agricultural chemicals.

Over 100 thousand tons of the substance is
being used every year in the U.S.

* Contact Info.: Reproductive & Developmental Toxicity
Division [Jeong Su-yeon (Tel: +82-2-380-1788)

carcinogenic substance as it can be easily
absorbed and thus may cause stomach cancer,
esophageal cancer, liver cancer, and bladder
cancer, etc. Some professionals pointed out that
diethanolamine takes up 25% of the total
amount of chemicals contained especially in
shampoo products for generating more foam.
However, information on the harmful effects of
reproductive and developmental toxicity is
extremely limited. There are recent reports




indicating its harmful effects on the fetal brain
development process leading to memory and
learning disorders when a pregnant woman is
exposed to the substance. The possibility of
malformation as it participates in
spermatogenes;s of males is also being studied.
Nonetheless, no dstailed results from on the
effects on spermatogenesis toxicity and on
future generations have thus far been reported.
Therefore, an in vivo study that appropriately
combines overall assessment on harmful
diethanolamine eifects on  the  parents’
generation, which has a great exposure risk
since it is contained in general household
products, and the standard test method of
reproductive and developmental toxicity was
conducted in this study. Cur parpose was to
contribute to clarifying the danger of
diethanolamine kased on study results and to
protect the health of future generations.

Materiais and Methods

in order to examine the reproductive and
developmental toxicity of diethanolamine,
experiments were run separately on the toxicity
on fetuses from the father's body {male)
exposure and on thosa from the mother’s tody
(female) exposure.

1. Reproductive and developmental toxicity test
A. Father’s body exposure

The fur in the scapula region was removed
with an animal hair remover in 5 week-old
C57BL/6 male fetuses. Then 0, 20, 80, and 320
mg/kg of diethanolarine were applied to ihe
skin of 15 fetuses in each group at the same
time in the moring everyday for 4 waeks. The
treatment group that received diethanolamine
application for 4 weeks and the control greup
were kept together with 9 week-old C57BL/6
female fetuses at a ratio of 1:1. A vaginal plug
test was done the next day. It was acecepted as
gestational day 0 (GD 0) if 3 vaginal plug was
confirmed.

B. Mother’s body exposure

9 week-old C57BL/6 female and male fetuses
were kept together at 1:1 and a vaginal plug test
was done the next day. it was accepted as GD 0
if a vaginal plug was confirmed, and pregnant
mothers’ bodies were prepared. At GD 6, an
animal hair remover was used to remove fur in
the scapular region. 0, 20, 80, and 320 mg/kg of
diethanolamine were applied to the skin of 10
fetuses of each group at the same time in the

morning everyday for 4 weeks. The delivery day
was accepted as postnatal dey 0 (PND G) and
diethanolamine was applied to the mother's
body until PND 21. The number of fetuses was
adjusted to 4 males and 4 femaies on PND 4.
After weariing, an autopsy was done on the
micther's body and feiuses {iwo females and two
males each). The remaining fotuses were reared
continuously in order to examine their behavior
and development.

C. Common items

Specific pathogen free (SPF) C57BL/5 female
and male fetuses were purchased from Orient
Co., Seoul, Korea. A clean breeding faciiity of
the National Institute of Toxicological Researcn,
KFDA whick received certification from the
Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC) was used.
Products of diethanolamine from Sigma (St
Louis, MO, U.S.A. DU681, 98.5%) and etharol
from Merck (Germany; were chosen for running
the experiment. Diethanotamine of 20, 89, 320
mg/kg with ethancl as the solvent were applied

to 2 o between the scapulas at the same time

every morning. Ethano! was applied to the same
region of the control group. Fur on the
appiication region between the scapulas was
removed with an animal nair rernover. (Figure 1)

The weight cf each female and rale fetus
(F1) was measured on PND 4, 7, 14, 21, 28, 35,
42, 49, 558, €3, and 70. The amount of feed
consumed by the father, mother, and fetuses
was measured once a week in order to examine
the gains. Fernaie and maie feiuses were kept
together at 1:1 and a vaginai zlug test was done
the riext day. It was accepted as GD O if a
vaginal plug was confirmed. The final
assessment of pregnancy depended on the
existence of a fetus within the uterus at autopsy,
marks of implantation, or delivery of fetus by
normal delivery. Alitopsies weie done on
exposed fathers’ bodies and exonosed mothers’
bodies during pregnancy. Skeletal abnormalities
of fetuses at GO 18 were evaiuated. The
remaining feluses were wearied from the mother
at PND 21 and autopsied.

Figare 1. Dermal application



D. Evaluation of fetuses

General symptoms and deaths of the entire
experiment group were observed once a day
during the test period. If an abnormality was
discovered, the type of symptom, date and time
of discovery, and its duration were recorded.
The severity of the symptom was also recorded
if necessary.

The number of fetuses per mother’s body was
adjusted to 4 females and 4 males, 8 fetuses in
total gn PND_ 4 in order to examine the growth
and developm'ent.—;The number of fetuses at
birth and after adjustment was compared and
recorded. The fetuses were weaned from the
mother on PND 21 and autopsies were done on
2 female and 2 male fetuses each per mother’s

body. General organs and reproductive organs:

were compared. Gross lesions were fixed and
preserved in 10% neutral formalin.
After weanin'g autopsy, tests were performed

on the remaining fetuses to cdnﬁrm the growth,

development, and behavior - serisory hair and
pinna detachment on 'PND 4; visible pilation and
reflex on .PND .7; surface righting reflex and
negative geotaxis on PND 9; incisor eruption
and growth of élaw (hind leg) on PND 10; midair
righting reflex on . PND 14; cliff avondance, wire
grasping and. ‘eye_opening on PND 14; corneal
reflex and testis descent. on PND 20; rota rod
test on PND 28'Vaglhal opening on PND 30;
open f|eld on PNl:) 35;" passive avoidance test
on PND 42, hot plate test on PND 45; and fear
conditioning test on PND 63.

The weight - of general organs and
reproductive organs of mature female and male
fetuses (PND 70) that completed all tests on
growth, development, and behavior were
measured. Organs and gross lesions were fixed
and preserved in 10% neutral formalin.

E. Measurement of sperm mbtility’

The sperm motility and velocity of fathers’
bodies exposed to DEA and male fetuses
produced from exposure of the father and
mother bodies were measured by using the
Hamilton-Thorne IVOS 2000 system.

F. Statistical interpretation

After the ANOVA test, the Dunnett’s test was
used to.examine the significance between the
solvent control group and the group that
received the testing substance administration by
p<0.05.

Resulte and Cenclusions

A. Evaluation of toxiéity on fetuses from father
body exposure. L
Clinical symptoms due to the. injection of the
testing substance were “riot” observed in all
administered ~ groups  ‘while applying
diethanolamine (0, 20, 80, 320 mg/kg) on the
scapular region for 4 weeks. There were no
animal deaths. Keratinization was found on the
area applied with high-dosage but said area
soon fecovered. ,

.As for the father body, there was no difference
found in weight changes of fetuses between the
solvent control group and testing substance
administered group during the 4 weeks of
diethanolamine application, but a similar
increase rate occurred. Among the female and
male fetuses born of the fathers’ bodies
exposed to diethanolamine, the weight of female
fetuses was not different from the solvent control
group. The weight of male fetuses in the high-
dosage group (320 mg/kg) was slightly lower
than those of the solvent control group but no

significance was observed. (Table 1, Figure 2)

Results of autopsies done after administering
diethanolamine for 4 weeks showed no
abnormal manifestations in the organs of the
animals in-the solvent control group or in the
testing substance administered group.

Main organs such as the brain, liver, spleen
and kidneys along with reproductive organs like
the testis and epididymis were extracted and
their weights were measured. The epididymis
weight showed a slight decrease in higher
dosages when compared with the solvent
control group, but the difference was not
significant. (Table 2) Female and male fetuses
were autopsied at the weaning period (PND 21)
and at maturity (PND 70). Their general organs
and reproductive organs were extracted and
weights were measured. According to results,
the epididymis weight of male fetuses from the




weaning period autopsy at diethanolamine of 80
mg/kyg was significantly decreaseq, while the
uterus weight of lemale fetuses was increased.
(Table 3, 4) Autopsy resulls at maturity indicated
a meaningfui reduction in male reproduciive
organ weight in the group of maximum dosage
320 mg/kg. Fernaies also showed a similar
feature with the weaning period autopsy, having
a heavier uterus. (Table 5, 6)

Test results of the intestines and skeletal
abnormalities of survived fetuses that were
extracted by Caesarean operation on GD 18
showed no significant difference between the
solvent control group and diethanolamine
administered group. In order to examine the
growth, development, and behavior of female
and male fetuses, an evaluation on physical
development (sensory hair, pinna detachment,
eye opening, incisor eruption, growth of claw,
testis descent, wvagina! opening, efc.), reflex
functions (pinna reflex, corneal reflex), and
posture control furictions (righting reflex,
negative geotaxis) was done by each period.
Although no significance was found in the high-
dosage group compared with the solvent conirol
group, visible pilation lagged and negative
geotaxis decreased. Testis descent which
reflects sexual maturity of males was also
slower in the high-dosage group than the
solvent control group (Table 7). Hot-plate test
results showed a meaningiul dosage-dependent
increase than in the control group (Table 8 &
Figure 3).

When measuring the movement ability (rota
rod test) of female and male fetuses, oniy ihe
20mg/kg group among males had a siight
decrease and the high-dosage group among
females appeared to have a decreasing
tendency. However, the resuits were not
significant, (Table 9 & Figure 4) As for results of
open field which measures the amount of
movement within a fixed space per hour, both
male and female groups were similar to those of
the control group. (Tabie 10 & Figure 4) The fear
conditioning test which assesses the cognitive
ability by exposing subjects to noise and
electrical shock showed a decrease in both
male and female groups when compared with
the solvent control group, but the difference was
not significant. (Table 11 & Figure 4) Results of
the passive avoidance test which examines the
ability to recognize the situation by
administering electrical shocks also appeared to
have an insignificant decrease in both groups.
(Table 12 & Figure 4)

The sperm motility and velocity of the
epididymis were examined and compared with
the solvent control group in order to study how
diethanolamine affects the reproductive function

of male fetuses through the father’s body. As for
fathers’ bodies, the sperm motiity was
significantly, dosage-dependenily decreased
than the control group. Fetuses &lso showed a
dosage-dependent decrease. The resuits in the
high-dosage group of 320 mg/kg were
especially meaningful. (Table 13, 14 & Figure 5).

B. Evaluation of toxicity on fetuses frcm the
mother’s body exposure

Clinical symptoms due to the injection of the
tesling substance were not observed in all
administered groups while applying
diethanolamine (0, 20, 80, 320 mg/kg) on the
scapular region during pregnancy angd lactation
period. There were no animal deaths.
Keratinization occurred at the area applied with
high-dosage but said area soon recovered.

As for the weight change of pregnant mothers’
bodies while being exposed to diethanolamine,
there was no difference found betwsen the
sclvent control group and the testing substance
administered grcup. Rather, they both showed a
similar rate of increase. The weight_of female
and male fetuses born of mother bodies trat
were  exposed to  disthanolamine  during
pregnancy was significartly decreased than in
the solvent controi graup. Especially, the high-
dosage female fetus group  weighed
meaninghully less from PND 7 io PND 4€ than
the contrel group. (Tabie 15 & Figure 6)

Aulopsies done after administering
digthanclamine during pregnancy and lactation
period showed no abnormal mianitestations in
the organs of tne animal in both the solvent
control group and testing - substance
administered group.

Main organs such as the brain, liver, spleen
aid kidneys along with reproductive organs like
the testis and epididymis were extracted and
their weights were measured. Tne uterus weight
in the 80 mgrkg dosage group was higher than
the control group bui was noi significant.
General organs were praciically slightly heavier.
(Table 16) Fernale and male fetuses were
autopsied at the weaning period (FND 21) and
at maturity (PND 70). Their general organs and
reproductive organs were extracted and weights
were measured. According fo the results, both
female and male fetuses did not show any
difference from the controi group. No specific
finding was nciiced in ihe results of organ
weighis from the autopsy at female fetus
malurity. Oniy the adrenal weight of the
administered group was fourid to be significantly
decreased from the autopsy done at male fetus
maturity. (Table 17-20).



Test results of the intestines and skeletal
abnormalities of survived fetuses that were
extracted by Caesarean operation on GD 18
showed no significant difference between the
solvent control group and the diethanolamine
administered group. However, an observation
experiment is currenfly under way for an
accurate interpretation.

In order to examine the growth, development,
and behavior of female and male fetuses, an
evaluation of physical development (sensory
hair, pinna detachment, eye opening, incisor
eruption, growth of claw, testis descent, vaginal
opening, etc.), reflex functions (pinna reflex,
corneal reflex), and posture control functions
(righting reflex, negative geotaxis) was done at
each period. Although no significance was found,
testis descent which reflects sexual maturity of
maies was slower in the diethanolamine
administered group than in the solvent control
group (Table 21). Hot-plate test results showed
a more dosage-dependent increase than in the
control group (Table 22 & Figure 7).

As for the movernent ability (rota rod test) of
female and male fetuses, both males and
females appeared to have a dosage-dependent
decrease. Especially all the male administered
group showed a meaningful reduction than in
the control group..(Table 23 & Figure 8) Resuits

of open field, which measures the amount of

movement within a fixed space per hour,
indicated that both male and female groups
were similar to those of the control group. (Table
24 & Figure 8) The fear conditioning test, which
assesses the cognitive ability by exposing
subjects to noise and electrical shocks, showed
a decrease in ,both. male- and female- groups
when compared with the solvent control group,
but the difference was not significant. (Table 25
& Figure 8) Results of the passive avoidance
test, which examines the ability to recognize the
situation by admmlsterlng electrical shocks, also
appeared to have .an "insignificant decrease in
both groups. (Table 26 & Figure 8)

The sperm motility and. velocity of the
epididymis were examined and .compared with

the solvent control group in.order to study the

effects of diethanolamine on the reproductive
functions of male fetuses, through the mothers’
bodies exposed to diethanolamine during
pregnancy and the lactation period. Although it
was an insignificant result, the sperm motility
seemed to be decreased. (Table 27 & Figure 9)

Male fetuses born of mother bodies exposed

to diethanolamine during pregnancy lagged
somewhat in testis descent and sperm motility.
However, not only the fathers’ bodies but also
male fetuses born of the copulation of fathers
exposed to diethanolamine and normal mothers
showed a significant decrease in the epididymis
weight. The high-dosage group of these fetuses
also appeared with a meaningful decrease in

sperm motility. This indicates that the father’s
body exposure affects spermatogenesis of
future generations more than the mother’s body
exposure. Since sperm abnormalities may
cause .congenital malformations, more related
studies are required.

Fetuses exposed to diethanolamine during
pregnancy also showed a decline in physical
growth, reflex functions, mdvement, learning,
and memory abilities. Similar features also
appeared as a result of the father's body
exposure. This suggests that the father's body
exposure can influence the future generations
without the mother's body exposure. More
related studies on this 'topic should be
conducted in future. e
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Table 1. Bady weight of ¥ gen‘emtiqn miée, bormn of Fo male treated with dicthanclamine

PNDI4

PND21

PND28

PNDES

PRID42

Ly e e

o

N opir

Female

Male

Female

Male

Female

Female

Male

Female

Female

Female

Male

Female

3. o0

TS e o

RN

320£0.34

30485

467+0.53

| AT2087

T51:055
746086
11062113
1081£1.11
15544154

14244160

18642147

1662124
20242123
18.25£1.34
21.08+1.56
18762140
22.18¢180
19962170
2327165
012177
893155

Z1.20:1.70

3342026

3.27x0.15

519:0.27

5000113

8492034

‘BIB048

11212047
10824058
15802095
14722087
19.20£1.33
16.65£1.58
20.98+1.41
18.36+1.81
21.49%1 60
1876£1 61
2682154
19.48+1.60
23501148
20,2241 81
485:+2.38

20872151

2014035
24652065
4364055
4.18+068
741078
0093
1046100
0512134
15.1841.12
12051 45
18.804061

15804134

20434093

1701117
2142101
17562190
2250105
1839131
23528£117
18.95+1.23
2450+1.35

19742141

B.1140.57

294042
4712035
4783027
748:0.48
7494038
10.001.88
16.70£0.75
14564250
14.18+1.00
17590247
1851128
1040:2.27
17672131
1923378
18.20k1.49
21.43£212
1904£1.71
2203£2.36
19.72:2.02
22.84+231

20.45:190
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Figure 2. Change in body waight of ¥ male {A) and fomale (B) mice hom of Fo male
treated with diethanolamine '

Abschite organ weights {g)

g S iy

Table 2. of Fo male mice treated with dicthanolamine

Final Body Weigh 34.103.34 35174251 33865419 BI6EIS
Brain 0.4316+00120 0ALBE00838 04318400619
Liver 1wm | L3766+0.1380 P——
Kidney 03741200007 0IENOMAT 0375701156
Toymus OOMBH00047 008040000  OUNSA0005  Q@TR0.00%
Sploen DOSE7+0.0087 Q0567400066 00561400006  0.0611:0.0073

Adrenal gland DODSLL0.0006  0O0G1400006 0.00B3:00000  0.0035:0.0004
Testis 01545+0.0072  C.I605:00171 0.1533:00116  0.1575+D0202
Epididymis NOTT220.0022 DOT63L00048  0.0742+00042 0.0739:0.0054
Seminal vesicle 04400091 DATA0MZIL  OAITR0MT0 04215500686
prostate QOI3400ED 00130005 GOIZ4WOA  ODISC:00022

Mean+SD ("Sipnificantly different frum the contral, p<005}




Tshle 3. Absolute organ weights (g) of Fr male mice bhomm of Fo male treated with
diethanolarmine on PND 21

Final Body Weight 10.2241.33 10324108 9.90:0.79 10.112078

Brain OIBB00I6T  ONESH00Z2  O3W7:00505 L 03761200820

Liver. 0576100111 04600841  ONS3S00827  0498B:0.0530

Kidney 01500029 Q700071 Q200140 (1446400130

Thymus 0.0685:0.0101 00632200066 D641 200089 0TI

Splecn DOTTHODIIS  OOTA3R00104  OO74B:0.0065  0.0849:00166

Adrenal gland 0.002820,0004 0002400008 00026:00005  0.0024:00005

Testis DOMO1N0083 OOMBG:00080 004050048 0048700051

Epididymis 0.0121£0.0007 agi’z}:}%im f\?@?“ (0100500008

Sominal v. & prostate  ‘0OUTH00022 OO0GGL000IS . O0062:00008 | 0.0062:00016
Mean*SD'(sSignificantly different from the control, p<005) "
‘ ;‘f - E A

Table 4. Absoldte organ weights (2) of F: fehale mice ‘bora-.of Fo-mald_treated _with

disthanolamiane o PNDY

Final Body ngght
I.iwr‘ .

. Kidoey
Thymus
Spleen

Adrenal gland

Uterus

8405114
03751400208
0.4649:00712
0143700185
0.063740.0135
0.0720+0.0139
0.003240.0013
0.0064:0.0019

0U0032:£0.0004

10402042
a.mzt@m
0.538240.0873
0.1570:0.0178
0.0644+0:0090
0.07B520.0082
0.0026:0.0008
0.0084:0.0023

000350010

989641,26
0.3805:00214
0495500936
0.1468:0.0213

0.0648:0.0117
DOBISHD.0082
0.0031:£0.0015
000700.0015

0.003420.0008

96120.81
0.383920.0286
04597200704
0.1368940108
0.0680:0.0052
0.0783+0.0187
0.0020+0.0010
0.009120.0029

0.0035¢0.0012

MeansSD




Table 5. Abswolute organ weights (g} of Fi male mice born of Fo male treated with
diethansdsenine on PRD 78

¥inal Body Weight 24485220 2350182 W[I5L2AT 234021 65
Brain 0405200355 0.4253:0.0192 04221200224 04186520.0181
Livexr 11811201847 1.0342+0.1863 1156240.1325 10481201100
Kidney 0.30960.0421 03161100270 0.3230£0.0285 €.304520,0219

Thymus 0.04340.0042 00449200046 0.0407+0.0044 0.088620.0051
Spleen DUEBIA00E8 Q030700004 0058500068 BT HI006]
Adrenal gland 0.0033:0.0008 D131 00006 Q.0034 20,0005 Q0027 #0005
Festis 0637200097 01674200114 0.I611+001 78 A BT e o
Bpiiymia 00C2:00053  LOXO0WE  QOS100009. .. SLOHST
Seminal vesicle {224620.0385 Q.2065+0,0309 $.2444+0.0061 0224550048
prostate 9.03:9120»&}15 0.0088+0.0018 Q.0078+0.0019" 0.0085+0.0010

Mean+SD {+Significantly different from the control, p<0.0G)

Table 6. Absclute orpan weights (g?o@ﬁfa&a!emmebomaf&malemtedmth
diﬁhmmﬂémmmmm

Final Body Weight
Brain
Liver
Kidney
‘Thywms
Spleen
Adrenal gland

Terus

20372158

04387500057

1125101580

0.0642:0.0045
(.073020.0085
0.0064£0.0008
0.0633+0,0145
0.006520.0011

2.700.87
SARER0134
1287601525
0.26855:0.0257
00608200081
007562000023
0.0059£00014
Q07840001
0.0068+0.0017

1963+1,62
$A880.025
1137401365
Q2T 200557
£0.05780.0068
0.0716:+0.0063
0.0060:0.0011
0079400217

DOOTL 00010

0446520017
1218802601
U2T6020.04a7
Q0566200105
0.0670£0.01 14
00061 #9,0912
00736:0.0301

0006600014

Meanz5D



TFable 7. Physicd development znd reflex of Fi mice bom of Fo male treated with
dicthantlamine

Sensory hair 4040 40 4,020 s 4080
Pinna detachment 4040 1020 4040 | 40s0
Visible pilation 7040 7040 745121 914661
Pinna reflex 7.0:0 7080 7080 7,020
3“"’:&?&“@ 9.050 9050 8.0:0 9,00
Negative geotaxis 9010 9020 9.260.60 9.0:0
Incisor eraption 1000 1000 10040 1000
Growth of claw 10040 1000 1000 10040
Midait righting reflex 14040 1400 14040 14020
CBft avoidance 14040 14050 14040 14,040
Wire grasping 1422063 14020 1412030 1400
Eve opening 14020 14020 14040 14.0:0
Cornea reflex 20020 20040 020 20,0:0
Testis descent 2152414 2134050 231£1.30 2424271
Vaginal opening 30,020 30010 3184392 30.1£0.30
Mean2:SD

Table 8. 'Hot plate test of F mice born of Fo rhale treated with diethanolzmine

Hot plate  male 222514 BLBIAE  BEIHASIE  28EBE4100°
" female | IGISMG05 WA BEST  05us0

Mean#SD ("Significantly different from the control, p<0.05)
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Figure 3. Hot plate test of Fy mice born of Fy mele treated with disthanolamine.
("Sigmificantly different from the control, p<0.05)

Table 9. Rota rod test of ¥ mice bom of Fy male treated with diethanclamine

T,

male 1060507 0.6840.474 1.16:0.620 1130865

female 1450584 1030521 G99:0.447 10320416

MeantS0

Table 0. Open fizln test of ¥y ndce born of Fo male treat=? vitn dietesuclnaine

Tatal Distanca(in} 3480548882 J025E71LE ST 2ETTAS 138514480

Male V max F3z5R011 VU922 GBI BOZI+68680
V maeg £.16:0.599 56821171 SH3E141E 64021798 "

Towl Distznoelmm) 3660213313 3SIBTS171 - 720s4T8 969476
Femsle V max BABAM]  S820:27H06  MSLTOET 52611991

¥ mean 5930524 B5.25+(.962 6540847 60610806

Meant3D




Table 11. Pear conditioning test of ¥y mice born of Fy male trested with diethanolamine

Context SELZZLEZE  40G£14062  4354:14806  46ATERDE
Male Cs BASILZLMT  SL@RLIE  SRITBN5  AGETHNASE
Context S626:21319 460113738 ADATHMTE 4981424078
Femle Cs SLOTESA0 S499:2004  B40:1LEB 340624555
Mean+SD o

Table 12. Passive avoidance test of Fi mice born of Fo male treated with diéthanolamine

%
Sy

male 3388215487 28.00x12.293 7B TAL X56:12817
female 5516564 130018250 | 42018079 0 20755538

mnade femnade MEsle Fepsnle

Figure 4. Rota-pod (A), open field (B), fear c:tmr:ﬁnomng (C) and passive avoidance (D) test
of Fr mice bon of By male treated with diethanclamine




Table 13. Sperm motility and other parameter of sperm in By maele mice trested with
diethanolarrine

e

Sperm: motility (%) TEO0T8E - 5300955 624048.14 50.80211.27
Path velocity (u/s) AR B5a2s WUT26 394327
Prog. Velocity (m/s) 245421 L5228 212433 21.4£33
Track speed {my/s) 61634 H4233 31240 726044
Lateral amplitude{m/s) 65204 G257 G007 56208
Beat frequency{iz} 28515 33,3:‘;2.‘3‘ 32.5::/23 828+15
Straightaess(%) §9.8040 574445 B1LT4E5 ERAIRT
Linearity (%) 807424 205258 208243 304286
Elongation{%i) 506247 485142 512443 471245

Mean+SE ("Significantly different from the control, p<{L05)

Teble 14, Sperm motility and other paremeter of sperm in 9 mice born of Fo mwfe treated
with diethanolamine

Sperm motdlity (%) 73.3046.38 04065 66904436 578051354
Path velocity (a/s) 302031 360:18 36123 338429
Prog. Velocity (m/s) 234127 192467 31.2:28 20,1240
Track speed (/) 827449 712433 236 | 726842
Lateral amplitnde{sm/s) 67605 67406 " 63206 58207
Beat frequency(Hz) 3311y - 25413 439412 840418
Straightness(%) 55,3544 56,0438 58,1455 56,1472
Linearity (%) 282227 28119 200130 285448
Elongation(%) 463418 45323 £1232 473455

Mean+SD (*Significantly different from the control, p<0.05)
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Percent sparm motitity

Fo FL

Figure 5. Sperm mﬁh@ and other parameter; g ot.mspmn in ¥y male mice treated with
diethanolamine and Fy mice bom of Fo male irested with cﬁeﬁmolarmne.

{“Significantly different from the control, p<0.05)

Table 15. Body weight of Fi generation mice bormn of Fg female freated with diethanolamine

PNDY Male 28410.19 2752045 20240.90 2454039
Female 2940.35 2724050 2804042 2472031

PND7 ‘Male 440:0.27 4108073 . 4262020 2652054+
' Female 4664050 3884053+ 415¢0.29 379:0.27%
PND14 . Male 812 631+153 | 6S0=128 - G16:063
’ Female 7355065 &uzf,a?i;r 634:063  6.19:03%
PNDZL Male 10.16£0.92 9.66&138 9484177 821+1.08
Female 1013:1.33 901064 9.12:073 818042+

PND28 Male 15652071 15584137 15102094 12942} 60»
Femsle 13542052 ’ 18645117 12.06¢0.54

PNDS5 Male 1868110 1944168 1893090 17442113
‘ Female  1673:080 M&gpo 16294115 5A10AD
PHD42 Male 2000+0:80 20612163 WIOLIO8 . 19244114
Female 1810102 17.00+0190 17394095 16.48+0.40+

PNDAS Male 21202142 21644158 N70s100 21054128
Female 19.33£1.10 18072100 18454123 17492041%

PND56 Male 227159 22.92+168 214:125 22.99x133
Female 19:75:1.03 18742070 1937134 18.28:0,59

PND63 Male 23402171 NAB 534125 2956195
Fesuale 2048114 19274069 20.10:161 1889+033

PND70 Male 24012151 8373 25,39+1.24 2407:1.46
Female 2107187 10724048 2052161 18404090

Means+SD ("Significanily different from the control, p<0.06)
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Pigure 6. Change in body weight of Fy male {(A) and fenmie 13) mice bom of Fo male

treated with disthanolamine. {"Sigréficantly different from the contrel, p<05)

Table 6. Ahsohite organ weights {g) of Fo female inice treated with dicthanolandine

Final Body Weight
Brain
Liver
Kidney
Thymus
Spleen
Adrenal gland
Uterus

Ovary

HB071

0.3805:0.0735

19775:0.1904

03364400107

VORIOITT

COROBL.0037

QLOEB=0.00L

00649100112

GUO0ST £0.0054

263241.00
(4243400686
20082201459
0.3405:0.0224
m&mé&
QOBE3E00043
0006000011
(1060600165

G086 04020

24544006
0.4188:0.0206
22751011

G aRs0.0224

D OEEOR

0078500065
000600011
0084000416

NO0GE0001]

0. 79087

DAMA00IT
2RZHG03118
Q4135206086
LR 2 v
REHIEG023]
0406900011
QOETR0.0220

OLOBGE0 00%1

Mean:3D ("Significantly different from the control, p<0.05)
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Table 17. Absolute organ weights {(g) of Fi male mice born of Fy femele treated with

dicthanolamine on PND 21

Final Body Weight
Brain

Liver

Thymus

Adrenal gland
Tentis

Epididysais

Seminal . 8 pebitate

052103

DyMee00s

0.479540.0815
0.1319£0.0152
00643+0,0151
00651 20.0121
C.0028:0.0009
0.0448:0.0154

 0.007620.0018

00E2+00019

8004134
0.378140.0142
0.506340.0525
01473200227
ﬂmﬂ.ﬁlﬁ
0.0805:40.0081
0.0026:0.0007

0.04150.0088

- 0.005+0.0020

827080

03781:0.0215

D.495820.0877
0.1453+00175

0067500078

00574:0,0061 _

00022400006

0042300039

0.0090+0,0013

0052200007 -

-
.

Bah082

03714200817
0.4189+0.0765
0.1320:0.0040
0.0635:0.0080
00684200112
GOO21 0008
0.038020.0063

0008100022

0.0045:00011

MeantSD

Tahhi&ﬁhsnmmnwghm(g) afofanakmbmafFafanakmm&mﬁx
+ diethanolamine on PND 21

Final Body Weight  940+107 9.27+1.06 0.45:0.50 8544052

Brain _ 03667:0087 0670080  OIWOH0BE 0377200253

Liver OSURONNZ  OABZ0068  OSMI00882  0ASS0057S
Kidoey 0A6:00085  0ISE:0002  OISIGHO0NE 0.1447:0.0076
Thymus 001200102 O0BAGS00076  ODBIB0O0S 0.0806+0.0090
Spleen OOBSD:00185  COGS540.0057  0OTU3:00000  C.OSSB0.0075
Adrenal gland 00024200005 00024800008  00024:00006 0002100005
Uterus (10090:00026  QO0B1:0008  0.00880.0023 006740.0008
Ovary 00034:00010  0O02B:00006  OO0G3:00008 0.0027+0.0009

MeantSD
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Table 19. Absoluie organ weiphis (g} of Py male mice bum of Fy ferpale trested with
diethanelarmine on PND 70

522546

3150280

Final Body Weight 2BETREA2
Brain 4427200168 04181400224 DAZT7 00282 04973200817
Liver 1.324220.1658 1.2807+0.3648 1373101038 126013
Kidnuy 370700851 4242600381 4.3403:00326 0.3382:05192
Thymus D.0410:+0.0040 010320006 004826200067 0038500063
Spleen 00634200105 (LORIBG007S 00581 40074 1LO60T20.0087
Adrenal gland 0.004020.0008 0.0733+0.X05s 002800005+ QG000
Testis QIE2800077 D1851 00361 {.1650:0.0089 £.16730.0780
Epididymiz Qom0 0066 0.070620.0042 Q.ﬂ%ﬂﬂ(i%v 0.0672:0.0058
Seming) vesicle 0.3287:0.0385 0.3156+0.0442 {.3076+0,0318 AMBEL0:0440
prostate 0011100027 | 0.000820.0027 00312500020 &Mmﬁi

MeanxSIy {"Significantly different from the control, p<045)

Table 20. Absolute organ weights (g) of ¥ female mice bomn of Fy
diethanolamine oz PND 70

20340659

21452141

fernale treated with

Final Body Weight  2L71:142 20294121
Brain 0AMI9H0MR15 0460008 UANGG0ZD QALTI=008%6
Liver 1500806 LOST:00604  LOTASD0SS  QUESORITI
Kidney 02674400166  02596:00158 0270200199 02667200157

Thymas 0.0651:00028 00605200046  00606:00061 0058000081
Spleen 066000046  0C6R2500M42 00720500082 0.0687200079
Adrenal gland 00065200011  O00S6:00006 0005900010 0.0062:0.0009
Uterus DING:00505  GI0GH400493  OOBM00Bs O0700:00184s
Ovary - 00074:00007  OCOG:0MOLI  OOO76:00016  DOOT300015

Mean+5D {"Significantly different from the control, p<D05}
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Table 21. Physical development and reflex of Fr mice bomm of ¥Fp female trested with
diethanolarmine s

Semsory hair 4040 10¢0 4050 4 4040
Pinna. detachment 4020 4040 400 4020
Visible pilation 7040 7.040 7.040) 7050
Piona reflex 7,040 © 70s0 7040 7040
Wﬁfzﬂjjhﬁw 8050 8010 9010 2020
Negative Zeobaxie 9050 9040 5040 9040
Tncizor ervption 10,010 HLO:0 10020 105020
Growih of claw 100D 10020 10040 10040
Midair righting reflex 14020 14050 14050 14020
Cliff avoidance 14040 14040 14020 14020
Wire grasping 14.020 14040 14050 14040
Bye opening 140£0 4030 14040 14010
Comea roflex 20.0:0 2940 | 20040 20010
Testiz degcent #1421 228164 234088 24.7+3.64
Vaginal opening HBL045 3084045 a14:188 - 3195050
Mean:SD

LA B T
P

SRR SRR S g
Table 22. Hot plate test of ¥} mice born of ¥y fenwle treated with diethanolamine

Hot plate ©  muale~ 1984615 [DB£92T L BHAB43IN 298045243

female 18.20:3.186 24896287 25.7946.289 29029704




Second
4

Figure 7. Hot plate test of Py mice bom of Fr femake treated with diethanolamine

Table 24,

Total Distanee{mm}

malie

famle

Open: field test of ¥y mice born of Fy female freated with dicthanolesiine

Ao

XL R4 B

i R ek

SMB31TNS

1821

Z8004£4964 40432438102
Male V max 838G H09520442r 20409471 26.13+4.974
V mesn 48180827 82143478 B51£3.706 58912810
Total Distance(mm) 3357745064 27310666 | RATHeB473 73326072
Female V max 273241943 BITEX0 2&&3&32& | me3sm
¥ e 55841006 544£1.246 Rals0079 9521043
MeantSD

Table 25. Fear conditioning test of Fi mice born of Fo female treated with disthanolamine

Conlext 34.TREHBT 361029713 33HT+3280 385629737
Male
Cs 3002414807 295545 251 2075588 2988:6.023
Context 6343211549 GLATLINES2 63.88:18015 65.70+17.700
Female
Cs 3517120080 2584218 J15083836 I H0+3.964
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Table 26. Passive avoidance test of 1 mice bamn of Fy fermale treafed with diethanslamine

male Fi5x19.283 2863211747 2250110515 L4417

female 5469580 2871418550 2122214846 - J1EGR2LEE
Mean+SD

Besond

| mste " Femels
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Figure 8. Rmm%)’mﬁeidm) fear conditioning (C)andmmavmdance (D} test
of Fy nnb‘ﬁfnm of Py formale treated with disthansdamine
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Table 27. Sperm maotility and other parameter of sperm in Fi wmice born of Fy female treated
with diethanolamine

Sperm motility (%6) TOEE1181 65507.80 BLE0ET.14 B80T
Path velocity {pa/s) 378243 380218 373817 26824
Prog. Velocity {ms/s) 23836 213323 254224 A NEIN
Track speed (mfs) TROBLTG 75,1229 TrAXES 4242
Lateral amplitode(m/s) 8108 6.1z:05 G407 BEe(8
Beat frequency{ig) 32018 332211 316428 212
Straightness (%} 569+87 Rixd2 BE4S 5H2414
Linearity{%} 304:24 26225 N0227 BEL2Z
Rlongation{%) 498232 448422 BH23 A6.7:4.0
MeanxSD
k]
WS Condrol
(Y N 2mgng
g’ s 000G
= R 320mplg
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Figure 9. Sperm motility and other parameter of sperm in Fy mice bom of Fo female treated
with diethanclamine o





