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Dear SirIMadam: ,G- - 
V- 

The following information is being submitted by The Dow Chemical Company (Dow) 
pursuant to current guidance issued by EPA indicating EPA1s 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, 

Imogene E. Treble 
PH: 732-563-5706 
FAX: 732-563-6074 
E-MAIL: trebleie @dow.com 
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LEE RD, RtIEE CiS. MOON HI, SEOK JH, YANG JY. B- G~RNIAK SL, H l l F a  IM. School ar 
C11AE SY. LEE YU. CHUNG SY. Nalioml lnslirule Vcluhirry Medicine and Anirml Sclcncf. Univaily of SW 
of T o x i c ~ I ~ c a l  Rosearch, Scaul, Republic or Karca. && Paulo. S3o Paul4 SP, B w i l  -11nn af  OM Possible 
pa Ihc RE&umiw wd DPyJppmcnkl Togitiw a ~ n o l o u b  P.rrec(~ of M n n c c r ~ u  lhc O m m i n u  
Di*lhn~l&minq Fclnble h i s  Tdcd PydOg the G c w  

Oiethenolsmine (DM) is\\iJely used ms chemical 
Inlenncdib~e, as an anticmion agent in mct8lwarking 
liqulds. ~d as a surfmccb~iw W n t  in -ic 
formuleliona, phprmaceurio~ls, and agriculruml produck 
Eslimlcd annual pmduclign a t O D  tn thc US. 106,000 
cons in 1995. The mast pmbablc route d c~~vironnco~al 
arposwc to 08.4 in humans ir via dtrrnal eponrrc ro 
vrs~nal  carc producki Jetagmh. and olhthu r u r T ~ c l ~ l s  Iha( 
wrtrin D M  cosmnic ronnula~ion mayhavc cwn~mtions 
or DEA rang in^ ram 1 1~25%. The N~ionnl IMilutl? for 
Oaupaiion;lI SaPcty and hcalth alimatcs 1ha1 ha number of 
svorkw pokflti~lly MPOSC~ P DEA IS -800,f~Wyc~. 
HW\~LVC~ lilllc is knew about ~hci i  pienrid ~oxioologicnl 
propcdics. ' lhc purpwe or our study n to lnvcsfigslc the 
~~IcTP;III~ and m;ll~tnoll~ rncdiwd ofkUs hlrding redlily. 
p5yslcd dcvelopmcnt. renex and bohnriors sner exposure to 
DEA (6.24 $0.320 m&). respeclircly. Alm DEA-induccd 
do\-clcpmcnral abnormalili~ RCR invrstigaled In ~Ufo. 
Postimplantu~ion tnrbwos 41 GD 9.5 wcrc clrl~urcd ror 44 h 
and obscrvcd for morphalogieal c h a n g ~  DEA mcdiaod 
cbmgcs In pmlircration ond dilTrmntiarion rcrc mcasured In 
embryonic midbrain bnd limbbud calls. In prkrnhlly 
mrrtblul ollr.c& 3tudy. Sperm rnolilily md lc~lrs wgan 
\~xigl)l of F1 micc bmn or FO male k a W  wiih 
ditthanolm~nc was rcducerl signifimlly. I n  mnlcmally 
mcd\mcd cffws study. PEA $hawed atcmal abnomdiries 
of fetuses af offspringf wd body weigh1 gaia ptsifal 
d~clopmcnr OP Fl micc wctc inltucaffd by DEA. In vivo 
gludy, rcflcn, movcmcni md lmlnglm~nory fu~~tions wclc 
chngrd by ttealmenl wiih DM. appm.*Imlely. A110g~lha. 
i t  is sug~alcd La1 tmunen~ or DEA in this slvdy br 
rqw&ucllvc a d  d z v e l o p ~ ~ l  toxitilles haw ~ ~ V C I S C  
cff~us on amprings a d  nltcr laming ablliw, 

fnlrodwli~n: ~Mcnccmlaline (hcCT) ls a 
pymlisjdinio s1l;alard bunded in many polsonow planis 
widely diwributcd in Ibe world. Nbtunl intoxicetlon r i rh  
lhcst planrs occurs when livcsloclc inmilc srcar w v h  they 
arc cultlvakd ns "grccn Llliliza". M m o w ~ ,  human 
~ & l ~ s ,  Ncb ns milk, honey, grains, herbal mcdiclncs md 
d i m y  supplmm& can k dw contamlna~cd by MCr. To 
be lrmir MCT must be me J o l i z w l  In the liver inlo n pyrmlt 
compmd (MCTP). Thc main loaic cfTece or him a= 
hcpnlb and nefploxicity. in rcdcnrz pulmonary hyperknsion 
15 also oberrvcd. Ths mechnism of loxitily of MClP Is 
xlaled lo hs DNA alIiniw, ccsuYtq In DNA bddlrdion, 
l c a d i  lo dn anllmi~otic male md c j n m  dcvclopmml. DLIC 
to lhis ~ l l p m l i l m i v c  cITFci. It i s  panlblc to suggcsl UIUI 
MCt'mposum In ulcrus can canpfomii both fetus viability 
and Ihu immune synem dcvtlqmcnl. Evnlrnlc the porsiblc 
trntologlc cffecl of MCT. Mclhnds! Twcnry one preyanr 
mu were diwributcd Inla I canrtol and 2 cxpcrimental groups, 
which racei\rd 0.3 and 5 m m o f  MCI: ornlly, rrom GO6 to 
21. Clinical signs, body weight gwin (BWG) and rood inrakc 
(A) wcrc mwurcd dolly. lmmediatcly ancr binh pup r w c  
cvolmLcd Tar ~ S S  rltcmiions and iveighcd until partnalal 
d;r3. (PND)I. On IWP 4 and 7. halToPcYch litter was killed lo  
lymphoid organs evrlualion (Ihymus a d  splank Rwlls: NO 
clinical signs of MCT mIc& wcrs obdmcd in bolh dems 
and pp Rbls I& wiQ MCT did net sbrv duciion in 
cirhv BWG a FJ, No dimmu in DW ms noriced in any 
w p  of pups immcdikly a k r  bink however. h a l o  pvps 
ihqn & m s  lnated d l h  5mgnig h v c d  a educed BWG On 
PNm. I n t~ ingJy .  only on PND'I it was &served a 
d a &  in thymus relatiut weight o f  bnlb gcndm of pups 
Tmn innale treated wiQ 3mglke of M a .  MaC pup Rom 
3 W g  \rcnuncnt showed rplmamc@y rn FND7. 
ConclusiodDiscllrrsi~ll; Far cur knowlcdgc Ihc work 
b IIK first (O mi wt MCT exposue in utew tan 
compmmlsc Immune o m ,  CSPN~Y IhyrrmS, om Or t h ~  
m~ smsirlve lymph~id OIW lo xenobioiic urpww- 
Dchpik or the disc-cS Pnron& dstn Jm p d c r  ond 
*od of l i f~afpup,~ Ihc dmc here Cmp!oycd can be consider 
M no1 mil; 0 3  m i d  be rrm in molher pmmctm Thus 
cxpwimcnls have been conducicd in our lab. employing 
higher doses of MCT, 10 beWr berib Ihe of Wis 
alkaloid on tho dcvcloplng immune syskm. FAPESP 
01/51&&0. 
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q % F  2 gq0]%01J a@ #~lg3l- ~ u ~ L # E ~ ~  

q . n g S ~ F g  FqZ bq ?l 2tol& b P 3 ; i ~ l  
O $ ~ ~ l q ,  O,r . +m^ 2.3xt 4 %, 2% 3 38 

~8 q32)-71 qq ~17i4n ditl%$q7~ (3 
?a, 01 71 7H d, 94 7H %, 4 6)~3&, 953 %+, 
4&s$7&, 3 7 q 3  5), 3A)71+? (01 7494), 4T 
*A)), xpW 41 01 71 2 (4 %Wt, +644 01) 59 

34 3299344 9 1 4 ~ Z q l  "14 7q 
q ~ d o l  Pgslxlk %Pkb\?r qzQ+!!ol 
cq E;il fl"r7;1.$J*>l @&@& $g- f %%K%. 
z@ $13 AJAA%.$$ I ~ ~ @ L H ~  ~1x3  3&$3tg*) 
+~]qa+Il slspj x Q % Z 4 4  .t+l+ 3 
0Z Lti3k?q (Table 71. %q~i 4 (Hot-plate 
test)4142 9 ~ l l r H Z Z 0 l l  dl4CJ Bk14.;Pll $.% 
qgqas +43 34 WB W Q S ~  
(Table 8 & F i  3). 

"d- .;2% 2l-*39 -gS.*q (rota-& .ts1;)Q 

+4@ 34 +%q 76+ 20 mgflrg 2414'?k 03 
3 Q A ~ ~ X ,  %g& z8%4~1 &?&8)+ 3 
9% L.WltHS&Lt +giEdl& %%Cj. (Table 9 & 

Figure 4). ~13% 3314 3aqAjq *5*$ 
4442 *Q$+% (- field)$. -%g3 34 
9 4 9 E Z 9  a144 bd. f 4 F+ QqC 2101 
7) 31s;l21 O$%q (Table 10 St Fiwe 4), & 

84 d71%Y& $;01 ?lx13qS q7P1-+ A l q  
3 3?Pqqj?ij~l?l (fm wndiiionhg W i !  
3.93 =+ % ~ ~ Q E ~ q l  "1ri)q BAg:+ 3 
*&4& 3EFd 5303 +4%& %534 (Table 11 
& Figure 4). 47i *q$ F o ~  3 4-3$& 94 Sl 

%q+ ;rd~).+2 +++@qdx]g (m;siTe 
avoidance test) 34-5 pk37t4 52 % f 3 I! 
+ Blq~Zofl  n:'145i 384-5 23%+ .5-E)-4 
303 +44& $$?He (TAls 12 & F ' i  4). 

tloll@&ot?lol 841% 94 f 3 .!FE&W 4 
.r3+qo# nl%]+ gfg& %42iiil;zF ."r.xsq 4 
~&%+.? 3 8*5 +49x,23 a l z g  
5524 b2qSq. Yal4 37"- *~8qEzoll 
E l - 4  ?H-&540l @Xl@Al 4+%4S40S ;lEF 
az1oit +4lde LF*~SO% 3&4 Wl 43 
%4E49 @&7dak+ l2.Sbq +q 3L*?+ 

3% mghg 01162 -%44 el %%q (Table 13, 
14 & Figure 5). 



9371 4 4 ~ 1 7 )  g s  474]1%3-5#7]- (t$Z$P, 01 

74 74 3, $2 71 @, jil o).nJ%, 3342 %I, XJ Td443, 
2747 %), V!4-71$ (017ltCtAi, W-Wl), 4-41 
4101 71 % (3 %*A), FFIM,) ~9 ~ 3 %  33 
-$sl.'Jol 492445 "$*2q +% 44+9 1-1- 
q?l* 7ilSq-l Tdk373-01 +-~l-cHZZ41- Hl5l-q 
q.t"tl3&0E"L! k-3244 % b t ~ l r l t  3i.3 3E). 
!dq (Table 21). %*4% (Hot-plate test)otl4 
L 
ir 9qrHz20l1 F1q-q +2%4S403L -97Fq 
5 3 %8 13G4 3rrf (Table 22 & Figure 7). 

2 - +5! %t$xt? S%kq. (rota-rod test)% 
43-9 24 %%. 9% p? -$+$+qs&!B0 Q& 

+%bpi 551. +% 5142 Ef -%~RORdrlE341 

H]%iit(zl 78-4?1YOZ 7,F&B%? Ll-EWWW (Table 
23 & Figure 8). Al,b% xdq4 Z6611A j  2% 
9% -%35$$ xi?$$%% (own field)% g x J %  

34 -@jq.Ezq] al8)q Od- - +% 2% %r+s 

2101 71- 2% ;;.I pd.$.lq. (Table 24 & Figure 8). 
&+$q 37194% Fq g~]%q+$ q 7 f S i 4  A] 

9 3 Z % $ $ A l %  (fear conditioning test) 3 
4 %. +% Ef 8pjqEZ-Z-4 n l 3 q  @&f++ 
B%+2 +-tEFG!$?OLf -8-448 %%G (Table 25 
& Figure 8). $?l%ZS 701 3. hd.$+ gx?% 
t % @iis"rZ + 5 4 q A l %  (passive 
avoidance test) 34.5 S ?? $3 E 
7 - $ ' u j t 33 .34  tilsF+2$&si$ $39 q-~ f - ta  
204 -$4Ad2  . W % q  (Table 25 RL F i  8). 
"d 3 2 ++7] 41 ' 0jl Q&o1.g011 LSB 

._-lAY1,.L.. --- ---. 
241 9 ,zb,.. 33?&Ql +I 4 -=13 4 a1 21 t 
qjgg g o f g x x )  ; $ ~ g q  .7ix&+3 - 3  a&. 
+E 59 & u f i r q z ~ 5 $  ?qxggzq g?&?i)-s 
q. +g ;if$*& +q+l 3qq4k 8 % ~ .  
Lf. ;d 3 2 $ * d  qIX3 %a -KB.Gk-.-(Table 27 
& Figure 9). 
$4 3 ~ ~ @ - ~ S ' ? ! O l l  h8%ii EiiI44 q0I 

&& +% 2)3,z]2 B&S]?J 3 #**%Ad 61 q 
& s q x 1 2  3fg& xgoq, gq 0)2-1*, 
53-471- 4 4 1 @ 9 o t 9 4  k%Vl $% %?A34 
Xqq] 4 4 3-g@ $=% ?++jzt% +-z% 9% 
01 +q q 2s **%)%2q ~~7 . )$%- -A~  q.q 3 
*%d;tq.j -$qq2Lc @&42 40% l+Ep& 

q. o l e   it] k3 gq? 94 kgo) 3fA1q 
4 $i+B$oll ~ 3 %  S $33 3 34s $3z;l 
ul ~Z)O]+!-& +j@Jd 7 1 8 9  +49- % 2% 
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: i Table 1. Body weight of FI gerierntion mice born of I;i, lxiale treatd with diethanolamine 
: I 
s- ..: - , .  i ., - _  ,,. ,+,-..---. .".:lz; .... ..-.:* , .",..< --,. .\,.. " _ -..---,Li< :,;._l .&.i ;:.. ,.'-:-"Ti;r'r;:. , :ST,:: --::s ?:.'?:c+' -.  "...x:-*.::: .-%; ;: -'"<."iLL.!:<~j;-~ .:jy -; - ;:--ni.:7, . -. =.:--:* -d-i*:=J<-'... ..: -.; -, .? , . *: .,-".T.y*?i::i: a.=k.z.*,;;:.. . - , . . , <;.:, :.,>: ,:;z ;;.;..+> -.:.ss;,~~~~::<...:.; kXL?:::-:., .. : ><:>.?:s:;:z .-:.:2 ,.: , ; ,:;> ;:<..:-..:-.:. .,-% :;.:>: :. - . . . 

i-, 2:.:..; ,~.. es:s,,. .:, 2F,:z ~&x:&.>*$::+-::;$?-:;-~:=-~.. -y.%.x.--'- ,, -b- :Y'* .' . ~ < ; ; ~ > . ; v ~ & * ~ ~ ~ ~ g ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ; ~ ~ ~  @-$Gap: . ".---z~x'z' . - -%\ 7.7- - -~, ,c'.L-7"-", 

.ryb< i t , ;S1:~gg. ' ,~  ~- .  > - .. - - .:: 
,.... . !, , &.A7 .-..: .:,:,..:;, ,;:.,.>..v ::; i,~$z;~$3;~$~,.;..~>.~~ ;,-",,- "3.- .:-.-. ::--,:. :r v .+>: ': :?;?;*y;;: ,:z.y ":,d>:.>::.?=z~&25i$<9:: ?>? ":::- ::<,-E:x::><-: -:?;?>S?~:%S*.~,, $.::c<5. , y?:; 

, . ,. . ..,.s:.<pA=:,$ :."; :;%.g2 .::: :.<., *,... ..\<2,::-<.<*>* ,:-,.. .? \:.:- -2 -?%~:." *,<:--..5 ,T.? 8 .. . - -: . - .. - .." ..-... .-:,<2~:*~c?<:>w~{..& . . 
" : , . . : , .  . , , . , , .  , " . . , : . . : : " . ,:,,--. . %, :. .. , . , ... ._,,. * . .-.. . .." . , . .,:, ..' : : .; 

i .. .,. PND4 Male 3.20kO.34 33A0.26 3.01*0.36 3.11i0.57 '$;' 
~ . . ;* 
27; 

*... " . ,  . .  ,*$? . %.;' 

3,2310.45 3.27k0.15 2.94*0.42 
21, 

( ; Female 2.65*0.65 ::, 
, , -. , 

PND7 Male 4.36k0.59 4.71k0.35 -. . 4.67*053 5.19*0.21 
I , ( . .  . ,' '. ' 

5.00*Ot0.13 .-.. Female 4.72m0.67 4.1820.68 4-7820.27 

' I  . 
" I PND14 Male 7.51rt0.95 849k0.34 7.41k0.78 

, . , I 
7,48+0.48 

. . 

' Female ' 7.46k0.86 ' '8.18rt0.48 %OO-c0.93 7.49.tO.38 
:- 1 
j I . , 

I PNDZl Male . 11.06+1.13 11.21*0.47 10.16t1.01 . , 
1Q.W 1.88 

Female 10.81~1.11 10.82*0.58 9.51 2 1.34 ' 10.70~0~75 ;. *: 
9 i . I 
: . I  

PND28 Male -15.54i1.94 15SS.95 15.18+1.12 : '-14.!j6*2.50 
*-- 

' 4 I Female 14.24k1.60 14.72*0.87 12.95*1.45 14.18+1.01 
, I ' .  .. i . ,' 

PND35 Male' I- ' . ' 18.6421-47 19.20*1.33 18.85*0.61 , 17.90i2.47 

? Pema1.e 16.62*1.24 16.69*159 15.W-l.34 16.51.'1.28 . , 
. . . , 

PND42 Male 20.2441.23 20.98+1.41 20.43iO.93 19.40*227 
,', . 

Female ' 182911.34. . 1836*1Bl 17.01*1.1? 17.f3'21.31 
-: 

FWD49 Male 21.08*1.56 21.49k1.60 21.42k1.01 19.23*3.18 
, , -  

1876*1.61 X7.55*1.20 1m1.49 Female 18.76k1.49 

PND56 Male 22.18*1.W 22.68*1.54 2259*1.(]5 21.43i2.12 

Female - 19.76*1.70 19.48*1.60 18.39+1.31 ' 19.0421.71 

PNJX3 Male 23.27*155 23.!3*1.48 2352* 1.17 22.031-2.36 

Female 20.41-+1.?7 20.D1.81 18.W1.23 19.~202 

PND70 Male 23.93*155 24.85*2.38 2450t1.36 22.84f 2.31 

Female 2120f 1.70 20.87i1.81 19.74*1.4 20.4!5*1.90 

&zJ> 
,.>g.n - ..>& , -. , 
.<A,, , ..>$.,.? ?:%,$,? 

?<$?&$ 
.%+&X 



Figure 2. Change in body weight of Fl male (A) and female (13) mice born of Fo male 
treated with diethanoiarnine 

Table 2. Absolute organ weigiltr; (g )  af I% m<?.ie ]nice ~ i r &  dieholamir~e 

Final Body Weight 34.10*3.34 35.17*2.51 33.88M.19 3 3 3 3  3.25 

Brain 0.316*0.0120 0.4395fl.0183 0.4136f 0.0339 0-431820.0319 

//1 
Liver 

Adrenal glad O.@J31+0.0006 0.003 + O ! m  O.Oa3rL0!3009 C . ~ k O . ~  

Testis 0.1!54&0.0072 0.1605*.0171 0.1533*I).i)lf 6 0.15ISf 0.0202 

Seminal vesicle 0.4440*0.0481 0.4520*0.0231 0.4572*0.0470 0.4215&.0686 

Mean*SD ('Significantly different from the control, 60.05) 



rn Table 3. Absolute organ weights ( g )  of Fl inale mice born of Fo male treated with 
diethanolamhe on PND 21 

Final Body Weight 10.22*1.33 10.32k1.03 9.90*0.79 10.11*P;78 

Brain 0.3845*0.0167 0.378520.0232 036m*0.0305 0.3761*0.032(3 

Liver 05761*0J111 0.4!396*0-0.084 1 050EB*O:0.0827 0.4938+0.0530 

Kidney 0.1549*0.0229 0.1476*0.0171 0.1452*0.0149 0.1446*0.0130 

Thymus 0.0685~0.0101 0.0632*0.0(366 0.0641 k0.0083 0.0697-+0.0112 

Spleen 0.0797*0.0115 0.0743k0.0104 0.0748@.0065 0.0849*0.0166 

Adrenal gland 0.0026*0.0004 0.0024+-0.0008 0.0026*0.0005 0.00241tO.QO05 

Testis 0.0491*0.0063 0.0465+0.0089 0.044Ok0.0048 0 . W f  0.0051 

Seminal v. & prostate 0.0079N.0022 0.0066*0.0013 , 0 . 0 0 6 2 ~ . ~  . - h .  

O.OE2f 0.0016 

* '1, .' : , . , , . . .  ;,; 
Mean*SD (*significantly diffeient .from the control, p<ij.05)' . . . . . , . ; . .  . . , 

/--'-- 
I , ,/ .:.. ; I '  , ., 

,,p, 

Table 4. Absolute organ weights (g )  of Fl fe&e mi& torn-&- . l $ $ ~  -. 7- %- with - 
'b-: . 

. . 3 .  diethanolamhe on PND' 21 
' . .  

Final Body Weight 

' Brain 

Liver 

Kidney 

Thymus 

Spleen 

Adrenal gland 

Uterus 



Table 5. Absoluk organ wsights ( g )  af FI male mice born of Fo tnale treated with 
diethanolamine on PND 70 

Find Fbdy Weight 

Brain 

Liver 

Kidney 

Thymus 

Spleen 

Adrenal gland 

Testis 

3%pididymis 

Seminal vesicle 

prostate 

Mean*SD (*Significantly different from the control, p<O.05) 

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

Final W y  Weight 

Brain 

Liver 

Kidney 

Thymus 

Spleen 

Adrenal gland 

Uterus 

Ovary 
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: Table 7. Physical development and reflex of FI mice born of Fo male treated with . z , ' 

. -1 diethanolamine 

,3 
I , , 

5 .  ; 

Sensory hair 4.0*0 4.0+0 4.0*0 4.OiO 
?-.-: 

Pinna detachment 4.0k0 4.0iO 4.0a 4.0*0 
. .) 

Visible pilation 7.0*0 7.040 7.4*121 9.1k6.61 
.- .. 

Pinna reflex 7.0*0 7.0*0 7.OiO 7.050 
' .  ..... .. r. 

Surface righting , :> 
9.OiO 9.0k0 9.0~0 9.0AO %, .& 

- .di 

.- ? reflex ._. #. ;$.$ 
I Negative gee-s 9.0N 9.0*0 9.240.60 9.0ttO ,? .- 

c y ,  ,& 
,r i- .-. 
.*$A@ 

-.. , Incisor eruption 10.0Hl 1O.eO 10.0M 10.020 y7s*;y :,$*t:$ I I ' 
1O.OkO 

, 
>.., : Growth oi claw lO.O*O 10.0*0 !O.Od , -,. -,,!..ys .,... 

,!4,-:24 -$$g;< 
Midair righting reflex 140*0 14.0*0 140*0 14.050 

.+,& 
.. . ., -:,q$$$ '.'+ <,* - ., ".," g:& 

i Cliff avoidance 14.OkO 14.0*0 14.0N 14.0*0 :5,*~.F:% 
, -. ..,.<p :**>,:A 4 
, .. Wire grasping 142k0.63 ldO+.O 14.1j$.30 14.0*0 
. !  > . ~  . s 

' \  .. _, Eye opening 140*0 148kO 14Gdj 14W &$= 
- g * ?  

- Cornea reflex 20-OAO 20.0*0 20.0*0 20.03%) :&&: .- 
j 

Testis descent 215k4.14 21.3jd.50 23.1%30 24.2k2.71 -. ! 

* ,  Vaginal opening 30.0*0 30.hO 31.8a.92 30.1*0.30 
: 

.. . . MeankSD 

. . . . . .. -. . , 
,: . 3 ' .  ' 

. - , . L  ', - . , 
? . , ,  . -  . . ,  

, ,.... 
., . . '. ..... > ; - a  - 

: . , ,  , % 

! 

, .. 

. . .* Hot plate male 22.22lt2514 31.39*72lBg 28.69$4516* 28-8%4100* 
- '  * 

' 
.I . : 

1 6 . 1 ~ 4 &  2037k7364 2dk*1.451w 30.64*6.074* female 

. J 
. ,, 

MeanSD (*Significantly different from 'the-.control, p<0.05) 

.. , 



male female 

Figure 3. Hot plate test of E; mice born of Fo male treated with diethanolamine. 
(*Significantly different from the control, p<0.05) 

Table 9. Rota rod test of FI mice born of E'a male treated with diethanolanine 

Table 10. Open field test d FA ;,nice b m -  6: Fo male treated with diethzrrcdmine 

Total Distancdmm) 

Male V max 

V mean 
---. 

Total Distance(mm> 

Female V max 

V mean 



' J' " .  ,. ... ;, .,,. - -? - 
,-.... 

1 4  < 
I?*, 
;:-, 

f5 1 9 .., . 1814 

i :1 Table 11. Fear conditioning test of Fi mice born of Fo male treated with diethanolamine 
b .  
$*,I 

q 
t. 

Context 55.11*21.526 40.64*14.962 43.54*14896- ,46.67123.942 
Mate 

f 'Z  3 Cs 5451k21.747 51.22k21.168 52:17*26.215 46.67S20.456 
I - 

Context 56.29*21.819 , - 46.01*13.738 40.47i14.7'76 &31*24.078 
! :j ..: Female ,; 
;.< 

Cs 34.M6.340 ' 34.99*2&4 34.30i11.525 '34.06*4.595 
-." 

7,j Mea.*SD 
I r 

Table 12. Passive avoidance test of FI mice bqrn of .Fo, male treated with diethanolamine ..,~.. 

; ,  ::I 
i.:. 1 
1 -1 male 33.88* 15.487 28.00i12.293 27.38*7.744 25.56rt12.817 
I.&., 

female 29.Si16.164 13.00+9.250 24.20+ 1.8.079 29.75225.348 
g ' ! . I  . . 

Mean*SD ; . .  !. J . . 

, , *  . 

r 1 
i J 
!. I 

. . 
; 1 
, !  ?,..-I 

<-- ,, 
j i  
j i 
' .>J 

r i 
; .! 
1. ,J 

" -! 
I t i 1 .., 

, , -, 
i 
I 

i 
j 

. . 
: : . r mala & m a l e .  Mafa Fsmak 

j 
- . I  

Figure 4. Rota-rod (A), open fidd (B), fear conditioning (C) and passive avoidance (Dl test 
. -. of FI mice born .of Fa male treated with diethanohmhe 
. i 

I 

, ,,, 
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: Figure 5. ~per rn :~~- t i j d ty  and other p a r a q ~ ~ ~ f , . ~ s p e r r n  in FO male-mice tre&d with 

i-.< l 

diethano&nirii'e and FI mice born of Fo male treated with diethanolamine. 
(*Significantly different from the control, p<0.05) 

Table 15. Body weight of FI generation mice born of Fo female' tr&ted with diethadamhe 

Female 2.90%035 2-72N.50 2.8010.42 

- PND7 Male + 4.49k0.27 &10*0.73 . 4;26+Q20 

Female 4.66*050 3.8840.53* 4.15k0.29 

PNDX4 Male '1 " 7.31512 , 6.31il.S; ' .- .. '6.59*1.28 
-, i ? 2,. , , 2 2  .-< A 

Female ; -. - 7.35k0.65 6 . 1  . : "  -, 5.34*0.63 

PND21 Mate 10.16*0.92 9.66i1.38 9.'&~.77 

Fcmale 10.13k1.33 9.01fl.64 9.12N.73 

PND28 Male 15.65-+0.71 15581137 15.10*034 
i 

Female 13Si052 4%=E_f-8-34 13.64+1.17 

PND35 Male 18.68kl.10 19.14ii.68 1&93Y).90 

16.7340.80 
I 

Female 15.89iO.80 16.29+1.15 

P h i 2  Male 20.N080 20.61&1!63 20.30*1.08 

Female 18.10*1.02 17.00~k!~ 17.39a.95 

PND49 W e  21.20k1.42 21.64*1@ 21.70*1.02 

Female 19.33*1.10 18.07*1.09 18.45*123 

PND56 Male 22.272 1 .89 22.92*1.68 23.14*1.25 

Female 19.75k1.03 18.74S.70 19.371134 

PND63 Male 23.40k1.71 24.21 51 -85 24.53i1.25 

Female 20.$8*1.14 19.27*0.69 20.1021.61 

PND70 Male 24.01*1.51 24.83573 25.33*1.24 

Female 21.07*1.6?- 19.72a.43 20.55i1.61 

MeankSD ('Significantly different from the control, p<0.05) 
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Figure 6. Change in body weight of Xi1 male (A) and female (B) mice born of Fo maie 
treated wit11 Eiefimolamine. !*Significantly rltfferent from the contml, p<0.05) 

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

Find Body Weight 

Brain 

. Liver 

Kidney 

Thymus 

Spleen 

Adrenal gland 

Uterus 

ovar~r 

%.32*1.00 

0.4243a0.0386 

2(K382*% !.499 

0.m-0.0224 

OW%te?cLl4 

0.0693*0.0043 

c.m*O.o01P 

a m *  0.0165 

0.0086~0.00M) 
- - 

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



Table 17. Absolute organ weights (g) of FI male mice born of Fo female treated with 

diethanolamine on PND 21 

F'md Body Weight 9.0551.03 

* -4 

Brain 03763*0.0285 

, * I  

$5 Liver 0.4796fl.0815 ;;g 
$3 

Kidney 0.1319*0.0162 

q 
I ., Thymus 0.0543M.0151 
;..I . 

. il , Spleen , O.Oq;S1+0.0121 j 
*.: Adrenal gland 0.0026~0.0009 

f ,  1 
i -I 
;-I 

Seminal v. & prostate : 0.@32*0.0019 . 

. . .  . . , .. ... . , 

'77 MeankSD 
j 
I .J 

,- -: , .  

: j 
L A 

Table 18. Absolute organ',weights (g), of FI female mice born of Fo female treated with 
diethanolamine on PM) 21 

Final Body Weight 9.40i1.07 9.27*1.06 9.4520.90 8.54N.52 

Brain 0-3E5EtO-0327 0.3677i0.90 0.3790rH)rH)0328 0.3772*0.0233 

Liver 0.5348*0.0292 . 0.4862t0.(]548 05401M..0842 0,=..0673 

Kidney 02456S.0085 0.1525*0.0202 0.1516M.0118 0.1447*0.0076 

Thymns 0.0612m0.0102 0.0646f 0.0076 0.0643i0.0085 0.0606i0~0090 

Spleen 0.06!3*0.0155 0.~*OOO097 0.0703s-0099 0 ~ 0 0 0 0 7 5  

Adrenal gland 0.0024*0.0005 0.002.110.0006 0.0024~.0006 0.0021~.0005 

Uterus 0.0090~.0026 Q0081sQ0018 0.0088f Of0023 0.0067*0.00(r8 

OVar~r  0.0034*0.0010 0.~0.0006 0.0033*0~ 0.0027f OfOO09 



*< , '  
,> d'::: 
2 :: 
;, ,;?I? Table 19. Absolute organ weights (g) of F1 male mice born of Fo female treated with 
>;: t,::*;. ; ;> .,:s,. . ..., .. diethanolamine on PND 70 

Final Body Weight 28.87k2.42 2952k3.46 31.50*2.80 

Brain 0.4427k0.0168 0.4181*0.0224 0.42n*0.0282 

Liver 1.324220-1668 1.2807*0.1646 1.3231+-0.1031 

Kidney 03707*0.0351 0.3429*0.0381 0.3493 k0.0326 

. . Thymus 0.0410 k0.0040 0.0403*0.0046 0.0426t0.0067 

Spleen 0.0634*0.0 105 0.063&O.OM& 0.0591~0.0074 
;:. 

Adrenai ghnd 0.0040*0.0009 0 .~+0.0005r  0.00~0.0005* 

Testis 0.1628*0.0077 0.1661 i0.0161 0.1659N.0089 

Epididymis 0.0702 *O.oOXi 0.0706kO.OW O.O~k0.0035 
i 
>-," c,.. 

2 2 ~  ..: .,<: . Seminal vesicle 03m10.0385 0.316610.0442 om6+0.0318 
- -, 

-- - - - -. 

Mean*SD ('Significantly different from G I ~  control, p<0.05) 

Table 20. Absolute organ weights ( g )  of FI female mice born of Fa female treated with 

diethanolamine on PM) 70 

Ftnal Body Weight 

Brain 

Liver 

Kidney 

Thymus 

Spleen 

Adrenal gland 

Uterus 

Ovary . ' 

$? "$X .. .~... - . ~ < ,  ,>, 
% :, ,-. 
6 7 .  
+ ,  

Mean*SD (*significantly different from the control, p<0-05) 
. %. 

:?< ".- :- ,5*;5 . d . - .:. 
:'R 
: -. :, ~ > ,  

... .,, . :% . c:, 

. ,, . 
a ,  ~ 



mi 
i 2 Table 21. Physical development and reflex of FL Ace born of Fa female treated with 
; 1 
i,,ll diethanolamine 

Sensory hair 4.020 4.020 4.0kO 4.OkO 

Pinna detachment 4.0*0 4.&0 4.0+0 4.0*0 

Visible pilation 7.OkO 7.020 7.OkO 7.0*0 

Pinna reflex 7.0iO 7.0*0 7.0d 7.0iO 

Surface righting '; ~ 

9.&0 9.0kO 9.OiO 9.0+0 % , l.. " 
~, ..*', 

reflex '> y . - .<, 
f, ,:J- 

Negative geotaxis 9.0*0 9.0kO 9.0*0 9.OiO ,s..:~s. 
% .& '..' .*-. -i:.a.?Lti. 

Incisor eruption 1O.OkO 10.0*0 10.0i0 10.0s . \,.T '*. 

Growth of claw 10-050 10.0&0 10.0*0 10.0i0 

Midair righting reflex 14.0*0 14.0*0 14.050 14.010 

Cliff avoidance 14.0*0 14.0*0 14.0kO 14.0+0 

Wire grasping 14.0*0 14.0s 14.OkO 14.0*0 

Eye opening 14.010 140M 14.0kO 14.0+0 

Cornea reflex 20.0*0 20.0*0 20-0a 20.0*0 

21.4i1.34 22.8*1.64 23.4i0.88 24.713.64 Testis descent 

Vaginal opening 30.850.45 30.810-45 31.421.88 31.920.90 

MeankSD 

.<. . . _. , . . , . , . 
Q * . < 

, ,-, w r . . - ,  - , 

,:y, , ;; c: ., ' ,: , , .  
, . ! . ,. , ,,, , ..' . '.. .. .. . 

Table 22. Hot pIate &t of F1 mice born of Fo female treated with diethanolanine 

Hot plate male 19.84fi.195 33.35*1923 
, ' X I ,  . '~ 
s . .  , 

female 1823i3.185 24.8926.287 25.79fi.289 28.9933.704 . . ,. . . ' ,  ' 

. . - ..- Mean+SD 



male female 

Figure 7. Hot plate test of FI mice born of Fc, female traed xith diethanolamine 

Table 24. Open field test cf 'Et mice born af FO female treated with dicthandamine 

Total Distancc(mm) 2890.4*496;4 4W.Zf1810.2 3282.8*1024.6 3148.3k1231.6 

Male V max 28.38i5.575 50.93iB.442* 29.43a.711 26.13*4.974 

V mean 4*81*0.827 8.21k3.478 6.51 23.705 5.89*2810 -- 7 

Total Distance(mm) 3357.7f 596.4 2917.3*10536.6 ,,, 3217.5584 i.9 41733 t527.2 

V mean ,5%1.006 5.44-+1.24f3 5.63*0.!7772 fj.%:..t-t4ci 

^ l '  . ... ;... Table 25. Fear conditioning test of FI mice born. of Fo female treated ~ 6 t h  diethandmine 

. . .. ., 
Context 69.43*11.549 60.67119.662 63.88*18.015 65.70~17.700 

, ,  
Female 

Cs 35.17f12.090 32.58*4.2l6 3159*3.836 3250i3-964 



r7 
rI  Table 26. Passive avoidance test of Z;', mice born of Fo female treated with diethanolamine 

; j male 35.75~19.293 26-63 11.747 22.50*10515 27.44*11.717 i,J 

F? female 54.71k69.980 28.71 k18.590 27.225 14.646 37.2521.486 
;.. f 
!.-I Mean+SD 

ma,@ -=.. female Male Female 
E: 

Figure 8. Rota-r@ ( ~ ) / ~ o ~ e n  field (B), fear conditioning (C) and passive avdidance (D) test 
'. +A 

of FI mice born of.Fo f&ale treated with diethanolamine 
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Table 27. Sperm motility and other parameter of sperm in Fi mice born of Fo female treated 
with diethanolamine 

Sperm motility (%I 

Path velocity ( d s )  

Prog. Velocity i m s j  

Track speed ( d s )  

Lateral amplitudeorm/s) 

Beat f r e s u e n c y ~ ~  

Straightness(%) 

Linearity(%) 

Elongation(%) 

Figure 9. Sperm motility and other parameter of spenn in Fx mice born of' Fo female treated 
- --.-. __ . 

with diethanolamine 
- . .. . ... .\ 
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A Study on the Reproductive and Developmental Toxicity 
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Abstract 
Diethanolamine (DEA) is used as an emulsifier, moistening agent, surfactant as ivell 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 learning disorders 
when a pregnant woman is exposed to the substance. The possibility of malformation, as 
diethanolamine effects spermatogenesis in males, is also being studied. However, to date, no detailed 
experimental results 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, 320mglkg). 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 significant decrease. Studies of diethanolamine effects on 
future generations should be expanded subseque~ntly, and the mechanism of reproductive and 
developmental toxicity of diethanolamine should be investigated further. 

, ?  . ,.. . . < 

... , h: 'Y 
\! L; 

Keywords: diethanolamine, reproductive and dev;?loprher&l toxicity, and effects on future generations 
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Introduction 
Diethanolamine (DEA) is used as an 

emulsifier, moistening agent, surfactant as well 
as thickening agent in products used for various 
household needs, i.e., 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 

Diethanolamine was noticed to be a 
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. 

being used every year in the U.S.   ow ever, information on  the harmful effects of 
* Contact info.: Reproductive & Developmental Toxicity reproductive and developmental toxicity is 
Division [Jeong Su-yeon (Tel: +82-2-380-1788) 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;~ of  nates is also being studied. 
Nonetheless, no detailed rsstrlts from on the 
effects on spermatogenesis toxicity a.nd on 
future generations have thus far been reported. 
Therefore, an in vivo study that appropriately 
combines overall assessment on harmful 
diethanolamins ef f~cts 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. Our pJrposc was to 
contribute to cisrifying the danger of 
diethanolamine based or! study results and to 
protect the health of future generations. 

Materials and Methods 

In order to examine the reproductive and 
developmental toxicity of diethanolamine, 
experiments were run separately on the toxicity 
on fetuses from the :rather's body (male) 
exposure and on thosa frmt the mother's bod -Y 
(female) exposure. 

1. Reproductive and developmental toxicity test 

A. Father's body exposu:e 

The fur in the scapcla region \.vas removed 
with an animal hair remover in 5 week-old 
C57BU6 male fetuses. Then 0, 20, 80, and 320 
mglkg of diethanolamine were applied to the 
skin of 15 fetuses in each group st the same 
time in the morning evevjda!! for 4 weeks. Ths 
treatment group that received diethanolamine 
application for 4 weeks ar?d the control grc!:lp 
were kept together with 9 week-old C57BU6 
female fetuses at a ratio of 1 :l. A vaginal plug 
test was done the next day. It was acceptecl as 
gestational day 0 (GD 0) if a vaginal plug was 
confirmed. 

B. Mother's body exposrrre 

morning everyday for 4 weeks. The delivery day 
was accepted as postnatal cl&y 0 (PND 0) and 
diethanolamine was applied to the mother's 
body until PND 21. The number of fetuses was 
adjusted to 4 males and 4 females on PND 4. 
After weai'iing, an autopsy was done on the 
ni~ther's body a!~d fetuses (hcl felna?es and two 
males each). The remaining fetiises were r9ared 
continuously in order to examine their behavior 
and development. 

C. Common items 

Specific pathogen free (SPF) C57E31!5 fernale 
and male fetuses were purchased from Orient 
Co., Seoul, Korea. A clean breeding facility of 
the Na~ional Institute of Toxiculog~cal Researcn, 
KFDA which received certificaticsn frotn the 
Association for Assessment and Accreditation of 
Laboratory Animal Care (MALAC) was used. 
Products of diethanolamine from Sigma (8. 
Louis, MO, U.S.A. D0681, 98.5%j ar~d eihanol 
from Mere'k (Gem?aiiyj were c[?osen for running 
tlie experiment. Diethanolamine af 2C, 83, 320 
mglkg with etha.nol as the solvent were applied 
to 2 cn' 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 aninla0 hair remover. (Fiyurs 1) 

The weight d each ierrrale and rnale f~?;-tus 
(R1) iVaS measured on PND 4, 7, :.4, 21, 28, 35, 
42, 49, 56, 83, and 70. The amount of feed 
consumed by the father, mother, and fetuses 
was measured once a week ;n order to examine 
the gains. Fernaie and male Seluses were kept 
together at 1 :l and a vayiaai ;:lug test was done 
the tied day. It was accepted ss GD 0 if a 
vaginal plug was confirmed. The final 
assessment ot pregnancy bepended on the 
existence of a fetus witnin the ureris at a~itopsy, 
marks of implantation, or delivery of fetus by 
normal delivery. Atitopsies were done on 
exposed fathers' bodies and exnosed mothers' 
bodies during pregnancy. Skeletal abnormalities 
of fetuses at GI3 16 were evaiuated. The 
rel-naining fe;r;ses were weaned from the mother 
at PND 21 and autopsied. 

9 week-old C57BLJ6 female and male fetuses 
were kept together at. 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 I. Dermal &icnEIm 



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 qn 'PND, 4 in' order to examine the growth 
and development.- he number of fetuses at 
birth and after adjustment was compared and 
recorded. The, fetuses-were weaned from the 
mother ~ ~ ' P N D  21 i n d  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 7 0% neutral formalin. 

After weaning autopsy, tests were performed 
on the remdning fetuses to confirm the growth, 
development, and behavior - sensory hair and 
pinna detachment p n  PND 4; visible pilation and 
reflex on {PND .7;, surface righting reflex !and 
negative geotaxis on PND 9; incisor eruption 
and growth of daw (hind leg) on PND 10; inidair 
righting reflex 6": P ~ D  14; .cliff avqidance,' wire 
grasping and..eye, opening on P,ND 14; corneal 
reflex and testis descent. on PND 20; rota rod 
test on PN,D 28; vaginal opening on PND 30; 
dpen field ,;on P N ~  35;" passive avoidance test 
on PND 42; hdt'blate test bn PND 45; and. fear 
conditioning test on PND 63. 

The weight ' of' general organs and 
reproductive orgags of m~ure:female and-male 
fetuses (PND 7dj tfiat coinp~etia all tests on 
grovdh, development, and behavior were 
measured. Organs and gross lesions were fixed 
and preserved in 10% neutral formalin. 

E. Measurement of sperm'motility 
. . 

 he sperm - motiliG and velocity bf 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 intecpretation 

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 
~ 0 . 0 5 .  

, , 

Results and Conclusions 

A. Evaluation of toxicity on jetuses from father 
, , 

body exposure. I .  

Clinical symptoms due to the. injection of the 
testing substance were ' rlot' observed in all 
administered groups , ' 'while applying 
diethanolamin'e (0, 20, 80, 320 mglkg) 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 . - .  
so& recovered. , , ,  

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 
e'icposed 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 mglkg) 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 
mykg .was significantly decreaseci, while the 
uterus weight of lemaie fetuses was increased. 
(Table 3, 4) Autupsy results at maturity indicated 
a meariingful reduction in male reproductive 
organ weight in the group of maximuni dosage 
320 mglkg. Females also showeci a similar 
feature with the weaning period autopsy, having 
a heavier uterus. (Table 5, 6) 

Test results of the intestines and skeletal 
abnormalities of sunrived fetuses that were 
extracted by Caesarea,n 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 eva!u&ion on physical 
development (sensory hair, pinna detachment, 
eye opening, incisor eruption: growth of claw, 
testis descent, vaqinz! opening, etc.), reflex 
functions (pinna reflex, corneal reflex), and 
posture control c i s  (righting reflex, 
negative geotaxis) was done by each period. 
Although no significafica was found in the high- 
dosage group compared with the solverrt control 
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-p!ate test 
results showed a meaningful dosage-dependent 
increase than in the c~ittrol group ;Table I & 
Figure 3). 

When measuring tt-,e movement ability (rota 
rod test) of female and male fetuses, oniy the 
20mglkg group among males had a siight 
decrease and the high-dosage group among 
females appeared to have a decreasing 
tendency. However, the results were pot 
significant, (Table 9 & Figure 4) As for results of 
open field which measgres the amount of 
movement within a fixed space per hour, bdh 
male and female groups were similar to those of 
the control group. (Table 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 fetises through the father's body. As for 
fathers' bodies, the sperm motility was 
significantly, dosage-deper~denily decreased 
thari the control group. Fetuses &Is0 showed a 
dosage-dependent decrease. The resuits in the 
high-dosage group of 320 mylkg were 
especially meaningful. (Table 13, 14 & Figure 5). 

B. Evaluation of toxisit!/ on fetuses from the 
mothor's body exposure 

Clirrical symptoms due to the injection of t i e  
testing substance were not observed in ali 
administered groups while applying 
diethanolamine (0, 20, 80, 320 mgtkg) on the 
scapular region during pregnancy and lactation 
period. There were no animal deaths. 
Keratirlization 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 dieth?nolamine, 
there was no difference foirnd betwaen the 
solvent control group and the testing substance 
administered group. Rather, they both showed a 
similar rate of increase. The weight,.of female 
and male fekrses born of mother bodies :Pat 
were exposc?d to dsthanoIa~:~ine during 
pwegnarrcj was signific:antiy ciscseased than in 
the solvent contrai group. Espwialiy, rhe. high- 
d ~ ~ a g e  fernale fetus group weighed 
meaningi!?lly less from PND 7 ?o PND 49 tl?arl 
the control group. ('Table 15 8 Figdro 6) 

Autopsies done after udministering 
di6tlianolamine during pregnaircy and lactation 
period showed no abnorrr~al manitestatiofis in 
the organs of tne anin~al irr both the solvent 
control group aild Bstitig . substance 
adt~linisiered group. 

Iviain organs such as the brain, liver, spleen 
at~d kidneys along wit11 rsprotiucllve organs like 
the testis and epididyrnis were extracted ar~d 
their weights were rrieasured. T i e  uterus weight 
in the 80 mg~kg dosage group was trigher than 
the control group bul was not signiticanr. 
General organs were practically slightly ileavier. 
(Table 16) Female and male fetuses were 
autopsied at the weaning perlod (FNW 2 1 j and 
at maturity (PNU 70). Their general organs anu 
reproductive organs were extracted and weights 
were measured. According to tile results, both 
female and male fetuses did not show any 
differer ~ c e  frorrr the control g roup. ho specific 
finding was nuiiced in Ihe results of organ 
weights from the autopsy at female fetus 
maturity. Grriy the adrenal weight of ,the 
administered group was fourrd to be significantly 
decreased from the autopsy done at male fetus 
maturity. ("Table 1 7-20). 



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 currently under way for an 
accurate interpretation. 

In order to examine the growth, development, 
and behavior of fernale 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 
males 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 
controf group (Table 22 8. Figure 7). 

As for the movement ability (rota rod test) of 
female and mala fetuses, both males and 
females appeared to have a dosage-dependent 
decrease. Especially all the male administered 
group shov~ed a meaningful reduction than in 
the control group.,(Table 23 & Figure 8) Results 
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, shoved 
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  examine.^ the ability to recognize the 
situation by administering 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 o? the reproductive 
functions of male fetuses, through the mothers' 
bodies exposed to diethanolamine during 
pregnancy and, the lactation perioid. 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 diethano!amine 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 diethallolamine 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. 

I '  
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