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Document Control Officer (TsS-790)
(Attn: Section 8(e) Coordinator)
Office of Toxic Substances

US Environmental Protection Agency
401 M Street, SW

washington, DC 20460

RE: Section 8(e) Submission on Chloroacetone and

Chloroacetaldehyde
EPA Document Control # 8 EHQ-0387-0660

Dear Mrs. Loranger,

In reference to our telephone conversation on June 9,
1987 and June 10, 1987, please find enclosed the

publications:

- "Toxicity Profile of Chloroacetaldehyde", Journal of
Pharmaceutical Sciences, Vol. 61, No. 1, January 1972.

- "Dose Response Relationships for Mutations Induced in
E. coli by Some Model Compounds", Hereditas 101, 57, 1984.

If you have any further questions, please feel =~ = to

contact me at any time.

Sincerely,

Dr. Hans Pommerening
Product Manager
WACKER CHEMICALS (USA), INC.
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i Abstract [] Chloroacetaldehyds, 8 probable metabolite of 2-chioro- waek fot 12 weeks) toniclty studies were conducted to evaluate subtle |
i ethanol (ethylene chlorohydrin, was studled in = number of I oloo toxie effects (r.g., waight gain, hematology, and histopathology) ss
. ‘el gystems, in /1t oltro hemolysis tests, gnd in tissue cultures to . well as lethality. Chloroacetaldehyde {s & very toxic and lrritating
v Anin a toxiclty profils of the compound. Acuts txlcity tests wers compound in acute tests; In tests of Tonger duration, most of the
conducted in mice, rate, guiren plgs, and rabbits by one of mofe  parameters measured appeared 10 be normat in animals that sur-

(; - voutes of administeation, Tissue culture tests utilized both the agar vived its lathal sctivity. The acute toxic effects of chioroscetaldehyde

4 averley and protein assey methods. Trritant setlvity was eveluated  are compated with those of 2<chloroethanol. The former Is Inher.
by intear; Jscular implantation, intradecmal injection,anddermaland . ently mors toxle and irritating, while the Jatter exhibits grester easa
ophthatmic applications inthe rabbit. Acutacardiovasculaceffectsln  of quantitative penetration through the GI tract and the intast
rablits wers also determined, Sleeping-time tests in mice werecon-+  skin, co I AL
ducted to assess the effect of chioroacetaldehyde pretreatment (in- . C Lot
halation and intraperitonesl) upon drug-metabolizing enzymes, The  Keyphrases [ Chloroacetaldehyde~toxlcity, compared to ethylens . .
compnund was fosted In guinea plgs for its sensilizing potential, chlarohydrin[] Toxicity—<hloroacetaldehyds, compared to othylane ~ ~ - ~
Cumnulative (30 daily Injections) and subacute (thres Injections per chlorchydrin i ' L . e,
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Chloroacetaldehiydes {CICH,CHO) is 2 liquid at room - . allowed to fluctuate above this amdunt even for short T
temperature, As the anhydrous material, it polymerizes  periods of time (3). The uses of chioroacetaldehyde ds
on standing (1) and, in aqueous solutions in excess of . well as its physical and chemicel propertics were pre-

" 5097, forms a half-hydrate which precipitates as white .  sented previously (1, 2) ’ crE
crystals (2). It is intensely frsitating to human eyes, skin, Ethylene oxide sterilization of plastics, spices, and . .-
mucous membranes, and the respiratory tract (1), and foods, in the presence of chlorides, produces 2-chloro- - -

_its highly toxic nature, is suggested by Its “threshold  ethanol as a reaction product. Johnson (4), in studies o
limit value™ (TLV) of 1 p.p.m., which should not bs  conducted on rats, Indicated that 2-chloroethano!'wa
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Flgure $~Percent equiltbrivm of chamber atmosphere to incoming
air-tapor mixture (theoretical curce) (chamber = 875 1, and aire
* flow = 21,[min.), .

}oxidlzcd to chloroacetaldehyde vig a major metabclic
pathway, The latter then reacted with reduced gluta-
thions at the cellular level and finally oxidized to S-
carbomethylglutathione, He thus proposed this mecha-
nism to account for the highly toxlc nature of 2-chloro-

_ethanol, since simultaneous administration of ethanol

(which reduces the rate of chloroacetaldehyde forma-
tion by competing with 2-chloroethanol for oxidative
enzymes) retards reduced glutathione depletion.

Thus, under appropriate conditions, it might be pos-
sible to encounter chloroacetaldehyde toxicity problems
as a consequence of the ethylene oxide sterilization pro-
cess, Therefore, it was of interest to develop a toxieity

" prafile for c¢hloroacetaldehyde along the s2me lines as
were previously used for ethylene chlorohydrin (2-
chloroethanol). . ' »

EXPERIMENTAL

Materlals—Tha chloroaceteldehyde used in these experiments was
obtained* as an aquesus solutic: conislning either 30 or 4577 chlo-

. . roacstaldehyds, Tests wers performed using 309 solutions, aguenis -

ditutions, or dilutions made isotonic with sodium chioride, as upv
proptiste for the specific test,

1.0,y Determinations—Experiments were conducted on mate ICR
tnice, Spragus-Dawley and Bl Xk Bethesdr atrains of rets, New Zes»
1and albino rabbits, and guines pigs of the Hartley steain, Graded
doter of (he compounds were administered to the animals by the
specified ‘oute, and the animals were observed 1 week for mortalities,

+ The LD, values and 95 7 confidence limits were calculated by Corn-
field and Maatel's (5) modification of Karber’s mathod or by the
tiethod of Weil (6), bas 1d upon the 7-day mortafities,

‘Che test rmateris] wos administered as a single dose by oral Intr “w- -

tion, intraperitoneal injection, or topical (dermal) application, Der-
inal administyation to rabbits wes accomplighed by {a) plscing the
desired dote on 2 single Webrll patch of sufficiant size to sbsorb :m
Hquid; (5) placing the patch in contact with a nonabraded area of 1

. rabbit’s skim, previouly freed of hair by shaving with a safety razor

" and commerciel shaving cream; and (c) securing the patch with a

~ polyethylene overwra;:, After 24 hr., the bandage was removed and |
the robblit was observed an nddltlcna@ § days lor signs of toxltity or -

. mortality,

terms of pure chloroacetaldehyde,
Inhalation Toxielty-~Qroups of male LCK mice; Ave st a time, weta

_ placedinan all-glass nhalation chamber of 8,75-L eapacity, Filtered -

Al

"+ 3K & K Laboratorles, Phalnview, N. Y, -

N

" Mico, msle, ICR 2,57

o 1% solution of sodium carbonate in

Table I—Acuts Tox!cll)" of Chioroamtaidsbyde

Can- Num-
‘eca- berof
X . tration  Ani-
LDwe, 93%Confidence Wasw, ‘por
Toit Animal  mLAE  Limits- 7" Soe
- Intaperftonea! Administration .
Mice, male, ICR  0.00398 0.00473-0.00752 30 10
Rats, male, S-D  0.00503 0.00393-0.00906 30 4
Rats; male, BB 0.00827 0.00657-0.01040 30 s
Guinea pigs, male, 0.00212 0.00083-0.00658 30 3
Hartlsy, albing
Rabbits, male, Now 0.00484 0,00387-0,00603 36 4
Zrealand, albino )
Intragastric Adminlstrntion '
Mice, male, ICR  0.06918 0.05063-0.09407 0.5
Rats, male, 8-D  0.07307 0.04700-0.11989 3.0 4
Rats, fermale, BB 0.08865 0.07067-0.10181 2.0 -
. Darmal (Topleal) Application '
Rubbiuémalo. 0.2243 0.1579-0.3)86 30 4
o e - -

Inkatation o
2.20-2.9min. - 30 10

¢ All values are expressed in terms of 100
(Qsthal time—30 ﬂ- 2.57 min,, at which titse the chambwr bad mllmd
approximately 437 of equilibrium with tbaincomingatr-vap ture,

“air was bubbled through & 36% aqueous sclution of chlatoncetalde-

hyde st & rate of 2 L/min. and passed into the inhalation chember.
Mics were in the air-vapot environement for a specified period, rang-
ing from 1.44 to 4,40 min., after which the chamber was immediately
opensd (in a fiume hood) and mice were prompily removed, The pro-
ceduras was repeated for sach axperimental group to provide 10 mice
at each exposure time, All surviving mics were placed in cages and
observed 7 days for mortalities, From the 7-day mortality pat

. the tims of exposure required to kill 507 of tha animals (LTw)
© 95% confidence limits wers calculated by the methed of Weil (6).

Under these conditions, the time required for the chamber atmos-

phere to resch 20% equilibrlum with the incoming elr-vépor -

mixture s 7.04 min,, as 2alculnted by the method of Siver (7). A
plot of the thecretical relstionship between time and degres of
equilibrium of the chamber atmosphera to the incoming air-vapor
mixture is shown in Fig. 1.

Tinus Cultura—The cytotoxie activity of chloroscataldehyde to
mouse Bbroblast calls (L-cells) in culture was determined by employ-
ing gradsd concentrations in the agar-overlsy and proiein ssmy
methods, Both of thase procedures wers described In detall in 3 pre-
vious papet (8). . v

Darmal, Intradsrma), and Ophthalmle Trritations—Alblng New
Zealand rabbits were employed in the evaluation of the lritancy of
chioroscetaldehyds by these routes. Procedures employed and methe
ods for evaluation of results wers described in detail In & previcus
paper (8). However, due to the greater jrritant activity of cbloro-
acetaldehyde, more difute solutions were employed.

. - Intramuscular Tmplantation—-Small strips (approximately 0.5-1.0

mm. X 1 cm.) of a nonreactive polyvinyl chloride inaterial were

. placed in & 307, solutlon of chioroacetaldehyds snd atlowed to re-

mein for 24 hr, The samples were cemoved, blotted lightly to remove
excass lquid, and implanted into the paravertebral mmucls of the
rabbit. Similac samples of the same material which had not been
soaked In chioroscotaldehyds solution ware implantzd 83 & negar

tive control, and samples of ancther polyvinyl chloride mmterial

(known to produce & posiL.ve response) were Implanted as & positive
control. Seven days Ister, the rabbitx were mcrificed and the im-
plented materials were located and avaluated for tiisue reaponsa, The

o fasiitate comparson of results, all values are caléulated jo -, EeePOMIes wace graded as follows: O = nonreactive, & = slight or -

questionable response, 14 = mild reaction, 34 = moderats re-
action, and 3. = marked res .

Hemolysis Test—To derermine the hemolytic threshold and con
centrations which praduce J0% hemolysls, a series of dilutions of

. chloroscetaldehyda in pormsl saline was prepared. Normal safine

(without any toxicant) was employed as & negative éontrol, and &
saline served as the lmidu

b,
S

chlorongstaldebyde, * LTw ‘
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Table II—Chloroacetaldehyds Irritation Teats

Concentration, ' Irritant
% Rapopn"

Intradermal, rubbits e 0.0193%¢
Dermpj, rabbits 7. gi-

A4

Ophthalmic, rabbits

* All solutions, except thoss used for the dermal est, ware mado is0- - , 9.1000 S . 0.2000 ¢ 0,3000
'f°"'§ g’it{l:’ ;odlg?lc -‘4““:&: .ﬁ%ﬁqrm:ug mc 3+ u:rlc‘;,an oR! ouf;nca‘l MOLAR CONCENTRATION OF CHLOROAGETALDENYDE
or definitions, - i n goncentration uena :
and Hoppe (11); squivalant to 1+ raaponsc, ° Flgute 3—~Hemolysis of rabdit arythrocyres Ay chloroaceraldehyde;
307, hemalysis w 03494 M (2.73 %), . S

" trol (100 hemolysis), Ten milliliters of saline, sodlum carbonate Snsftization Text—To determine the senshizing potential of chio-
4uline, or chloroacetaldehyds in taline was placed into & 16 X ‘toacetaldehyde, the guines pig maximization test of Magnusson and
150-mm. test tube and kept in & water bath at 37° for 30 min. 0 - Kligmaa (9) was employed using guines pigs of the Hartley strain
provide temperature equilibration. Then 0.2 ml. of oxalated, whols 33 described In & previous psper (10). ‘
rabbit blood was added to each tube and Incubsted for 60 min. at Acate Effects upon Cardlovassulne, Respliratory, and Nevromusen.
the ssme temperature, Bach tubs was centrifuged for 10 min. at e Functions—~The acuta effects of chioroacetaldehyds upon cardige
1000 g, and the supernatant was carefully removed with a Pipet  yagsular, respiratery, and neuromuscular functions ware determined
and placed into spectrophotometric ¢elis; the absorbance of the in anesthetized rabbits using the mathodology described in a previcus
semiple at 540 nm, was then recorded.’ . sy publicatlon (10). - o’ .
The percent hemolysfs was caleglated a9 follows; . o Cumnuuu!‘.l‘oxleny-—‘l'ho cnul.nu!!:;h\. toxie g::!m of e:yhr:-.
. ) 8y — scetaldshyds In male Sprague-Dawley rats was ermined by
7 hemolysia = ministering daily doses of the compound by ntraperitonsal injection

sbsorbance of test sam, Is — absorbancs of negative éon:rol . for 30 consecutive days Dose levels smployed represent 0.001879
. ubsorbance of positive control . 4nd 0.003758 ml/kg. of pute chloroacetaldshyde. Detafls of the
S . proeedure were described in & previous publieation (1),

X100 (Eq. 1) Sobscute (Subshronle) Toxicliy—The toxicity of chioroacetaldes

data, . tyaly, hyde in ma's Sprague-Dawley rals was investigated when the com. .
The data, es percent hemo! yuls, wers plotted agatnst the mola con- 3 week fo 1 ! The does

tration of ch) tald = \ und was xdministered thres times & -
centration of chloroacetaldehyds to give the doss response cucve, - PO 2 0.0008, 0.0016, a0 oo

From this curve, the ¢ trath i . levels utilized in this study were 0.0003
e, o onreqvied to produce 307 hemaly. ml./kg. esleulated a3 pure chioroacetaidehyde but the duses wore fr -

sis was determined,
Steping-Time Test—Mals ICR mice, weighing 25 & 5 g, were  Jected 05.0.9% aqueous solutions. This procedurs was described in
pretreated with chlorcacetaldehyde on 3 consecutive days, with the  detailin lP“Vk"!' article(10). o
test belng performed 4 hr, afier the last pretreatment, In one series, - . L .
mice were pretreated with Intraperitonen! Infections of chioroacetats . ' RESULTS AND DISCUSSION
gehgd‘e: in the zgﬂ;'er s‘etries,hpx;etrcstmem wos by inhalation, In - : h .
oth instances, 1. after the last exposure, each mouss wus ade The acote LDyy values and thelr 95% confidence Emits when
r'-istered 50 mg./kg, of sodium pentobarbitsl intraperitoneally chlorogcetaldehyde was administered im%uperkanemy. orally, ar
Jobserved for loss and then return of the righting reflex. The in- topleally are presanted in Table 1. These values suggest that guinea
, time was considered as the time interval between pentobar. Pigs are most sensitive to intraperitonesl Injection of the tompound
bita) injection and loss of the righting seflax; sleeping time was the - and the black rats are Jeast sensitive, although overlap of the confl-
durstion of the absence of the righting refiex. Ten mics per group - -
wereemploved in both of thess tests, _ Table 111—Effect of Chioroncetaldeltyde upon
o Pentobarbltal Slesping Times , :

. - Coneemt- e Minutg——— -
Durstion of . trstionof  Induction Time  Sies, ng Tims
Expocur: Compound® (Maan £ SE) (Meg‘n s SE)

. . Pretroatment by Tehslation
¢ - Comrdl AR 4.02: 0.2
§ f foms iHIED
sec, . . :
7 we. BAmEL 3.20% 016 ; o
4': Loa Pretreatment by Intraperitonesl Injoction - o
* Dass of Chloroscetaldehyde e T
g 'lw“ T

S PP

R S tw oy,

? ,'-'f".to'.'emolls R Py ' g"l .721
L 00081 mbig, - . \ A
i » . . . .. . R L .. O.w’zz mlm: R i 7.“ , 434
§ ' PR © . 0,00305 ml.jks. . X . 184.52 4 12.22¢
L] ’ 10 2 B 0 0 0 0 )
. ' CONCENTRATION AS PERCENT X' 30 - | intraiep Ercizonted with ehigroseataldely s patei T befoea
: 'hw’ of welght Jots of 30 % ¢ e squeous solution per liter
Figure 2—Intradermal Irritanon from chloroacetaldetiyda (TIC4 slt, ¢8| Y udent -’“3;‘,,;.
determluarion), . B &'mm;'é‘{fv‘?a"b‘;’é 1 b e u:t’.s‘ 3 # e, €

. [ .
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- vwas completed in only three-of the faur

’

Table IV—Cumulative Toxlcity of Chiaroscetaldehyde; Hamnwloﬁq Values in Rats (Mesn == SE)

ftem . Saline Contro! 0.001879 mg./ke. 0.003738 mg./kg.
Hemoglobin, g./100 ml. 15.020 &= 0,489 19.200 = 0.3%9 11.700 = 1,072
Hematoerit 48,080 = 1.919 47,080 = 1,819 38.500 4= 2. 3000
Erythrocytes, mm.? (X 104 3.975 %= 0.300 §.673 &= 0.334 4.528 & 0), 3550
Total wglg‘cxgl’god cells, 12,050 &= 1.87% 17,325 & 2.043 15.162 = 4.6%
mm.
Platelets, mm.§ ()¢ 10%) 0,990 -e 0,109 . L1758+ 0.215 0.650 == 0.087
Clotting time, sac, 66.200 3=z 6.498 79.500 4+ 4.817 82.200 4= 9.664
Differential white cell count, %
Segs . 12.833 4= 2.943 31.083 = 1,600 27.500 & 3.832
Lymphocytes 82.083 = 1,145 64,833 4 1,830 67.879 4 6.383
onocytes 0.417 3= 0.134 1.417 & 0. 300 .00 %0.577
Eosinophils - 1.083 & 0.473 0.667 = Q.24 0.878 21 0.792
Basophils ° 0.583 2 (.417 - 0,083 4 0.083 0.128 % 0.12¢
Meta - 0.000 == 0.000 0.000 = 0.000 0.%:0.“
Juvenils 0.083 = 0.083 0.250 & 0.112 0.250 & 0.2%0
Bands 1.333 &= 0.40! 2,000 £ 0.24 1.290+=0.777

* Significantat the 93 % laval (= 0.0%) by Student's  test. b Sigalftcant at the 55 Aalevel(p = 0.00) by Student’s Ptest. -

dence limits does not permit statistical verification of the apparent
trand from this data, The magnitude of difference in the LD, pro~
- duced by charging the route of administration (s quits obvious. Ab-

sorption of chloroacetsldehyde from the Gl trect or through

the ekin appeacs to be a significant factor in influencing its toxicity.

As discussed Jater, thig is 8 marked departure from the pattern of

response produced by the potential perent compound 2-chloroath.

ansl, which demonstrated ecvivalent toxielty by each Qf these thres
.routesofadministration.

Chloroacetaldeshyde provya to be very lethal by inhalstion. Mica
wiere placed Into & chamber containlng no chloroscetaldehyds, and
air containing chloroacetaldehyde vapor was passed into the cham-
ber. The time of exposure required to kill 50% of the animals, LTy,

wag 237 min, In this time, the chamber atmasphare {5 calculated 1o -

have reached approximately 459 of squilibrium with the incoming
air—chloroacetaldehyda vapor concantration (Fig. 1), Prior to its
entering the inhelation chamber, air was bubbled through & ki) 4
aqueous solution of chloroacetaldshyds and was found to remove 33
mg. of lquid/l, ofalr,

Tissue culturs tests, using both theagar-overlay techniqueand pro-
téin assay, demonstrated the highly toxie properties of chloraacetal-
dehyde. Application of 0,2 mi, of u solution as dijute as 0,0078% to
the agar-averlay produced a cytatoxis effect on the mouse Aibroblasts
(Lecalls), whils further dilutions, 0.0039% or Sess, were noncytotoxic.
By using Inhibition of protein synthesis in L-call cultures as the cris
terion, it was found that a 5.62 X 10 M concentration of chloro-
acetaldehyds in the medin was sufficient to reduce protein synthesis
by 307 (IDs), : e

Results of tha dermal, intradermal, and ophthalmic irritation tests
conduycted {n rabbits ars presented in Table IF, which illustrates the

* highly irritating osture of chicroncetaldehyde, The “thrashold frrita-

tion concentration* (T1C+4) of Luduens and Hoppe (11) wes detere
mined for the intradermal route, The basfe 0, 1, 14, 2+, and 34
avalustion system was converted to numerleal values of 6, 2, 4, 6,

* Toble V—Cumulativs Toxiclty of Chioroacetaldebyde as

Shown by B.S.P. Liver Function Test in Rats®

B.S.P. Concentrati ) in Plasma nn'm % S
onceniation (mg. %)ng“ Len\;eloor éh’o‘ro::glldehfgn

. : e PG LR (T s,

. - Saling 0.001879 - 0.003758

7 After Control mg./kg mg/kg,

Bmla, . 292646081 2288417 7.8 % 3.70

30min. 934067 . 7.13::1.41 10.38 &= 5.7}
43min. . 2,74=055 357x145 351

. Pecentage of B.S.P, Ellmiasted - L

Betwesn ) ’

 IX30min, :16.04 23.21 T0.04 =515 69,915 15.91

M72£ 86,68 4270 13,37 4591 11.%6

& Test was Ber!ormed at the conclusion of the 30-day cumulativa toxés
:ityrmdy..A {1‘“ veceived 18 m":’n'."hf'u'&”’ mmnmowlinlk)g &ai'un:
I8 from six f8 T g§ro axceptthe O3 n [ }f 7]
per group, P [ ving group

30-48 min, -

.

snd ¥, respestively, to be compatible with the system used by Ladu-

“ennand Hoppe. The odd numbers were used for observed toiponses  *

that were intermediate between two of tha assigned even numbers,
Ten abzervations were made at esch of four concenirations for the
graphic plot to determine the TIC4 value (squivalent to 14 tee
sponta), Figure 2 shows the straightsline plot of thess data and thelr
agreement with a calculated value of TIC-4 = 0,019$
Chloroacetaldehyda was extremely irritating to the intact skin of

“the eabbit. The undiluted material (30%% chloroacetaldehyde in i
- water) produced sevars and extensive tissue damage, much more ine

tense and over a larger ares than was produced by the positive con-
trol (877 sodium lauryl sulfate, wjv, in water). Similarly, it wes noted

In peellminary tests that the more concentrated solutions of ehloros .

acetaldehyds produced extensive damage to the rabblis eye, whilea
0.03125 7; solution produced definite, but reversible, ophthalmic i

- ritation (score of 1),

Suips of polyviny! chloride, which had been toaked in 30% chloro- ;
acetaldehyde for 24 he,, were implanted into the paravertebral muscls
af the rabbit. After 7 days, the radbit was sacrificed and the implant
sites were locetsd in the muscle. The chlorcacetaldshyde-teuated
strips produced an srea of necrosia end purulence arovnd the im.
plant equal to or greater than that produced by the positive control
(3-+). Untreated strips of polyving! chloride, identical to thoss
sosked in chloroacetaldehyde, did not produce grossly visible signs
of necrosls, : _

Figure 3 shows the dose-response curvs produced by plotting
rmnt hemolysis cersus conceatration of chloroscétaldehyde, Thus,
t may be seen that shout 107 hemolysis should be produced by.
0.2450 M and 50% hemolysis produced by 0.3494 M (or 124%)
chloroacstsidahyde in saling, N .

Pretreatment of mice with chloroacetaldehyde produced s dose-po- |
Iated incrense in pentobarbital sleeping time, This was true whether
the compound was edministeced by Intraperltoneal Injection of by
inhalation, Dosing of the mice was based upen 0.5, 0.2, and 0,5 of
the acute LD,y or LT;, daily for 3 days pricr to pentobarbitat ad-
ministration, The results sre presented in Table 111 The increass in
slesping time {n the groups treated with chloroscetaldehyde intes.
peritorieally is significant at the 997 Jovel (by s test) for all three dos-
ago levels, For ths enimals exposed to chloroacstaldehyde vapors

Tatls Vi~Cumulstive Toxicity of Chloroncetaldehyda: Percent
Organ-to-Body Weight of Rats (Mean = SE)

0.003738

. . Salins 0.001879
" Ongan Contro} mg/kg. mejke
Adrenals  0.0124 0.001 0.018 +0.003 0.028 - 0.006 . .
Brain 0,467 % 0.013 0.568 + 0.042% 0.748 & 0.08%+ "
Gorids 0.6 0'H 0902%0.087 1.9 % 0085
(e fRIIH (RIE LEthn
tyl . . . N . =U.
L 5205008 Qlot+0.00 3211 +0.858
Lungs 034 001 0.409 %0030 363 %0030 |
Splen 0.1 % 0.011 0.321 £ 0.078 0457 % 0,085 '
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Table ViI—~Subacute Taxicity of Chlaroscetnldetyde: Food Consumption® in Rats (Mean ok SE)
0.00032 mi/kg. 0.0008 mljks. 0.0016 ml./kg.
100.934 &= u."l“z 92.515 % 7.246 - 39.109 & 5.307*

. . . 251 == 2.332 61.365 %= 4.233 60,750 &£ 1.684
T €0.058 & 2.026 M IRT Wi ims 7,455 = 3.443

* Grams of food contuned per kilogram of (3t pee 24-hr, day. 3 Significant ac 53 %, level by Studont’s's ast. #Significant at 99 % lovel by Studnt’s rtest.

0.0032 ml./kg.

26.828 & 6.720¢
74.319 & 7.038
96.376 == 9.671

Week Saline Control

st 109. 512 &= 8,355
§0.003 == 2.46G

Table VIII—-Subacute Tgxléi:} of é';lqtmata!dehyde: Hematologic Values (Mean e SE) _ -

Item

Saline Contrdl

0.00032 ml./kg.

0.0008 ml./kg.

0.0018 mi./kg.

. 0.0032 ml./kg.

Hemoglobin, §./100 ml,
Hematocrit
Reg biood celly,
mm.! (X 10%)
‘Towt white blood cells,

17.287 % 0,23
50.750 & 0.998

. 1932 % 0, 595

14,608 & 1.832

17.102 & 0.226
§1.500 == 0.796
6.663 3 0,539

14,917 == 1,792

16.885 = 0. 206
$1.000 & 1.335
7.187 = 0,804

16,792 & 2.012

16.258 4 0.507
47.250 == 1.564.
5.237 & 0.168

12.133 & 1.928

< 14.937 4 . 244

47.500 =+ 1.248
5.227 = 0.42¢

16.717 & 0,983

mm.? (X 10"
Platelets, mm.3 (X104
Clotting time, sec,
Differential white

cell eount, %%

sy Seps ’

Lymphs
" Monocytes

Eosinphils

Basophils -

Mstas

Juvenile

Bands

s Significant 3t 99 Flevel (p = 0.0I)byS_luden.t_’l ttese. b Signifteans 2198 2 level (o m Mﬁ)by‘l.m;em’l 2t

0.07 %9.119

0.669 == 0,07
3 7 134,000 & 6.083¢

0.637 &= 0,109 '
94.833 == 4.037

80.657 & 8.123

Se
g2
e
a0
&3

0.763 % 0.057-
119,667 %= 17.021
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An Investigation into the cumulative toxicity of chloroacetaldes
hyde in which groups of rats received 0,001878 and 0.003798 ml./kg.
of ehloroacetaldehyde (representing 0.3 and 0.6 of the acute LD;y
dose, ‘respectivaly) daily for 30 consecutiva days resulted in a mor-
wlity of 25 and 66,77, respectively, During this tims, the chloro-
scotaldehyde-trested rats gained welght more slowly than the con-
trals (Fig. 5). These differences were significant (at 93 or 997 level)
for both treated groups prior to the conclusion of the test period.
Hematologle testa (Table [V)at the end of 30 days showed that thers
was & significant (at 932 fevel or better) decrease In hemoglobin,
hematoerit, and erythrocytes in the high dose group: for the low
dose group, there was an increase In segs and monocytes with a de-
crease in lymphocytes. At theend of the experiment, 8 llver function
test, B.S.P, disappesrance from the plasma, was conducted on the
. three groups of animals, The date are presented in Table V; how-

Experiments were canducted to assess the acute effects of intes-  ever, thars wers no signiRcant differerices batween the controle and -

"‘*g‘ous chloroacetaldehyde on blood presture, respiration, and neue  thechiorascetaldehyda-trested grovps. - :

.. muscular function in anesthetized rabbits, The varlous dose Tevels . v ,

employed produced three generafized patterns of responss upon . .

‘blood pressure (Flg, 4). Thers was no uniform or dramatic effect

upon respiration. Doses 0£0,02-0,10 ml./kg. of 30%Z ehloroacetsids. T L
_ hyde produced Iittle or no effect upon contraction of the anterior
s tihislls and gastrocnemius museles from stimulation of the sciatie .
: {\erve; however, 0.2 ml./kg, or mora of 0% chloroscataldehyde bt .3
* " inhibited er blocked this response, . .. .

(by Inhalation), the increase wis not significant for the shortest ex-
posure time (15 sec,), but it was significant at the 9592 fevel for thoss
expased for 31 sec. and it was significant at the 9997 Jevel for those
exposed 17 se¢./day. Such a response could be explained on the basis
of hepatie necrosls or other dsmage; however, in another study in
which chloroacelaldehyde was sdministered daily for 30 days, he-
- patlc damnge was not observed in hematoxylin-eosin-stalned specis -
mens from those animals surviving to the end of the experiment,

The sensitizing potential of chioroncetaldehyde was tested In five
guinea pigs, using the “gulnes pig maximization test™ of Magnusson
and Kligman (9). Due to the highly toxie and extremely lrritating
nature of the compound, it was necessary to use & very ditute solu.
tion, 0,0027]. The test produced negative results, Indicating that this
soncentration of chlorcacetaldehyde was not sensitizing by this
test, . ’
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Tuble IX—Subacute Toxicity of Chloroacetaldehyde as Shown by B.S.P, Livar Function Test in Rats®

After

B.8.P. Concentration (mg. %z’

ia Plasma of Rats (Mean = S&)—
0s¢ Level of Chloroacsteldehyde Pretreatmient.
0.0008 ml./ke.

Saline Control 0.00032 ml./kg. Q.0018 ml./ks.

15 min, 29.16 &= 1.80 28.32 & 1.6% .19+ 3.3 30.3] = 2.68 0.9+ 4.9

min, 318.38 = 3.19 15.94 £ 2.73 17,9728 310.39 % 1,87 6534230
45 min. 8.21 = 2.03 10.63  3.03 11.38 % 2.8 2.0) = 0.27 35241

Percentage of BS.P. Eliminated
Betwesn ) . y
15-30 min. . 49.00 == 8.92 42.88 == 10.84 41.34 = 5.%0 v 65.39:=6.1 62.99 & 19,38
30-45 min. 49.10 &« 5.89 40,41 = 10.23 39.42% 11.07 C 78,973 2,79 46,16 &= 7.1¢
S.

© Tegt was performed at the conclusion of the 12-week subacute toxlcity nndh;'v{ All rats recelved 73 mg.ncg.,o.hg B.S.B. intravenously, Valuss are from

s1x vats par group, except for 0.0032 ml./Kkg. In which there were only theee surv

Table X—Subacuts Taxlcity of Cix!oroumldehy&e: Percant Organ-to-Body Weight of Rats (Mea;\ & §E)

nganimals. b Significant at lavai(p = 0.00) by ¢ test,

. "t

2
18
3

Orgun Suline Contro! 0.00032 mi./kg. 0.0008 ml./kg. 0.0018 ml./kg 0.
Adrenzls 0.013 2 0,001 0.009 == 0.001= 0.014 = 0.001 0.010 2 0.000+ 0.016 = 0.002 -
Brain 0,434 £ 0.023 0.363 = 0.02te  (.386 = 0.012¢ © 9,461 = 0.023 0.804 == 0.172+
CGonads 0.768 == 0.042 0.728 £ 0.019 0.799 4 0.034 0.824 & 0.041 - 0.808 = 0.171 °
Heart 0.283 = 0.012 0.311 = 0.022 . 0.261 20,004 . 0.245 & 0.008¢ 0.290 == 0.023
{(tdnm 0.673 & 0.022 0.637 4 0.028 0.613 =0.017 . 8.543 %* 0.027* 0.663 & 0.043

fver . 3.086% 0.314 3.254 & (.19 3423 4 0.185 3,338 :0.191 4.946 & 0.198
Lungs - 0.387 & 0.016 0.432 4 0.112 0.373 == 0.029 0.340 =k 0.019 0.380 == 0.056
Splesn 0.212 & 0.018 0:237 d= 0.009 0,228 &0.22 0.244 £ 0.02¢6 0.265 4 0.022

 Significantly diffecent from controlu st p = 0.08.VS7Eniflcarily difforent from controls atp = 001, -

After these tests, the animals were sucrificed and certain organs
were removed, weighed (for caleulation of organ-to-body welght
ratio), and fixed in 107, buffered formalin for histapathologic evals
uation, The orgen-te-body weight mtios, expressed as percentages,
sre presented in Table V1. The ratios for both the bug:md tungs

. were significantly greater in the low dose group, while the high dose

group showed a significant Increase in the beain, gonads, heart, kid-
neys, liver, lungs, and spleen. Hematoxylin-eosin-stained sections
of these organs did not revesl any sbnormalities which conld be at-
tributed 1o chloroacetaldehyde administration, except for the lungs

which showed more severs bronchitls, bronehiolitis, and bronchos -

piisumoniy than were seen in the controls.

A series of doses, starting at a lower fevel, of chioroacetaidehyde
was employed in & subacute (subchronic) study. A 0.5% aqueous
solution was fnjected, with thedoses belng 000032, 0.00020, 0.00160,
and 0.00320 ml./kg, of pure chioroacstaldehyde administered three
times a week (Monday, Wednesday, and Friday) for 12 weeks, Each
group consisted of 12 rats, except the 0.00320-ml./kg, group which

contained eight cate, With the exception of the high dose group, only
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Figure ‘6—Subacute toxicity of chloroaceraldehyde (mean body

weight gain of rats). Key: ++., tolie controls; «-s, 000032 ml,|

::.’7"---, 0.0008 mdJkp., == ===, 0.0018 ml.[kg.; and =+, 0,002
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" tvo mortalitles were produced: one In the fow dos group during the

15t week and the other In the 0.00160-ml./kg. group duving the 12th
week. The 0,00320.ml./kg. dose produced five deaths In the sight
animals (62,37,); although an LDy, cannot be caleulnted from these
data, it would appesr that the subacute LDy would be in the range
of 0.0030 ml./kg, or absut one-half of the acute L.Dh.

The weight gain of ihe rats treated with the two lowsr docas did

not differ significantly from the contrals; howsver, there was & sig
nificaat decresse in weight gain for the two higher dose levels which
was dose related (Fig, 6). Food consumption was dstermined during
the Ist, Zth, and 12th weeks, There was a significant decreass in con-
sumption by the two higher dosed groups during the st week, but
listle effect was noted otherwise (Table VII).

Hematologic determinations and B.S.P. liver function tests wers
performed at the conclusion of the 12th week; these data are pre-
sented in Tables VI and IX, respectively, None of these values was
signtificantly different from the controls (at » = 0.03 or less) for the
two lowest doses, whilg 0.0016 ml./kg. showed 2 decresse In red ceif
count and lymphocytes, an Increass In segmented neutrophils, and
an increased rate of B3P, disappearance beiween 30 and 44 min.;
the highest dose (0.0032 ml.‘l’kbf,) showed a significant decreass in
red blood cells and hemoglobin with an increase in clotting time
and segmented neutrophils. -

At sutopsy, organ-to-body welght ratios were determined for sqve
eral organs (Table X). Eight of the 32 values were statistically sig-
nificant (st p € 0.05), although thers was no apparent dose-rainted
response with the quantities of chloroaczialdehyda employed. How.
ever, the ratig for the brain and liver in the high dose group (0.0032
Tl.]k#) was considerably higher; this may have been due to 8 selec-
five &
snimals,

Histological examination ‘of hemtoxylh«ee‘sin-mfnﬁ mctions

of these organs revealed significant pathological changex in the lungs
of animals receiving the twvo highest dose levelr of chloroacetalde.
hyde. These changés included focsl, chreak bronchopneumonia
and certain changes of respiratory eplthelium suggestive of & pra.
malignant condition. Similar changes, to & lesser degree, ware seen

in the two low dose groups and controls, except thers was 0o evl

dence of atypia of the respiratory epithellum. None of the other or-
gans revealed any changes that could be attributed to administre.
tion of chloroacetaidehyde, ‘ o o

" In concluding the dissusslon of chloroacetaldchyds, It might be_

_approprisie to examine it in relation to I biologieal parent come
pound 2<hlorcethanol. Some comparative data for thets two come
poundsare piesentod ln Table XI, .

" e
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" 30% chiorozcstalishyde for 24 hr, prior to implontation.
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Tuble XI—Compsriton of Acute Toxicity for tion, fi-dny implaniation tesit in the rabbit muscle, conductad

Chlorodcetaldehyde and 2-Chlorosthanol

Chioroacetal 2-Chioroe
Test dehydes ethanole
Agute toxicity, oral LD )
Mice, male 0.0892 ml,/kg, 0.0671 ml./kg.
Rats, male 0.0751 ml./kg. 0.0388 mlL/kg.
Acute toxieity, intra.
P!ﬁtoﬂﬂl’ LD
Mics, male 0,00998 ml./kg.  0.0810ml/kg, -
Rats, male 0.00602 ml./k 0.0528 ml./kg.
- Guinea pigs, male 0.00212 ml./kg,  0.0707 ml./kg.
Rabbits, melé 0.00464 mijkg.  0,0671 ml./kg.
Acuite toxiclty, dermal LDy,
Rabbits 0.2243 mL/kg.  0.059 ml./kg.
Acuzi _;_oxlcny, inhalation .
" ‘
Mice, male 2,57 min, 6.47 iin.
Tissue culture, Lcells
Agar-overlay, cytatoxic/  0.0078 %/ 10.0%%/5.0%,
noncytotoxic 0.00§8%
Protein sy, 1D, 0.0000563 M 0.03193 M
Irritation tests :
Rabbits, Intradermal 0.0195% = 14 3.0%% = 14
~abbits, dermal 1.3% = 3 :
Rabbits, ophthaimi 0031305 e 195~ % 4+
abbits, ophthaimie L0325 - A8 -
7-Day muscle implanit 3 0

* All LDy values expressad in terms of pute compound. * Strips of &
nonreactive polyvinyl chioride were sonkad in pure 2-chlorocthanol or

]

Note tha very close agreement between the LD;e values for chloros
scelaldehyde and 2-chlorouthanol when they -ware administered
orally to mice and the reasonably good agreement for rats, \When the
two compounds were administered Intraperitoneally, however,
chloroncetaldehyde appeared to be about 10-30 times a3 toxic as

2-chloroethanol, On the other hand, when the compounds were ap- - -

plied topically, 2chiorosthanol was about four times more toxie
thanchloroecetaldehyde, Whils the toxle quantity of 2-chlorcethanol
remained relatively constant between species of animals and routes
of administration (approximately $3-81 ul./kg.), & similar compari»
son for chloraacetaldehyde shows more than a 100-fold variation
in 1tx LDy values, .

When tested on L-cells In culture, using the agar-overisy tech.
nique, chlaroacetaldehyde was mors then 1200 times as toxic As
Z-chioroethanol, 1D.4 values obtalsed from Leeeils indicate ¢hloro-
acetaldehyds to be 368 times as potent in inhibiting protein synthesis
ax. 2.chloroethanol. -

comparison of the two compounds for their Irritant properties
2.0 shows chloroacetaldehyds to be moars active, In the case of in-
tradermal irritation, it required approximately 250 times as much
%chloroethanolto produgea 14 irritant response as was needed for
¢hloroncetsldetiyde, while 40 times ae much 2-chloroethanol was re-
quired to produce a comparable degres of ophthalmic irritation
(1-1). Dermat Ieritant tests found solutions of 7.5% or greater of
thioroacetaldehyde sufffelent to produce a 3+ response, while un-
diluted (10077) 2-chloroethanol did not produce significant lrrita.

by sonking strips of a nonreactive paiyvinyl ehicride rmaterial in
2chloroethanolor 3075 chioroacetaldehyde far 24 hr, priortoimplan-
wtion, revéaled 3 marked renction (34) to chloroacetaldehyds but
no observable response to 2-chlorosthanol.

It is apparent that ¢hloroncetaldehyde has & much greater jrritant
activity and is inherently more toxic than 2-chioroethanol; howevar,
2-¢hloroethanol appears to have the greater penetrant capacity, This
I pa;ticulurly noticeabls in the dermal toxicity of the two com-
pounds,

In considering the potential danger of sceldental exposursto toxle
quantities of the two compounds, 2-chloroethanol probably presents
the most hazard. Although it is quantitativaly less toxle, it produces
Iitle or no irritation to the Intact skin but penetrates quite teadily;
thus, contamination and absorption may occur without the indi.
vidual being awara of them, The pronounced irritation produced by
¢thloroacetaldehyde, coupled with its lesger ablility to penetrate, alerts
the Individual to Its presence and encourages him to remove it, Sims
ilarly, the more pronounced irritation of chloroacetsidehyde vapors
serves 48 & deterrent to prevent the individual from remaining in an

- area of exposurs to toxis quantities of the vapors, while ths less Ir-

ritating vapors of Z-chloroethanot may not provide such early
warning, . .
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pose-response relationships for mutations induced in E. coli by
some model compounds

5. HUSSAIN

Depariment of Radiobiology, Wallenberg Laboratory, University of Stockholm, Sweden

With an addendum:

Reaction kinetics in water of chloroethylene oxide, chloroacetaldehyde,
and chloroacetone

SIv OSTERMAN-GOLKAR

Depariment of Radiobiology, Wallenberg Laboratory, University of Stockholm, 5.106 91 Stockholm,
Sweden

HUSSAIN, §. 1984. Dose-rasponse relationships for mutations induced in £. coll by some model com-
pounds, — Hereditas J01: 57~68. Lund, Sweden. ISSN 0018-0661. Received Novembes 2, 1983

The dose-rasponse relationships for mutation to streptomycin nondependence in E. coli S3-4 were studied
{or three chemical agents (ethylene oxide, methyl methanesulfonste and ethyl methanssuifonate) with large
scale experiments, and for ten agents (propylene oxide, 1,2-butene oxide, glycidol, epichlorchydrin,
chioroethylene oxide. chloroacetone, bromoacetone, chioroscetaldehyde, glyveolaidehyde and glyceral
dehyde) with normal scale experiments. The data for ethylene oxide could bs fitted to asingle straight line.
Tha mutation curves for methyl and ethyl methanesulfonates were resolved into two components. The dose-
response ralationships were indicated 10 be linear for six out of the remaining ten agents tested. Marked con-
tibutions from the quadratic components were reflected in the curves obteined with chioroethylene oxide,
chloroacetaldehyde, chioroscetone and bromoucteone. '

Soeed Hussain, Wallenberg Laboraiory, Depariment of Radiobiology, University of Stackholm, $-106 91

Stockholm, Sweden

information on the shape of dose-response curves
for a number of agents in the same system is impor-
tant both for comparisons of their genotoxic effec-
tiveness and for a preliminary opinion on their reac-
tion mechanisms. With regard to environmental
genotoxicology, the very low-dose region is of spec-
ial interest, but its investigation needs large-scale
experiments and, hence, is time consuming. Al-
though the intermediate region of the dose-re.
sponse curve is easy to investigate, data in one mu-
tation test systemn with a sufficient number of agents
are usually not available for utilization for quantita-
tive purpose. _

Some data are available for the Jow-dose region
of ionizing radiation in a number of systems, and a
literature survey by Brown (1976) shows that the
dose-response curves for the mutagenic effects fora
number of end-points (such as pink mutations in

Tradescantia stamen hairs, ad-3 mutations in
Neurospora, deletion mutations in E. coli, sex-
linked lethal mutations in Drosophila, and specific
locus mutations in mouse) are compatible with
linearity up to 1 Gy. The dose-response for gene
conversion in Saccharomyces cerevisiae has been re-
ported to be linear down to the region of 0.01 Gy -
(Unrav et al. 1981). In the case of chemicals, data .
are available only for a few agents in a few systems,
Linnoren's studies (1971) on the waxy system in bar-
ley indicated a hump in the initial region after treat-
ment with ethylene oxide. 1n a recent study on
Chinese hamster V79 cells (JenssEn and RameL
1980), the dose response curves for mutation to 6-
thioguanine  resistance induced by ethyl
methanesulfonate, N-ethyl-N-nitrosourea, methyl
methanesulfonate and N-methyl-N-nitrosourea,
were reported to be linear for ethylating agents and
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nonlinear for methylating ngents. For the induction
of micronuclei, nonlinear dose-response curves
were obtained for both ethylaiing and methylating
agents (Jensseny and RameL 1976, 1980). In the inter-
mediate region, a number of N-nitroso compounds
and alkyl methanesulfonatss were investigated by
Coucx and Hsie (1978) and Coucn et al. (1978) with
the HGPRT mutation test system in Chinese hams-
ter ovary cells, and the dose-response curves were
found to be linear in all cases, mcludmg methylating
agents.

In bacteria, a quantitative study was undertaken
on the mutagenicity of alkyl methanesulfonic esters
(Turroczky and EHRENBERG 1969), and linear-expo-
nential and linear dose-response curves were re-
ported for ethyl methanesulfonate and isopropyl
methanesuifonate, respectively. HiNcE and Neare
(1977) carried out detailed studies on the biological
parameters of importance to the mutagenic effec-
tiveness of different nitroso compounds and some
alkylating agents. The response of the test system in
this study conformed to linearity and was noted to
be markedly affected by the phase of growth in
which the treatment was done. In contrast, in

ther bacterial mutation test system (Konpo et al.
4970; Isvu and Konpo 1975), linearity was indicated
only for X-rays and mitomycin C; quadratic re-
lationships were reported for the other chemicals
tested—methyl methanesulfonate, ethyl methane-
sulfonate, 4-nitroquinoline oxide, hydroxylamine,
and N-methyl-N-nitrosoguanidine,

In the present study, it has been tried to examine
the dose-response curves for mutation to strep-
tomycin nondependence for a number of agents in
E. coli Sd-4, For three agents—ethylene oxide,
methyl methanesulfonate and ethyl methane-
sulfonate—a greater amount of work, in terms of
experimentation, was allocated than in the case of
other agents,

Materials and methods

Bacteria, — Escherichia coli Sd-4, a streptomycin
dependent strain, obtained from Prof. G. Bertani,
& <kholm was employed; a resistant derivative of
L..es Strain, selected inadvertently, was also used;
mutation to streptomycin nondependence was
studied.

Chemicals, — Chloroethylene oxide and
chloroacetaldehyde were prepared in the labora-
tory by Dr. R. Gathe: the other chemicals were
purchased as follows; ethylene oxide and
epichlorohydrin from Fluka, methyl methanesulfo-

Hereditas 101 (1984 )

nate from Koch and Light. ethyt methan\.sulfonaze
glycolzldehyde and glyceraldehyde from Slgma
propylene oxide, glycidol,  1,2-butene oxide,
chloroacetone and bromoacetone from Mercek,

Media. — The media were described previously
(Hussain and EHrensera 1979).

Treatment. — The bacteria, cultured overnighr,
were washed twice with phosphate buffer (0.1 M,
pH 7) and resuspended in the same buffer (cell den-
sity about 107 cells/ml) for treatment at 37°Cfor 1 b,
Cold buffer was added to stop the treatmen:. The
treated bacteria were washed twice with buffer and
resuspended for the determination of surviving ang
mutant cells. Epichiorohydrin, chloroacetaldehyde
and chioroethylene oxide were dissolved in ethano}
(final concentration of ethanol in the treatment mix-
ture was ©.2 M); other solutions were prepared in
buffer.

Analysis of data. — In the case of ethylene oxide the
results from experiments performed on different oc-
casions were pooled: The net mutants per 10* bac.
teria for the respective doses from each experiment
were weighted with respect to the number of mutant
colonies counted. The weighted mean frequency
was then plotted with its confidence limits (as calcu-
lated by Hussain and EurenserG 1979; cf. Enren.
BERG ct al, 1983).

In the case of other agents the net mutation fre.
quency, with its confidence limits, was plotted for
each dose. Only in some cases, when the treatments
were repeated at the same dose, do the points repre-
sent the weighted means of net mutation frequen.
cies.

Results

The obtained data are presented in Fig. 1-11 with
log-log coordinates. In this representation, the
linear and quadratic relationships are indicated by
straight lines with slopes equal to 1 and 2, respec-
tively. The mutation frequencies refer to the
number of surviving bacteria in each case, and the
survival of bacteria is indicated only when affected,
After pooling of the data, all the points on the
mutagenicity of ethylene oxide can be fitted to a
straight line with slope equal to 0.85 + 0.04 (Fig. 1).
The dose-response curves for mutations with
methyl methanesulfonate (obtained with E. coli Sd-
4 original strain and its resistant derivative; Fig, 2
and 3) and ethyl methanesulfonate (Fig. 4 and 5) ap-
pear to be bipartite with two straight line segments
in each case. The composite nature of these curves
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Fig- 1 Mutagenicity of ethylene oxide in E. coli $d-4, plot-
ted 8¢ a function of dose. The data represent 15 pooled ex-

riments, and the points bear 95 % confidence limits.
The slope with standard erroris 0.85 + 0.04. The survival
is indicated by open circles.

was evaluated statistically. First, the hypothesis
(H,) was formulated that the curve had the same
slope over the whole dose range investigated; then
the following tests were done:

a) Slope coefficient 'k’ and intercept ‘a’ were ¢alcu-
Jated in the expression

logy=a+klogx

A theoretical line, calculated according to this ex-
pression, was then drawn through the data points
(see the inset of Fig. 2 with the same coordinates).
This line was divided into segments with equal
number of points. The distribution of the points
above and below the line was checked by the x*test,
as explained below with the actua! data for methyl
methanesulfonate with the resistant derivative of E.
coli Sd-4,

Number of points Number of points Sum

abovetheline  belowtheline
Segments atextremities 7 3 10
Segmentsinthemiddle 3 7 10
Sum 10 10 20
¥=18,P>0.08

When the probability ‘P’ of random distribution was
calcu'ated directly, a P equal to 0,088 was obtained.

b) The same data were tested against the hypothesis
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Fig. 2. Mutagenicity of methyl methanesulfonate in E. coli
§d-4 (rssistant type), plotted as a function of dose. The
data represent 10 experiments, and the points bear 80 %
confidence limits. The slope with the standard errorsin the
first and second regions are 1.00 % 0.16 and 2.00 £ 0.20,
respectively. The inset shows the theoretical line, drawn
according to the analysis method ‘a’ (se¢ Results), divided
into segments with equal number of points plotted on the
same coordinates. The survival is indicated by open cir-
cles. :

that the line through the points was continuous and
had the same slope as a quadratic curve. The quo-
tient between the mutation frequency ‘Y’ and the
syuare of the dose ‘x™ was calculated for every
point. The numbers of points above and below the
median value of the quotient were determined for
doses above and below the n.edian dose. The prob-
ability ‘P’ of random distribution was then calcu-
lated directly from the following values:

Points above Points below Sum

median quotient median quotient
Below median dose 9 1 ! 10
Above median dose 2 8 10
Sum 11 9 20
P = 0.003

R
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Fig. 3. Mutagenicity of methyl methanesulfonate in E. coli
SA-4, plotied as a function of dose. The data vepresent 4
¢ Jriments, and the points bear 95 % confidence limits.
"The slopes with standard errors in the first and the second
regions are 0.67 * 0.18 and 1.46 £ 0.07, respectively. The
survival was not affected.

The analysis ‘a’ indicated that one line fitted all the
points whereas the analysis ‘b’ led to a rejection of
the hypothesis (Hy) that this line (Fig. 2) had the
slope of a quadratic curve.

The data presented for the original strain with
methy! methanesulfonate consist of only 10 points
(cf. Fig. 3). A tine with slope 1.53 % 0.08 can be fit-
ted to these points. This slope is significantly differ.
ent from the slopes equal to 1 and 2. An arbitrary
calculation of the separate lines in the regions of 0.2
to 1and 2.5 to30 mM h showed that the slope for the
first region was not significantly different from 1
(0.67 % 0.18) and the slope for the second region
(1.46 * 0.075) was significantly different from both
1 d2. :

‘The data for ethyl methanesulfonate, obtained
with both the original and the resistant types of E.

coli Sd-4 (Fig. 4 and 5), respectively, were com- -

bined and tested for quadratic relationship as done
for methyl methanesulfonate. The distribution of
points above and below the median quotient, in the

i .. regions above and below the median dose, is nosed

/ ) i Horedirus 101 (1954,

quotient was counted twice on both sides of the me.
dian dose):

—— o,

Points above Paints below Sum
median quotient  median quotient
Below mediandose  4+] 042 ;—‘
Above mzdiandose  0+2 4+3 9

Sum 9 9 18

The probability ‘P’, calculated directly. was found
to be equal to 0.02, which indicates that the dose re-
sponge relationship for the mutational endpoint
with this agents is not quadratic. The slopes of the
mutation curves with the original and the resistant
derivative (being 1.45 % 0.39 and 1.66 % 0.12, re-
spectively) do not differ significantly from one
another. Hence, a mean slope. 1.56 & 0.28 was cal-
culated to see whether this was different from 1 and

'2: it was not different from either of these, which in-

dicates again that the mutation curve obtained with
ethyl methanesulfonate is a composite one.

From these analyses it is concluded that the dose-
response curves for methyl and ethyl methanesulfo-
nates are composed of two components in each
case.

The results obtained with the other electrophilic
reagents are presented in Fig, 611, with slopes and
standard errors given in the figure texts. The dose-
response relationships are indicated to be linear for
six out of the ten agents tested. In the case of 1,2-
butene oxide, a slope lower than 1 was obtained in-
dicating the possibility of a hump in the initial reg-
ion, but these data are not enough for a definitive
conclusion. The slopes of the curves for four car-
bonyl compounds—~chloroethylene oxide, chioro-
acetaldehyde, chloroacetone and bromoacetone—
appear to have marked contributions from the
quadratic components.

Discussion

In a previous report (LinoGren 1971) a higher
mutagenic effectiveness of ethylene oxide in the
low-dose region than that in the high-dose region
was indicated. In the present study a slope lower
than 1 (0.85 + 0.04) was obtained; this increases the
probability for the existence of a hump in the low.
dose region. It is difficult to speculate on the bacte-
rial population heterogeneity as being the basis of
bia wmerille b the enrvival curve wit  radi-
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Fig. 4 and 5. Fig. 4. Mutagenicity of ethyl methanesulfonate in E. coli $d-4, plotted as a function of dose. The datarep-

resent TWO @XpeTiments,

ation (data not reparted) did not appear to be
bimodal; heterogeneity has been considered to be
the basis of the hump following irradiation of

. Drosophila spermatogonia (cf, OFrepaL 1968). The

extent of participation of different repair processes,

after exposure of bacteria to ethylene oxide, is un-

derway at our laboratory and it appears that the pat-
tern of mutagenicity of this chemical agent is more
like y-radiation than the typical alkylating agents
such as ethyl methanesulfonate and methyl
methanesulfonate (Kowman, unpublished; cf. also
KoLman and NAsLuno 1983).

" The dose-response relationships for mutations in-
duced by methyl and ethyl methanesulfonates have
been reported to be quadratic in previous studies in
bacteria (Konpo et al. 1970; Isuit and Konoo 1975).
A scrutiny of these data reveals that these inves-
tigators have been operating in the intermediate—
high dose region. The present study also de-

i R0 g1an 1 the previo

+

and the points bear 95 % confidence limits. The slope with standard eiroc is 166 4 0,12. The
' qurvival was not affected. Fig. 3. Mutagenicity of ethyl methanesulfonate in E. coli Sd-4 (resistant type), plotted as a func- -

. tion of dose. The data represent thres experiments. and the points bear 80
" erroris 1.45 £ 0.39. The survival was not affected.

% confidence limits. The slope with standard

studies has lain outside the linear corponent reg-
ion. The bipartite appearance of the curves is possi~
bly a conssquence of a compromise between two .

types of events occurring in the low and high-dose
regions: in the low-dose region, besides single base
alterations, deletions are occurring, too, as re-
ported for Neurcspora by WEBBER and DE SERRES
(1965; cf. also ABraHAMSON 1976). This shape of the
curve may also be a consequence of the gradual sat-
uration of the cellular repair systems, with increas-
ing damage. Methyl methanesulfonate depends for
its action on the error-prone repair system (BriDoes
et al. 1973), whereas ethyl methanesulfonate does
not (cf. LawLgy 1974). The introduction of ethyl
groups by the latter results in miscoding errors,
while the introduction of methy! groups by the
former probably results in misrepair of single-strand
breaks (Garner etal. 1979), '-
Calculations were done on the number of
suanines alkylated per bacterium at the lowest dose
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: F‘zg;.ﬁ, Mutagenicity of propylene oxide, glycidol and 1,2-
butene oxide in E. coli Sd-4, plotted as a function of dose.
The points bear 95 % confidence limits, The slopes with

' ndard errors are 1.24 + 0,27 and 0.92 * 0.19 for prop-
a‘ne oxide and glycidol, respectively; for 1,2:butene

. oxide, the siope 1 is fitted to the points except the lowest

" one: only data with newly received preparations are pre-

“sented, ® —, propylene oxide; A ---, glycidol; ..., 1,2.
butene oxide; survival not affected in the case of prop-
ylene oxide and 1,2-butene oxide; The survival is indi-
cated by open triangles,

of ethylene oxide: at 0.06 mM h only 0.1* Gua-0® per
bacterium was hydroxyethylated. This implies that

there is no threshold for ethylene oxide, because the

* This figure for ethyléne oxide was obtained as noted below:

Degree of alkylation of Gua-Ns7 = kg oy X D
{Kguan.y: Fate constant for reaction of ethylene oxide with
Gua-N-7 (EHRENBERGC and HUSSAIN 1981); D, dose)
= 13-10" M- h-' x 0.06-10-' Mh
= 7.8-10**

DNA per haploid bacterial genome = 10" g (DAVIDSON 1972)

I. Gua per bacterium (25 % Gua) = %a%" 7.6-104

Number of Gua per bacterium = 7-6 107" x §:02-10°
= 45510 .
N-7-HOE1tGua per haploid genome = 7.8-10 x 4.55-10*
=35

Ratio (*-MeGua: N-7-MeGua for methyl methanesulfonate {cf.

LAawLEY 1980) a= assumed also for ethylene oxide = G.004
0~HOEGua per bacterial genome = 35x0.004
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Fig. 7. Mutagenicity of epichlorohydrin in E. coli $d-4,
plotted as a funciion of dose. One test performed. The
points bear 95 % confidence limits, and the slope with
standard error is 1.27 & 0.19. The susvival is indicated by
open circles. o

lowest dose is effective even when less than one al-
kylation at Gua-0* per bacterium has occurred, The
scale and the number of experiments in the case of
methyl methanesulfonate was not as large as in the
case of ethylene oxide, hence the region where less
than multiple alkylations would occur has not been
investigated.

The observation of linear dose-response relation-
ships with six out of the ten agents tested points toa
prevalence of miscoding errors in the low as well in
the intermediate regions (LawLey 1974), (The data
on propylene oxide, butene oxide, glycidol,
epichlorohydrin, glyceraldehyde and glycolal-
dehyde shouid be considered very preliminary at
this stage.) The agents with the slope coefficients
greater than 1.4, all have substrate constants (sub-
strate constant is a parameter describing the depen-
dence of chemical reactivity on nucleophilicity) s,
greater than or about 1.3 (se¢ Addendum). A high
substrate constant indicates 2 greater proportion of
reaction at centres with a high nucleophilicity, such
as sulphydryl groups of proteins (which may imply

- an inactivation of repair enzymes) than at centres
with a lov nucleophilicity. A high reactivity at

centres with a low nucleophilicity is related to a high
yalue, i.e.
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Fig. 10. Mutagenicity of chloroacetone and bromoacetone
in £, coll 5d-4, plotted as a function of dose. The data fep-
resent two tests, and the points bear 95 % confidence
limits. The slopes with standard errors are 1.7 + 0.36 and
144 =+ 018, in the order mentioned. A * ,
chloroacetone; @, bromoacetone. The survival is indi.
| cated by open circles and triangles for bromoacetone and
chloroacetone, respectively. . T

n=2, of nucleophilicities of ex. ..cs (which include
oxygens) with low reactivitiss has been considered.
l Except for chloroethylene oxide, chloroacetal-
dehyde, chloroacetone and bromoacetone (and
excluding glycolaldehyde and glyceraldehyde, since
§ they react as earbonyl compounds not as alkylating
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Fig. 9. Mutagenicity of glycolaidehyde and glyceral.

. dehyde in E. colt Sd-4, plotted as a function of concentra-
.. tion. Only one test carried out with each compound. The -
. pointsbear 95 % confidence limits. The slopes (in the case . o
. of glyceraldehyde, first two points excluded for this calcu- ~
. ‘laton) with standard errors are 1,12+ 0.11and 1.23 %~
- 0.16, respectively, ® —, glvcolaldehyde; & ---, glyceral- . ..
dehyde; survival was not affected, in both cases. - b
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Fig. 11 Mutegenicity of chioroacetaldehyde in E. coli $d-
4, plotted as a function of dose. The data represent 4 ex-
periments, and the points bear 95 % confidence limits.
The slope with standard error is 1,42 + 0.11. The survival
is indicated by open &ircles.
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Tahle 1. Duta on chemical reactivity and mutagenic effectiveness of some chemical agents. After 1 h trestment

of E. cali Sd-4 at 3T°C, the cells wera washed iwice with buffer and resuspended, afier which plating was done
for the determination of surviving and mutant cells

Muzants per 1O

Hereditas 10} 1%y,

Compounds Kpoz ) Mutants per
10 survivors susvivors divided

M-h permM:h By Rpe2
Methyl methanesulfonatle  7.810°¢ 0.98 7 90
Ethyl methanesulfonate* 2.610 0.69 2 T
Ethylene oxide* 13100 0.96 2.7 200
Propylene oxide* i1.210¢ 0.96 0.95 80
Butene oxide: 1.0140- 0.6 60
Glycidol* 1.010! . 0.96 H 100
Epichiorohydrin® 3310 1 3.4 100
Chioroethylene oxide® 4.3 0.83 1.610° 3710
Chioroacetaldehyde” 3.010" 1.3 30 1100
Chioroacetane’ 4 10U 1.3 4 1.010¢

* Rate constants from EHRENBERG and HUSSAIN 1981
* Rate constants from HUSSAIN and OSTBRMAN-GOLKAR {976
* Rate constant from OSTERMAN-GOLKAR, see Addendum

¢ Expecied to ba 0.8 of that of ethylene oxide (cf. EHRENEERG and HUSSAIN 1981 )

- agents) the mutagenic effectiveness in the linear re-

gions of the dose-response curves is proportional to -

the rate constants for alkylation at the nucleophilic-
‘Ly, n=2. A hx’gh mutagenic effectiveness of these

ur chemicals is probably a consequence of their
ability to form cyclic derivatives with nucleic acid -

. bases (cf. Hussaiv and OstsrRMAN-GoLKAR 1976).

- The formation of any extra ring would be expected

“to reduce the fidelity in rephcatwn. The de-
monstrated
mutagenic effectiveness and the reaction rates (see
Table 1) can be utiiized in a preliminary assessment
of the genetic toxicity of the alkylating agents with
known reaction kinetics (cf. Esxrensgro 1979;
Eurenserc and OSTERMAN-GOLKAR 1980).
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Addendum

and chloroacetone

SIV OSTERMAN-GOLKAR

Information on the reactivity of chemical agents is
useful in quantitative evaluation of their genotoxic.
ity. This has been demonstrated previously in a
series of papers from this laboratory (Turroczky
and EHRENBERG 1969; OsTERMAN-GoOLKAR et al. 1970;
ExrenserRG et al. 1974; COsrerman-Gorxar and

Hussaiv 1981). In an early paper (Hussain and Os.
terMaN-GoLkar 1976) reaction rate constants for
chloroacetaldehyde and chloroethylene oxide have
been given without any details on methodology. Itis
considered to be of value to report such details for
the invastigation of these agents and of chloro-
acetone as an addendum to the paper on dose-re-
sponse relationships by Hussain (this journal) in the
above perspective (see Enrenserc 1980; EHReN.
8erG and OsTerMAN-GoLkAR 1980).

Chloroethylene oxide is a highly reactive and un-
stable electrophile. It rearranges, especially on
heating (Gross and FreiBerc 1969}, to chloroacetal-
dehyde '

Q-GH-Cl—— CICHCHO (1)
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Reaction kinetics in water of chloroethylene oxide, chloroacetaldehyde,
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The half-life (t);) in dry acetonitrile has been esti-
mated as about 5 h at room temperature, due to this
reaction (Rannua et al. 1976). The half-life in dy-
H,0/ds-dimethyl sulfoxide (80/20, v/v) at 4°C has
been determined to be 46.2 min by NMR technique

. (Brmore et.al. 1976). These authors claim that the

reaction is a rearrangement to chloroacetaldehyde.
The stability has further been determined in water
at 37°C (t,, = 1.6 min) by analysis of remaining al-
kylating agent as a function of time (Barsimv et al.
1975). According to Gross and FreiBerg (1969)
chloroathylene oxide forms glycolaldehyde during
hydrolysis in water

C{lz - CH - Cl +H30 ———s HOCH,CHO +

H* + CI° () .

' (Glycolaldehyde was identified as glyoxal-bisdinit-

rophenylhydrazone after precipitation with 2,4-di-
nitrophenylhydrazine in sulfuric acid. Chloroacetal-
dehyde under the same conditions gives chloro-
acetaldehyde-dinittophenylhydrazone.) ‘
Chloroethylene oxide reacts analogously with




