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University.’1 
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CONTISBNTlÁi 

Suppl eat nt to tútñ^L Progwes Report 
OSRD No. 3520 

Additional Studios Pertaining to the Moohanism of Cutaneouá 
Injury by Mustard Cas. An Experimental Study Using Mustard Prepared 
with Radioactive Sulfur. 

Final ? oroal Progrese Report 

Contract NDCrc 159 Division 9 N.U«R,C. 

November 1943 to December 1944 

by 

F.R. Äitra, F.C, Henriques, Jr,,* A*R, Merits* 
and L,A, Patterson 

with the assistance of 
R,S* Myers, M.D. (Surgical Consultant), K. Lynch, and C, Margnetti 

This report is based upon experiments reported in the Infirmai 
Monthly Progress Reports (Nov. 1943 to Dec. 1944) on Physiological 
Mechanismf of Qjemical larfare Agents, Section 9-5, Division 9'n.D.R*C. 
of the Office of Scientific Research and Development, 

♦Official Investigators 
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INTRODUCTION 

li) Scope and Period of these Inveetigatione** 

ia 

The expèriàentë herewith reported comprise additional infonnatlon 
portaihing tö the mechanism 0/ mustard vesication primarily through 
parallel hifttijlogleal and chemical studies of skin exposed to mustard 
ahd related compounds prepared with radioactive sulfur* 

Since this report comprises only a small portion of the total 
Studies done on this problem under Contract NDGro 169) it has been prep¬ 
ared with the view of complete integration into d«S«R*D* Report No* 
3620» This is to be especially noted in the MÉbefirig Of the pages» 
section headings and general form of proientattohi Furthermore, the 
data given herein can be only fully utilised by appending this report 
to 0»S»R»P¡ Report No* 3620« 

These two reports give all of the reliable data pertaining io the 
mustard investigations that were obtained under Contract NDCrc 159 ahd 
that were published as Informal Monthly Progress Reports from November 
1940 to Secember 1944« No attempt has been made to present these data 
in chronological order* 

iii) The Radioactive Sulfur : 
e 

The radioactive sulfur of 88 day half life used in the investiga¬ 
tions undertaken after November 1944 was prepared at the Radioactivity 
Center of the Massachusetts Institute of Technology under the direction 
of Prof* R«D* Evans* 

The activity of this sample was 50 millicurles in 2 grams of barium 
sulfate* 

v) GlossaryJ 

(k) *: 

Itenotes Substance contains radioactive sulfur* 

(l) 
British iinti Lewisite CHa-CH-CHa . 

I i r 
0 SH SK 
H 

(m) ce: 
Semi-H or half hydrolysis produce of mustard. 

(n) DE-TO: 
Sulfonium salt of semi-H and thiodiglycol. 

(0) CH-TG : 
Sulfonium salt of semi-H and thiodiglycol* 

(p) JB-2TG: 
Sulfonium salt resulting from the combination of ohe mustard 

molecule with two thiodiglycol molecules* 

CQNílDERTláL 
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1* Preparation of .Radioactive Mustard end Relatad Vesicants. 

(2) Through techniqUvS'similar to those used in the propari- 
ti on of radioactive'nustárd., mi Hi «ran quanti tí os of benzyl •nu,-tard; 
sesquimustard, mustard sulfone ¿iad di vinyl sulfone respectively con¬ 
taining rali oactivé sulfur can be prepared in hi gti yields and excellent 
purity. 

IVd. Conoarison of the Penetration and Fate of ’!u?t?r' for Man. 
Pig and Rabbit. 

(3 a) At the termination cf a one hour copli cation, ni? skin 
tissue has en appreciable reservoir of extractable radie active sulfur. 
The composition of these extractables is about 50¾ unreacted mustard, 
25Í thiodiglycol, 2.5¾ sulfonium salt (D:i-TG) and 22.5¾ unkr- n. 

VI. The Patholoey of Cutaneous Injury folio-ring iSxpcsure to Mustard. 

VIç, Tissu? Differences in Respect to the Length of the Latent 
Period between Exposure to dus tard und Microscopic Evidence, of 
Irreversible Injury. 

(1) Differences in susceptibility of varions tisanes (rabbit) 
to injury by direct exposure to liquid mustard are apparent rather 
than real. Vhen an epItnaLinl (liver) and s. connective (peritrrsum) 
tissue receive the same direct exnosurs t*' liquid; mustard the .reaction 
of the former is sufficiently rapid that the full extent .a? irrever¬ 
sible injury cm be recognized ¡dcrosccpicolly in less.than 24 hours, 
xhere&s thi morphologic evidence of irreversible injur/ in the latter 
is so slot? in developing that 7 to 10 days are required b-frre the 
dead esn be distinguish/d from living cells. 

(2) This difference' in the rat? at ahích moroh'logic evidence 
of irreversible injury develops in epithelium as c**soared ?ith con¬ 
nective tissue is probably significant in respect to the difficulties 
that are encountered In attempting to evaluate toe depth cf a 
cutaneous mustard injury during the first few days after exposure. 
The extent of the epidermal damage can be recognized mi eraserpically 
in less than £A hours, whereas to;-! extent to ^tich connective tissue 
of the dermis nas been destroyed may not ba recognizable until a ''v.ek 
has elapsed. 

(3) The depth to "mich tissue is ultimately dsatr^yrd after 
a standard exposure to liquid mustard appears to be. anproximstely too 
same whether the application is made tc skin, liver, or par!-til 
peritoneum. Inherent '‘ifferences in the capacity of those tissues for 
repair and regeneration arc such that toa damaged cells cf on® nay be 
disposed of and replaced even before the extent t: which an-thor 
tissue has been injured can br recognize I. 

(4) On the basis of equal exocsuro times locad fixation af 
mu atari was least in the case of intact skin and it •.as found in 
progressively increasing .amounts in tongue, liver, peritoneum, and 
serene^ skin. Since the amount tort penetrate! at each site a3 

COKFlDH.Tl.i 
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inferred from the amount found to be fixed was in excess of that required 
to produce a maximum cutaneous injury no conclus!ont could be dr&'<r regard¬ 
ing differences in tissue susceptibility to injury. 

VId. Skin Grafting Experiments to Determine ths Viability of E-ij -’em4 « 
after Exposure to Mustard. 

U) A series of epidermal transplants on pigs in which the 
transplante ’rere protected by Harvey's "buried skin" technique provided 
evidence that the death of the epidermis represents primary injury and 

r is not a secondary effect of dermal injury. 

(2) Then exposed epidermis is transplanted to normal dermis 
the epithelium shoivs no alterative chango for several days and has the 
appearance of coagulated fixed tissue. It is slowly sequestrated in the 
fora of a necrotic crust. 

(3) When normal epidermis is tranvolanted te demi? from 
which the exposed epithelium has been excised there )s a progressiv- 
degeneration of the transplant with early reactive changes and u^uclly 
survival of a thin lamella of basal colls. To date it has not boer 
determined whether or not the surviving basal cells in such a transplant 
lead to earlier healing of the lesion. 

Vie. A Comparison of the Histo-pathologic Characteristics of Thermal 
and Mustard Injuries of the Skin. 

(1) A comparative histo-patholcgic study of cutaneous injuries 
produced by heat and by mustard included lesions which ranged fro-./l to 
28 day? of ago. All observations ware made on pigs and in all instan css 
the superficial area of injury wa? oval one measured 6 mm. in width by 
12 mm. in length. 

(2) In each type of lesion there «sis a central superficial 
zone of primary necrosis, an intermediate peripheral zone comprised in 
part oí delayed primary on’ in part of pi ogre 5 si ve secondary necrosis, 
rad an outer peripheral zone in which injury was reversible and from 
which healing took place. 

(3) histologic evidence of cell death in the superficial zero 
of prioriy necrosis developed .more rapidly in thermal tnmi it did i- 
mustard lesion?. In the form or the full extent of irreversible oil der¬ 
mal damage was usually apparent within a fs* hours i-háreas several days 
were often requiredin the case of mustard lesions. Binai demircation 

•S ot the zone of progressive secondary necrosis in the eubcutaneou? con¬ 
nective tissue required anpro-dmately the same length of tima (7 day:,) 
i» bO(th tynes of lesions. 

»*' 

(*) In both kinds of lesions repair of the onidermal def-ct 
ty new epithelium preceded the repcir of the dermal d;-fect by connective 
tissue. Epitheliîàl regeneration .occurred ns soon us thi outermost zcr.f 
ox conncctiv tissue ¿.'ííd.iço brcaao. static. It took ■‘laci on th'V surfi.ee 
provided by the still viable, original connect!va tisáue? Prclifirst)on 
of new connectava tissue to replace the coriura and to fill in the de-ra ¬ 
sion occurred only after the surface had been spith'lir.lizr.d. 

ccí;fid£z;tial 
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(5) Regardless of the mechanism try* rhich a defect vo.s iro- 
ducsd. approximately 3 racks were required for ccmnlete epitiisl-? "I 
repair if*the entir¿ thickness of the epidermis had beer, destroyed. 
Mustard lesions healed as rapidly as did therm-.:! lesions of comparíible 
severity. 

(6) The time required for complete restitution of the dermis 
in lesions having identical surface areas varied in direct W'o'rtior. 
to the depth to which the subcutaneous tissue had been destroyed. 
There was a similar correlation between the depth of on injury and its 
tendency to undergo cicatricial contraction. Mild superficial injuries 
whether produced by heat or mustard healed early with complete an?tonic 
restitution and. little or no contraction. Deed injuries required 
many reeks for complete restitution of the dermis and cicatncial 
contraction increased according to the depth of the lesion. There 
were no significant differences between comparable thermal m- mustard 
injuries in regard to the time of comlete anatomic restitution or 
the degree of cicatricial contraction. 

Vlf. A Pathological Study of the Inhibition of Vesication by B.A.L 

(1) Inhibition cf vesication by B.A.L. i? not limite-- to 
injuries by mustard. It is equally effective in inhibí ting vesicle 
formation in human skin after exposure to extrañe cold (solid COg). 

(2) Pathological studies of vesicated, mustard lesions com¬ 
pared with lesions in which vesication was prevented by treatment r^th 
B.A.L. (human skin) indicate that treatment vdth B.A.L. nrevent? 
vesication but does not reduce the severity cf the injury. 

(3) The mechanism by vinich vesication is prevented may be 
one or any combination of the following: darly coagulation of the 
epidermal-dermal junction by B.A.L. may cause sufficient hardening of 
the injured tissue to prevent the disruption that is essential to 
vesicle formation. * 

Early coagulation of the injured epidermal cells by 
B.A.L. may prevent the escape of those substance® that are ordinarily 
responsible for an outpouring of serous fluid. 

Early damage of the dermal capillaries by B.A.L, may 
interfere sc seriously with circulation as to prevent the serous 
effusion that ordinarily results in vesicle fcrrrwticn. 

(4) Pathological studies of treated (B.A.L.) and unt-v>tcd 
mustard lesions on pig skin disclose: 

Early coagulation necrosis of epidermis following 
B.A.L. treatment. 

Partial inhibition of subepithelinl exudet/-or in the 
treated lesions. 

Earlier and morn severe vascular injury in th- treated 
lesions. 

A ccnsi dsrsbly greater accumulation, of fibrin in the 
interstitial eoaces of the denal3 of the trauted 1-.siena. 

VII. Significance and Properties of Fixed-Mustard in Skin SHc- cf 
Man and Pig. 
VlIa-5. The Effect of B.A.L. or* Fixed Mustard Jr. Human Skin. 

(1) BaL treatment, reduces the amount of fixed mu=t,\rd urusent 
in human skin tissue by about one-half. Thus BAL aoparertly nromotes 
the disintegration of tissue substances containing ftx- d mustard. 
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VIla-6. Tae Relative Injury Propensities of Various Vc-sicMtv 
Related to bustard. 

(1) Mustard, benzyl mustard, sesqui mustard, mustard sulfone-; 
and divinyl sulfone produce in toe skin tissue tyoes cf injury '-iiich can 
be correlated quantitatively vdth the amount of tile fixed agent in the 
tissue. 

- (2) Mustard and benzyl mustard fixed in equivalent molar amounts 
• in the tissue pro ,uce th® some degroe of injury; sosqui mustard, on the 

same basis, is somewhat more potent. 
V» 

(3) Mustard sulfone and divinyl sulfone when fixed in equivalent 
molar amounts in the tissue’are identical in their injury oro du cinq ability. 
They are only about one-seventh as potent us the 'mustard type vesi carts 
on the basis of the amount of fixed material required, to ©reduce <*. gi^.-n 
tyre of injury. 

(4) The above observ.ticns indicate: that only one beta chlorr- 
ethyl group of mustard is responsible for injury; that the second b-tc 
chloreethyl group in sesqui mustard is reacting to some extent with the 
tissue constituents; that mustard sulfone reacts through the divinyl 
sulfone intermediate in the tissue. 

VIlb-4. Enzyme Hydrolysis of ialnhig;».t Layer of Pie ökin Containing 
Fixed Mustard. ' ■ 

(1) Psncreatin at a nli of 11 rt 37^0 in 10 days will convert 
8356 cf the fixed material of the malphirian loyer into permeable mole¬ 
cule*. 

/ 

(2) Under the same conditions in 16 days Panereatin roll render 
soluble 99$ of the fixoa mustard with the formation of 28» thicdiglycol. 

VIIc. The General Mechanism of bustard. Injury. 

(2) Although fixed mustard is th: initiator of injuxy, it is 
net "intrinsiCcily" toxic. Then the removal of fixed mustard after the 
lesion is developed would probably net shorten the healir¿£ tim«-. 

VIII, Miscsllanecus Control Experiments vúth Animals. 

VllIa-4. A Method of Increasing the Rat« uad Severity of Cut?nc-ouf« ’ 
Injur;’ by Mustard. 

• (1) with short-time exposures certain combinations of liquid 
mustard and ethyl colic solve .«ira as effective an and others mor.- 
effective than pure mustard in the -»reduction of injur»* to t!v ?kin of 

,r pigs. In mixtures in which the ratio of mustard t* ethyl cellcsc.lv«. is 
less than 1:9 or more than 1:1 the injuries were of the svm< order cf 
severity as theso pro du cad with pur-', mustard. In mixtures ;n which th « 
ratio was 2«s and 3:7 th:- injuries occurred ®«r34sr and -«ith greater 
severity thon .«as the case when the skin sx-'josed to our- mu:-tard. 

COKFIDWTIAL 
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IX. Certain Chf.rilcal Experti:>9nts. 

lXc< Investigations Pertaining tc th*. Sulioniw Salts, Dl!-TC.' 

(1) ïhen 0.0008 ». mustard vas reacted "it1; blood 
for thirty minutes at 57°C, ZA% of th«’'added Ki* ^ant tc %*-ÎG*, 
g.ljj cf the extracta bles fmed ’vas DH*-TG*, anã 4.0/¾ cí ti. s wist •"'-rã 
rfhi ch reacteü vent tc DH*-TG*. 

(2) The complete hydrolysis of'0.0006 fi. acv 0.0009 M. 
mustard* in v^ater resulted in about 4.5^ ci’ the JH* going t.' Ctí*-TG*. 
The use oi 0.01 M. mustard* she/red that 10.á* of the til went tc sul¬ 
fonium silts of various types. 

(3) Solutions of Dti-TG have been sho rt to exist a? ah 
equilibrium mixture of Dii-TG and DH t TG. In water the egnilibriu-» 
mixture consists‘of' practically all ;JH-TG, '"hile in acetone anc 
alcohol it is mostly all OH ♦ TO. 
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lb. The Synth««i* of Benzyl Mustard, Sesqul-mustard, Mustard Sulfone 
and £1vinyl Sulfone 

by 7.C. Henriques, Jr«, C. Ifargnetti, and LU* Patterson 

Preparation of Hadioaotive Bensyl-H ^ (^-8-^-01^-01 : 
The following reaction sobornes were used? 

(l) HgS + ethylene oxide *■ HOCHgCHaSH* Exactly l/s millisoie of 
radioactive HgS and ethylene oxide were condensed into a thick-wailed 
1 mm* capillary tube by means of liquid nitrogen and high vacuum tech¬ 
nique* The capillary was sealed off such that upon warning all but a 
trivial amount of the constituents were in the liquid phase (estimated 
pressure 20 atmospheres)• The capillary was placed on a steam bath 
overnight* Yield of mono-thio ethylene glyool was better than 96%• 
The capillary was now opened and the contents were centrifuged into a 
carius tube • 

(2) HOCHg-GHg-S-* SCHgCl * pCHgSCHgCHgOH + Cl" 

- V » 

(*e oc.of absolute methyl alcohol was now added, the contents 
chilled in ice, and 0*51 millimoles of OH~as IÑNaOH were added* Then 
exactly 0.5 millimoles of gCHgd were added, the tube was sealed and 
then shaken for two days* Sodium chloride precipitated out. 

The tube was then centrifuged, cooled and 3 co. of cone* HCl added, 
followed by 3 co* of 2Oo-40° petroleum ether. 

(3) CHgSCHg-CHgOH + HCL 3 Benzyl-H + HgO 

The tube was resealed and shaken for 48 hours at 75o«80°C. The 
Benzyl-H was then extracted 3 times with 2 cc* of petroleum ether* The 
petroleum ether was then removed under reduced pressure* Overall yield 
96%. Numerous preliminary preparations with ordinary HgS resulted in 
yields of 95 2%» and analysis of these preparations for both sulfur 
and chlorine indicated a purity of at least 97%, 

Preparation of Radioactive Sescui Mustard ClCHg-CHg-S-CHg-GHg-S- 
CHg-CHg-Cl 

To an 5 mm* tube sealed at one end and containing 50 mg* of anhydrous 
sodium carbonate and 0.3 ml* of water was added 34.6 mg* of monothio- 
glycol* ^fter the tube was shaken to form the sodium salt of the mer¬ 
captan, 23*6 mg* of 1,2-dichloroethane was added* The tube was sealed 
and shaken overnite in a water bath at 75-60°C. The tube was opened 
and placed in a sublimation apparatus. The distillation was carried 
out at a pressure of 1 mm* with water circulating through the cold fin¬ 
ger* after the water was removed at room temperature, the sesoui glycol 
was collected by gradually raising the bath temperature to 150®C* The 
sublimation tube was cleaned, 0,3 ml* of dry ether added, and the sesqui 
glycol removed from the cold finger by refluxing. The tube containing 
the ether solution of sesqui glycol was cooled in an ice bath while 
first 1,7 ml, of dry ether, then 1 ml* of thionyl chloride in 0.1 ml* 
portions were added* The reaction mixture was allowed to stand in the 
ice batl^for two hours, then the thionyl chloride and the ether were 
removed under reduced pressure. The tube was attached to the sublima¬ 
tion apparatus and the residual sesqui H distilled at a pressure of 
1 am, as the bath temperature was gradually raised to 150°C, The sesqui 

CC&flDtETleL 
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E «as obtains«! in 90% yields. It melted at 53 0 (literature, 53-54 c) 
and had a purity of 71% on the basis of ohlorine and sulfur analyses* 

0 
Preparation of radioactive mustard sulfone ClCHg-GEg-S-0^-(^,-01 : 

14.1 mg. of radioactive mutftard (30 and «2 oo. of oono nitrio acid cen¬ 
trifuged into a reaction tube. Vhen the acid became clear the nitric 
acid was pumped off at room temp*rature leaving «hite crystals of the 
sulfoxide. 

Then 12 mg. of potassium chromate and 0.01 oc. of sulfuric acid in 
0.1 oc. of water «ere centrifuged into the reaction tube. The tube «as 
sealed and then steamed for four hours. The reaction tube «as then 
opened and the sulfone extracted with four 1 co. portions of chloroform 
into a micro-vacuum sublimation apparatus. The majority of the' chloro¬ 
form «as punned off at -60° c; the temperature «as then slowly increased 
to 175°0 «hereupon the sulfone sublimed onto the cold spot, Yield 15.1 
mg. 90% theor.) U.P. » 55°C, The melting point is indicative of the 
purity of the sulfone. 

Preparation of Radioactive PL vinyl Sulfone CH^CH-S-CBaCHa i 
To a 10 ml. Erlenmeyer flask containing 60 mg. of radioactive mustard 
sulfone dissolved in 4 ml. of dry benceno «es added 1.2 ml, of dry ben- 
sene solution containing 63 mg. of triethyl amine. The reaction mixture 
«as allowed to stand 24 hours at room temperature, then filtered into a 
15-20 ml. ground glass flask containing a long neck constricted above 
the bulb. The benzene solution «as evaporated to a volume of about 0.5 
ml. by means of a current of air drawn in through a capillary. A plug 
of glass wool was inserted in the constriction of the flaskj a still was , 

attached Oontaining a cold finger having an inverted cup-shaped end and 
having near the middle a concentric glass ring to collect the product 
in when the still is inverted. The remainder of the benzene was removed 
at a pressure of 10 mm. at room temperature while water was run through 
the cold finger. Dry ice and acetone were placed in the cold finger and 
the distillation of the residual divinyl sulfone carried out at a pres¬ 
sure of 3 mm. while the bath temperature was raised slowly to 100°C. A 
white solid product collected on the cold finger* The still was inverted 
and allowed to come to room temperature. The liquid product was removed 
from the cold finger by attaching a ground glass test tube, adding 2 ml. 
of ether, and refluxing a few minutes. The ether solution was transferred 
to a weighed ground glass centrifuge tube. The ether (about 4 ml.) was 
evaporated to about 0.3 ml. using an ice bath and at a pressure of 150 mm. 
The remainder of the ether was removed by drawing air with a vacuum pump 
into the tube through a capillary for a couple of minutes first at room 
temperature, then at 36-40°C. A colorless liquid product was obtained 
in 95-98% yields, N 25 1.4773. 

A preparation as small as 3,5 mg, of divinyl sulfone was carried out 
in a 70% yield with a purity of 97% for the product. 

The purity of the product was unchanged after a storage of three 
weeks in the ice box. A 10% cellosolve solution was perfectly stable 
during two weeks of storage in an ice box, 

CeEgO^S Calculated 8, 27,1 
Found S, 27.1 
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' IIIJ-3a. Chemical Analyeia of the Skin Sites. íeteraination of 
the Amount of Sulfçnlum Salts Frètent in the Tissue extract (see 
IIIJ-3) of Some of the Short Timé Fost application Period Tissues, 

The most likely solfonlum oompouhd to be formed from the hydro1- 
ysi^bf dilute mustard solutions present at skin tissud sites is 
probably the LE-TG compound* The CH-TG compound may be formed to some 
extent also* The LH-2TG confound it probably not formed to any extent 
because of the low concentration of thiodlglyool present. 

To formulate a satisfactory method for the analysis of DH*-TG* 
in tissue sites containing extractable mustard compounds it was nec¬ 
essary to study the properties of 2E-TG and to try several different 
procedures. A procedure was tried in which an attempt to separate 
the thgee main coqponents of the tissue extractables» DH*, TG*( and 
QT-TG , from each other so that the relative amounts of the three 
substances would not change during the analytical procedure, DKK 
was separated from the TG* and JXT-TG* by shaking the extractables ^ 
with a water-pentane mixture. Attempts to separate TG from Ql r-TG 
in the aqueous phase by the use of organic solvents was unsuccessful. 
Isoamyl alcohol by repeated extractions would remove 100¾ of the TGn 
but would also remove 70¾ of the I)H*-TG*, 

The essential step to be cmrried out in any analytical scheme 
for Hi'r-TG* is the addition of either BH-TG plus plcrylsulfonic acid 
or ai-TG picrylsulfonate plus plcrylsulfonic acid as carriers to give 
the BÍ*-TG* picrylsulfonate mixed with the ai-TG picrylsulfonate. 
The derivative is then isolated and the radioactivity determined. 
Under no circumstances should the ai*-TG* be precipitated when the 
procedure involves the standing of 31* or TG* in contact with BH-TG 
or its picrylsulfonate for any length of time in an aqueous solution. 
The ai-TG picrylsulfonate has been found to undergo a rapid exchange 
with TGif in water. 55% of the TG* exchanging in 50 minutes. The 
same thing would probably happen in the case of DH*. The exchange 
of 3i* with ai-TG picrylsulfonate in alcohol was slow, only 1% over 
a three hour period. The analysis for ai*-TG* in an acetone solution 
containing DH* and TG* was tried but was not successful as 6% of the 
ai* and TG* present either exchanged with the ai-TG picrylsulfonate 
added as carrier or reacted to form ai*-TG*. Most of the exchange 
undoubtedly took place when the acetone solution was evaporated to 
isolate the ai-TG picrylsulfonate, as the water present favored v 
rapid exchange as the acetone evaporated. 

A method was worked out which gave only a small amount of ex- 
changqfof EH* and TG* with 31-TG picrylsulfonate. Cold acetone was 
used to extract the tissue containing mustard* extractables. The 
acetone extract was partly evaporated after analyzing aliquots of it 
for total extractables. The residual acetone was diluted with ice 
water and shaken with pit. ether. This procedure removed the 31* 
so it could not participate in an exchange reaction with the DH-TG 
added in the’next step. The Bl-TG carrier was added to the cold 
aqueous solution containing B^-TG* and TG#, then quickly converted 
to its picrylsulfonate by adding plcrylsulfonic acid. The solution 
was shaken with nitromethane. This procedure gives only a short 
time for the exchange reaction between TG* and DH-TG to take place. 
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The nitronethane extracted the IH-TG picryleulfonat* out of the water 
layer so that an appreciable exchange could no longer take place» DH*-TG 
added to acetone in the presence of pig skin tissue was recovered in 
yields of 96% when carried through this procedure* , 

Procedure for the Analysis of Pfe Skin Extraotables for Radioactiva 
IH-TG Sulfonlun Salt* The frosen tissue shavings from two explication 
sites were placed in a large test tube containing 15 cb of cold acetone 
(cooled to 0°O) and shaken for two or three ninutes* The acetone extract 
was separated from the tissue by filtering through a coarse fritted filter 
packed with asbestos* The filter was-washed twice with 4 cc portions of 
cold acetone. The acetone filtrate was diluted to 25 cc with acetone* 
Two 1 cc aliquots Were removed and analyzed for total radioactive extract- 

' ables after adding to each sufficient 3ß, TG, and 3H-TG as carriers to give 
7 mg* of benzidine sulfate. The residual acetone extract was evaporated 
rapidly with a water pump to a volume of about 8 cc in a 500 cc round- 
bottomed flask* The residual liquid was poured into a large test tube 
containing 10 cc of pet. ether (b.p., 30-60°c) and shaken. The flask was 
quickly rinsed out twice with 10 cc portions of cold water, adding the 
rinsings to the test tube containing the pet* ether and shaking, The pet. 
ether layer was removed and discarded. The aqueous layer (kept at near 
0°C) was extracted twice with 10 op portions of pet. ether. Then 5 cc 
of ice cold aqueous IH-TG solution'^ was added, the mixture was quickly 
shaken and 1 cc of water containing 40 mg. of piorylsulfonic added. After 
the mixture was shaken, it was extracted with 20 cc of nitromethane. The 
nitromethane layer was removed following centrifugation and then evaporated 
at a pressure of 2 mm. in a 500 cc round bottomed flask which was swirled 
continuously and warmed with the hands to hasten evaporation. The residual 
liquid (about 0.1 cc) was treated with about 5 cc of cold absolute alcohol 
(cooled in dry ice-acetone bath). A colorless oily solid separated and 
adhered to the bottom of the flask. The alcohol was decanted from the pre¬ 
cipitated 3Ë-TG picrylsulfonate which was then washed twice with 5' cc 
portions of chloroform, once more with 5 cc cold alcohol, and finally with 
chloroform. The residue was taken up in acetone and transferred to a large 
weighed ground glass tube. Ifce acetone was removed with a water pump pnd the 
product dried with a vacuum pump. The residue was weighed, dissolved in a 
definite volume of acetone and two aliquots taken which contained the equiv¬ 
alent of 7 mg. of benzidine sulfate. The aliquots were analyzed for the 
amount of radioactivity per milligram of benzidine sulfate. This value 
multiplied by 94 x 1.1 (60 mg. of BH-TG picrylsulfonate carrier added to 
23/25 of the acetone extract and it yields 94 mg. of benzidine sulfate9 
gives the amount of Dh*-TG* in the original acetone extract. Howev?r, 1.3 
of iH*-TG* was formed under the conditions of the experiment so this amount 
subtracted from the I)fí*-TG* obtained in the experiment gave the actual 
amount of that substance present. The results are given in Table 1. 

The above procedure was tested in the following manner* 

^ The IH-TG solution was prepared according to the method of Smith 
(informal Beport, June 10, 1944). To a warm solution of 72 mg. of DK-TG 
picrylsulfonate in 2.6 cc of water and 0,8 cc of acetone was added 2.1 cc 
of water containing 21 mg. of the dichloro cyclic dimer of TL 145. The 
reaction mixture was diluted to 5 cc, cooled, centrifuged, and the super¬ 
natant DH-TG solution removed. 
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IVa-2a* Natura of the Chloroform Pig Skin Ti«»uo Extractablas. 

Tha Sulfonium Salti» 

by L«A* Pattirion and F»C* Hanr1quai, Jr» 

Introduction: Th. .ulfonlu« «oit» hove boon glvon oon.ldor.blo 

orating auitard in variou, part, of the body. 
evidence for the existence of such compound., the formation or .ui 
fanium .alts derived from the action of mu.tard or semi-mu.tard on 

rÄCT^ 
1943) » These latter substances may be raspón.ibia fbr muc 

SÄ ÄdÄS-«. 
tion of the sulfonium compound under physiological condition.. 
Smith (informal Reports, June 10, Augu.t 10, September 10, 1944) 
Sl ïtu“n. toxic off.ct. of aquo.u# ^ J 
outanoou.ly and lntravonou.ly to varlou. anlnal«. ^ „ 
JJH-TG parallels that of mustard in many cases and in some cases 
was more or less"toxic. 

In view of the physiological importance attached to «^rd- 

thiodiglycol sulfonium compound, and iB vi°" °f COm- 
when mustard is hydrolyzed, it is important to know if any 
pounds are actually formed under the conditions in which mus 
penetrates the skin in such .mall amounts. 

Purpose: To determine the percent of chloroform extractable, 
that were DE-TG sulfonium salt. 

Procedure: See III (a-1, d-3, e-2, f-1, g. n-2, J-3a) » 
«a ▲ a   ^ MN«1 A ^ A I ^ mff m 

Four 

•XIn sit«“«", pü rõc.ivod'application, of »Mtard (l mg. P«f •J-01 
for 1 hour at an onvlronmontal tomporaturo of 98°?. Th» Poit 
cation period was of 0 hr. duration. 

a radioactivity of about 1500 counts per gamma-H enabled the 
determination of the amount of UH*-TG* in the acetone extract of the 
tissue brie from two sites, by the procedure given in section II- J 

3a. / 

Result.: The results of two experiments are given in Table Vila. 
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- Table Vila 
Ânaljjgg^ of Pig Skin Extractable« for ]£*-TG* 

Run No * Extractable« DH*«*TG* Correction Net gaona of - 
(a* gaaaa IB*) (a« gaona 38*) for . . Dfl*-TC* 3tí*-TC* 
' in Acetone. in Aoetone DH*-TC* in Acetone in 

in gantaa Extract- 
able« 

1 

2 

50 JT 

37 i 

2.5! 
2.3 r 

1.3/ 

1.3Ï 

1*2/ 

1.0/ 
2.4¾ 

2,7¾ 

^ See IIIj-3a (Part i) for the aathod of determining the 1.3 gamna of 
5H*-TO* formed under the oonditiona of the experiment* 

IVa-3. Discussion of Data from IVa*l« IVa-2 and IVa-2a. 

(5a) No more than about 2.5¾ of the unidentified extractable« 
can be attributed to sulfonium «alt formation* Thus the possibility of 
the compound being responsible for the systemic action of mustard is 
unlikely. 

COKFIDiâîTlÂL 



C0N7IHENTIAL. 55a 

PART VI 
THE PATHOLOGY 07 CUTANEOUS INJURY TOLLOflNG EXPOSURE JO MUSTARD 

VI-c. Tissu» Diff»r»nc»s in Respect to the Length of th» Latéht 
Period between Exposure to Mustard and Mlerosoopic Evidehöe 
of Irreversible Injury 

by 7*R* Dutra, a,R. Merits, and ?>0* Henriques, Jr* 

Purposes * To coapare the rate of reaction and the extent of 
injury in different tissues after direct exposure to liquid mustard» 

To compare different tissues in respect to local fixation of DHi! • 
« 

To cosqpare the amount of DB* fixed in normal skin with the 
amount fixed in skin from which the stratum oomeum had been scraped 
previous to exposure* 

i) Experiments on Rabbits • 

Procedure: See III (a-2, d-2, e-2, f-3, g, h-1, i). 
Different tissue surfaces (skin, liver, parietal peritoneum) were 
exposed to 1*1 mg* per sq* cm* of mustard for a 10 min* period sub¬ 
sequent to immediate decontamination* The rabbits were sacrificed 
at varying times after exposure and observations of the different 
stages in the pathogenesis of the lesions from the initial reaction 
to repair were made* 

Results : Table XVa shows the number of animals used, the 
sites of exposure, the recovery time, and the mioroscopic character¬ 
istics of the lesions* 

The outstanding difference was in the rate with which the 
extent of the injury became apparent* In the epidermis and liver 
the total extent of irreversible damage was apparent within 12 hours* 
Necrosis was present at this time, and all subsequent changes in 
these tissues were directed toward removal of debris and regeneration 
of tissue* 

The degree of injury of the dermis, and of the connective 
and muscle tissues covered by the exposed peritoneum was not apparent* 
at first the only evidence of injury was provided by the presence of 
edema and occasional exudative cells* Fbcal degenerative changes 
became focal areas of necrosis and these eventually coalesced* The 
inner half of the striated muscle of the abdominal wall showed foci 
of necrosis within 48 hours but the full extent of the Injury was not 
apparent until 7 days* 

The demarcation of the irreversibly altered from the viable 
tissue was recognizable only after proliferation of fibroblasts was 
well advanced, and was not complete in the subperitoneal tissue until 
the 10th day. At this time, the entire periphery of the lesion was 
surrounded by a zone of loose connective tissue* On the 14th day 
this had further thickened and the central mass of necrotic debris 
was smaller* 
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In the liver, the lysis and disappearance of necrotic cells 
was much more rapid than in the peritoneum* Complete organization occurred 
early (7 days) and there was some regeneration of parenchyma by mitosis 
of adjacent cells* 

The sequence of events after exposure of the skin differs from 
that observed in therother, sites in regard to disposal of dead tissue. 
Marked edema was evident within 12 hours after exposure* and necrosis of 

' hair follicles was noted at the end of 48 hours* Bpithèlialization pro¬ 
ceeded from the periphery of the lesion inward* beneath the crust of 
necrotic debris* and the destroyed tissue was eliminated from the body in 

. this crust* It was not until eplthelialization was complete that sharp 
demarcation of viable from necrotic cerium could be identified. There 
was no evidence of regeneration of hair follicles in the material studied* 
In no case did the necrosis extend to the subcutaneous striated muscle* 

ii) Experiments oa Pigs ' 

Procedure : See III (a-1* d-2* e-2* f-3* h-1, l)« In addition 
to treating the liver* skin* and peritoneum of pigs with liquid mustard 
in a manner identical with the above* tho dorsum of the tongue was also 
exposed* Turthermore* applications were made to skin from which the 
cornified layer had been scraped* This scraping was lone with a sharp 
knife immediately before the application of mustard and removed virtually 
all the stratum corneum with little disturbance of subjacent tissues* 
The post-application time for all pigs was 24 hours* 

Results • It is obvious that the number of observations on each 
tissue is too small for a satisfactory statistical comparison* If the 
available data be representative (see Table XVb) it appears that after a 
10 minute exposure the fixation of DH in normal skin and normal tongue is 
of the same order of magnitude (3*2 and 3*7 gammas per cnr) whereas its 
fixation following direct exposure of liver, peritoneum, and scraped skin 
is of a higher order of magnitude (5*4, 5*7, and 7*5 gammas per cm^)# 
Since in all instances the amount fixed is in excess of that required to 
produce a maximal injury (of the skin) the experiments are not definitive 
in establishing a quantitative relationship between fixation and injury* 
If fixation of RB can be regarded as an index of penetration as is true in 
the case of skin it appears that intact skin is more resistant to penetra¬ 
tion than any of the other tissues which were tested* Pre-exposure scraping 
of the skin sufficient to remove all of most of the stratum corneum in¬ 
creases its penetrability to such an extent that the amount of fixed 
mustard recovered from it is comparable to the amounts rscovered after 
direct exposure of liver or peritoneum* Whether this increased penetrab¬ 
ility results from the removal of some of the mechanical barrier (stratum 
corneum) or from the induction of a physiologic disturbance in tho dermis 
is not clear* 

Discussion’ There appears to be a fundamental difference between epi¬ 
thelium and connective or muscle tissue in the rate of local reaction after 
exposure to mustard. At the end of 12 hours, the entire thickness of 
exposed epidermis was visibly necrotic* whereas the connective tissue and 
smooth muscle cells of the dermis showed little change. The liver paren¬ 
chyma beneath the portion of capsule exposed to mustard was recognizably 
necrotic and sharply demarcated from adjacent viable parenchymal tissue at 
the end of 12 hours* In contrast to the liver the muscle and connective 
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TABLE XVfc 
DH (gammas per cme) Fixed in Various Tissues 

(Pigs-all 10 Minute Exposures) 

f 0-1.9 ¡2-3 
f i • 1 

4-5.9: 6-7.9! 8-9.9 
• 5 

Mean Amt. DH in gamma 
fixed oej cm2 . 

Intact Site 
Skin No* 

.307 60 
*307 120 

307 10 
.502 13 
*307 360 
*307 10 
*307 20 
*307 20 

307 60 
+502 12 
*307. 120 

307 260 

. 

» 

2,25 
2,40 
2.75 
2.75 
3.10 
3.30 
3.30 
3.30 
3.50 
3.55 
3.90 
3.90 

Í 
i i 
i 
! 

3.2 gammas (total) 
Tongue 
502 9 
505 14 
506 15 
502 8 

2.80 
2.90 
3.80 

5.12 3.7 gammas (total) 
Liver 

506 9 
506 1 0 
502 3 
502 1 
502 2 
502 4 

2.10 
2.90 

5.70 
5.75 

6.30 
9.50 5,4 gammas (total) 

Peritoneum 
502 7 
502 5 
506 13 
502 6 
506 12 

i 1 
i 

4.75 
5.55 

6.40 
8.15 
8.50 , 5,7 gammas (total) 

Scraped Skfn 
502 ' 19 
502 15 
502 18 
502 14 

2.90 
5,64 

i 
6,30 

: 

9,65 

• 

7.5 gammas (total) 

Data from pig A-307 (see Table XII, p» 3B) for post««application 
periods greater than 10 min, 
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tissues beneath the exposed parietal peritoneum showed remarkably little 
change after 12 hours, although there was extensive edema and infiltra¬ 
tion of inflammatory cells* 

Although the reason for this difference in response to JH# is not 
clear, it is in accord with the general rule that epithelial cells under¬ 
go earlier morphological alteration by noxious agents than do stromal 
cells. Presumably the greater vascularization of the liver is chiefly 
responsible for the relatively rapid removal of its debris. 

The experiments on pigs confirmed the differences in manifestation 
of injury to Dfi* that had been observed in rabbits 24 hours after 
exposure. A peculiar feature of the tongue lesions was that they shared 
the characteristics of both the skin lesions and those of the parietal 
peritoneum. Unlike the skin, the epithelium of the tongue has no apprec¬ 
iable subjacent layers of connective tissue or fat. There is a thin 
lamina of connective tissue separating stratified epithelium from 
striated muscle. Hence, although the epithelium of the tongue was ob¬ 
viously necrotic (and partially desquamated) 24 hours after exposure, 
there were likewise changes in the underlying muscle analogous to the 
changes beneath exposed peritoneum. In no case did the skin lesions 
extend to the subcutaneous striated muscle. 

Removal of the stratum oorneum before applying the mustard allowed 
appreciably more DE to be fixed than in sites left unscraped, although 
the lesions were not appreciably different. 

The increased quantity of fixed DE in scraped skin may represent 
increased penetration, in that the stratum oorneum may act as a barrier 
to the passage of DE. Another possible explanation for the increase in 
fixed LH is that the hyperemia induced by scraping the surface before 
applying the JH may favor penetration, 

Vl-d. Skin Grafting Experiments to Determine Viability of Epidermis after 
Exposure to Mustard. 

by ?.R. Dutra, A.R. Moritz and R.S. Myers (Surgical Consultant) 

Purpose ^ The results of certain unpublished preliminary experiments 
(Harriott) have suggested that the death of epidermis following exposure 
of the skin to mustard may be secondary to injury of the dermis rather than 
to its direct effect on the epithelial cells. The experiments herewith 
reported were undertaken to investigate this question. 

Procedure! See III (a-lt d-2, e-2, f-3, g, h-1, i, j), On a young pig 
an area of skin was shaved and cleaned. Four sites separated from one 
another by approximately 1.5 cm, situated along the long axis of the prep¬ 
ared area were selected and to two of them (a and B) liquid mustard was 
applied for 20 minutes beneath small glass cups. At the conclusion of the 
exposures the skin was decontaminated. 

Fifteen minutes later, using aseptic surgical technique, the full 
thickness of the epidermis was removed from sites B, C, and D with a sharp 
knife. Site a was left undisturbed as a control, a small disc of the 
exposed epidermis from site B was transplanted to the unexposed dermis at 
site C. A disc of unexposed epidermis from site D was transplanted to the 
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axpossd derail at site B* A disc of unexposed epidermis from site 
C was transplanted to exposed dermis at site !>• In each instance 
the dermis had been denuded over a larger area than was to be 
covered by the graft so that a gap of several mm* separated the 
margin of the transplant from the edge of the surrounding original 
epidermis* 

The sites were in a line and close .together* By means of two 
curved incisions it was possible to isolate all four of them on an 
oval island of skin* * sheet of non-irritating animal membrane+ 
was laid over this island and anchored with sutures so as to keep 
the grafts in place and protect the surface* The edges of the 
skin adjacent to the Irland were then undercut and brought together 
over it. 

Thus, the buried island included the following: 

i* - Undisturbed exposed epidermis* 
B - Exposed cerium upon which unexposed epidermis had been 

placed. 
C - Unexposed corivm upon which exposed epidermis had been 

placed. 
9 - Unexposed corium on which unexposed epidermis had been 

placed (control). 

In a few instances the control site « was not buried beneath 
the adjacent skin* The thickness of the grafts was detennined by 
mi,croscopic examination and was found to consist of epidermis and 
a narrow (25-50 micra) lamella of attachod dermis. 

Two such ejqseriments were conducted on each pig and were spaced 
several days apart. Seven experiments in all were completed with 
post-application times ranging from 3 to 12 days. 

Besults • The information obtained from these experiments is 
presented in Table IVc. 

Normal graft to exposed site: 

There was survival of some epithelial cells of the normal grafts 
in all cases where the recovery period was 7 days or less. The 
epithelium of the 12 day graft was necrotic. The surviving epi¬ 
thelium consisted of cells of the basal layer which were present in 
isolated groups» Although basal cell survival was seen in six of 
the seven uninfected grafts of normal epithelium to exposed dermis 
the apparently viable epithelial cells did not proliferate or con¬ 
tribute to the healing of any of them. In the one experiment 
wherein sufficient time elapsed to allow evaluation (l2 days) it was 
found that all of the transplanted epidermis was dead* 

Cargile Membrane, Johnson and Johnson 

A modification of Harvey1* "Buried Skin* technique—Harvey, S.C.» 
Contract 0EMomr-83f annual Report, July 1, 1943. 

Ctynwm<.j. 
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In Boat instances ths norasl ooriua ms readily capable of 
survival «hen transplanted to an exposed sita and its death in the 
12 day survival is believed fortuitous, in light of its apparently 
complete reception on the other exposed sites« The epithelial 
structures (hair follicles and sweat glands)' within the corlua of 
the exposed receiving sites fere necrotic, and the fusion of graft 
ooriua with receiving corlua was often so complete as to leave np . 
visible désarcation« Slnoe the epithelial structures of the receiv¬ 
ing site had been destroyed by E, there was no regeneration of epi- 
theliua froa them to prevent close proxialty of the graft's demis 
with that of the receiving site« 

faposed graft to noraal site ? 

In all Instances, the eplthellua was dead« The corlua of ths 
grafts was, in some instances, overgrown by eplthellua regenerating 
froa the edges and froa hair follicles of the receiving sites, and 
was being incoxporated Into these sites* There were capillaries within 
these grafts which appearedunaltered and which contained blood« In 
other cases, the corlua appeared viable and Included blood-containing 
capillaries but the regenerating eplthellua of the receiving site 
was undermining its edges* A third condition observed was a combina¬ 
tion of the above two, so that the regenerating eplthellua was par¬ 
tially over the surface of the graft's demis (between the dorais and 
the necrotic epithelium of the* graft) and other processes of regen¬ 
erating eplthellua were extending some distance beneath the graft's 
dermis« Another condition, encountered fairly frequently, ms 
regeneration of the eplthellua of the receiving site beneath the 
graft, with necrosis of both epiderais and demis of the latter« 

In several instances, grafts covered the upper ends of trans¬ 
ected hair follicles, and tongues of epithelium froa the follicles 
were observed spreading peripherally beneath the derais of the graft« 
This was observed both in instances where the corlua of the graft 
was viable and where the entire graft was being sloughed« 

Uqsxpossd graft to unexposed corlua? 

Jill Jmt one of these had surviving epithelium present, Four of 
thea had full thickness survival « that is, the basal and complete 
malpighlan layers were alive« Several showed marginal proliferation 
of epithelium onto adjacent denuded surface of the receiving site» 

Permis • 

The changes in the dermal tissues of the buried sites which had 
been exposed to H contrasted with the H-treated controls which had 
not been buried« In the latter there was a superficial zone of 
hyaline material covering a zone of collagenous tissue, wherein the 
fibers were coarser, more separated, and better defined than usual. 
The capillaries lu this zone were dilated and engorged* The connec¬ 
tive tissue cells of the dermis were few or absent, but in some cases 
there were a few infiltrating leucocytes immediately beneath the 
hyaline zone« The hair follicles and sweat glands ware necrotic« 
The unburied control with 12 day recovery showed a thick necrotic 
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hyalin« plaque overlying a cone of connective tissue which was infiltrated 
with leuoocytes* Beneath the latter sone, there were early reparative 
changes as evidenced by fibroblastic proliferation* 

• 

The dermis of buried controls and of the receiving sites which had 
been exposed to H showed little superficial eosinophilic materialf and 
this was never as dense as in the unburied controls* The capillaries 
were engorged and the Increased definition of collagen fibers was noted* ' 
but leucocyte infiltration was absent or eenslsted only of'a few cells 
scattered throughout the corium* 

The unburled lesion at the end of IS days showed early demarcation 
within the outeraost portion of subcutaneous fat, with sequestration of 
the overlying tissue, The burled receiving site of the 12 day experiment 
which had been exposed to H appeared viable and although the hair folioles 
had been severely injured, they had numerous surviving basal cells* 

Isolated "Grafts* • 
( ' . 

Bits of epidermis from exposed and unexposed grafts which were 
encloead in membranous bags and placed within the wound cavity for four 
days showed necrotic changes of epidermis in each instance. The dermis 
of each showed no evidence of necrosis or of exudation* 

Discussion : These experiments indicate that the epidermis exposed to 
liquid H is killed directly and that its death is not secondary to any 
effect that the H produces in the dermis* 

furthermore, it appears that a considerable part of the damage sus-’ 
tained by the dermis after exposure of intact skin to H may be due to the 
destruction of its protective epithelium* In effect, a new protective 
layer has been substituted for the damaged epidermis in these experiments, 
and the major changes usually ascribed to primary injury by H were not 
seen in the dermal tissues* 

The beneficial effect of covering a mustard lesion was clearly shown 
by comparing unburled mustard lesions with these that had been buried with 
the island of skin* Whereas deep dermal injury occurred in the cace of 
the former, the amount of dermal damage seen in the latter was Inslgnif» 
leant* 

VIe-a* Comparison of the Histo-pathologic Characteristics of Thermal and 
Mustard Injuries of the Skin* 

by 7.R. Dutra, â.R* Moritz and ?,C. Henriques,Jr* 

Purposei 

1* To detemine if there be any difference in the development or 

ropal<! of cutaneous lesions resulting from mustard and those resulting 
Urom heat. 

CONTI KNTIAL 
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Method : 

A terlee of lesion« produced in the skins of pigs hy liquid 
mustard and by heat were studied microscopically after recovery 
periods ranging from 1 to 28 days* 

Mustard lesions wertf produced as described by III (a, d-1, 
e-2» f-3» gi h-1, i>. The application times were 5, 10, and 20 
minutes, each in triplicate for each post-application period. The 
room temperatures varied between 56 and 740?* Immediately after 
exposure the surface was decontaminated with pentane* 

The heat lesions were made by contact with an oval copper 
surface which measured 6 mm, in width and 12 mm* in length. The 
apparatus was designed in such a manner that the pressure of the 
hot metallic surface on the skin was identical in all experiments* 
This surface formed the bottom of a container in which liquids were 
boiled by passing current through a high-resistance wire. The tem¬ 
peratures depended on the liquids used, and after some preliminary 
tests it was decided that lesions made at the temperatures of 
boiling methanol (66°C,) and of boiling ethanol (78°c*) would be 
most suitable for comparison with H-lésions. The duration of appli¬ 
cation of heat at 66° and 78° were 1/2, 1, an4 2 minutes. Duplicate 
applications of eaoh duration were made for each recovery period. 

Changes in the Epidermis ! 
Mustard Lesions ï 
After a short latent poi-iod, focal degenerative changes 

may be recognised but in many instances the full extent of the dam¬ 
age was not appreciated until as long as 48 hours after exposure. 
The initial changes were nuclear and consist either of pyknosis or 
swelling. Concurrent cytoplasmic changes consisted of vacuolisation 
and liquefaction or coagulation with increased eosinophilia. Dis¬ 
appearance or pyknosis of nuclei constituted evidence of cell death. 

Twenty-four hours after a five minute exposure to K, 
focal changes were present in some of the deeper epithelial cells, 
although these changes were more extensive after 48 hours, the full 
extent of the irreversible damage was not apparent until 4 days had 
elapsed in some instances. 

The sites where the applications of H were for 10 or 20 
minutes showed alteration of the entire epithelium within 24 hours. 
T he change is best characterized as coagulation necrosis with con¬ 
densation of nucleus and cytoplasm and a marked increase in the stain¬ 
ing intensity. 

After necrosis was fully established the progress of the 
lesion was toward elimination of the necrotic epithelium and re- 
epithelial i zat ion of the denuded surface. The epithelium together 
with its subjacent dead corium was incorporated into a crust which 
slowly separated from the surviving connective tissue. 
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ât early as the fourth recovery day there was marginal ra-epi- 
thelialisation* This «as evidenced by enlargement of basal cells at the 
periphery of the lesion and the growth of a thin layer of newly fonsed 
cells from the periphery toward the center of the lesion* These cells 
were found between the necrotic crust and the layer of still viable cerium* 
Although after 5 and 10 minute exposures the regeneration of epithelium was 
apparent in 4 days it was not seen before the 7th survival day when the 
exposure had been for 20 minutes* Indeed* complete demarcation of nec¬ 
rotic from viable oofium was not apparent until the 7th day* 

• 

Besides this growth from the periphery* there was also epithel¬ 
ial regeneration from hair follicles beneath the crust* The cells lining 

' * the follicles enlarged* and numerous mitotic figures were present. Tongues 
of newly formed epithelium projected cshtrlpltally from them* beneath the 
necrotic crust, and these tongues finally united with the epithelium grow¬ 
ing Inward from the edges* 

It was found that although re-epithelialization began sooner in 
the lesions resulting from exposures of 5 minutes and 10 minutes than those 
from 20 minute exposures* all three required approximately 3 weeks for 
complete repair* Differentiation into the various epidermal strata was 
not complete at this time* and although it was more advanced after 28 days 
it was not complete in all of the specimens. 

Heat Lesions ? 
There was practically no latent period before the extent of 

Injury was evident in lesions resulting from heat. At the end of 24 hours* 
the entire epithelium was necrotic even with the shortest application 
(l/2 min*) of the least heat (ôS0C*) used* 

The necrosis was marked by shrinkage of cells and nuclei with 
increased chromatophilia of each* There was none of the cytoplasmic vacuo¬ 
lization seen in H lesions* h peculiarity of heat burns was the elongation 
of cells and their nuclei* These cells* which also stained darkly, were 
long and had elongated and often slightly curved nuclei* This change was 
present only in cells of the basal or immediately suprajacent layers and 
persisted up to the fourth day after application* 

In some of the bums of lesser intensity (65°C. for 1/S or 1 
minute, 78° for 1/2 minute) miliary sub-epidermal collections of fluid 
were found 24 hours after the applications* These were small collections 
of fluid of high protein content (as evidenced by staining reaction)« T he 
sequence of their formation was evident in some sections, and consisted of 
enlargement and flúálly liquefaction of some of the cells which had elongated 
following the application of heat* 

» 

The subsequent changes in the epithelium resembled those of H 
, lesions closely. The necrotic epithelium was sloughed alone or with 

debris from the dermis* New epithelium growing from the periphery and 
from hair follicles (except where entire follicles had been killed) 
covered the surface* 

The regeneration of epithelium was not apparent in any of the 
heat lesions until 7 days had elapsed. This ¿Lffwred from 5 to 10 minute 
mustard lesions, in which early regeneration was pruent on the fourth day. 
However* in lesions resulting from either heat or H* regeneration was 
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progressing on the 14th and complete on the 21st day. 

Changes in the Corium: 

Mustard Lesions: 
Application of liquid H to the skin was followed by a 

characteristic series of changes in the corium. Twenty-four hours 
after exposure, there was modérate to marked dilation of the super¬ 
ficial capillaries and infiltration of a few oolymorphonuclsar 
leucocytes into the tissues around these vessels. At the sites 
where the exposure time had been 10 or 20 minutes, there were also 
many extravasated erythrocytes. The infiltration of leucocytes was 
more marked at the end of 48 hours, and the capillary dilatation 
was maximal. 

The first evidence of necrosis of the corium from liquid 
H was noted in lesions which had had. a 2 day recovery period. The 
changes consisted of a zone of relatively homogeneous eosinoohilic 
material over a base of apparently viable tissue. This homogeneous 
structure represented what had appeared ae a "crust" grossly. In¬ 
corporated into it were th*- leucocytes of the exudate ( 'hich had 
shrunk and appeared as small basophilic granules in the crust) and 
the tissue which had included the dilated capillaries. 

bhen the regeneration of eoithelium was apparent, tne 
demarcation of necrotic debris from viable corium had already 
become established, and the crust existed as a sequestrum tc be 
cast from the body. This crust appeared to persist over the pro¬ 
liferating epithelium, and may have haired to protect it from desic¬ 
cation end external trauma. As its edges separated from the under¬ 
lying new enithelium, kerntinization began to roo ear in tne more 
superficial eoldermal cells, so that separation of the crust and 
kératinisation of the new epithelium progressed simultaneously and 
each was córrale ted. at approximately the same time. 

Thu extent to which new connective tissue formed beneath 
the ingrowing epithelium varied recording to tnr- depth to which the 
tissue had been destroyed. When th* original defect was shallow 
only a thin layer of new connective tissue formed between the base 
of the lesion and tine new epithelium. 'vhen the defect was deer* 
a thick mass of granulation tissue formed under tho ne'" eoithelium. 

Heat Lesions: 
The reaction of the corium following application of heat 

to the skin differed in several respects from the reaction tc H. 
In this material there was recognizable necrosis in th" corium -s 
early as 24 hours after exposure to 66°C, for minute. The death 
to which the necrosis extended, varied with the amount "nó euro ti on 
of application of heat. It nos considered, to be su-rarfici l ¿r, lom¬ 
as the sweat glands find hair follicles v.ere not entirely destroyed 
and the ccagulun demarcated above the layer of fat calls. 

All bums produced ?.t 78e, and tncse. rosuitir g from 66' 
for 2 minutes, ultimately progressed tc necrosis of tho entire 
thickness of the corium. Only the sites -ucncsed to H iVr 20 mirut-f 
shewed necrosis of thir degree, and this 'as not apparent until tus 
7th day after exposure. 
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Superficial hyperemia, hemorrhage, on3 exudation vore less 
oronounceá in thermal than in mustard lesions. A feature of thomol ‘ 
inluries not seen in mustard lesions was thrombosis cf sm'dl veins and 
arteries in the zone.of reversible reaction and occasional hyalin arter¬ 
ial necrosis. There was some indication that therm l have less tendency 
to residual inflammation of the repair tissue than do mustord lesions. 
Otherwise the repair of therm?-! injuries does not differ significantly 
either in manner or rste, from that of mustard lesions. 

Vlf. A Pathological Study cf the Inhibition of Vesication by B.A.L. 

by F.R. Dutra, A.R. Moritz and R.S. Myers (Surgical Consultant) 

Purpose; To investigate the mechanism of the inhibition of vesica¬ 
tion in mustard lesions treated ty B.A.L. 

Experiments: 

Experiments on human subjects; See 111 (a-3> d-2, e-<¿, f-5, 
g, h-1, j-l). Bilateral abdominal applications of liquid mustard 
(1 mg. per sc. cm.) were made cn each of four volunteers. At the con¬ 
clusion of the exposures, the skin was decontaminated with pentane. 
One site cn each subject served as a control and the other site "'•s 
treated with B.A.L. 

The treatment was commenced thirty minutes after decontamina¬ 
tion and consisted of the application of two grans of 10% B.A.L. oint¬ 
ment. This was allowed to remain cn the surface and the area was 
covered with a water-proof dressing for varying periods (see Table XV:’). 
At different intervals after the conclusion of the treatment both =5tes 
rere excised prepared for histological examination. 

Subject Exposure 
Time 

in min. 

H628 

H619 

H596 

H613 

10 
10 

10 
10 

15 
15 

20 
20 

TABLE XVd 
Treatment Post 

Application 
Period 

BAL 48 hrs 48 hrs 
Vaseline 48 hr 48 hrs 

BAL 12 hr 24 hrs 
Vaseline 12 hr 24 hrs 

BAL 48 hrs 72 hrs 
Vaseline 48 hr 72 hrs 

BAL 24 hrs 96 hrs 
Vaseline 24 hr 96 hrs 

Type Fixed H Ratios 
Injury per of 

so. cm. Fixed 
gammas 

Ko vesication 0.61 
II* 

No 
II* 

No 
11* 

1.1? 

0.34 
1.55 

1.67 
2.60 

H630 1 min)Dry BAL 48 hrs 72 hrs 
1 minjlce Vaseline 48 hrs 72 hrs 

No " 5.15 
111* Marginal 5.90 

Vesicat^ on 

No Vesication 
11* " 

0.54 

0.54 

0.63 

0.53 

*A precise definition of Type 1, II St 111 injuries is riven in 
Section Vlla-1, page 58. 
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In both the treated and the untreated altes there ras 
complete necrosis of the epidermis. Hovever, the treated .epi¬ 
dermis remained relatively comoact and deeply acidophilic. Although 
there vag early and complete loss of nuclear staining, the dead 
epidermal cells remained attached to one another and to the derm:? 
and the liquefaction of the more deeply situated epithelial cells 
that characterized the untreated mustard lesions frailad to occur. 

The differences in the dermis of the treated and untreated 
lesions vrer15 most pronounced in and around, the superficial blood 
vessels. The dermal capillaries and arteriole? of the treated 
lesions vero greatly diiat:-.d and appeared to be occluded by com net 
masses of partially disintegrated pyknotic erythrocytes. Tho 
rails of the affected vessels appeared granular end indistinct 'od 
oerivascular hemorrhage k¿s prominent. Small aggregations cf 
fibrin were nresent in the interstitial s onces of the dermic of 
treated lesions. 

Effect of B.A.L. treatment on thermal (col'/) burn of 
human skin. Preliminary experiments disclosed that vesication 
of huam skin regularly occurred between 12 and Í.4 hours after 
a contact exposure to dr/ ice of 50 seconds' ’urntion. a human 
volunteer received bilateral abdominal exposures to dr/ ice for 
50 seconds, and one site whs allowed to gc untreated as a con¬ 
trol while the other site ras treated rith B.A.L. for 45 hours 
in the manner described in the preceding section. 

At the end of 24 nours tiiere w?s complete vesication 
of the untreated, lesion end no vesication of the treated lesion. 
At the end of 72 hours the vesicle of the untreated lesion had 
collapsed and the epidermis of the treated lesion ras still in¬ 
tact. The epidermis of the latter was opaque, everjr-h-ro attached 
to the dermis, had a yello”-gray cast and ras separated from the 
surrounding normal skin by a narro”' zone of erythema. 

Microscopic examination of the lesions excissd 72 hours 
after injury disclosed complete coagulation necrosis of the in¬ 
tact epidermis of the treated lesion with vascular changes in 
the dermis similar to those described in the case of treated 
muhtard lesions. The detached epidermis of the untreated thermal 
lesion was completely necrotic and lay loosely ever the exposed 
dermis. 

Effect of B.A.L. treatment on mustard lesions in the 
nig. Three pairs of liquid mustard applications (1 mg. per 
1 sq. cm.) were made to the skin of e young pi?;. The first pair 
of applications were for 10 minutes and the second and third 
oairs were for 20 minutes. One amplication of each pair was 
treated with 10* B.A.L. ointment according to the method of 

.McMaster and Hogebccm (Gclisr 434, Div. 9, KDP.C: Informal Monthly 
Progress Report, No.v 10, 1943). The treatment was begun 70 min¬ 
utes after decontamination and consisted of the application of 
1 gram of 10¾ B.A.L. ointment 'hich '.os rubbed inte the skin for 
30 seconds. The excess was allowed tr remain on the. surface. 
This procedure was repeated at hourly intervals for 6 noli ca¬ 
tions* The sites rere excised 12 hours, 30 hours, and 6 days 
after exposure. 

CC"V1 rvî <n •• ■ 
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No siRnJficant macrosconlc dlfferencea were observed bet ween the 
treated and untreated site?. 

The treated and untreated lésions excised ]? heur.- after exposure 
showed no significant microscopic differences. There was diffuse nuclear 
degeneration throughout the epidermis and generalized engorgement of and 
localized hemorrhages around the dermal capillaries. 

In the lesions excised 36 hours after exposure the necrotic 
epithelium of the treated site was compact and deeply acidophilic in 
contrast to the somewhat swollen amphophilic epidermis of tho untreated 
site. Beneath the epidermis at the untreated site there was diffuse 
exudation of leucocytes. In places the damaged epidermis was scour"trjd 
from the dermis by collections of exudate. Exudation was much less pro¬ 
nounced at the treated site and novhere was the damaged epithelium sep¬ 
arated from its dermis. Capillar;; engorgement and peri vascular hernorrhu Pé 
was more pronounced beneath the treated sites 'uid collections of inter¬ 
stitial fibrin were prominent. 

In lesions excised 6 days after exposure there were no sig¬ 
nificant differences between treated and untreated sites. In both thn 
necrotic epidermis was undermined by h lake of exudate. In both, the 
superficial portion of the dermis was necrotic and undergoing organiza¬ 
tion by granulation tissue. 

Discussion: 

The mechanism whereby vesication is inhibited by B.A.L. is unknown. 
The fact that vesicle formation at the sites of exposure to solid CC¡¿ 
is prevented by BAL indicates that the phenomenon is non-specific. The 
similarity between mustard vesicles ind those produced by extreme cold 
is that both have a latent period of between 1?. and 24 hours. Other 
vesicating agents (heat, cantherides) which have been tested hav: Intent 
periods of less than 6 hours and are therefore not manable to treatment 
by B.A.L. 

The action of BAL may be to fix the injureî epidermis to the under¬ 
lying dermis by coagulation of oroteins at the interface. That such 
coagulation does occur may be inferred from the ensnged appearance and 
staining reaction of the B.A.L. treated epidermis. 

Another mechanism whereby fixation of protein may act to prohibit 
vesication is by preventing the liberation of hydrophilic degradation 
products from the injured tissue. 

Still another possible explanation for the/ vesicle inhibiting effect 
of B.A.L. treatment is the manner in v.bich B.A.L. effects th e dermal 
blood vessels at tho site.of mustard or thermal injury. B.A.L. treatment 
results in early and severe damage to capillari?s anc; art?riólas ~hich 
may interfere with circulation to such a degree as to prevent th r-xude- 
tion of fluid that is necessary for vesicle formation. 

The question of why B.A.L. affects damaged tissues but does not 
affect normal skin deserves further investigation. 
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VII. Significance end Properties of Fixed-Mustard in Skin Sites cf 

Man and Pig. 

VlIa-5. Effect of B.A.L. on Fixed Mustard in Hunan Skin 

ty F.C, Henriques, Jr. and C. Marinetti 

Purpose: To determine the effect of B.A.L. on fixed mustard in 
humen skin in Ttoich B.A.L, has nreventied vesication, 

Procedure: See Section Vlf (page 56n) 

Results: The date are given in Table XVd (page 56n). 

Discussion: There can be little doubt that B.A.L. treatm .nt 
reduces the amount of fixed mustard present in human skin tissues. 
There are tvro possibilities: either (1) the B.A.L. ointment dissolves 
some of the dead epiderme mhich contain? fixed material; or (2) Ö..-I.L. 
promotes the dininttgration of tissue substances containing fixed 
mustard and these substances are carried sn-ay by the body fluids. 
Conclusion (1) is held to be extremely unlikely since there is ho 
histological evidence that any of the upper layerqbf the epidermis 
slough off/during the B.A.L. treatment. Conclusion (£) is believed 
to be much more probable(a) in vie^ cf the stability of mustard 
“ " ' * ' “ ■ - • ¡ajçjng 0f the mustard carbon bond 

VIIa-6. The Relative Injury Propensities of Various Vesicants 
Related to Mustard. 

by L.A, Patterson, F.R. Dutra, and F.C. Henriques, Jr. 

Purpose: To study the relative injury producing abilit^s of 
mustard, benzyl-mustard, sesquímustard, mustard sulfone and djvinyl 

sulfone. 

Introduction: The correlation of the amount of fixed mustard to 
the degree of injury produced by mustard has been well established 
(section VII), This relationship is one cf the principle reasons for 

injury, that is, it is the initiator of the uhysiological rractions 
producing injury in the tissue. A study of other vesicants «as 
undertaken to determine if the relationship betveor. the amount of 
fixed material and the degree of injury still Held. 

(a) An attractive but highly speculative theory would be that e 
portion of the fixed mustard tissue constituents -rc directly res¬ 
ponsible for vesication. These substances then have their ircoer- 
ties sufficiently altered by reaction with BAL that the body is "bl 
to break them do"n end cfirrjr them cw. 
(b) One possibility, admittedly remote, would be the reaction of 
mustard attached to a methionine type sulfur (sulfonium type bon'1) 
with BAL to form "methionine" and the BhL mustard, thioeth.r 
linkage. 

iXflFlL'iiiVIlAL 



68b 
COMF1 D£KT1^L 68b 

, „co^*mtP w*ire chosen for these specific ree.sons, 
These various . ^ge u js „ one handed vasiccuit. ¿esquímis- 

r.arr.elys Benzyl ethyi groups nrs both ridely separated and at^^hed tard sines its ^^chiorethyl groa^ ^ ^ 

to different » of the above three vesicants. Divinyl splfone 
SîwItïtlwJ; te b‘ Se intone« =te ty *ich Tusten' sulfcnc 

alkylates. 

Procedur.. The prennmtlon of toe five rr.cUeactiv* poeiconts le flven 

in section 11« 

_ .rw nf the difficulty of obtaining uniform lesions ’vith undilutn^ 
In vie* of the diincuw divlnyl%ulfon8, these radioactive 

sesquiTPUstord, ^star^ sul cellcsolve to give 1,5 and 10 per cent 

äst 
mL" -luã)e. of too procedure W stented. 

See 111 (a-li *-*> f_5» h~l> i> 

The procedure used .1th both mustord an’, bennyl-nust.r’ it de-crib-f. 

in Ill (a-l> à—2y e-2, f-2, g, h-1, i, j-1)* 

The applicetion pericds .ers varied .rite each vcclcant eo toot 
mild, moderate and severe lesions would result in each cas-. Th. x.. . 
application periods were of 48 hrs. duration. 

Experimental Results: The data are given in Tables HU >Jlb. 

Discussions The correlation between the degree of injury 
amount of fixed vesicant for mustard, benzyl ' "{,çt5 
mustard sulfone, and divinyl sulfone is ^ ^v\ 
for the amount of fixed material are expressed in 10 ^ ,ol,c P;r ..,. c,^ 

.c kln gurface. The degree of injury to tlie tissue sect.on v... 
mined microscopically and the grading of the 
difficult, due- to can uneaual oj.stribition of the injury 

section. 

411 ve of the agents shoved n definite cerréis tier, rl ta^ _ 
ree of injury vith the amount of fixsd material. The umeimt ci th, 
flxc° veriest rccuired te produce * jlven d^m oi »W «• 
summer!aed in Tabla Eîlb. ln toe or three instance., toe inijt- • 
each type of Injury could not be sharply 
of sufficient data. Benzyl mustard ana mustar,- urv ue-rly 1 
ir their injur,- predudnf ability; seseui ^^^cKni- 
potent. These throe subst^ces apparently ri’-ct/thrvuA 
vdth the tissue constituents. ¡.lUstcrd -a.'- b • ,,1 . „ , 
only one bet*, chloroethyl grout). Sssqui mustara probably ia 
of reacting to soma extent through both beta calor atujl gr- - 

(a) fixnerinerts *ith ordinary mustard f 
' ' ^ n ,._ , . ,.0it .,o 1.1 tii radio iCtlVv. a ua'1 ix-o ! t'ioir c^llosolve solutions, ■ s vnii ns -1U1 
»1« solutiens, have toca that cellcadvc h-nc efiect ^ toe 1,-1,.,. 
oroduced and the correlation between em -unt i ' Th; u«f. of 
decree of injury' remains the same in tnf case oí ,.u3Uri. 1- t o 
celîcscîve ifects a considerable saving of the radioactive agent. 
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TABLE XXla 
Correlation oi1 In.iurv In Pig Skin rith tlife Amount of F.-ixei; »ant1'- 

Data derived from experiments on six 

Veslcejit j Type of Injury with the Amount of Fixed Vesicant 
In ICT9 moles per so» cm. of Skin Surface 

Mustard 
Severe Moderate Mild 

5Ÿ.0 
45.0 18.0 
41.0 14.0 ‘ 
56.8 15.1 
5¾.5 15.0 
24.0 11.0 
21.0 9.6 

5.7 
4.4 
.4.1 
5.3 
5.0 
1.8 
1.5 
1.3 . 

0.9 
0.7 
0.25 

Benzyl 
Mustard 

64.0* 
42.0* 
29.0* 
16.0* 

4.4* 
3.1* 
2.5* 
1.9* 
1.9* 

0.4 
0» 
0.1 
0.1 

Sesqui 
Mustard 

7.4 5.0 
6.6 2.2 
4.1 2.1 
5.7 2.1 
5.2 2.0 
5.2 

1.9 
1.1 

1.5 
1.2 
0.6 
0.5 

Mustard 
Sulfone 

62.0 54.2 
58.7 52.1 
57.7 

32.6 
28.0 
20.0 
12.8 

7.5 2.2. 
5.5 2.1 
5.G 1.3 
2.8 1.5 

Di vinyl 
Sulfone 

142.0 85.8 
116.5 85.4 
105.0 62.1 
95.7 58.5 

•pc; ^ 
24.6 

10.3 5.8 
8.7 4.9 
7.1 ^.4 
6.2 4.0 1 ..I . . y?,! ■ ...‘¿WJ-a-1 n i 

*Data derived from, experimente or six oiga 

table nib 
Comparison of Amounts of Each Vesicant in 10~9 mole? per so. cm. 

of Skin Surface Required to Produce a Certain Injur?/ 

Vesicant Tvae of Iniurv 

Sesqui H 
Benzyl H 
Mustard 
H Sulfone 
Divinyl Sulfone 

Severe Moderate Mild 
>2.0 
>6.0* 
>6.0* 

>40.0 
>40.0 

1.5-2.0 
1.0-6.0* 
1.0-6.0 

10-40 
10-40 

<1.5-1.0 
<1.0* 
<1.0 ! 
<10.0 
<10.0 ! 

*These values were estimated by careful individual erasing of 
the mustard and benzyl mustard histological pactions 'end 2 

comparison of the amounts fixed. 
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of the remoteness of the tro chloro groups from each other. Such a slt- 
uation rould explain the* increased potency of sesqui mustard over the 
other tro a?ents. The similarity of these three substances bears gufc 
more than ever the Jrauort&nce of the role that the fixed material plays 
in causing ih Q*3 8kin ^ps^e* 

Mustard sulfone and divinyl sulfone rere found to have only abput 
one-seventh the notency of mustard in uroducing injury for an equivalent 
amount fixed in the tissue. Since they react by a different mechanism 
than iimetard and do not have the same relative reactivities towards 
tissue groups, this divergency is not surprising. Apparently th^ mustard 
type vesicants arc more selective in attacking the vital groups. 

The marked similarity of di vinyl sulfone and mustard sulfon*1 in 
their Injury producing ability indicates that mustard sulfon* reacts 
through the di vinyl sulfone intermediate in the cutan c-ou? layer. 
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VII-b. Certain Properties of Fixed Mustard. 

VIIb-4. linzyine Hydrolysis of t’ue Melphigian Layer of Pig 
Skin Containing Fixed àustard. 

by L.A. Patterson, C. Margnetti and K, LjTich 

Introduction: Mustard reacts with several groups present in the 
constituents of skin tissue. One or more of these tissue groin com¬ 
binations vdth mustard in the form of fixed mustard may be resoon- 
si ble for initiating the physiological reactions v.fcjch cause tissue 
injury. With the aid of radioactive sulfur and using the isotope 
dilution method it should be possible to identify many of th* sub¬ 
stances in the tissue containing mustard attached to them. Much rf 
the mustard fixed in the tissue is undoubtedly attached to proteins. 
Hydrolysis of the protein in the tissue in such a manner as to keep 
the mustard attached to the amino acid residue would enable one to 
ascertain the- nature of the linkages between mustard end protein. 
Du Vigneaud has hydrolyzed insulin containing fixed benzyl H* 
butyl H# with a 1:1 HCl-HCOOH mixture and found 1% of the vss.Scent 
residues were attached to the amino group of phenylalanine 
(Du Vigneaud, Informal Report, August 10, 1943). Although it wee 
shoTO not to be true in the case of phenylalanine, eome amine, acid 
vesicant residues could probably be formed during the hydrolysis 
procedure (due to the formation of mustard from thiodiglycol'by the 
reaction medium). Alkaline hydrolysis of the tissue v-ould convert 
nearly all of the fixed mustard to thiodiglycol. 

Proteolytic enzymes might split the proteins under - did condi¬ 
tions without the formation of appreciable amounts oi thiodj?lycol„ 
so we have performed some preliminary work along this line, tv.ting 
the action of pancreatin on the fixed mustard of th. ?.ftlph1~ian layaría) 
of the pig skin. 

EXPERIMENTAL 

Preparation of Malahigian Lover Containin; Fixed Muetard. 
One side of a shaven pig was treated wit: 12 applications of 900¿f 
of radioactive mustard in circular sheila cups Í'..5 sc. cm. in area 
for 10 minutes at 70°F (this procedure gives only mild injurj.r to the 
tissue and prevents an overloading of the tissue pith fixed mustard). 
The sites were decontaminated with petroleum ether. The pig ras 
sacrificed 30 minutes after the exposure to mustard had been complot-'cV 
The skin of the pig vas removed snd. the mulphigian l.-yor isol't^d 
in the manner described in section llIm-2. ‘The malphigian layer 
after being dialyzed against water containing month i olate tc re:,eve 
all permeable substances was.washed with cold acetona -nd (hind undftr 
vacuum in the cold. 

Enzymatic Hydrolysis of i/lalahj;-iv.r. Layer, (i) Determination of 
Permeable Material Formed. The netho: of tissue hydrclysis w:1 
essentially that used for the .pancreatin hydrolysir of casein tv 

(d) Thv mol phi ginn layer was ua-d beesus-t it orobebly contains thr 
fixed mustard material ^hich is rospcrsiblo for the hne.*-* tc the skin 
tissue. The xixcd mustard in the epidermis ((load colls) c.prc-?-nts 
70-^ of the total in the ¿kin tissue "ind probably hag no ui vr* fie ce. 

COHFIPnf.TlAL 
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try?toban3 (Org. Syntheses, Col. Vol. II). Tro 50 ng. sanóles of mrlohig- 
ian tissue perder rere each placed in a flask rith 3 ml. of distilled 
water, 1 ral. of sodium carbonate-sodium fluoride solution (prepared from 
60 g. of anhydrous sodium corbonate, 6 g. of sodium fluoride, and 1 liter 
of water), and 5 drops of toluene. To on-; of the flasks ws added 50 me. 
of Merck's pancreatin. The flasks were allowed to stand vith occasional 
shaking at 37°C, during which time the tissue in the flask containing the 
pancreatin gradually disappeared. The contents of each flask were washed 
into a cellcohane dialysis bag with 4-5 ml. of water. The contents rf 
the dialysis bags were dialyzed four times with a 24 hr. dialysis périr*,, 
each time using 30 ml. portions of water containing toluene (temuornturo 
10°C). Tho permeates were evaporated find the amount of radioactive material 
determined. The impermeates of the dialysis bags were also analyzed. 

(ii) Determination of Amount of Thiodiglycol Formed. Maiphisdan tissue 
weighing 773 mg. of 6 ml. of water and 2 ml. of sodium carbonate-sodium 
fluoride solution was treated with 200 rag. of pancreatin. The mixture con¬ 
taining a few drops of toluene stood at ?7°C for four days, thon 150 mg. 
more of pancreatin was added; finally 100 mg. of pancreatin was added, at 
ten days. At tne end of the sixteenth ¿ay the contents cf the flask were 
filtered through a coarse fritted glass funnel packed rdth asbestos. The 
residue was washed, first with 1 ml. of water (washing added to filtrate), 
then several times with water. The latter washings wore analyzed, for 
radioactive material, as was the residue in the filter mat. The filtrate 
(hydrolysate), by adding ordinary tlüodiglycol carrier to it and extract¬ 
ing the thiodiglycol with chloroform, was analyzed for the percentage of 
radioactive thiodiglycol according to the method given in the section 
IIlj-3. 

Experimental Results. The data are given in Table XXIVa. 

TABLE XXIVo 
Hydrolysis of Malphigjan Tissue Containing Fixed Mustard 

with Pancreatin at pH 11.0 

Run A (10 days at 37°C) | 

With Pancreatin 

Without Pancreatin 

j6S* in Impermeate in Permeate s 

17 

37 

95 1 
6Î ! 

Run B (16 days at 37°C) 

$£* in Tissue Residue jfó* in Hydrolysate frS* as Thiodiglycol 

1 99 28 

CGSflDiETIAL 



CONFIDENTIAL 74c 

Discussion: The data in Table XXIVa shor that pnncr-3v.tir at nH 
of 11 in 10 days v-ill convert 8# cf th'- fixed truster of ths ral- 
phirian layer into pcmuable noltcules * hi le by buffer action «lone 
SZ% vas rendered pe-raeablc* In 16 days all of the fixed material "''s 
aade soluble (the percentage of this that ras oermeablf: raa not 
detsminec.' but it vas probably between 90 and 100^), fc'o goin? to 

thiodi glycol. 

Unfortunately the hydrolyses unintentionally wer*, carried out at 
a pH cf 11. t®) The use of the optimum pii of 8-9 for pancreatin or 
the us** of other proteolytic enzymes at -a lever pH would undoubtedly 
lower the percentage of tbiodiglycol fomnd to a much lover value. 

These two preliminary experiments indicate that enzymes --(11 
hydrolyze proteins containing fixed mustard to amino acid re?:! dues 
with most of the mustard still attached, thu<? furni shing'an amroach 
to the identification cf the foregoing mentioned substances. 

(e) In using the hydrolytic medium employee- in Organ*, 
the preparation of tryptophane fro;»’, casein, re assume 
optimum pH. 

e Synthes 
d it gave 

or 

a 

CCh dlDriTlAi 



CON Fl D® TI AL 

Vllc-a. The General ?Jechanism of Mustard Injury. 

(i) In section Vile it was shorn that the experimental data 
given in section Vila indicate that tnustard injury ia initiated by 
the following reaction, namely; 

(1) H ♦ X.->HX (fixed mustard.) where H la mustard and X 
denotes impermeable or insoluble constituants present in tissu; 
which remains Impermeable or insoluble rhen reacted rith ¡I. Th« 
actual fixation process is the alkylation by mustard of certain spec¬ 
ific groups of the tissue constituents, X. 

To the evidence viven in sections VIla-1 tc VIIc-4 shoul'5 be 
added that of section VI]a-6, namely; On a molar basis of fixed 
vesicant, there is no qualitative or quantitative difference between 
the degree of tissue injury in pig skin produced by either* benzyl 
mustard or mustard. > 

This data siso indicates that the skin injury produced by the 
mustard is due to alkylation via only one of the beta chlor-ethyl . 
groups. Thus the "intrinsic" vesicantcy of mustard is not effected 
by the theoretical possibility of the cross bridging of proteins 
through double alkylation. Since on a molar basis of fixed vosi cent 
sesquimustard is apparently slightly more notent, there Jx some 
evidence of double alkylation in this particular cese. 

(ii) The question was also raised in section Vile.as to 'bother 
or net the removal ,of fixed-H after the appearance of Injuiy shorten: 
the time of healing, i.e., is fixed-H intrinsically toxic? Ths. 
fact that B.A.L. reduces the amount of fixed mustard in human tissue 
by about 50¾ but does net decrease the healing time (section VIIa-5) 
indicates that fixed-H is probably not "intrinsically" toxic. Thus 
after the breaking of the chain of some metabolic process by the 
fixation of li produces cell death, the healing rate of this injured 
tissue is simply a matter of removal end repair. This is further 
evidenced by the fact that for comparable degree of injury there is 
no difference in the healing time of skin dame.g/ produced by either 
mustard or heat (sae section Vie). 

. Ä 

i. 



CONFIDJiNTlAL ^ 

VIII. Miscellarocus Animal Experiments. > 

VIIIa-4. à Method of Increasing the Rate and Severity oí j 
Cutaneous Injury by Mustard 1 

by F.R. Dutra and L.A. Patterson 

Purpose: To investigate trie possibility of Increasing^ 
^ the injury-producing capacity of mustard by combining it «dta Certain 

, other substances, information gained from previously reported pen¬ 
etration studies suggests that it should be possible to increase 
the ranidity and severity of injury if mustard vers combined vith 

♦ ’ an agent «hich vas freely miscible vith it and which mould penetrate 
the skin more rapidly than mustard alone. 

Experimental: Sec Ill(a-1, b, d-5, f-d, g).. Because, 
it was contemplated to tost certain cubstitneas that are net mi sc¡ble 
witii pentane (th? decontaminant which- has been used by ue In ore- 
vi ou si' reported experiments) it vas thought, desirable to us::- some 
other agent for decontaminating'tho skin after - exposure to test- 
mixtures. A series of experiments were carried, out in vhlch thr 
decontaminating effectiveness of acetone, dochloramin* T is absolute 
alcohol aqueous oerphthalic acid, a mixture of grean acap ar-¿ sodium 
hypochlorite, and sodium hypochlorite in water containing terr? tol 
vero compared vith pentane.’ The effectiveness of these docontam- 
inents vras judged by comparing threshold mustard burns that had 
been treated with the decontsainantfl being tested with thres.Vld 
mustard bums treated with eontiUic-. It was found that a 5?» solution 
of sodium hypochlorite in water containing a small amount of tar- 
gitel (a vetting agent) was as effective a decontaminant for purs 
mustard as pentane and in addition, was a good decor tarsi nan t eftsr 
exposure to the various mixtures cf mustard vith other agents which 
could not be remeved from tue skin with oentne. 

Applications cf a variety of mustard-cont'-ining mix¬ 
tures were made to the skin of young pigs in on effort to dotomine 
whether or not any of them gave promise cf being better then pur* 
liquid mustard. Substances compared vith mustard were: acetyl 
chloride, tri ethancl amine, phenacyl chloride, di chlorebenz-:ü.acctcn<?, 
di bremo ben aalacetcne, monobr cm acetone, mon^chicraoetone, ally.. 
i sc thiocyanate, dimethyl sulfate, methyl s-alicyluto, ben cnlcri de, 
nitrobenzene, ethyl cello solve, di chloracetone, ihrmic acid in sev¬ 
eral concentrations, and several mixtures "f formic acid r¡ná ethyl 
celle solve . 

4 It was found that certain conbinntiors of ethyl cell-?- 
solvc and mustard produced lesions more raajdly rnd vf gr_"t^ severity 

, than were produced by compara bl-’ e?ooöures tc pure mustard.,, mltoough 
ethyl colicsolve alone is nen-irritating. The experiment? veto 
conducted in a constant-temperature room maintain^'.', at 50°¾ • iivf 
mg. of H cr an equal volume of the mustard mixture v.-as applied in 
triplicates by means cf "halle-- ci radar cups fitted ’"ith «» filter 
paper and havirg en ’r<: < of '' o'..'.cm. r-xposcr. sites "ro s'vaboed 
immediately at th* end 'f exposure time vitii 4 c- ttci. r-^bs ?cnkc/; 
vith the meuecua sc-iium hypochlorit v contri ni ng trrdtol. 

0 
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' Exposed sites were examined at the end oi‘ 24 end 48 hours 
and tho Injuries graded as follows: 

0 - Ko reaction 

* - Faint but definite cup-sized area of erythema 

r' ft- - Intense erythese - blanched by pressure 

♦ri- - Cuo-sized hemorrhagic lesion 

+■+♦+ - Hemorrhagic necrosis and edema 

Discussion: The results of the experiments in Table IIIVb 
shoT that a 1% solution of H in ethyl cello solve is just as eifectiv: 
as pure H alone is in producing lesions on a pig ',-hen applied for the 
seme length of time. It was found that mixtures containing up to 10 parts 
of H to 90 parts of callosolvp. were likewise just as effective as pure H. 

, However, when mixtures containing 20 to 70 parts of H were applied the 
time required to produce an injury-comparable with pure h whs reduced by 
á factor of 2. Lesions resulting from applications of such mixtures 1er 
the same time intervals as for pure H were found to bo far more severe 
than those produced by tho latter, when the ratio of H to cellosolve 
reaches nearly 1:1 tho mixture is again only as effective as eure H,. 
Thus, there isa maximum in the curve vhen the concentration of H in 
the cello solve is plotted against the time -required to produce injury. 
This maximum occurs at about 25 parts by volume of fi. 

t « 
Since cello solve is knom to be a rapid ekin penetrant, 

it is probably it is probably carrying tie mustard through tho skin at 
an augmented rate. There is also the. possibility that the celle solve 
increases the amount of mustard fixed at the local application site, 
thereby increasing the severity of the injury. 

In certain experiments, pure C‘llosolve was applied by 
means of a cup to three application sites for a period of < minutes; 
these cellosolve applications were immediately followed by 2 minute 
triplicats applications of pure mustard. Mo increase in the severity 
of tho lesions as compared to the controls could be observed. These 
experiments indicate that cello solve is not altering th- state- of the 
epidermis sc- as to incroase the penetrability of n "per se." 

I 
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TABLi.. XXI Vb 
A Comparison of Injuries Produced on Skin of Pigs by 

Mustard and Must?rd-Cellosolve l.iixtures 

Agents Applied in Trip-! 
licate-/b by Volume ; Application 

PigKoJ Mustard | Et. Cello solve I. Time in Min. 

K 

C 

'o. 
Cal 
♦ 

?.f I 
fcegc 
♦♦ 

esion 
ry ol 

♦♦t 

s in £c ch¬ 
in,iury 

526-E 100 0 2 
529-L 100 0 2 
529- R 10Ò 0 2 
530- L 100 0 2 

a 
a 

3 
3 

• 

528-R 50 50 2 r 
< 1 

529-L 30 70 2 
529- R 30 70 2 
530- L 70 70 2 

• 1 
2 
3 

1 

529-L 20 80 ‘ 2 
529-R 20 80 2 
550-L 20 80 2 

1 2 
3 

529-R 10 90 2 3 
528-R 1 99 £ 

528- R 100 0 5 
529- L 100 0 5 
529- R 100 0 5 
530- L 100 0 5 

V, 
o 

1 
1 

3 
2 

r> 

1 
528-R 50 50 5 2 1 
529-L 70 70 5 
529- R 30 70 S 
530- L 30 70 5 2 

a 

•J 

529-L 20 50 5 
529- R 20 80 5 
530- L 20 80 5 

2 
1 
1 

1 
c f 
c 

529-R 10 90 5 2 
528- R 1 99 5 

529- L 100 0 g 
529- R 100 0 6 
530- L 100 0 8 

0 1 

a 
5 

n X 

3 

Average Values 
100 0 2 

30 70 ' 2 
20 80 2 

if 
* 

100 0 5 
30 70 5 

! 20 80 5 

■a 

•ÎV 

i 
1 

! 100 0 8 * 
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IX. Certain Chemical Experiments. 

IXc. Some Investigations Pertaining to Sulfonium Salts, 

by L.A. Patterson and F.C-. Henriques, Jr. 

Introduction; In section IVa-fca it was shown that the maximum 
funount of the sulfonium salt (DH-TG) present in the pig skin tissue 
extractables.following mustard application is trivial, namely, £.5¾. 
In tl:e case of human exposures to mustard, the amount of extractable 
radioactive sulfur is extremely small under all circwistances and 
thus it is concluded that aside from the 12¾ of the penetrat'd muster 
that is fixsd at the sits, the remaining PÇ/â is carried aray immed¬ 
iately bjT the body fluids (see section IVc an'1 V). Therefore it 1:- 
of interest to determine toe quantity-of sulfonium salt (r.'H-TG) teat 
is formed when small concentrations cf mustard are allowed to stand 
in both blood and. water. 

Experimental; 
Formation of DH^-TG^ during Hydrolysis of 0,0000 i, Must.u-i;-- ir 

Blood Plasma in Vitre. To a vial containing 3 cc of blood plasma at ' 
~<7°C was added 0.3 cc of alcohol containing 276$ DH*. Thi v' :1 stood 
at "7cC for 50 minutes. A 1 cc aliquot was removed, diluted to 10 cc 
and analyzed.for the total amount of radioactivity' by taking tve 1 cc 
aliquots of the diluted solution. Another 1 cc oil quot w^sanulyzod 
for DH*-TG* by placing It ir. 15 cc of cold acetone, filtering- off 
tiie precipitated material, and carrying the acetone filtrate through 
the procedure described in section lIIj-Ba for the anolysi? cf Dri^-TG* 
after removing two 1 cc aliquots fer analysis tc obtrin the amount 
of acetone extractables. The 30 cc of pot. ether extract was anal¬ 
yzed for ffi*'by taking a 5 cc aliquot, adding Ik mg. of DK carrier, 
shaking it with 5 cc of cone, nitric acid, removing. :the net. ether' 
on a steam bath, and taking t"o 1 cc aliquot? of the ,,-‘trie acid 
layer. The results are given in Table XXXI. 

Formation of Dri*-TG* in thé Hvctro^vsifi :-f 0.0006 ifestard^- 
in Water. To 3 cc of water ot 57°C was added about 500¿ cf DH* 
in 0.3 cc of alcohol. The reaction mixture was alloyed to stand 
30 minutes at ?7nC. A 1 cc aliquot was removed and diluted tv 10 Cc 
and analyzed for radioactivity by taking two 1 cc aliquots of tin 
diluted solution and adding enough DH, TG. r-nd DH-TG carriers to 
give 7 mg. of benzidine sulfaté. Another 1 cc aliquot was added to 
5 cc of ice cold DH-TG solution in a large test tube. The tub» wt?? 
quickly shaken with 1 cc of water containing 40 mg. «f picrylrulfcnic 
acid. The solution was then extracted with 20 cc of ni tr^ethane. 
The DH-TG picrylsulfcnate was isolated and analyzed for radioactivity 
ns previously described. Tc obtain the actual amount cf Dîi^-TG* 
formed it was necessary to subtract 1.5/ from the value obtained in 
the experiment as that much was formed under the conditions of the 
experiment. The results are giver, in Table XXXll. 

Determination cf Sulfcniu-: 5-Its* Fermer: in to- Hydr Iveta of 
0.000? M. Mustard* by Determining the Amount of Thic-j gl-cpi* For-rd. 
To 0.9 cc r.i. water at 3CI-C was added 0.1 cc of clcchol contalnir^ 
765/ DH*. A 1 cc aliquot was removed, iiluted t: 10 cc -ita *-atcr 
and the radioactivity deterninaa cn t-o 1 cc 'liouctc r.£ ta hlu+ r" 

COr'FlD,l.TlA:, 
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TABL2 XXXI 

Formation cf DH#-TG* -Airing the Hydrclysla cf 0.0008 M. lâust'ird^ In 
Blood Plasma in Vitro at 37CC. Tino- cf Hydrclysi s, 30 ni ñutes. 

FEH* Extractable s / DH* in DH*-TG* % of % of ü of 
added (in rDH*) Pet. Ether (as fDH*) added extrae- reacted 

to in Acetone (unreectêd) • formed DH# as. tables DH* as 
Plasma (corrected) Ki*-TG* as DH*-TG* 

LH*-TGi* 

92/ 71/ 43/ 2.2 / 2.4$ 3.1$ 4.5$ 

TABLE XXX11 
Formation of Sulfonium Salts* in the Hydrolysis of Dilute Solutions 

of rii* .in -"'uter 

Molarity t°C Tine of Method used 
_of DH* Hydrolysis to determine 

(minutes) Sulfonium Salt«* 

$ of $ of DH* 
DH* added going 

react- to Sulfonium 
ing Salts 

0.0006 M. 37 30 
0.0008 M. 30 30 
0.0008 M. 30 8C 
0.01 M. 25 70 

(b) 
(c) 

100$ 4.4$(d) 
100$ 4.7$ (e) 
100$ 4.4$ (e) 

37$ . 10.4$ (e) 

(b) Analyzed directly for DH*-TG*. 
(c) Analyzed indirectly for soif onium salts* by determining the amount 

of TG* formed. 
(d) Determined as Dii*-TG*. The correction factor of 1.3/ ?-as used 

in computing this velue. 
(e) Determined as total sulfonium salt#. Tao valur may be lof due to 

exchange reaction between DH*-TG* and TG. 

solution. At thirty and eighty minutes 2 cc aliquots were removed, and 
analysed for thj odi glycol as follows. The «11 quot rras shaken in a se;o- 
aratory funnel containing 200 mg. of thiodiglycol dissolved in 2 cc of 
chloroform. Tne chloroform layer was romcvac and discarded. Three more 
extractions with 2 cc portions of chloroform wore carried out and the 
extracts discarded (this procedure- removes any Dii* and CH* present). 
Tro 0.03 cc aliquots of the water layer were removed and the amount of 
radioactivity per milligram of benzidine sulfate determined. This anal¬ 
ysis gives the amount of TG* and sulfonium salts* present. The reminder 
of the water layer was extracted fivt times vith 10 cc portions of 
chloroform. The thiodiglycol was isolated from the chloroform extracts, 
the p-ni tro benzoate prepared «•nd analyzed for radioactivity according to 
the method given in section lllj-Ii. The amount of sulfonium salts* is 
obtained by subtracting the amount of TG* found from the radioactivity 
in the water layer after its extraction ••dth chloroform. The result;' 
are given in Table XXXI1. 

Determination cf Sulfonium ¿Salts* Ecrm- d in toe Hydrolysis of 0,01 M 
Mustard* by De-termirin? the Amount of Thr'.cdiglycel rorme*. Th* íuct; 
method was used r.s thfet given for the nsclysi?. of sulfcniur s'dt# in 
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the hydrolysis of 0,0006 M, mustard*. A mixture ?f 7 m, of Dü uid 3. 
mgr. cf DH* in 0.2 cc of alcohol was added to 4.6 cc ’'•'.ter and shaken 
for 70 minutes at SO^C. 

Resulte: The experimental data are given in Table XXXI]. 

Discussion: EH* was hydrolyzed, in v/ater at molarities of 0.0006s 
0.0008, and 0.01 (see Table XXXII), At a 0.C006 M. concentration 
4.4$ of the DH* went to DH^-TQ*. This value che-cks that obtainfor 
blood plasma (considering only the DH* vhidi reacted, so. Table LvJ.l). 
At 0.0008 fi. the mustard went tc 4.5$ sulionau’’!! salto (of rill typos). 
The method used in tills latter determination involved the determina¬ 
tion of the amount of Tü* formad after removing the DH* end CH*. 
The residual material res con si erod to be yulfc’nium salts (see 
experimental section). The v«lue obtained by this method rd<rht nos- 
sibly be low if the exclumge réaction DH*-TG* ♦ TG ^ j DH* - TG ♦ TC* 
takes place to any appreciable extent «han tba carrier TG is present 
under the conditions of the experiment. If it does not, the value 
oí 4.5$ for the sulfonium cempounds* checks that obtain?/! for the 
DH*-TG* when the hydrolysate of 0.0006 ‘a. must .rd* v s mvlyzed bj 
t different method. It rise shows that the DH*-TG* ccmoound is 
formed almost exclusively at these lev/ concentrations. At a concen¬ 
tration of 0.01 M.'mustard* to tie amount of 10.4$ wert tc sulfonium 
salts*. The larger amount cf sulfonium salts formed here is to be 
expected in view cf the higher concentration of tModiglycol sent 
in the hydrolytic medium. 

Further Data Pertaining tc the Sulfonium Soit. During thn 
development of the anolytical procedure (see lllj-5a) ussc in the 
determination of the amount of DH*-TG* femed in either nlff skin 
tissue, blood or water, certain additional data regarding the sul¬ 
fonium compound was obtained, n^moly» 

The DH*TG sulfonium compound apocare to' exist in the equilibrium 
with DH and TG in its solutions. 

' V 

Qi - TG y DH + TG 

In acetone and alcohol the'equilibrium rests t: the right. Thi2 fret 
became apparent v4ien long standing alcohol and acetone solutions of 
equivalent amounts cf mustard ond thiodiglycol were an"lyzod for 
çhlcríde ion. Only 17$ of the theoretically nossible DH-TG voi formed 
in alcohol, acetone gave only ?$. Additional evidence fvr the exist¬ 
ence of an equilibrium mixture was obtained! '«lew DH*-Tg(-1) w.\s 
allowed t- stand in 90¾ alcohol and 90$ acetone. The sacking of 
aliquots removed at various timo intervals v*ith benzene and vatcr 
causeo the DH*-TG tc enter the water layer vdii ch was analyzed for 
radjoactivity. As ths equilibrium shifted mors "ni mere DH* went 
into'the benzene layer. The non-rediretive tiJrdirlyc: 1 did net 
enter inte the analysis. In water the equilibrium rests far to the 
left sc th. t there is probably nearly 100¾ DH-TG nrnsent. Dvid-nce 
for this WH3 obtained by extracting aqueous Dti*-TG rensotedly with 
net. ether. Ko appreciable amount cf. DH* could bo extracted* 

(a) The preparation cf Oü*-TG is ^scribed in fertnot* (c) -f 
section IlIJ-?a. 
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