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ABSTRACT

The metabolic fate of lll-dimethy1hydrazine (UDMH) was studied in
fpale rats and dogs. The animals were given Intraperitoneal injections of
CIC labelled JDMH and, after an appropriate time, body tissues were examined
by paper chromatography. Six compounds were found, although not all appeared
in every tissue. Three major compounds were present in urine* Identification
showed one (3-10%) to be the glucose hydrazone of MMD, and another appeared
to be unreacted UDM (50-60%). The structure of the third major component
(20-25%) was not determined, although its chemical and chromatographic be-
havior suggested that it was a hydrazone or hydrazide of a compound of higher
molecular weight than acetic or pyruvic acid, Various analytical procedures
were employed for the determination of UDMH in urine, and the trisodium
pentacyanoaminoferroate (TFF) procedure was found to be the most sensitive
and most specific qualitative method of those tested.
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I. INTRDUCTIW

The compound 1, 1-dimethy1hydrazine (unsymmetrical dimethylhydraZine,
UDMH), in common with hydrazine itself and other derivatives, serves as a
high-energy fuel. The toxicity of compounds of this class has long been
recognized, and it constitutes a health hazard both for personnel using them
at military establishments and for civilian workers at sites of manufacture.
The routes of administration appear to have little effect on the texicities.

MoKennis et al. (refs. 1,2,3) have studied the metabolic fate of
bydrazine and cerr-ai•-physiologioally significant derivatives, Their reports
showed that while diacetylation occurs in man and rabbits, only monoacetyla-
tion occurs in dogs* Possible metabolic products other than acetyl compounds
were not investigated.

In the case of UDMH, it is unlikely that diacetylation could occur in
any species* Acylation of a nitrogen atom that already possesses one acyl
substituent is a very difficult process, and acylation of the dimethyl-
substituted nitrogen atom could not occur without prior or simultaneous
demethylation.

The prospects for finding effective therapeutic measures would be
greatly improved if the fate of UDMH were known. Thus, if it were known that,
biologically, a particular compound reacts with and binds UDMH, that substance,
if not toxic itself, could be used to overcome the effects of MDH-induced
convulsions in monkeys (ref. 4). The in vivo formation of the dimethyihydra-
zone of pyridozal-5-phosphate is considered a probable cause of interference
with some pyridoxal-requiring enzymes of the nervous systems Therefore, def-
inite knowledge of the nature of the metabolites of UDMH is very desirable.
The research described subsequently was designed to provide this desired in-
formation.

II. MATERIALS AND NTHMDS

Experimental Animals

Rats and dogs were subjected to doses of DMNH by intraperitoneal (i.p.)
injection. Urine was collected in metabolic cages. All animals used were
given water ad libitum, but food was not provided during experiments * Animals
used for tiss'uetudies were killed by decapitation (rats) or electrocution
(dogs).

Materials

l, l-dimethylhydrazine ("Dimazine") was obtained from the Chlor-alkali
Division, Food Machinery and Chemical Corporation, New York, New York.

C1 4-labelled UDMH was synthesized by and obtained from Traoerlab Inc1 ,
Waltham, Massachusetts., This material had a specific activity of 5.74 x iO"
mo/mM. UEMH with a specific activity of 1.90 x 10-3 me/WM (25 po/lml) was
obtained through the courtesy of Dr. K.C. Back, Toxic Hapards Section, Bio-
medical Branch, Wright-Patterson Air Force Base. The CJ4-UDM was diluted with
0.2) M citric acid, divided into aliquots in ampules which were then sealed,
and stored in a freezer. For use, the contents were thawed, the ampule was
opened, and a basic solution (0.5-1.0 M Na2HP04) was added to produce the de-
sired final concentration and pH. This procedure avoided the gradual decompos-
ition of UDNH encountered in the absence of such precautions.
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PPO (2,5-diphenyloxasole) and POPOP [l,24-bis.-2-(5-phenyloxa.o3,vl)-
bensene were obtained from the Packard Inntrumant Company, Ia Oranges Illinois.

Trisodium pentaoyanoaninoferroate (TPF) was a Fisher Chemical
Comparn products batch No. 782190. Some preparations of this compound were
found to produce little color upon reaction with UDMH, so all the work was done
with a single batch found to be satisfactory.

All other chemicals used were highest-quality commercial products.

Chromatograph

All chromatography was conducted using the descending technique on 1" x
22 1/2" strips of Whatman No. 1 paper. Sizes of aliquots were chosen to keep
the amount of UDMH below 10 micrograms. No pH adjustment was made on biologi-
cal samples because of the danger of altering equilibria between free and bound

Preparation of Tissues for Radioactivity Measurements

The animals were killed as described above, the organs were immediately
removed, trimmed of excess fat, and the wet weight determined. Representative
portions of each organ weighing 0°5-1.0 gram were homogenized in the cold with
2 volumes of 1.1,% aqueous KC1 solution. Aliquots (0.01-0.10 ml) were placed
in counting vials, and 20 ml of scintillation liquid was added* Aliquots of
blood and urine were placed directly in vials with scintillation liquid. The
vials were shaker, briskly to obtain a homogeneous liquid and then counted.
The scintillation liquid was prepared by dissolving 490 g of PPO and 0.1 g
of POPOP in 1,000 rl of an 80:20 mixture by volume of toluene and 95%
ethanol.

Preparation of Chromatograms for Radioactivity Measurements

The dried, developed chromatogran strips (1" x 22 1/2") were cut into
small strips (0.4" x I"), and each such small strip was added and the vial was
shaken and counted. Orientation of the strips in the vials was experimentally
determined to have no effect on count rates.

C3'4 Counting Techniques

All counting was done in a Tri-Carb liquid scintillation spectrometer
(Packard Instrument Company). Tissue samples were counted for periods of time
sufficient to give a standard deviation no greater than +10%. Chramatogram
strips were counted 3-5 minutes, and the standard deviation varied from +5% to
* 20%, depending on the count rate. Backgrounds were determined using tTssues
from control animals or strips from control chromatograms. The counting
effic pncy of the instrument was found to be 50-60 % using control samples of
the C1-UDMH° Quenching factors were determined for each sample by adding 1 ml
of a 1 to 100,000 dilution of the low specific activity C14-UD9M in scintillation
liquid and repeating the counts. Counts per minute (cpm) were converted to
disintegrations per minute (dpm) using the quench factor for each sample, and
these activities were equated to micrograms of UDMH.
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IIM RESULTS

A. DETECTICK AND DETEMINATIH (F UDNH

1. Selection of Reagent

An investigation was conducted of reagents and methods which have been
proposed for the detection and/or determination of UDM or other hydrazines.
Those included were aswoniacal silver nitrate (refs 5), p-dimethylaminobenzal-
dehyde (DAB) (ref.6), phouphomolybdic acid (PMA) (ref. 7), pridoxal phosphate
(PALP), and trisodium pentacyanoaminoferroate (TFF) (refs 8 * Although the
first three reagents mentioned are lacking in specificity, two of them (DAB
and PMA) were selected as spray reagents for the chromatographic studies
described latere The PALP reagent was found to be less sensitive for UDMH than
TW, so the latter was adopted as the reagent of choice for determining UDMH
in urine. TFF was also used as a chromatographic spray reagent.

A published method for measuring UDMH in air, water, and blood (ref. 9)
was modified for our use an follows: A l-5 ml sample was mixed with enough
citrate-phosphate buffer (0.023 M citrate, 0.055 M phosphate, pH 5.4) to make
a total volume of 10.0 ml. Next, 1.0 ml of a 0.1% aqueous solution of TPF
was added and the reaction was allowed to proceed for 60 minutes* The optical
density was measured at 500 mg against a reagent blank set to zero optical
density. However, the fact that many samples of urine contain materials which
interfere with the development of a full color poses a serious disadvantage.
Consequently, attention was directed toward determining the nature and over-
coming the effects of the urinary inhibitors(s).

2. Inhibitor of TFF Reaction

Preliminary experiments were conducted to determine whether or not the
interfering materials were ions* Aliquots of an inhibitory urine were treated
with calcium chloride (0.01 M), aluminum chloride (0.01 M), ethylenediaminetetra-
acetic acid (FPDTA, 0.01 M) and mercuric chloride (3 x 10-4 M). The last-named
compound caused a further decrease in color formation by reacting with TPF,
but the failure of EDTA to overcome the normal inhibition ruled out metal ions
as the factor responsible for low values* Anions which form insoluble calcium
salts, such as oxalate, sulfate, and carbonate, were likewise eliminated from
consideration by these experiments. Thiols, as well as thiosulfate and
thiocyanate ions, were eliminated by conducting UDMH analyses with TPF on
samples treated with silver nitrate. The precipitate obtained was removed,
and the excess silver ion was precipitated by adding KCM. The filtrate from
the AgCl was employed for analysis, and it gave the same result as the un-
treated urine.

Next, the effect of concentration of UDMH in urine on the degree of
inhibition was investigated. A sample of urine known to exhibit inhibition
was selected, and various known amounts of UDMH were added to aliquots of the
urine, The U3(H was determined by the TFF procedure previously described.
Aqueous standards were similarly aralyzed. The results (figure 1) suggested
that the inhibitory substance in urine exerted its influence by reacting with
the TPF reagent, rendering the TPF concentration insufficient for full color
development.

3



0- AQUEOUS
STANDARD

70

4~0

230

URN

0 10 20 30 40 5D 60 70 80

UDMH ADDED, MICROGRAMS/.I

Figure 1. Effect of UDMH Concentration on
Recovery in Urine

The possibility that inhibition might be overcome by using more TPF was
investigated by conducting analyses with four concentrations of TPF Solutions
of UDMH (40,ag/ml) in water and in an inhibitory urine were prepared. Aliquote
of each were analyzed in the manner previously described using various concen-
trations of the TPF reagent. The results (table 1) supported the conjecture
that a TPF concentration of 0.1% was insufficient in the presence of urine and
suggested that a concentration of at least 0.2% should be used.

TABLE 1

EFFECT CF TPF CUNCENRATION CK UDMH R'ECOERY

Concentration of Optical density at 500 mj.& Percent
TPF reagent Aqueous standard Urine + UDIV of standard

0.:% 0.499 0.203 40
0.2% 0e477 0.h72 99
0.5% 0.524 0.537 103
1.0% 0.526 0.589 110

To demonstrate the usefulness of high TPF concentrations for quantita-
tive determination of tDMH in urine, four specimens of human urine wore usede
UDMH (20 Ag/ml) was added to each and 1.0 ml aliquots were analyzed using both
0.1% and 0.5% TPF. For the latter reagent concentration a reaction time of
15 minutes was used because the maximum color was attained in this shorter time
under these conditions* An aqueous standard of 20 pg/ml was similarly analyzed.
The data (table 2) showed that a recovery of at least 91% of the added UDMH was
obtained in all cases using the 0.5% reagent while the best recovery using the
0.1% reagent was only 59%.
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TABZE 2

EFFECT CF HIGH TFF CCtOENMRATION (K UDMH RECO1FMIES

Observed UDN Percent
Sile concentration, InhibitionMX• TF 0.5r, TFF 0._.. 0. %

Aqueous standard 20.0 20.0
Urine 1 5.1 19.1 74.5
Urine 2 10.6 18.2 47.0 9.0
Urine 3 9.2 19.0 54.0 5.0
Urine 4 11.8 18.8 41.0 6.0

During the study described immediately above, it was noted that the
optical density of a mixture of urines buffer, and TPF reagent was greater than
the sum of the optical densities of urine plus buffer and buffer plus TPF* The
possibility that the urinary constituent responsible for this phenomenon was
the source of "inhibition" of color formation was investigated. UDMH (20 jg/ml)
was added to a portion of each of 9 specimens of human urine* The reaction
mixtures described below were prepared and, after a 60-minute reaction period,
the optical density of each was measured at 500 mg against distilled water.

a. 1.0 ml 20 •g/ml aqueous UDM•H standard, 9.0 ml buffer, 1.0 ml 0.1% TPF.

b. 1.0 ml water, 9.0 ml buffer, 1.0 ml 0.1% TPF.

c. 1.0 ml urine containing 20 pg/ml UDMH, 9.0 ml buffer, 1.0 ml
0.l% TPF.

d. 1.0 ml urine without UDMH, 9.0 ml buffer, 1.0 ml 0.1% TFF.

e. 1.0 ml urine without UDMH, 9.0 ml buffer 1.0 ml water.

The degree of inhibition was calculated for each urine specimen 1:y the
relation:

Percent Inhibition (A-B) - (C-D) (1)SA-H OO i

the terms (A-B) and (C-D) being the optical densities of the standard and sample,
respectively, when measured against the corresponding blanks. The "apparent"
UDMH (the concentration of UDMH in water that would produce an identical re-
sult) of urine containing no MDM was calculated as

tkg/nl UVPM equivalent - DB x 20 (2)

The results (table 3)showed a lack of correlation between the two values oal-
culated. The normal urinary constituent that produces optical density at 500 mik
upon reaction with TPF was, therefore, shown to be only one source of the
apparent inhibition.

These data indicated that other inhibitory urine constituents react
with TPF without producing optical density at 500 mp. A brief study of spectral
changes occurring during the reaction of TFF with urine revealed an increase
in optical density at 394 mý, presumably because of these other constituents.
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TABLE 3

LACK C( C(RELATICE WRTEM INHIBITICN AND TWF REACTION

sa8le Percent Apparent UMH
Noe. inhibition in urine, zg/m:l

1 88 3.7
2 79 5.5
.3 76 41.0
14 75 0.2
5 55 0.1
6 so 3.5
7 44 3.3
8 37 4.0
9 32 4.6

The use of high concentrations of TPF will largely overcome the effects
of inhibitors in recovery experiments such as those described above. Howeverp
the presence of normal urinary constituents that give rise to color at 500 mtl
with T1W renders such a procedure useless for real samples. No appropriate
blank urine, identical.with the sample except ?oUDMH, would be available, so
erroneous results would be obtained. If the tJDMH of a sample could be de-
stroyed or bound by a reaction without affecting the inhibitors, a suitable
blank would result. The possibility of achieving a selective destruction or
binding of TUDN in urine was the subject of the next phase of this study.

39 Selective Destruction or Binding of UDMH

Hydrazines react readily with carbonyl compounds to form hydrazones
or hbydroxymethylhydrazines, and hydrazones are also readily oxidized by
oxidizing agents. One compound of each class of reagents was selected for
study, formaldehyde as a carbonyl compound and iodine as an oxidizing agent.

a. Formaldehyde (HCHO)

Preliminary experiments showed that UDIH in aqueous solution was
destroyed (or bound) by less than 4% HCHO. Solutions resulting from this
treatment behaved exactly like a water blank on addition of TPF. The useful-
ness of HCHO for overcoming the effects of inhibition was then tested* UDMH
(40 og/ml) was added to a portion of a strongly inhibitory urines and the
following reaction mixtures were prepareds

A. 1.0 ml of urine containing 40 g/ml JDMH, 9.0 m1 of buffer,
and 1.0 ml of 0,5% TFF.

B. 1.0 ml of urine containing 40 pg/ml IMH, 8.0 ml of buffer,
and 1.0 ml of 35% HCHO. After 30 seconds, 1.0 ml of 0.5 TPF was added.

C. 1.0 ml of a h0 v4/ml aqueous UDMH standard, 9.0 ml of buffer,
and 1.0 ml of 0.5% TPFe

D. 1.0 ml of a e40 tg/ml aqueous UM standard, 8.0 ml of buffer,
and 1.0 ml of 35 % HCHO. After 30 seconds, 1.0 ml of 0.5% TPF was added.

E. 1.0 ml of urine (no UDMH)s 9.0 ml of buffer, and 1.0 ml of
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F. 1.0 ml of urine (no UDMH)s 8.0 ml of buffer, and 1.0 ml of
HCHO. After 30 seconds, 1.0 ml of 0.5% TPF was added.

The optical densities of solutions B,D, and F were measured 15 minutes
after addition of TWF against A,C, and E, respectively. The optical densities
correspond in the order given, to the values shown for "Urine + UDMH",, "Aqueous
Standard", and "Direct TPF Reaction" in table 4. The value 0.057 found for
the "direct reaction" indicates that HCHO destroys the urine constituent that
produces optical density at 500 mp with TPF. In practice this "direct reaction"
value, which is equivalent to 4.2 pg/ml of UDMH, would not be available, and
the analytical results would be in error by 4.2 gi//ml. Therefore, this method
of determining UDMH is not usable.

TABLE 4

EFFECT OF FCMALDEHYDE

Optical density
p at 500 mp

Urine + UMDG 0.560
Aqueous Standard 0.538
Direct TPF Reaction 0.057

b. Iodine

Preliminary experiments showed that UDMH in aqueous solution was
very readily coidized by low concentrations of 12. All the urine samples
examined also reacted with iodine, so it was necessary to add considerably
more iodine when urine was present than would be required by the UDMH. Usually,
1.0 ml of iN 12 was used. It was also necessary to remove any unreacted 12
prior to adding TPF. This removal was accomplished by extracting with
chloroform.

UflM (40 pg//ml) was added to a portion of an inhibitory urine and also
to distilled water. For convenience, enough buffer and water was added to
1.O ml of sample to give 12.0 ml of solution to be extracted, and 10.0 ml of
the extracted solution was used for color development using 0.5% TPF and a
15-minute reaction time. A reference standard was also run using the same
dilutions, but without iodine treatment or extraction. The results are given
in table 5.

TABIE 5
EF.nCT (F IODINE ON URINARY UDMH DETERMINATIONS

Sample Bid* Optical density• 500 mp
No.* canposition composition sample vs. blank

A UDMH, H20,buffer, TPF H2 0, Buffer, TWF o.466
B UDMH, H20 buffer, TW UDMH, I29H 20, buffer TPF OIh77
C UDMH,Urmne, buffer,TPF UDMH, Urine,1 2, buffer,TFF 0.434

D UDMH, Urine, 12s buffer Urine, UI?*H buffer 0.048

3 Urine, 121 buffer, TPF Urine, 120 buffer 0.057
F Urine, buffer, TPF Urine, buffer 0.057
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The data indicated: (1) I2 did not significantly oxidise the urine
constituent that gave optical density at 500 mg with TPF (compare lines E and
F), (2) the reaction of 12 and UDMH did not produce optical densit: at 500 mi

the optical density of line B was not smaller than that of line A), and
3) some component of the urine was oxidized by 12 to a product which absorbed

light at 500 mIA (line e).

To obtain a value for the UDMH-TPF reaction alone, it was necessary to
add the values from lines C and D. This conclusion arose from consideration
of the causes of absorption of light in the various solutions. The materials
which could be responsible for absorption of light are:

Product of the reaction between UDtH and TPF, designated U
Product of the reaction between urine and TPF, designated V
Excess TWO designated W
Unreactive urine constituents, designated X
Product of the reaction between urine and 12, designated Y

The components which would be present in the solutions of interest are:

Sample C1 U+V+W+X
Blank C: V+W÷X÷Y

Net optical density C-Sample C-Blank C-
(U+V+W+X)- (v+w+x÷Y)-U-Y

Sample D: Y+X
Blank Dsi X

Net optical density D-Sample D-Blank D-
(Y¥x)-(x)-r

C÷fl(U-Y)+4-U, the desired value

The result of this calculation, using the data of table 5, was 0.482,
and comparison with the standard (line B) value, 0.477, indicated a recovery
of 101.

Although extensive testing has not been conducted, it appears that a
quantitative method for UDMH in urine can be based on the oxidation of UDMH
with iodine, to form a suitable blanks and the use of 0.5% TPF. The tentative
procedure follows.

Place an appropriate aliquot (not more than 8 ml) of the urine sample
in each of four tubes* Add 3 ml of citrate-phosphate buffer, pH 5.4 (prepared
by mixing 2 volumes of 0.2728 M Na2HPO1 and 1 volume of 0.2284 M citric acid),
and dilute with water to 11 ml in tubel 2 and 3i 12 ml in tubes 1 and h. To
tubes 2 and 3 add 1 ml of 1 M iodine solution, mix well and allow to stand for
5 minutes. Extract all four solutions with 5 ml portions of chloroform until
the aqueous phase is free of 12. When the phases have separated, transfer
10 ml of each aqueous layer to another tube.

Add 1 ml of 0.5% TPF to new tubes 1 and 2, and add 1 ml of water to
tubes 3 and 4. Read the optical density of number 3 at 500 mp with number 4
set to zero. Call this reading A. Fifteen minutes after the addition of
TPF to the other tubes read the optical density of number 1 with number 2
set to zero, and call this reading B.

Add A plus B and, from a standard curve (aqueous solution of
UIRH), determine the final concentration of UDMH giving an optical density
equal to A plus B. Calculate the UDMH concentration of the urine sample by
the relation:

8



UDMH w (pg/ml equivalence of A plus B) x 12 x 1

7 -7

where V is the volume of the aliquot of urine used as a sample.

The use of an analytical method such as this, which is specific for
free UMNH, in conjunction with another, less specific (p-dimethylamino-
benzaldehyde) method, may produce values whose ratio is indicative of time or
extent of exposure.

B. IDENTIFICATION OF METABOLITES

le Distribution and Balance Studies

To determine which tissue was most desirable as a source for the study
of UDMH metabolism, distribution studies using C.W- labelled UDMH were conducted.
Six female Sprague-Dawley rats, weýghing 200-250 grams each were given intra-
peritoneal (i.p.) injections of C±-4UDMH at a dose of 40 mg (38 &c) per
kilogram of body weight. Three animals each were killed at 1/2 hour and 4
hours postinjection, and tissues were removed and weighed@ Tissues studied
were brain, kidney, liver, heart, blood, and urine. To obtain a material
balance, the carcass remaining after removal of the tissues was included in
the distribution study. The results are given in table 6.

TABLE 6

DIS'RIBUTION AND MATERIAL BALANCE STUDIES ON CI-UL{MH IN RATS
Concentration UDMH in tissue and percent

total dose recovered
• if liour L& hours

Brain 29 0.6 20 0.4
Kidney 78 1.4 34 0.6
Liver 38 3.0 63 3.7
Heart 12 0.1 20 0.2
Blood 12 1.3 21 2.7
Urine U15 5.7 540 18.9
Carcass 32 75.8 19 51.2
Total Percent Recovered 87.9 77.7

Although the data of table 6 refers to experiments with rats, similar studies
on dogs showed essentially the same distribution pattern.

The relatively large amounts of UDMH remaining in the carcass prompted
the individual study of other organs and tissues (stomach, spleen, intestine,
muscle, lung, and adrenals) to determine whether or not one of these was
concentrating the material. It was found that no significant concentration
was effected by any tissue except urine.

Reasonably satisfactory recoveries of C14 activity were obtained in
these studies, but the lower recoveries encountered with the longer experi-
ments suggested that losses due to respiration might be occurring. This
possibility was investigated as described in the next section.
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2,. Respiration Studies

The possibility of elimination of a portion of the injected MMH via
respiration, either as UMU or as Co02 was investigated. Two rats were injected
i.p, with 40 mg (38 i&c)Ag of C114-UDMHt and each was placed in a respiration
chamber in a train (shown schematically in figure 2).

AI -FL] t ASCA__ RAT _HSO a04 DRY~ AS CA - 'HaI -P • t -RTTE 2 4 HOODTE

A 8 C D E F G H I J

Figure 2, Respiration Train

Air from the laboratory source (A) passes through a water
scrubber (B), an absorbent cotton scrubber (C) to remove moisture
partially, and an Ascarite tube (D) to remove incoming CO2 before
entering the "test chamber" (E) where the rat is confined during
the test. Expired gases are carried by the air stream through an
acid scrubber (F) which removes basic gases, then through a
saturated barium hydroxide scrubber (0) to absorb C02 and other
acidic vapors, then through a dry-ice trap (H) to condense any
neutral vapors. An Ascarite tube (I) is attached to prevent
moisture from backing up into the dry-ice trap and the effluent
gas is finally vented into the hood at (J). The acid, barium
hydroxide, and dry-ice trap contents and the urine were analyzed
for radioactivity with a liquid scintillation spectrometer.

After 4 hours the animals were removed, the receiving traps were re-
placed with fresh traps, and the air flow was continued for an additional 8
hours. Aliquots of all trap contents were examined for radioactivity with the
results shown in table 7.

TABIE 7

COMROL RUN FCR RESPIRATION STUDY

Total CPM Percent of injected material
Sample With rat Without rat With rat Without rat

Acid Trap 14,000 30,000 0.5 + 0.O5 0.2 + 0.02
Ba(OH) 2 Trap 98,000 133,000 3.3 :± 0.18 4.2 7 0.25
Dry Ice Trap 7

If respiration were the sole, or even the principal, source of gaseous
C14 compounds collected in the traps, the amount collected after removal of the
rat should have been quite small compared to that obtained with the rat pre-
sent. The relatively high value obtained after removal suggested that most of
the material collected during the rat's stay in the cage was derived from the
same source as the later portion, i.e., urine as it dried in the cages. It can
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be safely estimated that certainly no more than 2% (probably much less) of the
injected tDM was lost via the respiratory tract.

3. Chromatoraphic Examination of Tissues

All tissues used in the distribution studies (including blood and urine)
were examined by paper chromatography. Aliquots (0.02-0.05 ml) of each
homogenate or fluid were placed 2 1/2 inches from the end of 1" x 22 1/41
strips of Whatman No. 1 filter paper, dried, and developed 12-15 hours by the
descending method with a butanol-acetic acid-water (2:l1l by volume) solvent.
After drying, duplicate chrmaatograma were examined by spraying with: (a) 0.5%
p-dimethylaminobenzaldehyde (DAB) in a 991l mixture, by volume, of 95%
ethanol and concentrated HClj 1 (b) 0.1% aqueous solution of TPF. Other
duplicates were examined for C• activity.

The spray reagents rarely revealed more than two areas, but the
radioactivity measurements consistently detected three major peaks in each of
the tissues studied. Three lesser peaks, which may be artifacts, were
occasionally encountered. None of these was present in all of the tissues.
The Rf values for all six chromatographic peaks and the tissues in which they
were encountered are shown in table 8s The data showed that at least three
different substances were present in rat tissues following i.p. injection of
UDMH.

TABZZ 8

CORCI4AT0CRAPHIC C14 PEAKS

Approximate
Rf range Status Tissues in which peak appeared

0.42 + 0.03 Definite Urine, brain, blood, heart, liver, carcass
0.52 7 0.03 Probable Liver
0.63 * 0.03 Definite Urine, brain, blood, heart, liver, carcass
0.73 ± 0.03 Probable Brain, blood, heart, liver, carcass
0.82 . 0.02 Definite Urine, brain, blood, heart, liver, carcass
0.91 • 0.02 Probable Blood, heart, liver, carcass

Detection of peaks in chromatograms prepared in the manner described
from dog tissues was not possible because low specific activity Cl•4-UDfm was
used for injection into the dogs. An approximate 30-fold concentration was
necessary to achieve levels of radioactivity comparable to those obtained in
the rat studies described above. Liver was selected for chromatographic
comparison because it was the only tissue in the rat which ever showed all
peaks shown in table 8. A 0-ml portion of dog liver homogenate was
lyophilized, and the solid was redissolved as completely as possible in 2.0
ml of water. Radioactivity measurements on chrcmatograme of 0.02 ml of the
resulting solution revealed peaks at Rf values of 0.42, 0.60, and 0.81. These
values correspond well with those of the three definite peaks shown by rat
tissues. The minor peaks were not detected.

Numerous chromatograms of urine from rats and dogs which had recelyed
C14-U18¶ injections were prepared and examined by chemical spraying and CJ4
counting techniques. Measurement of radioactivity was considered the most
reliable method of study because spray reagents are either non-specific (DAB,
phosphanolybdic acid, AgNO3 , etc) or are too specific (TPF). Reagents in the

311



first category would produce colors with many urine constituents which were
not related to UD1H* On the other hand. TPF produces a pink color only with
UDMH under the conditions used in chromatographic studies. Therefore, it
would not detect metabolites on chrcmatograms. A typical chromatogram of rat
urine examined for radioactivity is illustrated in figure 3' The peaks at
Rf values O.4, 0.63, and 0.84 were consistently encountered, while a shoulder
at Rf 0.56 was sometimes present, sometimes not.
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Figure 3. Chromatogram of 24-hour Rat Urine in Butanol-Acetic Acid-Water (2:1:1)

Results with spray reagents have exhibited too much variab2lity for
them to be reliable. DAB occasionally detected a substance at RE 0.82 by the
production of a purplish color rather than the yellow to orange color given
by urea, amines, and hydrazines, TPF sometimes failed to detect the substance
at Rf 0.63, believed to be free UDMH, even when radioactivity measurements
indicated the presence of 6-10 times the quantity of UDMH required for a
positive TPF reaction.

Chromatograms developed in a different solvent system exhibited a
different pattern. An example of a chromatogram of rat urine developed with
the solvent system butanol-ethanol -0.5 N NH40H (4:1:1 by volume) is pre-
sented in figure 49 The two peaks observed with this solvent appeared to
correspond to the two having Rf values 0.44 and 0.84 in the previous solvent.
The basis for this belief was the following study:

Chromatograms of aqueous solutions of C4 -UDMH were prepared using
the same solvpnt system. Radioactivity measurements showed approximately
95% of the C1.4 was lost from the paper strips, the remainder being found at
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the origin. Examination of the solvent remaining in the chromatogram tank
revealedz hat it contained the radioactivity missing from the strips UDMH
travels with an Rf of approximately 0.6 in the butanol-acetic acid-water
system, so the peak which was missing appeared to be UDNII.

These chromatographic studies established the presence of two major
metabolites and UDMH in urine of rate after injection of UDMH.
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Figure 4. Chromatogram of 24-hour Rat Urine in Butanol-EU~anol-0.WN
Ammonia (4:1:1)

4. Large-Scale Fractionation Studies

Attention was next directed to means of separating the metabolites
found in urine in quantities sufficient for identificationo The approaches
considered weres (1) countercurrent extraction of urine with an organio solvent,
(2) extraction of lyophilized powder from urine with an organic solvent, and
(3) column chromatography on an ion exchange resin.

Preliminary experiments on licpqid-liquid extractions were conducted at
four different pH values (2.5, 5.0, 7.0 and 10.0) and with the solvents 1-
butanol, toluene, diethyl ether, n-heptane, and carbon tetrachloride. After
adjustment of the pH of portiona of a 24-hour urine sample from a rat which
had received an i.p. injection of 40 mg/kg C24-UDN, 0.5 ml aliquots were
extracted by shaking vigorously with an equal volume of the extracting sol-
vent. The mixtures were centrifuged to assure complete separation of phases,
and aliquots of the organic layer were taken for measurement of raiLoactivity.
Of the solvents tested only butanol extracted at least 1% of the CJ activity
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at all pH values., Toluene extracted 2.5% of the C14 activity at pH 10.0, but
very little at the lower pH values. Consequently, butanol was selected for
more intensive study*

A 10-tube countercurrent distribution study was conducted using equal
volumes of urine (24 hour collection, postinjection) and water-saturated
butanol, the entire system being buffered at pH 7.4 with 0.01 M phosphate.
Although the number of distributions used was insufficient for accurate
measurements of distribution coefficients or for separation of metabolites,
estimates of the magnitudes of the coefficients could be made. The results
indicated that at least three different C1 4-labelled materials were present.
The distribution coefficients (C organic/Caqueous) of the three definitely
present were 2-3, approximately I, and less than 0.06, and the relative
proportions were It2ts, in order of decreasing coefficients. The use of a
countercurrent fractionation for separation would require either a very large
number of distributions or larger portions of extracting solvent with
consequent dilution. Therefore, the second extraction procedure was evalu-
ated.

Urine from 4 rats given i.p. injections of UDM (40 mg/kg: 38 Pc/kg)
was colected for 24 hours and pooled. Portions of the pooled sample were
adjusted to pH values 2.5, 5.0, 7.0, and 10.0, and several 0.5 ml aliquots
of each adjusted sample were lyophilized in test tubes* Duplicates were
extracted by stirring 10 minutes with 0.5 ml of the solvent being studied.
The mixtures were centrifuged and radioactivity was measured in 0.1 T4l of
the supernatant. Water was included as one of the solvents to permit
detection of losses due to volatilization or decomposition. The counting
time was 1 minute for each sanple and background was subtracted before
equating the count rates to micrograms of UDMH. The results (table 9) are
the averages of duplicate samples, and duplicates agreed within 10% except
for some of those with very low count rates.

Of the solvents tested, only ethanol and butanol appeared to be of
further interest, t~e latter appearing more promising because it extracted
only part of the CAL4 activity. Paper chromatography of such butanol extracts
showed that they contained most of the same Cl-labelled substances that are
seen in tissue chromatograms, including all the major peaks (see table 8).
Fractionation was not achieved, so attention was turned to ion exchange
methods.

A 45-mal portion of the pooled 24-hour urine specimens from 10
experimental rats was passed through a column of 110 ml (wet volume) p; Dowex
50W-X4(H+) resin. The column was washed with distilled water until CIW
activity was no longer being eluted* The activity in the total effluent to
this point (Fraction A) amounted to 8 percent of the total applied. The
material was not retained by the column and its early appearance was not a
result of saturating the resin with the substance. Attempts to elute the
remainder of the activity from the column with NAC1, CaC12, and HCl at con-
centrations of 0.01-0.10 M were uniformly unsuccessful. When 0.4 M HCl was
used all the residual activity was eluted, but no fractionation was achieved.
A broad, badly tailing fraction was obtained, and it was not investigated
further.
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TAFLE 9

EXTRACTION OF LYOPHILIZED URINE

MM conoentration in extract and Zment recovered
pH

2.5 5.0 7.0 10.0

Solvent ar-mIm H& gq -V

H20 170 94 170 94  168 93 72 39

95% Ethanol 170 94 170 94 170 94 39 21

Toluene 9 5 7 4 4 2 2 1

Ether 7 4 5 3 3 2 1 1

Butenol 150 83 90 49 110 60 58 32

Heptane 1 0 1 0 1 0 1 0

Carbon
Tetrachloride 1 0 1 0 1 0 1 0

Fraction A was Iyophilized, redissolved in 6 ml of water, and
decolorized by treatment with 0.6 g of Norite A. Paper chromatograms were
developed in the butanol-acetic acid-water system and examined. A large peak
at Rf 0.38-0.52 was shown by both DAB and TPF sprays and a urea spot
( 1 0.60) was revealed by DAB. The latter spot was devoid of C14 activity,
although the former was active.

The lack of a suitable method for separating metabolites on a scale
large enough to permit the use of classical methods of identification made it
necessary to use another approach. One such approach is to compare the
chromatographic and/or chemical behavior of unknown metabolites with the
behavior of authentic samples of suspected metabolites. Several possible
metabolites were, therefore, prepared and studied as described below.

5. Synthesis of Possible Metabolites

a. cl 4 -labelled compounds

Acety1dimethylhydrazide

Acetic anhydride (6.0 ml, 0.064 mole) was placed in a 25 ml glass-
stoppered flask and chilled in ice water 15 minutes. Wbile swirling
constantly in the bath, 3.0 ml (2.4 g, 0.04 mole) of C1i-UDMR (25 tc/ml) was
added dropwise. After all the UDMH was added, a 20 V1l aliquot was counted,
the flask was stoppered, and the reaction mixture was allowed to stand at
room temperature (26"C) 1-3/1 hours. The reaction mixture was diluted with
approximately 10 ml of water and rendered slightly alkaline (pH 8.0) by the
dropwise addition of 6 N NaOH.

To test the formation of the hydrazide, 0.1 ml of the alkaline
solution (total volume 27.0 ml) was added to 5 ml of citrate-phosphate buffer
(pH 5.4) and the pH was adjusted to 5.4 with 0.1 M HC1. Additional buffer was

15



added to make a total volume of 10.0 ml and the UDMH concentration was
determined using 0.1% TPF. Although the aliquot used represented over 100 4g
of UDMH, the color produced with TPF corresponded to less than 5 pp. A
similar aliquot hydrolyzed by heating with alkali prior to determining 'tDMlH
produced an intense color with TPF. Apparently more than 99% of the 'TD'.1 was
converted to the acetyl hydrazide.

Pyridoxal phosphate dimethylhydrazone

Five hundred mg (2.00 millimoles) of pyridoxal-5-phosphate was placed
in a 16 x 150 mm test tube, and 1.0 ml of a solution containing 0.1 g (1.67
millimoles) of ClU.UDMH (3.1 pc) and 0.1 g (1.67 millimoles) of acetic acid
was added. The mixture, which was a semi-solid gel, was heated in t oiling
water for 1/2 hour. Additional hot water was added (7.0 ml) and, although
much of the solid remained undissolved, the mixture was cooled in ice water
and filtered. The solid was recrystallized from 50 ml of hot water (boiling
water bath, temperature of mixture about 900C), producing a yield of 313 mg
(65% of theoretical based on UDMH).

An aqueous solution of the recrystallized material was prepared
containing 12.96 mg (2.6 mg UDMH) in 5.0 ml of water at 50.C. One-tenth ml
aliquots were used for C14 determination, giving a count rate of 7A5± 9 cpM,
corresponding to a UJDMH concentration of 0.504 mg/ml, or a purity of 93.K%.

Fyridoxal dimethylhydrazone

The procedure used for this compound was the same as that used for
pyridoxal phosphate dimethylhydrazone. Greater solubility permitted the ý,Ee
of smaller volumes of water. Recrystallivation produced brilliant yellow
needles, but C14 counts on Lhe product indicated that we had not obtained the
expected pure compound.

Glucose dimethylhydrazone

The preparative procedure was the same as for the compounds descril-ed
above, but no solid separated. During the heating period, the reaction
mixture became a dark brown in color. This color may be partly, or entirely,
caused by caramelization of the sugar. Attempts to isolate the derivative
were unsuccessful, although a comparison of count rates and TPF analyses
indicated that no more than 15.4% of the '0474 was still present as *mreacted
compound.

Pyruvic acid dimethylhydrazone

The same procedure was followed for this compound as for the previous
hydrazones except that 0.2 ml of pyruvic acid was used. Again, isolntion was
not successful, although at least 74.2% of the UDMH appeared to be bound,
presumably as the hydrazone.

b. Unlabelled Derivatives

Acetyldimethylhydrazide

A solution of 7.8 grams (0.1 mole) of acetyl chloride in 50 ml of
diethyl ether was added dropwise to a solution of 6 grams (0.1 mole) of UDNIH
in 100 ml of ether. The hydrochloride of acetyldimethylhydrazide
precipitated. The mixture was filtered, washed with ether, and vacuum dried
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i: in a dry box. Nitrogen analysis1 20.4% founds 20.3% expected.

P ?1ravio acid dimetiylhydrasone

Three g (0.05 mole) of UIMH was added to a solution of 49. g
(') (0.05 mole) of pyruvic acid in 20 ml of water. The mixture spontaneously
Ivmnmed to appraximately 700, and it was allowed to stand for 1 hour, then
tMdseese-dried° The products a white crystalline material, was not
rmaoo-yeta.ll.ed,

0 Gumose dinethy1ldrazone

Six g (0.10 mole) of UDM was added to a solution of 1.8 g (0.01 mole)
:odf glucose in 15 ml of water containing I or 2 drops of glacial acetic acid
la am, catalyst* After standing at room temperature for an hour, the mixture
wvu freeze-drieds producing a faintly yellow, hygroscopic solids Nitrogen
umail.yeise 10.0% found, 12,6% expected. No attempt at recrystallitation was

mAvinde.,

6.6, Behavior of Synthetic Compounds

a. ChromatographZ

Solutions of the derivatives described above were chromatogrammed in
tvtwo different solvent systems: 1-butanoliacetic acid: water a 2:1:1 and
141-batanolt ethanolt 0.5 N aqueous ammonia - htlsl. After development and
dlktyi ngs, the chromatograms were sprayed with 10% aqueous phosphomolybdic acid
aand exposed to NH3 vapors* This detection method will locate all types of
OWi derivatives as well as UDMH itself. The results are presented in table

10MIN Labelled and unlabelled products behaved alike in paper chromatoeraphy.

Comparison of the Rf values of UDMH metabolites in urine (table 8)
vtedth. those exhibited by the compounds in table 10 led to the following

cono leusions:

(1) The largest component in urine was unaltered UDMH* This
000cow-tituent migrated in butanol-acetic acid-water with an Rf of 0.63, as did
MM 4, Furthenrore, it disappeared from the paper when developed in butanol-
athamol-ammonia in the same manner as known samples of UDMH did.

TABLE 10
CHRC1ATOMAPHY OF UDMH DERIVATIVES

Rf values

Butanol-acetic Butanol-ethanol
Compound acid-water ammonia

Dimethylhydrazine 0.63 0.00
Acetyldimethylhydrazide 0.hO 0.76
Clucose dimethylhydrasone 0.48 0.32
Pyridoxal dimethylhydrazone 0.55 0..9
Pyridoxal phosphate

dimethylhydrasone 0.09 0.4o
Py'uvic acid

dimethylhydrazone 0.54 0,23
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(2) A second component (3-10% of the tntal) was identified insimilar fashion as glucose dimethylhydrazone. The Rf values for themetabolite in urine were O.4 and 0.27, compared to values of 0.48 and 0.32
for a synthetic preparation.

(3) The third major metabolite in urine could not be identified withany of the compounds prepared synthetically.

b. Solvent Distribution

The acetyldimethylhydrazide solution remaining after UDMI analyses
(Section 5a, above) was extracted with 7.0 ml of toluene, and a 20 •l aliquotof each phase was counted. The count rates after subtracting background were
1,5014- 39 cpm for the toluene and 59,432 ± 244 cpm for the aqueous layer.These data indicated that toluene was a poor extractant for acetyldi-
methylhydrazide.

The toluene was removed and 1.0 ml aliquots of the aqueous layer wereextracted with l.O ml portions of diethyl ether, 1-butanol, heptane, oracetone. It was possible to use acetone as an extractant because the highconcentration of sodium acetate (4.s5 N) prevented miscibility. Aliquots of theorganic and aqueous layers were counted and the cpm were equated to mg UDMH/ml.Duplicate extractions and counts were used throughout, and averages were cal-culated. Table 3.1 presents the results of these experiments and of the
previously described toluene extraction.

TABLE 11

SOLVENT DISTRIBUTION OF ACETYLDIMETHYLHYDRAZIDE

Distribution
Extracting Concentration, mg UDMHm/l coefficient
solvent Organic layer Aqueous layer Org/A__

Ether 1.38 ± 0.02 60.44 . 0.60 0.1

n-Butanol 30.30 ± 0.27 30.06 ± 0.40 1.0

Heptane 0.11 ± 0.01 64.18 ± 0.64 0.0

Acetone 20.31 ± 0.20 33.95 ± 0.41 0.6

Toluene 19.10 ± 0.38 70.PO 1 0.21 0.3

Only butanol appeared to be of great value for extraction of acetyldi-
methylhydrazide. The compound showed a butanol-water distributioncoefficient similar to one component of urine. Although this similarity
might have suggested that acetyldimethylhydrazide was one of the compounds
found in urine, the chromatographic data indicated it was not.
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IV* DISCUSSICK

The experiments reported have provided information concerning
the intermediary metabolism of UDMH and have also led to the development
of a tentative method for the determination of UDNH in urine.

Metabolic studies have shown that a negligible amount of injected
UDMH was lost via respiration* A large portion of the injected material
was excreted in the urine in a few hoursj and the remainder was relatively
uniformly distributed in the tissues.

Matching of paper chromatographic Rf values of postinjection urine
samples with that of pure UDMH in two solvent systems indicated that the
major component of urine (50-60%) was unaltered WE. Correspondence of
Rf values in two systems is considered to constitute strong evidence as to
the identity of compounds, However, there were certain indications that the
substance might not be free MDMH. One indication was that phomategrams
sometimes failed to give a color with the TPF spray when C-ý. counting of the
appropriate area indicated the presence of several times the minimum TPF-
detectable quantity of UDMH. This behavior could be caused by the presence
of high concentrations of a urine constituent that inhibited the TPF-UDMH
reaction. In addition, when TPF reactive spots were present, the maximum
color density was consistently at the leading edge of the peak of C14
activity. At present, this discrepancy cannot be explained.

Matching of Rf data for urine with those of synthetic possible
metabolites showed that the least (3-10%) of the three major components of
urine was glucose dimethylhydrazone, No discrepant results were obtained
regarding this metabolite.

The third major component (20-25%) of urine migrated much more
rapidly than the other two in the solvent systems used. The Rf of 0.84 for
this compound in the butanol-acetic acid-water system precluded its being
pyridoxal dimethylhydrazone, pyridoxal phosphate dimethylhydrasone, pyrwvic
acid dimethylhydrasone, or acetyl dimethylhydrazide (see table 10)9 The
relatively high rates of migration of this compound suggested that it was
less water-soluble than most of the materials tested and that it was not
Strongly acidic or basic. If the compound were acidic or basic, its rela-
tive movement would have been decreased by the acetic acid of one system or
by the ammonia of the other. The results observed indicated this compound
to be a hydrazone or hydrazide of a substance whose molecular weight is
greater than acetic or pyruvic acid.

At the Rf to which this third component migrated in the butanol-
acetic acid-water system, the DAB reagent occasionally produced a purplish
spot* On other occasions, no DAB color reaction occurred at this Rf. The
difference between this purplish color and the yenl.w to orange usually
produced by DAB suggested that the structure of the product was fundamentally
different from the orange ones or that it contained additional chrcaophoric
or auxochromic groups. If the color-producing material is identical with
the metabolite shown by radioactivity, numerous possibilities exist. For
example, if the metabolite were a dimethylhdraside of an amino acids
cyclisation might occur on reaction with DAB 7s follows:

19



C C C

R-CH 2  NH -N(CH 3 )2 --- v R -CH 2  N-NCCH3 )2 -'R-CH 2  N -N(CH3)2

I NH\ /
NH2  O.C-H NH-C -H

HO- C - H

N(CH 3 )2  N(CH3) 2
N(CH 3 )2

1 31

Compound I is a methylol derivative such as is normally formed as an
intermediate in the production of Schiff bases. (Structurelly, hydrazones
are Schiff bases.)

0 0 0 H OH 0I II I I II
R-C-NH 2 + C-H--- R-C-N-C-H--,R-C-N=W-H

N(CH 3 )2  N(CH 3 )2  N(CH 3 )2

However, I has no hydrogen atom remaining on the nitrogen which reacted, so
dehydration must occur elsewhere. The spatial proximity of the amino Froup
would permit its involvement in the dehydratlon to II, as shown'. It would be
equally possible that the amino group of I could react with another 'loleciule
of DAB to form a second methylol group, which could dehydrate to the Fchiff
base structure:

0 0 0

C C C

R-C N-N(CH3 )2 + CHO--R-C N - N(CH 3 )2 -. R - C N -N(CH 3 )2

NHN CHON CHOH N CHOH

HC-H ~NCH 3

N(CH 3 ) 2

N(CH 3 )2 N(CH 3 )2  N(CH3)2

N(CH 3 ) 2  N(CH 3 ) 2

These are, at present, hypothetical possibilities.
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V. SIARY

The distribution and metabolic fate of l,1-dimethylhydrazine (UDMH)
have been studied in rate and dogs following tntraperitoneal injection of
C1"-UDMH (40 mg/kg) - Approximately 20% of the injected material was found
in the urine after 4 hours* Paper chromatographic examination of body
tissues revealed six compounds, although not all appeared in every tissue.
Three major metabolic forms of UDMH were found in urine. These were
investigated by distribution studiesp ion exchange, and matching of paper
chromatographic Rf values. One compound (3-10% of the total UDMH in urine)
was identified as glucose dimethylhydrazone and another (50-60%) appeared to
be unreacted UDMH. The third major component (20-25%) was not identified,
although its chemical and chromatographic behavior suggested it was a neutral
hydrazone or hydraside of a higher molecular weight than pyruvic acid.
Various analvytical procedures were employed for the determination of UDMH in
urine, and a trisodium pentacyanoaminoferroate (TWF) procedure was found to
be the most specific and most sensitive method of those tested.
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