
AMRL-TR-74-87

tlq

EFFECT OF MONOMETHYLHYDRAZINE ON
RED BLOOD CELL METABOLISM

MARCH 1975

Approved for public release; distribution unlimited.

STINFO COPY

AEROSPACE MEDICAL RESEARCH LABORATORY
AEROSPACE MEDICAL DIVISION
AIR FORCE SYSTEMS COMMAND

WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433



NOTICES

When US Government drawings, specifications, or other data are used for any purpose. other than
a definitely related Government procurement operation, the Government thereby incurs no respon-
sibility nor any obligation whatsoever, and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications, or other data, is not to be
regarded by implication or otherwise, as in any manner licensing the holder or any other person or
corporation, or conveying any rights or permission to manufacture, use, or sell any patented in-
vention that may in any way be related thereto.

Organizations and individuals receiving announcements or reports via the Aerospace Medical Re-
search Laboratory automatic mailing lists should submit the addressograph plate stamp on the
report envelope or refer to the code number when corresponding about change of address or can-
cellation.

Do not return this copy. Retain or destroy.

Please do not request copies of this report from Aerospace Medical Research Laboratory. Additional
copies may be purchased from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22151

This report has been reviewed and cleared for open publication and/or public release by
the appropriate Office of Information (01) in accordance with AFR 190-17 and DODD
5230.0. There is no objection to unlimited distribution of this report to the public at large, or by
DDC to the National Technical Information Service (NTIS).

This technical report has been reviewed and is approved for publication.

FOR THE COMMANDER

ANTHONY A. THOMAS, M.D.
Director, Toxic Hazards Division
6570th Aerospace Medical Research Laboratory

AIR FORCE/56780/22 May 1975- 100



SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

AMRL-TR-74-87

4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

Effects of Monomethylhydrazine on Red Blood

Cell Metabolism 6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(S)

Marilyn E. George

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

Aerospace Medical Research Laboratory AREA & WORK UNIT NUMBERS

Aerospace Medical Division 62202F
Air Force Systems Command, Wright-Patterson AFB, H 7163 00 05

II. CONTROLLING OFFICE NAME AND ADDRESS 45433 12. REPORT DATE

March 1975
As in 9 13. NUMBER OF PAGES

20
14. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) IS. SECURITY CLASS. (of this report)

Unclassified

15a. DECL ASSI FICATION/DOWN GRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Monomethyl hydrazi ne
Red Blood Cell
Heinz bodies
Hemolysis
Toxicology

20. ABSTRACT (Continue on reverse side if necessary and identify by block number)

Monomethylhydrazine is usedin various Air Force propellant systems.
Chronic exposure to low concentrations of this compound results in an anemia
characterized by methemoglobinemia, decreased levels of reduced glutathione
and Heinz body formation. The study reported here was designed to determine
if Heinz body formation was the principal mechanism of the red cell destruction
or if MMH also had effects on the glycolytic pathways and/or red cell membranes

DD I 1473 EDITION OF I NOV 65 IS OBSOLETE

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)



SECURITY CLASSIFICATION OF THIS PAGE(1hen Data Entered)

20.

which would contribute to the hemolytic pechanisir. Hunian red cells were
exposed in vitro to three levels of MHM for two, four, or six hours. Glucose
utilization, lactate production and ATP levels were measured to determine
effects on glucose metabolism; and osmotic fragilities, red cell potassium
concentration, and malonyldialdehyde levels were measured to assess membrane
effects. The results support the thesis that the major mechanism of red cell
destruction following exposure to MMH appears to be the physical presence of
Heinz bodies in the red cell resulting in a decreased deformability of the cell
and accelerated sequestration and destruction by the spleen.

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)



INTRODUCTION

The use of monomethylhydrazine (MMH) in various Air Force propellent

systems has prompted intensive investigations into the toxicity of this compound.

The effects of acute exposures to high concentrations of MMH have been studied

and reported. At lethal concentrations the principal effects were on the

central nervous system. Death resulted from respiratory arrest; and the major

findings at necropsy were hepatic and pulmonary congestion and moderate to

severe kidney damage (Haun, 1968; MacEwen, 1969). It has also been shown

that there is a significant difference in species susceptibility to MMH

toxicity, the dog being the most sensitive species followed by man, rat,

mouse, and rhesus monkey (Clark et al., 1967). Further studies performed to

determine the toxic effects of chronic exposure of dogs and monkeys to low

concentrations of MMH indicated that the only consistent pathological response

involved the hematologic system (Haun, 1970; Kroe, 1971; MacEwen and Haun, 1971).

MMH caused a dose related hemolytic anemia characterized by methemoglobinemia,

Heinz body formation, and at some exposure levels an increased osmotic fragility.

There was also a significant species difference in the severity of the anemia

but in all cases the anemia was reversible after the exposure was terminated.

At necropsy tissue examination showed hepatic, renal proximal tubular, and in

mice, splenic hemosiderosis. These findings would indicate the principal

target organ was the red cell with the resulting tissue changes being secondary

effects typical of the species ability to clear products of hemolysis. The

only irreversible damage observed was the denaturation and precipitation of

hemoglobin as Heinz bodies.



Since this anemia was similar to other anemias associated with alterations

in glutathione metabolism and in glutathione reductase activity, the in vitro

effects of MMH on reduced glutathione (GSH) levels in red cells were measured.

The amount of GSH in the cells was decreased although normal enzyme reductase

activity was observed. This effect was reversible and the GSH levels eventually

returned to normal (Weinstein and George, 1972).

The occurrence of Heinz bodies in red cells is a nonspecific type of

response to many anemia causative factors, i.e., enzyme deficiencies, unstable

hemoglobins and exposure to oxidant compounds. It is known that Heinz body

anemias are characterized by accelerated splenic sequestration and destruction

of the Heinz body containing red cell although the exact mechanism is not

completely defined (Rifkind, 1965). It is also recognized, however, that

Heinz body formation is not necessarily the only change leading to increased

red cell destruction in the anemias caused by oxidizing compounds. Depending

on the oxidant employed, these anemias may also show changes in intracellular

metabolism and/or red cell membrane which may or may not be directly related

to the Heinz bodies. The studies described here were undertaken to determine

if Heinz body formation with the resultant accelerated destruction of the

affected red cells was the principal mechanism of the anemia caused by

exposure to MMH or if there were additional effects resulting in alterations

in red cell metabolism or in cell membrane which would contribute to the

hemolytic process.
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METHODS

Venous blood was collected from normal human subjects in heparinized

tubes, centrifuged at 6VC, and the plasma and buffy coat removed. The red

cells were washed three times with phosphate buffered isotonic saline, pH 7.4,

containing 0.OlM glucose and resuspended in the same buffer at a hematocrit

of 40-50%. The white blood count was less than 200 per cu. mm. Monomethyl-

hydrazine (Eastman Organic Chemical Co., Rochester, New York), diluted with the

same buffered saline, was added to the red cell suspensions to provide final

concentrations of 10 mM, 1 mM, and 0.1 mM. Buffered saline without MMH was

added to cell suspensions at the same concentrations and these were run

concurrently as controls. All red blood cell suspensions containing MMH or

saline were incubated at 370 and samples taken for the various determinations

at two, four, and six-hour intervals.

Total red cell counts, hematocrits and hemoglobin levels were measured by

standard hematologic techniques. Osmotic fragility tests were performed using

the method described by Dacie, 1954. The percent methemoglobin formed was

determined by the method of Hainline, 1965 and reduced glutathione levels

by the alloxan 305 method of Patterson et al., 1955. Methyl violet in 0.9%

saline was used for supravital staining of Heinz bodies.

Glucose consumption, lactate production and ATP levels were run on

perchloric acid protein free filtrates of the cell suspensions. Glucose was

determined enzymatically by measuring the formation of NADPH in the reaction

involving hexokinase and glucose-6-phosphate dehydrogenase (Slein, 1963).

Lactate was measured by following the rate of formation of NADH in the presence

of lactic dehydrogenase (Hohorst, 1963). ATP levels were run by the enzymatic
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method of H. Adam, 1963, measuring the decrease in NADH in the reaction

utilizing glycerate-3-phosphate, phosphoglycerate kinase and glyceraldehyde-

3-phosphate dehydrogenase.

Red cell potassium changes were studied by methods based on those

described by Rasbridge and Scott, 1973. Aliquots taken from both the control

and MMH exposed cell suspensions were centrifuged, the supernatant removed

and the amount of hemolysis measured. The cells were washed twice with

potassium free buffered saline and resuspended in the saline to a hematocrit

of 50%. The cells were lysed with distilled water and the potassium content

of the hemolysate measured with a flame photometer.

Malonyldialdehyde (MDA) levels were measured by the method described

by Stocks and Dormandy, 1971. It has been shown that MDA is a secondary

product of autoxidation of the polyunsaturated lipids found in the cell

membrane. Therefore, the reaction of MDA with thiobarbituric acid was

used as an indication of membrane lipid peroxidation.
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RESULTS

Heinz body formation in red cells exposed to MMH was time and dose related.

At the lowest concentration of MMH used, 0.1 mM, Heinz bodies were not observed

during the six hour incubation; at the 1 mM concentration approximately 20%

of the cells contained 1-3 small Heinz bodies after two hours with the size

and number of cells affected increasing with longer times of exposure. Exposure

to 10 mM MMH resulted in 2-5 Heinz bodies in 90-100% of the cells after two

hours incubation. The control cells appeared normal throughout the six-hour

test period.

The degree of oxidation of hemoglobin to-methemoglobin was directly

related to the concentration of MMH, Figure 1. The lowest concentration of

MMH, 0.1 mM, did not cause any detectable methemoglobinemia at any of the time

periods. Exposure to ImM MMH produced about 10% in two hours and the 10 mM

MMH concentration caused 22% methemoglobin in two hours. The maximum amount

of methemoglobin was produced within the two-hour exposure period as the per-

cent methemoglobin decreased at four hours and was less than 10% after six

hours incubation with both 10 mM and 1 mM concentrations of MMH. These data

are similar to the results reported earlier in which the peak methemoglobin

production in response to 10 mM MMH was reached in 30 to 60 minutes and the

peak response to 1 mM was reached in 90 to 120 minutes followed by a gradual

decrease over five hours. This confirms the direct relationship of amount of

methemoglobin formation to MMH concentration but, unlike Heinz body production

which increases with extended exposure time, methemoglobin production is a

reversible process and the concentration decreases on longer exposures.
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The levels of GSH measured show a similar pattern to methemoglobin

formation. There is a significant decrease in GSH after exposure to 10 mM

concentration of MMH which reaches the lowest level after four hours with

a return to near normal levels at eight hours. Again these data confirm the

reversibility of the decrease of GSH with extended exposure (Figure 2).

The glucose consumption and lactate production of red cells exposed

to 10 mM MMH was significantly increased; there was no difference between

control suspensions and exposed suspensions at the 1 mM or 0.1 mM levels

(Table 1). The ATP levels of red cells showed no significant difference

from control levels although there was a slight decrease in all samples at

each concentration and at each time period (Figure 3). These results add

weight to the earlier studies on the effects of MMH on enzymes in the glycolytic

pathway, glucose-6-phosphate dehydrogenase and 6-phosphogluconic dehydrogenase.

There was no decrease in activity of these enzymes and no apparent interference

with the glycolytic process through the hexose monophosphate pathway.

The determinations performed to screen possible effects of MMH on the

cell membrane were osmotic fragilities, MDA production and potassium loss from

the cells. There were no significant changes in osmotic fragility or MDA

levels between exposed cells and controls. Exposure to 10 mM MMH for six

hours did cause a significant decrease in potassium content, Table 2, but not

at the other exposure times or lower concentrations.
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TABLE 1

GLUCOSE CONSUMPTION, LACTATE PRODUCTION
IN RED CELLS EXPOSED TO MMH

Concentration MMH - mM
O-Cont. 10 1 0.1

Glucose Consumption
mM glucose/l rbc/hr

370 1.55+.44 2.70+.89x l.64+.53 1.54+.45

Lactate Production
mM lactate/l rbc/hr

370 2.90+.60 4 . 26+.86x 3.21+.57 2.91+.61

X: P < .001
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TABLE 2

K+ CONTENT OF RED CELLS EXPOSED TO MMH

Concentration MMH - mM
O-Cont. 10 1 .1

- mEq/1 rbc
4 hr exposure

370 98.07+3.94 93.20+4.10 96.31+2.78 98.32+2.57

K mEq/1 rbc
6 hr exposure

370C 98.59+2.66 91.35+3. 6 7x 93.88+2.19 97.82+2.86

x - P < .01
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DISCUSSION

Hemolytic anemias characterized by Heinz body formation can be caused

by a wide variety of oxidant compounds which differ in their effects and

patterns of damage and in the time sequence and severity of toxic action,

(Miller and Smith, 1970). Some of these compounds affect intracellular

metabolism; oxidation of hemoglobin and/or GSH and decreased ATP levels

have been reported by several authors (Mohler, 1961; Jacob and Jandl, 1966).

Other oxidants may also damage the cell membrane causing increased osmotic

fragility, changes in membrane permeability or lipid peroxidation of the

cell membrane (Miller and Smith, 1970; Weed et al., 1961). It has been

proposed that oxidizing compounds generate peroxide radicals which react

with the polyunsaturated lipids in the cell membrane as well as with intra-

cellular components, and this free radical production is the basic mechanism

causing cellular damage (Cohen and Hochstein, 1964; Rasbridge et al., 1973).

These effects may occur singly or in combination and there does not appear to

be a direct correlation between membrane and intracellular effects.

The question arises whether the destruction of the red cell is a result

of membrane damage due to the attachment of the Heinz body to the membrane,

to membrane lipid peroxidation, or if other intracellular changes also contri-

bute to the hemolytic process. Jacob (1970) has suggested that Heinz bodies

attach to the membrane by disulfide bonding with the resultant inhibition

of membrane sulfhydryl groups the major source of membrane changes. Winterbourne,

(1973) however, has indicated that covalent bonding is not present and proposed

that hydrophobic bonding is the mechanism involved in the membrane distortion

and dysfunction. Studies in this laboratory with cells incubated with MMH

indicate that Heinz bodies appear mainly in the central portion of the cell
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and do not appear bound to the membranes at least during the peak exposure

period. Therefore, the hemolysis from MMH exposure does not seem to be

caused by Heinz body attachment to the membrane. The major factor in the

destruction of Heinz body containing red cells may well be related to the

physical presence of Heinz bodies in the cell with a resultant increase in

cell rigidity and decrease in cell deformability. This would lead to an

increased rate of splenic sequestration and destruction (Rifkind, 1965;

Lubin and Desforges, 1972).

MMH, although a strong reducing agent produces effects in the red

cells characteristic of oxidative damage. It has been postulated that MMH

in the presence of oxygen forms methyldiazine which further reacts to provide

a potent source of free radicals. The oxidation of intracellular constitutents

indicated by the formation of methemoglobin and Heinz bodies and the oxidation

of GSH supports this view. However, at the peak methemoglobin level when the

cells contained several large Heinz bodies, and the GSH level had decreased

to its lowest point there was no lipid peroxidation of the cell membrane

detectable by the MDA thiobarbituric acid reaction. The cell fragility was

not altered and the only noticeable effect was a small, though significant,

loss of potassium at this most severe MMH exposure. This loss of potassium

is minimal and the implications of this are somewhat unclear. An in vivo

exposure to this level of MMH would be fatal but the question remains whether

prolonged exposure to lower concentrations of MMH might produce the same result.

This is unlikely in view of the reversibility of the hemolytic process seen in

in vivo studies over a long exposure time.

At the same peak exposure times there was an increase in glucose con-

sumption and lactate production indicating an increased glycolytic rate.
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This would be expected as Jacob and Jandl (1966) have shown that a decrease

in the level of GSH stimulates the rate of glycolysis through the hexose

monophosphate shunt. This acts as a compensatory mechanism to reestablish

the normal redox state of the cell since the activity of glutathione reductase

is dependent on an adequate supply of NADPH produced in the HMP pathway.

Previous studies (Weinstein and George, 1972) have shown that enzymes which

have protective actions against oxidative agents, glutathione reductase,

methemoglobin reductase and glucose-6-phosphate dehydrogenase activities,

are not affected by MMH. This stimulation of glycolysis with normal reductase

enzyme activity would account for the reversibility of the oxidative process

indicated by the decrease in methemoglobin and GSH and the return to normal

levels with time.

These data show no severe irreversible effects on intracellular meta-

bolism from MMH exposure except for Heinz body formation. Further there was

no lipid peroxidation of the membrane noted and the concentration of MMH

required to cause a change in membrane permeability to potassium is extremely

high. These results suggest that the major damage to red cells from MMH

exposure is Heinz body formation with an increase in cell rigidity which

probably causes an increased rate of cell sequestration and destruction in

the spleen.
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