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Effect of dichloromethane on hemoglobin function 

(Received 24 May 1976; accepted 23 July 1976) 

An increase in blood carboxyhemoglobin saturation 
(COHb) was observed when humans [1,2], rats [3] and 
rabbits [4] were exposed to dichloromethane vapor. Bio- 
logical conversion of isotopically labeled CH2C12 to car- 
bon monoxide (CO) has been demonstrated by Kubic et 
al. [5], by Zorn [6] and by DiVincenzo and Hamilton 
f71. Recentlv Nunes and Schoenborn f81 found that 
CH,Cl, binds to myglobin. Binding of CH&, to hemo- 
globin has been reported by Settle [9]. These authors sug- 
gest that the increase in COHb observed when animals 
are exposed to CH2C12 is due to a change in the affinity 
of the hemoglobin for CO instead of an increase in the 
total amount of CO present. This study was done to deter- 
mine the effect of CH,Cl, on the relative affinity of hemo- 
globin for oxygen and CO. 

Fresh samples of EDTA-treated human and rat blood 
were used. The blood was equilibrated with air containing 
added CO alone. Another sample of the same blood was 
equilibrated with air containing 1% (v/v) CH2C1, vapor 
to which a similar amount of CO was added. A double 
tonometer [lo] was used in which the whole blood sample 
(4 ml) was spread as a thin film on the walls of the 3%ml 
gas tonometer by continuous rotation. Equilibration was 
for 2 hr in a 37” water bath. Light was excluded by wrap- 
ping the tonometer system in aluminum foil. When equilib- 
rium was reached, the blood was allowed to flow into the 
small tonometer and the blood and gas phases were separ- 

ated, without exposure to air, at the water bath tempera- 
ture. The equilibrated blood was analyzed for total hemo- 
globin [ 111, CO content [ 12,131 and methemoglobin 
(MetHb) [14]. The equilibrium gas phase was analyzed 
for oxygen by O2 electrode and for CO by gas chromato- 
graphy [15]. All analyses were done in duplicate. 

Oxygen in the gas phase (always greater than 20% by 
volume) was sufficient to oxygenate essentially all of the 
hemoglobin except that present as COHb or MetHb. 
Hence, the Haldane relative affinity constant, K, was calcu- 
lated from the relation: 

K _ (COHb) x (0,) 
(O,Hb) (CO) 

where (COHb) is the fraction of the total Hb combined 
with CO. and (0,Hb) is the tractrun of the total Hb com- 
bined with oxygen, that is (0,Hb) = l(MetHb)-(COHb). No 
sample of blood used exceeded 0.4% of the total hemoglo- 
bin as MetHb. The symbols (0,) and (CO) represent per 
cent by volume of the dry equilibrium gas phase present 
as oxygen and as carbon monoxide. For both species, the 
range of equilibrium (CO) concentration was from 0.01 to 
O.l%, i.e. 100 to 1OOOppm. 

The results obtained are summarized in Table 1. The 
five samples of human blood gave a mean value of 
K 37 = 227 + 2.9 (S. E. M.) in the absence of CH#&. 

Table 1. Effect of dichloromethane on the Haldane relative affinity constant of hemo- 
globin for CO and O2 

Equilibrium gas composition* 
Equilibrium Haldane 

Species and CH,Cl, co blood ratio constant 
sample (%) (%) (COHb)/(O,Hb) (KS,.) 

Human 

2 
2 
3 

4 
4 

0 20.9 

Rat 

0 
2 

0 

4 
4 

0 

20.8 
20.8 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 

0.0264 
0.0313 
0.0304 
0.0715 
0.0995 
0.0766 
0.0083 
0.0082 
0.0087 
0.0106 

20.9 0.0262 
20.8 0.0202 
20.9 0.0428 
20.8 0.0225 
20.9 0.0240 
20.8 0.0415 
20.9 0.0217 
20.8 0.1165 

0.274 217 
0.329 219 
0.332 227 
0.780 228 
1.089 229 
0.852 232 
0.091 229 
0.090 229 
0.098 235 
0.116 229t 

0.224 
0.171 
0.364 
0.189 

179 
176 
178 
175 
177 
175 
178 
178$ 

0.203 
0.350 
0.185 

* Gas concentrations are expressed as 0/0 by volume of dry gas. 
iHuman blood: N = 10, mean + S. E. M., K,,. = 227 k 1.7. 
1: Rat blood: N = 8, mean + S. E. M., K,,, = 177 + 0.5. 
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Table 2. Effect of dichloromethane on binding of CO by 
rat blood in nitrogen 

Gas phase 
Blood 
COHb 02* CO* CH&l,t 

Sample (“(, sat.) (“0) (“<,) I”,,) 

A 10.5 0 

A IO.5 0.28 0.007 I I.0 

B 33.4 0 

B 33.4 0.15 0.01 12 I.0 

* Measured concentrations as I><, by volume of dry gas 
at equilibrium. 

t Initial value after CHzClz addition. 

Addition of I’:,, by volume of CHzClz vapor to the gas 
phase gave a value of K,, = 227 & 2.2. There is no differ- 
ence between these values when tested by the Student 
r-test. P > 0.9. Analysis of four samples of pooled rat 
blood gave a control value of K,, = 178 & 0.4 which was 
not significantly different, P > 0.1. from the value of 
K3, = 176 + 0.7 observed in the presence of CH2C12. The 
data clearly show that dichloromethane in amounts up to 
Is,, in the gas phase does not change the relative binding 
of oxygen and CO by hemoglobin in either species. 

Two samples of rat blood were used to test the effect 
of CHLClz on CO binding in the absence of oxygen. 
Samples of blood were first equilibrated as above for 2 hr 
with CO-nitrogen mixtures. At this time, a portion of the 
blood was removed for analysis without opening the sys- 
tem lo air. Liquid CHzClz (8 /cl) was then injected into 
the tonometer and allowed to vaporize. This amount of 
methylene chloride vapor (0. I3 m-mole) is sufficient to pro- 
vide I”,, by volume of CH*CI, vapor in the 350-ml gas 
tonometer. The closed system was then re-equilibrated for 
an additional hr at 37 to note any change in COHb satur- 
ation. The results given in Table 2 show no change in 
COHb saturation at either level of CO when the CH2CIZ 
was added. 

The present data show that neither the relative affinity 
of hemoglobin for carbon monoxide and oxygen nor the 
absolute affimty for CO. measured in the absence of 
oxygen, is altered by the presence of CH2CIZ. The sugges- 
tion of Settle [9] that the increase in COHb caused by 
dichloromcthane could be due to a change in CO binding 
affimty is not supported by these data. Such Increases in 
COHb are more likely due to increased biological forma- 
tion of CO in the presence of CH2C11. An increase in 
CO production by rats to greater than 30 times the endo- 
genous level has been observed* in the presence of CHLClz 
at a dose of 0.1 to 1.0 m-mole.kg. 

In summary. the relative attinity (Haldane constant) for 
carbon monoxide and oxygen of human and rat hemoglo- 
bin was measured for whole blood in ~litro. Equilibrations 
at 37 were performed with and without dichloromethane 
in the gas phase. Control results for human blood. Haldane 

* Unpublished observations from this laboratory 

constant K3, = 227 k 2.9 (S. E. M.). were unchanged in 
the presence of lr,, CH2CI, vapor in the gas phase. Similar 
amounts of dichloromethane in the presence of rat blood 
gave results the same as the control value for this species, 
K 37 = 178. Dichloromethane did not alter the binding of 
CO by rat hemoglobin in the absence of oxygen. These 
results indicate that CH,CIZ dots not change the absolute 
aflinity of hemoglobin for CO nor its relative affinity for 
CO and oxygen. Elevation of COHb observed when man 
or animals are exposed to CH,CI, is due to an increase 
in the rate of CO production rather than a change in the 
CO-hemoglobin affinity. 
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