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Effect of single equitoxic doses of DTIC and Cy on mouse 
antibody production. The drugs were given either 1 day (left side) 
or 60 days (right side) before SRBC and antibody production was 
assessed on day 2, 4 and 7 after the stimulus. � 9  �9 
Untreated; - -  Cy-treated animals; . . . . . . . .  DTIC-treated 
animals. 

L5MF-22 (H-2 b) cells 1 or 60 days later. The table shows 
that non-pretreated control CD2F 1 mice rejected tumor 
challenge, whereas animals pretreated with either DTIC or 
Cy 1 day before challenge died of generalized lymphoma 
with median survival times similar to those of compatible 
C57B1/10 (H-2 b) mice. On the other hand, when drug 
treatment was performed 60 days earlier, the mice injected 
with Cy rejected the L5MF-22 tumor; in contrast CD2F~ 
hosts pretreated with DTIC failed to reject the challenge 
and succumbed with generalized lymphoma. 
Discussion. We have compared the immunodepressive ac- 
tivity of DTIC with that of Cy, an alkylating agent widely 
considered as a standard in experimental immunodepres- 
sion. Primary antibody response and allograft reactivity 
have been examined, since previous studies ~~ had shown 
that both are affected by DTIC treatment. Tests were 
performed at 2 different time intervals after drug treat- 
ment, I or 60 days, since previous observations had shown 
that a DTIC-induced depression of allograft response could 
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exceed 20 days 2. The remarkably long interval of 60 days 
was also chosen to rule out the possibility that the duration 
of the immunodepressive effects could be due to the 
persistence of DTIC in mouse organs after its administra- 
tion. It has been repeatedly reported 13'~4 that DTIC has a 
short halflife, as discussed elsewhere 2. Consistent with 
previous reports 1~ we have found that high equitoxic 
doses of DTIC and Cy abrogated the 2 primary immune 
responses under investigation, when the 2 drugs were given 
1 day before the antigenic stimulus. But even when DTIC 
was given 60 days before the antigen, the immunodepres- 
sion was still complete, the converse being true for Cy. The 
cellular bases of DTIC-induced immunodepression are still 
unknown. However, such long duration of the immunode- 
pressive effects caused by DTIC suggests several hypo- 
theses including the possibility that this agent might affect 
lymphoid cell populations (either suppressor or effector 
lymphocytes) with extremely long turnover rates. Moreover 
these findings suggest possible clinical applications of 
DT1C in the pharmacological control of graft rejection. 
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Inhibition of glycolysis by L-sorbose in dog erythrocytes 

A. Kistler and P. Keller a 

Biological Pharmaceutical Research Department, F. Hoffmann-La Roche & Co. Ltd, CH-4002 Basle (Switzerland), 
11 November 1977 

Summary. We have demonstrated previously that in vitro L-sorbose acts directly on dog erythrocytes to induce hemolysis. 
Here we report that L-sorbose depresses lactate formation in dog hemolysates from glucose, mannose and fructose but not 
from glucose-6-phosphate and galactose, suggesting that L-sorbose interacts with glycolysis at the level of the hexokinase. 

Recently we reported that the ingestion of L-sorbose, a 
monosaccharide of the ketohexose group, causes hemolysis 
in dogs 2'3. In vitro studies showed that L-sorbose acts 
directly on dog erythrocytes to induce hemolysis 4. Sorbose 
concentrations as low as 2 mM lead to total hemolysis after 
48 h of incubation. The dependence of the hemolytic effect 
of sorbose upon temperature and pH suggests that L- 
sorbose acts on the red blood cell metabolism rather than 
directly on the cell membrane 4. 
The monosaccharide nature of L-sorbose would suggest an 
interaction with glycolysis. Since the energy available to 

erythrocytes is derived mainly from glycolysis, an inhibition 
of this metabolic pathway by L-sorbose could lead to a 
depletion of the ATP level and secondarily to hemolysis. 
.Materials and methods. Swiss Beagle dogs were obtained 
from the Institute of Biological and Medical Research 
(Fiillinsdorf, BL). Blood samples were collected in heparin- 
ized tubes and the red blood cells washed 2-3 times with 
physiological NaC1 solution. The red blood cells were 
incubated in Hanks balanced salt solution (with 20 mM 
Hepes-buffer, pH 7.4 instead of the bicarbonate buffer, 
without phenol red and supplemented with 60 rtg/ml 
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Fig. 1. Effect of D-glucose, D-mannose, D-fructose, and D-galac- 
lose on the L-sorbose induced hemolysis in dog erythrocytes in 
vitro. Aliquots of washed dog erythrocytes (containing 8.3-11.6 mg 
hemoglobin) were incubated in Hanks balanced salt solution (with 
20 mM Hepes-buffer, pH 7.4 instead of the bicarbonate buffer, 
without phenol red and supplemented with 60 Ixg/ml penicillin and 
100 gg/ml streptomycin) containing 1.7 mM L-sorbose without and 
with the indicated concentrations of the 4 hexoses for 48 h in a 
H20-saturated atmosphere at 36 ~ After centrifugation the hemo- 
globin content was determined in the medium. Results are the 
mean+SD of triplicate determinations expressed as percent of the 
hemoglobin release of dog erythrocytes incubated with L-sorbose 
alone. 

penicillin and 100 lag/ml streptomycin) in cell culture 
dishes (Falcon, 5.5 cm, final volume 5 ml) in a H20-  
saturated atmosphere.  After  incubation, the medium 
together with the cells were centrifuged and the hemoglo-  
bin (Hb) concentration was determined in the supernatant 
using a Coulter  Counter  ZF. 
Hemolysates were prepared by freezing and thawing of  the 
washed erythrocytes. For  the measurement  of glycolysis, 
the hemolysate was incubated in the medium described by 
Chapman et al. 5 buffered with 50 mM Hepes, pH 7.4 
instead of  glycine buffer, and the lactate formed was 
determined enzymatically with lactate dehydrogenase 6 in 
the perchloric acid soluble fraction. L-sorbose (minimum 
99.5%) obtained from Hoffmann-La  Roche. All other 
materials were reagent grade. 
Results. The sorbose-induced hemolysis in dog erythrocytes 
was reversed by a equimolar  concentration of  galaetose and 
about 30 times higher concentrations of  fructose, but was 
much less affected by mannose and glucose up to concen- 
trations 35 and 100 times that of  sorbose, respectively 
(figure l), 
Using glucose as substrate, the lactate formation in hemoly- 
sates of  dog erythrocytes was linear between 6 and 24 h of  
incubation and was markedly inhibited by sorbose (table). 
An inhibition of  glycolysis by sorbose of  27 and 59% was 
observed after 14.5 and 24 h o f  incubation, respectively. 
However,  starting glycolysis with glucose-6-phosphate, sor- 
bose did not decrease the amount  of  lactate formed (table). 
The lactate formation in the hemolysate of  dog erythrocytes 
was dose-dependent  inhibited by sorbose using glucose, 
mannose or fructose as the energy source (figure 2). In 
contrast, increasing the sorbose concentration up to 9.5 and 
28 times that of  galactose and glucose-6-phosphate, respec- 
tively, had no effect on the amount  of lactate formed. 
There was no formation of  lactate when dog hemolysate 
was incubated with sorbose alone in concentration from 0.6 
to 60 mM for 24 h. 
Discussion. These studies indicate that the sorbose-induced 
hemolysis in dog erythrocytes may result from an interac- 
tion of  sorbose with glycolysis at the level of  the hexokinase 
resulting in a deplet ion of  the ATP level and secondarily in 
hemolysis. The main catabolism of  glucose and mannose is 
ultimately dependent  upon hexokinase, whereas fructose 
can enter glycolysis by an alternative pathway using keto- 
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Fig.2, Effect of L-sorbose on the lactate formation in hemolysates 
of dog erythrocytes using 4 hexoses and glucose-6-phosphate as 
substrate. Aliquots of 1.5 ml hemolysate were incubated in cell 
culture dishes in a final volume of 5 ml containing 1.0 mM ATP, 
0.3 mM NAD, 1.5 mM MgC12, 2.0 mM K3PO4, 50 mM Hepes, 
pH 7.4 and 6 mM of the various substrates without and with 
increasing concentrations of L-sorbose for 24 h at 36 ~ The lactate 
formed was determined in the perchloric acid soluble fraction. 
Results are the meaniSD of duplicate or triplicate determinations 
expressed as percent of the lactate formed in absence of L-sorbose. 
Control values in ~tmoles lactate formed per g hemoglobin per 24 h 
for D-glucose, glucose-6-phosphate, D-fructose, D-mannose, and 
D-galactose were 90,6• 100, l• 100.2+_2.9, 81.6+-1.5, and 
33.2_+4.1, respectively. 

hexokinase instead of  hexokinase, and the catabolism of  
galactose is independent  o f  the hexokinase. That  fructose 
may enter glycolysis by 2 pathways might explain the 
observation that high concentrations of  fructose can reverse 
the sorbose-induced hemolysis in vitro and also that, com- 
pared with glucose and mannose,  the inhibition pattern of 
the lactate formation by sorbose in hemolysates of  dog 
erythrocytes was different when fructose was used as sub- 
strate. 

Effect of L-sorbose on the time course of lactate formation in 
hemolysates of dog erythrocytes using D-glucose and glucose-6- 
phosphate as energy source 

Substrate L-Sorbose Time of incubation (h) 
6 14.5 24 

D-Glucose(6mM) None 9 .5_+0.1  46.5+1.6 90.6+2.2 
D-Glucose(6mM) 5.6raM 9.1• 33.9• 1.6 36.9+1.2 
Glucose-6-phosphate 
(6 raM) None n.d. 48.0_+ 0,2 78.2_+ 3.0 
Glucose-6-phosphate 
(6 mM) 5,6 mM n.d. 47.2 • 1.5 77.7 + 1.9 

Aliquots of 1.5 ml hemolysate, prepared by freezing and thawing of 
washed dog erythrocytes, were incubated in cell culture dishes 
(Falcon, 5.5 cm) in a final volume of 5 ml containing 1.0 mM ATP, 
0.3 mM NAD, 1.5 mM MgC12, 2.0 mM K3PO 4, 50 mM Hepes 
pH 7.4, and D-glucose, glucose-6-phosphate, and L-sorbose as 
indicated at 36~ After incubation 0.2 ml of 70% perchloric acid 
was added, and after centrifugation the lactate formed was mea- 
sured in the supernatant with lactic dehydrogenase according to 
Hohorst 7. Results are the mean +_ SD of triplicate determinations 
expressed as tamotes lactate formed per g of hemoglobin, n.d., not 
determined. 
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In presence of an equimolar concentration of  galactose, 
sorbose could not induce lysis of dog erythrocytes in vitro. 
Since the catabolism of galactose is independent of hexoki- 
nase, and the lactate formation in dog hemolysates was not 
inhibited at all by sorbose using galactose or glucose-6- 
phosphate as substrate, the view that sorbose interacts with 
glycolysis at the level of the hexokinase is strongly support- 
ed. 
The finding that the sorbose-induced hemolysis in dog 
erythrocytes is dependent upon time of  incubation, tem- 
perature, and pH"a l so  supports a n  interaction of  sorbose 
with the red blood cell metabolism rather than a direct 
action on the cell membrane. In addition, there was no 
indication of a decreased osmotic resistance of erythrocytes 
collected from dogs treated with sorbose for 3 weeks 3. 
Possible interactions, among others, of sorbose with hexoki- 
nase are a) competitive inhibition, b) noncompetitive inhi- 
bition and c) inhibition by a metabolite of  sorbose. The 
latter possibility is supported by the time course of  inhibi- 
tion by sorbose of the lactate formation from glucose 
(table). An increasing inhibition of glycolysis was noted 
after 6 h of incubation, resulting from a complete inhibition 
of lactate formation in presence of sorbose between 14.5 
and 24 h of incubation, in contrast to the linear increase of  
lactate formed in absence of sorbose. Enzyme kinetic 
investigations with partly purified hexokinase suggest that 
sorbose may be phosphorylated in dog erythrocytes (Keller, 
unpublished) in contrast to erythrocytes of man y. However, 
sorbose is not metabolized to lactate. 

Among several species tested, including man, only dog 
erythrocytes showed such an extraordinary high sensitivity 
to sorbose-induced hemolysis 4. Sorbose did not inhibit the 
lactate formation in hemolysates from man using glucose, 
fructose, mannose, and galactose as substrate (Kistler, 
unpublished). However, in view of the many common 
forms of  hemolytic anemia in humans, and considering the 
potential role of  sorbose as a food additive, further investi- 
gations are necessary to exclude the possibility that human 
erythrocytes with some specific deficiencies could be sensi- 
tive to sorbose-induced hemolysis. 
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Immunomodulating effect~ ill vitro of a~hydroxythiazolobenzimidazole in the absence of/mitogenicity 

G. H. Warren, L. Mills and H. Friedman 

Departments of Microbiology, Wyeth Laboratories, Inc., P.O. Box 8299, Philadelphia, (Pennsylvania 19101, USA), and 
Albert Einstein Medical Center, Philadelphia, (Pennsylvania 19141, USA), 25 November 1977 

Summary. Wy-13, 876, a hydroxythiazolobenzimidazole, enhanced in vitro a_ntibody formation b31 mouse~,.~pleen cells 
immunized with sheep red blood cells. The optimal dose was 25-50 gg/culture. The compound did fi'0Vhave a mitogenic 
effect at any dose. 

Recent studies suggest that substances such as bacterial 
lipopolysaccharides stimulate the immune response by in- 
ducing mitogenesis 1-3. Much of the work in this laboratory 
has been concerned with the role of a synthetic low mol. wt 
hydroxythiazolobenzimidazole (Wy-13, 876 or 3(p-chloro- 
phenyl)- 2,3-dihydro- 3-hydroxythiazolo[3,2-a]benzimida- 
zole-2-acetic acid) in antibody synthesis 4. The compound 
has previously been shown to inhibit Lewis lung tumor 
growth and to stimulate T cell activity in vivo 5'6. The data 
presented in this study indicate that Wy-13,876 enhances in 
vitro antibody formation in mouse spleen cells without 
producing a mitogenic effect. 
Materials and methods. Spleen cells obtained from normal 6 
to 8 week~ old Balb/c mice were washed in Hank's solution 
and 5• 106 cells and cultured in 0.5 ml medium (RPMI 
1640) containing 5% fetal calf serum. The cells were placed 
on a dialysis membrane in the inner chamber of a Mar- 
brook vessel containing 11-12 ml medium in the outer 
chamber exactly as described elsewhere y. The cultures were 
immunized with 0.1 ml suspensions of sheep red blood cells 

4 6 (SRBCs) ranging from 2 x  10 to 2x  10 erythrocytes/ml; 
control cultures contained no SRBCs. The hydroxythiazolo- 
benzimidazole, suspended in tissue culture medium imme- 
diately before use, was added at concentrations ranging 
from 1 to 1000 Ixg in 0.1 ml medium to test cultures which 
were then incubated at 37 ~ in an atmosphere of 95% air 

and 5% CO 2 for 5 days. Spleen cells from at least 5 cultures 
per group were tested for antibody plaque forming cells 
(PFCs) after incubation by the direct plaque assay of Jerne 
as described earlier 7. 
To determine mitogenic responses, 106 spleen cells were 
incubated with graded quantities (1-500/ag/0.1 ml) of the 
b e n z i l ~ a f o l e  at 37 ~ for 24-48 h and then pulsed with 
0.1 m[ q~thymidine  (2 gCi) followed by incubation for an 
additio"ffai'Tg h. The amount of radioactivity in the DNA of 
the cells was determined by s t andard~nt i l l a t ion  counting. 
Results. Addition of graded amounts of the be~imidazole  
to normal spleen cells cultured in vitro induced a change in 
the antibody response (table 1). Although 1-10 gg of the 
compound had no significant effect on the number of 
antibody forming cells in cultures immunized with 2 x 106 
SRBCs, a 25-50 gg dose gave an optimal increase of about 
50-80%. The 100 gg dose had little effect, while the 500- 
1000 gg doses greatly reduced antibody formation. This 
appeared to be due to the toxicity of the drug at the higher 
levels (table 2). When lower immunizing doses of SRBCs 
(2 x 10 ~ or 2 X 104) were used, fewer PFCs appeared in the 
cultures. Addition of graded quantities of the benzimid- 
azole resulted in a greater response at most levels in 
comparison to control cultures (table 1). Although total 
antibody formation was less than the level achieved with 
the highest dose of SRBCs, the percentage increase in PFCs 


