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The pyrano [2,3-a] carbazole derivatives (VII) were found 
to be active only against bacterial strains, more so against 
S. aureus. Among these isomers VIIe was found to be the 
most active. 
Though the compounds III a, b, e and IV a, b, e showed an- 
tifungal and antibacterial activities respectively they do not 
compare very well with the standard antibiotics used in 
practice. However, from this lead further sti'uctural modifi- 
cations should give promising antibiotics. 

1 The authors are thankful to Dr B.N. Apte, Association of 
Microbiologists of India, Bombay Unit, for providing some of 
the organisms, to Prof. A.K. De, Indian Institute of Technolo- 
gy, for financial assistance, to Prof. G.D. Shah, Department of 
Chemistry, Indian Institute of Technology for guidance, en- 
couragement and helpful discussions. 

2 Present address: Department of Life Sciences, Ramnarain 
Ruia College, Matunga, Bombay-400 019 (India). 

3 Address for reprint requests: Research Centre, Hoechst Phar- 
maceuticals Ltd, L.B.S. Marg, Mulund, Bombay-400 080 (In- 
dia). 

531 

4 T.A. Pugsley and W. Lippmann, Experientia 33, 568 (1975). 
5 A.A. Asselin, L.G. Humber, T.A. Dobson, J. Koml0ssy and 

R.R. Martel, J. reed. Chem, 19, 787 (1976), 
6 A. Shoeb, F. Anwar, R.S. Kapil, S.P. Popli, P. Dua and B.N. 

Dhawan, J. reed. Chem. 16, 425 (1973). 
7 V.I, Shvedov, L.B. Altukhova and A.N, Grinev, Khim.-farm. 

Zh. 3, 28 (1969); Chem. Abstr. 72, 12476j (1970). 
8 A. Mooradian, J. meal. Chem. 20, 487 (1977). 
9 A. Mooradian, A.G. Hlavac, P.E. Dupont, M.R. Bell and 

A.A. Abousi, J. reed. Chem. 18, 640 (1975). 
10 E.J. Alexander and A. Mooradian, U.S. Pat. 4,001,270 (1976); 

Chem. Abstr. 87, 39275q (1977). 
11 W.L. Albrecht and R.W. Fleming, U.S. Pat. 3,932,424 (1976); 

Chem. Abstr. 84, 150498s (1976). 
12 H. Biere, H. Ahrens, C. Ruler, E. Schroeder and H. Koch, 

Ger. Pat. 2,337,154 (1975); Chem. Abtr. 82, 156068j (1975). 
13 D.N. Chowdhury, S.K. Basak and B.P. Das, Curr, Sci. India 

47, 490 (1978). 
14 D.P. Chakraborty, K.C. Das, B.P. Das and B.K. Chowdhury, 

Trans. Bose Res. Inst. 38, 1 (1975). 
15 K.C. Das, D.P. Chakraborty and P.K. Bose, Experientia 21, 

340 (1965). 
16 G.D. Shah and B.P.J. Patel, Indian J. Chem, 18B, 451 (1979). 
17 F.M. Dean, in: The Total Synthesis of Natural Products, vol. 1, 

p. 467 and p. 534. Ed. J. Ap Simon. Wieley Interscience, New 
York 1973. 
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Summary. The main enzymes of  the 7-glutamyl cycle during the lactogenic cycle in rat mammary gland were studied. A 
significant increase was found in all of them with the onset of lactogenesis. The effect of methionine sulfoximine on 
reduced glutathione concentration was studied in tissue slices of  lactating mammary gland. The findings suggest that this 
compound affects glutathione synthesis by inhibiting 7-glutamylcysteine synthetase. 

Reduced glutathione (GSH) is a tripeptide widely distrib- 
uted in almost every living tissue at concentrations varying 
between 0.4 and 12.0 mM. Its intracellular level changes 
with growth, nutritional state and hormone levels in the or- 
ganism ~'2. In a tissue like mammary gland (in which its 
metabolism has been little studied), GSH concentration 
reaches 3.0 mM in the lactating gland 3. 
Participation of GSH in different metabolic processes is 
determined by 2 of its most important structural charac- 
teristics, the presence of a ?J-glutamyl bond and a SH group. 
The 7-glutamyl bond protects GSH against degradation by 
a-peptidases, and the only way to degrade it is by 7-gluta- 
myltranspeptidase, the enzyme which initiates the y-gluta- 
myl cycle in a sequence of 6 reactions which allows GSH 
resynthesis and the transport of amino acids into the cell 4. 
The presence of the SH group permits its participation in 
the protection of  thiol groups in several detoxification reac- 
tions 5. 
The 7-glutamyl cycle has been fully described in rat kidney, 
liver and brain and partially in erythrocytes and lens6'7; in 
general these tissues also have a high level of GSH. The 
cycle is regulated by GSH which in certain concentrations 
inhibits the enzyme y-glutamylcysteine synthetase 8. This 

e n z y m e  is also inhibited by the convulsivant methionine 
sulfoximine 9. 
We have already studied in our laboratory the hormonal 
dependence and some properties of  ?,-glutamyltranspepti- 
dase from rat mammary gland 3' 10. Now we are studying the 
main enzymes of the 7-glutamyl cycle (7-glutamyltranspep- 
tidase, 5-oxoprolinase and 7-glutamylcysteine synthetase) 

in order to obtain information on its physiological role dur- 
ing the lactogenic cycle. We have also looked at the effect 
of methionine sulfoximine in GSH levels in tissue slices of 
mammary gland in lactogenesis. 
Material and methods. Virgin and primiparous Sprague- 
Dawley rats (180-200 g) were taken at different stages of 
pregnancy and lactation. During lactation they were always 
kept with up to 8-10 pups. 
Tissue slices were obtained from 12 to 15 days lactating 
mammary gland by using a Stadie-Riggs tissue slicer. Slices 
(100 rag) were incubated in Krebs-Ringer bicarbonate buf- 
fer pH 7.4, gassed with 95% 02-5% CO 2 and containing 
5 mM of each of  the constitutive amino acids of  glutathione 
(glycine, cysteine and glutamate) or the 3 amino acids plus 
5 mM methionine sulfoximine. The slices were incubated 
with continuous shaking, up to 1 h. The y-glutamyltrans- 
peptidase activity was assayed using L-7-glutamyl-p-nitroa- 
nilide as the donor substrate of the 7-glutamyl group and 
glycylglycine as the acceptor n, 5-oxoprolinase was evaluat- 
ed by quantification with glutamate dehydrogenase of  the 
glutamate produced 12, and ?-glutamylcysteine synthetase 

~4 was assayed by precipitation of the product L-[U- C] glu- 
tamylcysteine as cadmium mercaptide and subsequent 
counting by liquid scintillation 13. The activities were ex- 
pressed in units/g tissue, 1 unit being defined as the 
amount of  enzyme that catalyzes the formation of 1 gmole 
product /min/g tissue. 
GSH was determined by the method of Ball 16. L-[U- 
14C]glutamate was obtained from the Radiochemical Cen- 
tre, Amersham (285 mCi/mmole).  L-7-glutamyl-p-nitroa- 
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nilide, dithio-bis-nitrobenzoic acid and glycylglycine were 
from Sigma Chemical Co. All other reagents were from 
Merck, Darmstadt. 
Results. The 7-glutamyl cycle enzymes increase during 
pregnancy (fig. 1); this increase becomes quite significant in 
proportion to the extent of lactogenesis, with the higher ac- 
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Figure 1.7-Glutamyl cycle enzyme activities in rat mammary gland 
during pregnancy and lactation. Results are given as the mean from 
5 animals. 7-Glutamultranspepfidase (units/g) - 0 - � 9  5-oxo-pro- 
linase (munits/g) - A - A -  and 7-glutamylcysteine synthetase 
(units/g) - �9 - �9 -. 
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tivity at the 20th day of  lactation. 5-Oxoprolinase level is 
quantitatively lower (2 orders of magnitude) than for the 
other enzymes. 
Fig. 2 shows the depleting effect of  methionine sulfoximine 
on GSH levels in tissue slices from lactating mammary  
gland. The initial GSH concentration is 3.0 raM. 
Discussion. The enzymes of the 7-glutamyl cycle studied in 
this work were chosen for the following reasons: 7-gluta- 
myltranspeptidase initiates the degradation of glutathione 
and the cycle reactions, 5-oxoprolinase is probably the rate- 
l imiting enzyme in other tissues 12 and 7-glutamylcysteine 
synthetase is the only one under  regulation. 
All these enzymes show a remarkable increase through 
pregnancy and lactation, while their activities are very low 
in the virgin mammary  gland. 7-Glutamyltranspeptidase is 
the one which presents the greatest increase and is also the 
predominant  enzyme of  the 7-glutamyl cycle in kidney. 5- 
Oxoprolinase is one of the key enzymes as it links degrada- 
tion with its biosynthesis and because its lower activity in 
mammary  gland is also in agreement with its rate-limiting 
role on the cycle in this tissue. It has to be emphasized that 
this is precisely the enzyme which has not been found in 
those tissues in which it has been possible to demonstrate 
the existence of the full cycle 7. 7-Glutamylcysteine synthe- 
tase, the 1st enzyme in the biosynthesis of GSH, is very ac- 
tive during lactation and susceptible of inhibi t ion by 
methionine sulfoximine. The remarkable decrease in GSH 
observed in tissue slices of lactating mammary  gland incu- 
bated with this compound is most likely due to inhibi t ion 
of the enzyme, an effect which also has been observed in 
liver and kidney 17, suggesting that methionine sulfoximine 
may prove to be useful as an inhibitor  of  GSH synthesis in 
various experimental systems. Nevertheless, in the particu- 
lar case of mammary  gland, this effect has to be studied ' in  
vitro' since the i.p. injection of methionine sulfoximine 
could upset lactogenesis, 
We conclude that, in general, the 7-glutamyl cycle increases 
its activity throughout lactogenesis in mammary  gland, in 
agreement with the proposed function for the cycle as a 
mechanism of transport of  amino acids into the cell, a situ- 
ation which is highly demanding  in mammary  gland, due to 
the increase in protein synthesis taking place for gland 
growth and for the protein components  of milk. 
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Figure 2. Depleting effect of methionine sulfoximine on GSH 
levels of tissue slices from lactating mammary gland. All values 
represent the mean of 4 different experiments+SEM. - � 9  
Krebs Ringer bicarbonate (KRB), control; - O - � 9  KRB plus glu- 
tamate, cysteine and glycine, 5 mM each; - k  A- KRB plus the 
same 3 amino acids plus 5 mM methionine sulfoximine. 
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