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ABSTRACT 

We investigated the influence of high concentrations of glutamine and 

asparagine on "in vitro" cellular growth of lymphocytes stimulated with 

phytohaemagglutinin (PHA), concanavalin A (Con A) and pokeweed mitogen 

(PWM ) , a recognized test of cellular immunocompetence. Human periphe ral 

lymphocytes were cultured in flat-bottomed 96 -well microplates at 37 oc 

for 96 (PHA and Con A) or 144 hours (PWM) in the presence of a mitogen 

at different concentrations and either glutamine or asparagine 

supplemented at doses of 2, 4 or 8 mM. Lymphocyte reactivity, measured 

by the incorporation of tritiated thymidine into cellular DNA, was 

compared to identical cultures in the absence of supplemented amino 

acids (controls ) . We found that glutamine in doses of 2 mM and h i ghe r 

inhi bited lymphocyte proliferation o f mitogen-stimulated human 

lymphocytes, whereas asparagine caused no effect. These resul t s 

demonstrate that, although necessary for cellular division in modera te 

amounts, glutamine in high concentrations has the reverse effect. 
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INTRODUCTION 

Lymphocytes play an important role in the immune response and their 

proliferation depends on the availability of amino acids for prot ein 

synthesis (1 ) . Glutamine is an important component necessary for 
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cellular proliferation in a variety of cell systems including 

lymphocytes (2-4 ) . Glutamine oxidation provides energy (5 ), and ~ts 

carbon and nitrogen provide precursors for the synthesis of 

purine and pyrimidine nucleotides particularly in prol iferating cells 

(6 ) . Glutamine also provides nitrogen for the production of 

glucosamine, GTP and NAD. Therefore, the pathway of glutamine 

catabolism allows intermediates to be directed along different 

biosynthetic pathways. The high utilisation of glutamine by 

lymphocytes indicates that this amino acid plays an important role for 

the maintenance of immune function. The "in vivo" immunosuppression 

which accompanies clinicai situations, such as sepsis (7) and cancer 

caquexia (8 ) , has been attributed to plasma glutamine low levels . In 

this context, a recent report demonstrated that dietary administration 

of a combination of arginine and glutamine improves survival in septic 

mice ( 9 ). 

Since to our knowledge the available data in the literature 

fundamentally demonstrate the effects of moderate amounts of glutamine 

(O. 5 to 1. O mM) on cell growth and the inability of lymphocytes to 

multiply in glutamine-deficient culture medium, in the present study 

we investigated the effect of high concentrations of glutamine on "in 

vitro" mitogen- activated lymphocyte proliferation, a well known test 

of cellular immunocompetence . The influence of asparagine on the same 

parameter was also studied. 

KATERIAL AND KBTBODS 

Lymphocyt e s 

Samples of peripheral venous blood from adult healthy individuais 

were collected into heparinized tubes. The plasma was separated and 

418 



Arq.Biol.Tecnol . 38(2):417-~27,jun. ,1995 

the mononuclear enriched population isolated by the Ficol-Hypaque 

gradient method (10) . The cells were removed from the interphase and 

after washing three times with 5 % fetal calf serum (FCSI vírus and 

mycoplasma screened 1 CUltilab) in RPMI /1640 with glutamine (Gibco) I 

were centrifuged for 5 min at 400 g and finally suspended in 

RPMI /1640. The final concentration of the cell suspension was 2.0 x 

106 cells/milliliter of medium. Viability of cells was determined by 

the Trypan blue test and was always higher than 95 %. 

Response to mitogens 

The details of the procedure have been already reported (11) . 

Briefly, flat-bottomed 96-well microtitre plates (Falcon) were 

prepared by adding 50 ul of cell suspension 
5 

(10 cells) I 60 ul of 

medium containing either PHA (final concentrations in culture between 

0.25 to 5.0%1 v/v, Difco), Con A (final concentrations in culture 

between 12.5 to 125 ug/ml, Pharmacia) or PWM (final concentrations in 

culture between 0.1 to 1.0%, v/v, Welcome)l 40 ul of autologous plasma 

and 50 ul of medium containing glutamine or asparagine (Sigma Chemical 

Co.) at concentrations varying from 2 to 8 mM. The total culture 

volume was 200 ul and contained in addition 100 IU/ml penicillin and 

100 ug/ml streptomycin. Control cultures were prepared identically but 

without the supplemented amino acids . The amounts of glutamine and 

asparagine in controls were those found in the culture medium and 

plasma, i.e.l approximately 2 mM and 0.4 mM 1 respectively. The plates 

were covered with plastic lids and wrapped in adhesive plate film to 

prevent dehydration. The cultures were incubated in a humidified 

atmosphere of 5 % C02 in air at 37 oc for 96 hours (PHA and Con A) or 

144 hours (PWM) . Twenty hours before harvest 50 ul of medium 

containing 0.5 uCi of tritiated thymidine (TRA 306 1 Amersham 1 specific 
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activity 2 Ci/mmol) were added to each well. Cultures were harvested 

on glass fiber filters by a semi-automatic multiple harvester 

(Cambridge Technology Inc.). Filters were dried at 60 oc for 60 min or 

overnight at 37 °C. The area of the filter sheets which contained 

cells (discs) were pushed in to plastic vials I 5 ml of scintillation 

fluid (toluene with 5 g/1 POP and 100 mg/1 POPOP) was added to each 

vial. Cell bound 
3 h .d. H-t ym~ ~ne was determined by counting in a LKB 

Liquid Scintillation Counter. In some cultures, cell viability was 

measured at the end of the incubation period by the Trypan blue dye 

exclusion test. Identical triplicate cultures were always performed 

and the median of each triplicate used in calculations. Results of 

counts per minute (CPM) were expressed as percentage of control 

cul tures. Comparison between means of lymphocyte responsi veness was 

calculated by one-way analysis of variance (ANOVA) followed by the 

Duncan multiple range test. 

RESULTS and DISCUSSION 

The effects of glutamine and asparagine, added separately to 

cultures at concentrations of 21 4 or 8mM, on mitogen-induced 

response of lymphocytes were studied (Figures 1 and 2). The Figures 

display means and standard deviations of lymphocyte proliferation 

(tritiated thymidine uptake)l expressed as percentage of controls (100 

% growth), of cultures treated with PHA
1 Con A and PWM and 

supplemented withthe amino acids. Glutamine inhibited the rate of 3H-

thymidine incorporation into lymphocytesl while asparagine had no 

effect. Incorporation of tritiated thymidine was between 10
1 

000 to 

451000 counts per minute depending on the mitogen and the dose used. 

Cell viability determined at the end of cultures supplemented with 

8mM of glutamine or asparagine was similar to that of non-supplemented 
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cultures, reflecting no lymphocytotoxic activity of these amino acids 

(results not shown) . 
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Figure 1. Effect of glutamine on the " in vitro" proliferative response 

of human peripheral lymphocytes stimulated by phytohemagglutinin 

(PHA), concanavalin A (Con A) and pokeweed mitogen (PWM) . Means and 

standard deviations of four experimenta (lymphocyte donors} performed 

in triplicate, expressed as percentage of tritiated thymidine 

incorporation of control cultur es (100 \ growth}, are represented in 

the Figure. Differences between means of the various groups • were 

calculated by ANOVA and by t he Duncan multiple range test. Letters 

indicate significant differences between controla and the other 

groups. a: P , 0.05; b: P < 0 . 01; c : P < 0.01. 

~21 



Cl) 

o 
r... ....., 
c: 
o 
(.) 

-
c: 
o 

o 
r... 
o. 
Cl) ...., 
>
(.) 

o 
..c 
o. 
E 
>

....J 

Arq .B iol .Tecnol .38(2) :417-427,jun. , l995 

In our experiments, 
3
H-thymidine incorporation into DNA was used as 

an indicator of lymphocyte proliferation caused by PHA, Con A a.nd PWM. 

We consider that this incorporation represents proliferation and not 

just DNA synthesis because there was an increase in the number of the 

cells at the end of the culture period (results not shown) and because 

the 3H-incorporation was measured over a relatively long period (20 h) 
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Figure 2. Effect of asparagine on the "in vitro" responsiveness of 

human peripheral lymphocytes stimulated by phytohemagglutinin (PHA), 

concannavalin A (Con A) and pokeweed mitogen (PWM) . Means and standard 

deviations of four experiments (lymphocyte donors) performed in 

triplicate are displayed in the Figure . See Figure 1 for more details. 
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which is approximately the time for a complete cell cycle in 

lymphocytes. Previous investigators found that some amino acids 

affect the immune response "in vitro" and "in vivo" I and this is 

interesting in view of our results (12-14) . 

We observed a diminution in lymphocyte responsiveness due to an 

excess of glutamine in the medium. Two millimolar of exogenous 

glutamine already caused the effect. 

It is unlikely that the results reported in the present study are 

due to an interference of the amino acid with the used mitogens 1 

since the detected effects were generally present with all mitogens 

and it is difficult for a given amino acid to react similarly with 

receptora of three distinct mitogens. The mechanism by which 

glutamine suppresses lymphocyte transformation is unknownl but may be 

due to ammonia formation from glutamine. On the one handl lymphocytes 

contain high activities of glutaminase (15)1 and1 on the otherl it has 

been demonstrated that the glutamine toxic product ammonia strongly 

inhibits lymphocyte reactivity (16 1 17). In this context, asparagine 

does not affect lymphocyte proliferation in vitro, because lymphocytes 

lack asparaginase activity and therefore virtually no ammonia is 

produced from this amino acid. An alternative explanation for the 

inhibitory activity of glutamine could be the formation of high 

amounts of glutamate. We have recently observed that glutamate 

suppresses in vitro mitogen-activated human lymphocyte blastogenesis 

(18) 1 and this is in accordance with the observations of Drodge et 

\ 

al. (12 ) and Bck et al. (14)1 who found an in vivo suppression of the 

immune system by high plasma concentrations of glutamate in patients 

with malignant tumors. 

Thereforel although essential for lymphocyte growth in the 

culture medium in concentrations approaching that of the human serum 
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(0.57 mM), our results indicate that greater glutamine concentrations 

are inhibitory to cellular proliferation. 

On the other hand, low glutamine levels are found in sepsis (19), 

injury (20) and surgery (21) and are thought to contribute to the 

immunosuppression accompanying such situations. Therefore, the 

maintenance of plasma glutamine concentrations in such a group of 

patients very much at risk of inununosuppression is probably of 

benefit of maintaining inunune function. It has been already observed 

that parenteral supplementation of glutamine have beneficial effects 

on the immune system of patients following bone marrow transplantation 

(22). In addition, dietary glutamine and arginine combination improves 

survival of septic mice (9) . 

In summary, although our results should be interpreted cautiously 

before further evidence is obtained, they show that high amounts of 

glutamine is immunosuppressive, rather than immunostimulatory. Thus, 

it is advisable that the recent trials aiming to improve the immune 

system of critically ill patients by glutarnine administration should 

attempt to restore normal glutamine levels, avoiding high glutamine 

plasma levels which may possibly cause an opposite effect than that 

airned. 

ACXNOWLBDGEMBNTS 

This work was partially supported by CNPq, PAPERGS and 

PROPBSP/UFRGS. 

REFERENCES 

l. CHUANG, J.C.; YU, C.L. & WANG, S.T. (1990). Modulation of human 

lymphocyte proliferation by amino acids. Clinical and Experimental 

~unology, 81, 173-176. 

424 



-\ rq . Biol. Tecnol.33(2 ) :417-4.!; , j un . , 1995 

2. McKEEHAN, W.L. (1982). Glucolysis, glutaminol ysis , and cell 

proliferation . Cell Biology International Reports, 6. 635- 650 . 

3 . ARDAWI, M.S.M. & NBWSHOLME, E.A. (1983 ) . Glutamine 

metabolism in lymphocytes of che rat. Biochemical Journal, 212: 

835 - 842. 

4. CRAWFORD, J. & COHEN, H.J. (1985). The essencial role of L-

glutamine in lymphocyte differentiation in vitro. Journal of Cel1u1ar 

Physiology, 124 : 275-282. 

S. REITZER, L.J.; WICE, B.M.& KENNELL, D. (1979). Evidence that 

glutamine, not sugar, is the major energy source of cultured HeLa 

cells. Journal of Biologica1 Chemistry, 254 : 2669 - 2676. 

6. NEWSHOLME, B.A.; CRABTREE, B. & ARDAWI, M.W.M. (1985) The role 

of high rates of glucolysis and glutamine utilisation in rapidly 

dividing cells. Bioscience Reports, 5 : 393-400. 

7. ADJEY, A. A. ; MATSUMOTO, Y. ; TDUNEYUKI, O. ; HIROI, Y. & YAMAMOTO, 

S. (1994). Dietary arginine and glutamine combination improves 

survival in septic mice. Nutrition Research, 14: 1591-1599. 

8. PARRY-BILLINGS, M.; LEIGHTON, B.; DIMITRIADIS, G.; DE 

VASCONCELOS, P.R.L. & NEWSHOLMB, E.A. (1989) . Skeletal muscle 

glutamine metabolism during sepsis in the rat. International Journal 

of Biochemistry, 21: 419-423. 

9. PARRY- BILLINGS, M; LEIGHTON, B.; DIMITRIADIS, G. et al. (1991 ) . 

The effect of tumour bearing on skeletal muscle glutamine metabolism. 

International Journal of Biochemistry, 23: 933-937. 

' 10 . BOYUM, A. (1968 ) . Isolation of lymphocytes from human blood: 

further observation. Scandinavian Journa1 of Clinicai and Laboratory 

Investigation, 21 : 29-33. 

425 



Arq .B io l.Tecnol.38(2):417-427 , jun.,t 995 

11. WAJNER, M., PAPIHA, S.S. & WAGSTAFF, T . I. (1986). Inhibi t ion of 

mitogen and allogeneic stimulated lymphocyt es growth by human 

amniotic fluid: lack of correlation between alpha- fetoprotein level 

and in vitro irrmunosupression. European Journal of Obstetrics and 

Gynecology Reproductive Biology, 21 : 225-232. 

12. DRODGE, W.; ECK, H.P.; BETZLER, M.; SCHLAG, P. ; DRINGS, P. & 

EBERT, W. (1988) . Plasma glutamate concentration and lymphocyte 

activity. Journal of Cancer Research and Clinical Oncology, 114: 124-

128. 

13. KAVANAGH, T.J.; GROSSMANN, A. & RABINOVICH, P.S. (1.990). 

Proliferative capacity of human peripheral blood lymphocyte sorted on 

the basis of glutathione content. Journal of Cellular Physiology, 145: 

472-480. 

14. ECK, H.P . ; BBTZLBR, M.; SCHLAG, P. & DRODGB, W. (1990 ) . Partial 

recovery of lymphocyte activity in patients with colorectal carcinoma 

after curative surgical treatment and return of plasma glutamate 

concentrations to normal levels. Journal of Cancer Research and 

Clinical Oncology, 116: 648-650. 

1.5. ARDAWI, M.S.M. (1988). Glutamine and glucose metabolism in human 

peripheral lymphocytes. Metabolism, 37: 99-1.03. 

1.6. BABCHTEL, F . S., GREGG, D.E. & PRAGBR, M.D. (1976). The influence 

of glutamine, its decomposition products, and glutaminase on the 

transformation of human and mouse lymphocytes. 

Biophysica Acta, 421: 33-43. 

Bioch.imica et 

17 . BRAND, K.; FBKL, W.; VON HINTZENSTBRN, J.; LUPPA, P.• & 

SCHOERNBR, c. (1989). Metabolism of gluta1 ine in lymphocytes. 

Metabolism, 38 : 29- 33. 

426 



Arq.Biol .Tecnol. 38 (2):417- 427 ,jun. , 1995 

18. SOMMER1 M.H; XAVIER, M.H.; FIALH01 M.B.; WANNMACHER1 C.M.D. 

WAJNER M ( 1992) Immunomodulatory action o f amin MEDEIROS, A.M. & I • • 

acids on lymphocyte blastogenesis. Biochemical Society Transactions 

20 : 176. 

1 9.ROTH1 E.; FUNOVICS 1 J.; MUHLBACHER1 F. et al. (1982). Metabolic 

disorders in severe abdominal sepsis: glutamine deficiency in skeletal 

muscle. Clinicai Nutrition, 1 : 25-41 . 

2 O. ASKANAZI I J. ; CARPENTIERI Y. A. I MICHELSEN I C. B. et al. ( 1980) . 

Muscle and plasma amino acids following injury. Annals of Surgery, 

1 92 : 78-85. 

21. PARRY-BILLINGS, M.; BAIGRIE, R.J.; LAMONT, P.M.; MORRIS, P.J.& 

NEWSHOLME 1 E.A. (1992) Effects of major and minor surgery on plasma 

glutamine and cytokine levels. Archives of Surgery, 127 : 1237- 1240. 

22. ZIEGLER1 T.R.; YOUNG, L.S; BENFELL1 K. et al. (1992). Clinical 

and metabolic efficacy of glutamine-supplemented parenteral nutrition 

after bone marrow transplantation. Annals of Internai Medicine , 116 : 

821-828. 

427 


