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Abstract: In order to study methotrexate nephrotoxicity, the activities of proximal
tubule epithelial cell membrane enzymes: alanine aminopeptidase (AAP) and gamma-
glutamyltransferase (GGT), as well as of lysosomal N-acetyl-beta-D-glucosaminidase
(NAG) and urinary albumin concentrations were determined in 12-h-urine samples of 30
patients with lymphoblastomous leukemia. The patients were i.v. receiving 4 individual me-
thotrexate doses of 2000 mg/m” every 15 days followed by leucovorin as a protector. Con-
trol and methotrexate-treated group, each consisting of 30 examinees, included 4-10 years
old children of both sexes.

Statistically significant increase of AAP and GGT activities, expressed as U/mmol
creatinine was observed after the first two (p < 0.05), as well as after the remaining two
therapies (p < 0.01) in relation to the control. Enzymatic activities of these two enzymes
decreased to control value before the second and the third methotrexate application, but
they increased again after the third application and remained elevated up to the end of expe-
riments. Significant increase of NAG activity expressed as U/mmol creatinine
(p <0.01), as well as urinary albumin levels (mg/mmol creatinine; p < 0.01) were registered
after the third methotrexate therapy and this elevation of the same statistical significance of
the differences remained stable till the end of the therapy. Based on these results it can be
concluded that during the time period of two first applications nephrotoxic methotrexate ac-
tion is reversible and at the level of proximal tubule epithelial cell membranes. During the
last two applications impairment is irreversible and at the level of cell organelles and glo-
merular filtration.
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1. INTRODUCTION

Methotrexate, a known folate synthetase inhi-
bitor represents one of the first and most frequently
used drugs in chemotherapy of malignancies. It has
been applied as chemotherapeutic for almost five
decades. It was shown to be efficient against numer-
ous malignancies such as leukemia, lymphoma, cho-
riocarcinoma, osteosarcoma and breast, head and
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lung tumors [1-5]. Methotrexate is usually applied
by i.v. route in high, moderate and low doses [6].
High doses of 500 mg/m? or even higher are used in
the cases of leukemia, lymphoma, leptomeningeal
metastases and osteosarcoma. Medium doses of 50
to 500 mg methotrexate per m* are given in cases of
gestational trophoblastic diseases, while low doses
(50 mg/m> or lower) are applied during anti-



Tatjana Vujic, et al., Activities of proximal tubule enzymes and albumin concentration in urine...

Contemporary Materials, VI-1 (2015)

Page 75 of 79

inflammatory therapy of rheumatoid arthritis and
psoriasis [7,8].

Intravenous methotrexate doses over 1.0 g/m?,
frequently result in a series of systemic toxicities.
Besides the skin, mucous membranes, liver and
brain, they also affect the kidneys [9]. Methotrexate
can exert toxic effects on glomerular and tubular
functioning, but some clinical studies showed that it
is not a general phenomenon [10]. Even low and
moderate intravenously applied methotrexate doses
aggravate the existing glomerular and tubular cell
necrosis. The risk of nephrotoxic methotrexate ac-
tion can be elevated by genetic polymorphism in-
cluded in folate metabolism [11].

In the studies published so far, determination
of methotrexate nephrotoxicity was performed dur-
ing the application of low doses of the drug in the
cases of anti-inflammatory treatment of rheumatoid
arthritis and psoriasis. In earlier reports, glomerular
function was checked by measuring clearance of
inulin, creatinine and ethylenediaminetetraacetate
(EDTA), as well as by increased albumin concentra-
tion in urine [12]. Tubular function was estimated by
determining the blood concentration of electrolytes,
content of alfa-1- or beta-2-microglobulins in urine
and by tubular enzymuria [13,14].

The present study aimed at determining possi-
ble nephrotoxic methotrexate effects in the repre-
sentative number of patients suffering from acute
lymphoblastomous leukemia treated with high doses
of the drug. Glomerular toxicity was estimated via
the determination of albuminuria, and tubular toxici-
ty by determining enzyme activities of AAP (EC 3.
4.11.2), GGT (EC 2. 3. 2.2),and NAG (EC 3. 2. 1.
52), known as very sensitive markers of epithelial
proximal tubule cell damages.

2. EXPERIMENTAL SECTION

Sixty children aged between 4 and 10 years,
all of them patients of the Pediatric Hospital of the

University Clinical Center, Banjaluka were included
in the present study. The experimental group con-
sisted of 30 patients with diagnosed lymphoblas-
tomous leukemia receiving i.v. four intramittent me-
thotrexate doses of 2000 mg/m” every 15 days, each
of them followed by protective leucovorin doses of
15 mg/mz, 42, 48 and 54 h after methotrexate. The
control group included 30 examinees without either
lymphoblastomous leukemia or some other kidney-
or urinary tract-connected disorders and without me-
thotrexate application.

Twelve-h-urine samples in triplicates, col-
lected in the morning 24 h before and 24 h after each
methotrexate treatment were kept at —25 °C till the
analysis. The data on age, sex, body height and
mass, and the health status of the patients were in-
troduced into a questionnaire during the first urine
collection.

Before urine analysis, the enzymes were sepa-
rated by gel filtration [15]. Enzymatic activities of
AAP [16], GGT [17] and NAG [18,19] expressed as
U/mmol creatinine [20], and concentrations of uri-
nary albumin [21,22] expressed as mg/mmol creati-
nine, were determined by spectrophotometry.

The results analyzed by standard statistical
methods are presented graphically and in tables as
mean values + standard deviation. Thesignificance
of differences between the experimental group and
the control was estimated by Student t-test.

3. RESULTS

Enzymatic AAP, GGT and NAG activities, as
well as urinary concentrations of albumin presented
as mean values + S.D. are described in Table 1-4. As
seen in Table 1, a statistically significant increase of
AAP activity in urine samples of patients treated
with methotrexate in relation to the control was rec-
orded after each of four therapies.

Table 1. Average values (+ SD) of the activities AAP in urine of children treated with four therapeutic doses of metho-

trexate in relation to the corresponding controls

methotrexate control experimental p
therapies group, values in units group, values in units
I 0.37+0.12 0.47+0.17 p <0.05
11 0.38+0.11 0.54+0.19 p <0.05
111 0.35+0.10 0.60 +0.20 p <0.01
v 0.37+0.12 0.69 +0.23 p <0.01

Similarly to AAT, the mean values of enzy-
matic GGT activity were significantly increased af-
ter the first, after the second, after the third and after

the fourth therapy in experimental group in relation
to the control (Table 2)
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Twenty-four hours before the onset of the
second and third methotrexate treatment the activi-
ties of AAP and GGT were decreased to control val-
ue. However, the activities of these enzymes after

the third, as well as before the fourth methotrexate
treatment remained significantly elevated up to the
last experimental point, i. e. 24 h after the last appli-
cation of the drug.

Table 2. Average values (+ SD) of the activities GGT in urine of children treated with four therapeutic doses of metho-

trexate in relation to the corresponding controls

methotrexate control experimental P
therapies group, values in units group, values in units
I 3.84+1.12 4.85+1.61 p <0.05
11 3.62+1.20 545+ 1.84 p <0.05
111 345+ 1.15 572+1.92 p <0.01
v 3.51+1.17 5.57+1.85 p <0.01

Changes in NAG activity during the experi-
mental period are described in Table 3. As shown, a
statistically significant increase of this enzyme activ-
ity in methotrexate-treated group of patients in com-
parison with the control was observed after the third
treatment to remain significantly elevated up to the
end of the therapy.

An increased albumin level in the form of mi-
croalbuminuria was recorded after the third treat-
ment with methotrexate and the same level of statis-
tical significance of the differences was recorded till
the end of the therapy (Table 4)

Table 3. Average values (+ SD) of the activities NAG in urine of children treated with four therapeutic doses of metho-

trexate in relation to the corresponding controls

methotrexate control experimental P
therapies group, value in units group, value in units
I 0.27 +0.09 0.29 +0.08 p>0.05
11 031+0.11 0.32+0.10 p>0.05
11 0.29 +0.09 046+0.15 p<0.01
v 0.28 +0.07 0.59+0.19 p<0.01

Table 4. Average values (+ SD) of the concentrations albumine in urine of children treated with four therapeutic doses

of methotrexate in relation to the corresponding controls

methotrexate control group experimental group p
therapies mg/mmol creatinine mg/mmol creatinine
I 1.99 £ 0.66 2.20+£0.71 p>0.05
11 1.98 £ 0.68 1.96 +0.68 p>0.05
111 2.33+£0.77 530+ 1.81 p<0.01
v 228+1.0 7.11+£2.83 p<0.01

4. DISCUSSION

In the present work, nephrotoxic effects of 7.v.
methotrexate therapy were studied in the group of
children suffering from lymphoblastomous leuke-
mia, aged between 4 and 10 years of both sexes. The
increased enzymatic activities of AAP and GGT
(enzymes of the proximal tubule epithelial cell
membranes) in urine pointed to methotrexate-
induced injuries of this kidney tissue. At the same
time, harmful effects of methotrexate application
were seen as a significantly increased activity of ly-
sosomal enzyme NAG. In addition, significantly
elevated albumin levels in urine of the patients dem-
onstrated disturbances in glomerular filtration.

Enzymatic AAP and GGT activities were sig-
nificantly increased already after the first methotrex-
ate application, but a 15-day-period between the first
and the second therapy was sufficient for recupera-
tion of kidney cells, seen as decreased activities of
these two enzymes to the control levels. A similar
trend was also observed after the second methotrex-
ate treatment, i. e. after an initial increase in AAP
and GGT activities registered 24 h upon the therapy,
the activities of these two enzymes declined to con-
trol values before the third methotrexate application.
These results are in accordance with our previous
findings demonstrating that AAP and GGT represent
early, reliable and very sensitive markers of reversi-
ble changes in epithelial cell membranes of proximal
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tubules [23]. The activities of AAP and GGT also
significantly increased upon the third methotrexate
treatment to remain elevated till the end of the expe-
rimental period. These results ainindubitably pointed
to severe and irreversible methotrexate-induced inju-
ries of proximal tubule epithelial cells. After the first
two methotrexate treatments of the patients, no sig-
nificant changes in NAG activity were observed.
However, the activity of this enzyme was signifi-
cantly increased after both the third and the fourth
methotrexate application, clearly demonstrating se-
rious and irreversible damages in proximal tubule
epithelial cells at the level of cell organelles. These
results are in agreement with the report of Wilanda
et al. [24], although they do not support the findings
of Hempel et al. [9].

After the third methotrexate therapy, albumin
concentration in urine was significantly increased
pointing to methotrexate-induced damages of glome-
rules. These changes at the level of microalbuminu-
ria persisting up to the end of the experiment are
partially in accordance with earlier findings of Vuji¢
et al [25] and Ferrari et al. [26] and Spasovski et al.
[27].

5. CONCLUSION

Based on the results obtained throughout the
present study, it can be concluded that high metho-
trexate doses given to children with acute lymphob-
lastomous leukemia exert severe nephrotoxic effects.
After the first two methotrexate therapies these ef-
fects are expressed as reversible changes in epitheli-
al proximal tubule cells. However, the next two
therapies lead to irreversible changes accompanied
by an impairment at the level of kidney cell orga-
nelles and significant reduction of glomerular filtra-
tion.

6. REFERENCES

[1] J. Waling, From methotrexate to peme-
trexed and beyond, A review of the pharmacody-
namic and clinical properties of antifolates, Invest
New Drugs, Vol. 2 (2006) 24-37.

[2] A. Comandone, R. Passera, A. Boglione,
V. Tagini, S. Ferrari, R. Cattel, High-dose metho-
trexate in adult patients with osteosarcoma. clinical
and pharmacokinetic results, Acta Oncol., Vol. 44
(2005) 406—409.

[3] H. Marika, M. D. Gronroos, Long-term
follow-up of renal function after high-dose metho-

trexate treatment in children, Pediatric Blood Can-
cer, Vol. 51 (2008) 535-539.

[4] K. A. Janeway, H. E. Grier, Sequelae of
osteosarcoma medical therapy: A review of rare
acute toxicities and late effects, Lancet Oncol., Vol.
11 (2010) 670—678.

[5] U. Erdbrungger, K. de Groot, Is metho-
trexate nephrotoxic? Dose-dependency, comorbidi-
ties and comedication, Z. Rheumatol., Vol. 70
(2011) 549-552.

[6] K. Suzuki, K. Doki, M. Homma, H. Ta-
maki, S. Hori, H. Ohtani, et al., Co-administration of
proton pump inhibitors delays elimination of plasma
methotrexate in high-dose methotrexate therapy, Br
Clin Pharmacol., Vol. 67 (2009) 44—49.

[7] R. Santucci, D. Leveque, A. Lascoute,
V. Kemmel, R. Herbrech, Delayed elimination of
methotrexate associated with co-administration of
proton pump inhibitors, Anticancer Res., Vol. 30
(2010) 3807—-3812.

[8] B. C. Widemman, F. M. Balis, A. Kim,
M. Boron, N. Jayaprakash, A. Shalabi, et al., Glu-
carpidase, leucovorin and thymidine for high-dose
methotrexate-induced renal dysfunction: clinical
and pharmacologic factors affecting outcome, J Clin
Oncol., Vol. 28 (2010) 3979-3984.

[9] L. Hempel, J. Misselwitz, C. Fleck,
K. Kentouche, C. Leder, D. Appenroth, et al., Influ-
ence of high-dose methotrexate therapy (HD-MTX)
on glomerular and tubular kidney function, Med
Pediatr Oncol., Vol. 40 (2003) 348—354.

[10] H. Matsando, M. Fahim, D. S. Gill,
C. M. Hawley, D. W. Johnson, M. K. Gandhi, et al.,
High dose methotrexate and extended hours high-
flux hemodialysis for the treatment of primary cen-
tral nervous system lymphoma in a patient with end
stage renal disease, Am J Blood Res., Vol. 2 (2012)
66—70.

[11] I. Badaganani, R. A. Castro, T. R. Taylor,
C. M. Brett, C. C. Huang, D. Stryke, et al., Interac-
tion of methotrexate with organic anion-transporting
polypeptide 142 and genetic variants, J Pharmacol
Exp Ther, Vol. 318 (2006) 521-529.

[12] E. Batlle-Gualda, A. C. Martinez,
A. Guerra, E. Pascual, Urinary albumin excretion in
patients with systemic lupus erythematosus without
renal disease, Ann Rheum Dis., Vol. 56 (1997)
386—3809.

[13] W. S. Hsu, J. T. Kao, J. S. Chen, Clinical
significance of  urinary N-acetyl-beta-D-
glucosaminidase and alanine aminopeptidase, Tai-
wan Yi Xue Hui Za Zhi, Vol. 88 (1989) 407—409.

[14] S. Skalova, The diagnostic role of uri-
nary N-acetyl-beta-D-glucosaminidase (NAG) activ-



Tatjana Vujic, et al., Activities of proximal tubule enzymes and albumin concentration in urine...

Contemporary Materials, VI-1 (2015)

Page 78 of 79

ity in the detection of renal tubular impairment, Acta
Med., Vol. 48 (2005) 75-80.

[15] M. Werner, D. Muruhn, M. Atoba, Use of
gel filtration in the assay of urinary enzymes, J
Chromatog., Vol. 40 (1969) 254—263.

[16] K. Jung, D. Scholz, An optimized assay
of alanine aminopeptidase activity in urine, Clin
Chem, Vol. 26 (1980) 1251-1254.

[17] J. P. Persijn, W. van der Slik, 4 new me-
thod for the determination of gamma-glutamyl trans-
ferase in serum, J Clin Chem Clin Biochem., Vol. 14
(1976) 421-427.

[18] T. Yagi, R. Hisada, H. Shibata, 3,4-
Dintrophenyl-N-acetyl-beta-D-glucosaminide a syn-
thetic substrate for direct spectrophotometric assay
of N-acetyl-beta-D-glucosaminidase or N-acetyl-
beta-D-hexosaminidase, Anal Biochem, Vol. 183
(1989) 245-249.

[19] A. Hanbeyoglu, A. Kazez, B. Ustiindag,
N. Akpolat, Determination of urinary N-acetyl-beta-
D-glucosaminidase (NAG) levels in experimental
blunt renal trauma, Ulus Travma Acil Cerrahi
Derg., Vol. 17 (2011) 475—-481.

[20] H. Bartels, M. Béhmer, Microdetermina-
tion of creatinine, Clin Chim Acta, Vol. 32 (1971)
81-85.

[21] B. T. Doumas, W. A. Watson, H. G.
Biggs, Albumin standards and the measurement of
serum albumin with bromocresol green, Clin Chim
Acta, Vol. 31 (1971) 87-96.

[22] B. T. Doumas, T. Peters, Serum and
urine albumin: a progress report on their measure-

ment and clinical significance, Clin Chim Acta, Vol.
258 (1997) 3-20.

[23] T. Vuji¢, S. Uletilovi¢, J. Predojevic
Samardzi¢, B. Davidovi¢-Plavsi¢, S. Stoisavljevié
Satara, Z. Sani¢anin, The activity of proximal tubule
enzymes in the urine of cephalexin-treated patients,
J. Med. Biochem., Vol. 30 (2011) 131—4.

[24] P. Wiland, J. Swierkot, J. Szechinski,
N-acetyl-beta-D-glucosaminidase urinary excretion
as an early indicator of kidney dysfunction in rheu-
matoid arthritis patients on low-dose methotrexate
treatment, Br ] Rheumatol, Vol. 36 (1997) 59-63.

[25] T. Vuji¢, B. Davidovi¢ Plavsic,
S. Uletilovi¢, S. Stoisavljevi¢ Satara, J. Predojevi¢
Samardzié, Z. Sani¢anuin, Alkaline phosphatase en-
zyme and lactate dehydrogenase activity in urine of
patients treated with methotrexate, Contemporary
Materials, Vol. V-1 (2014)146—150.

[26] S. Ferrari, F. Piretti, E. Verri, L. Tolen-
tins, M. Cesari, M. Versari, et al., Prospective eval-
uation of renal function in pediatric and adult pa-
tients treated with high-dose ifosfamide, cisplatin
and high-dose methotrexate, Anticancer Drugs, Vol.
16 (2005) 733—7338.

[27] D. Spasovski, A. Latifi, N. Marina, J. Ca-
lovski, 1. Kafedziska, G. Bozinovski, et al., Symme-
tric dimethyl arginine and N-acetyl-beta-D-
glucosaminidase lysozymuria of proximal renal tu-
bules as a target for nephrotoxicity in patients with
rheumatoid arthritis treated with disease-modifying
antirheumatic drugs, J Nephropathol., Vol. 2 (2013)
36-52.

FOR

AKTHMBHOCTH EH3UMA ITPOKCUMAIJIHUX TYBYJIA U KOHIUEHTPALIMJA
AJIBYMUHA YV YPUHY OJELIE TPETUPAHE METOTPEKCATOM

Cazxxerak: Pamum yrBphuBama HeppPOTOKCHYHOCTH MeETOTpeKcaTa, oapehuBanu cy
eH3MMCKa aKTMBHOCT e€H3MMa MeMOpaHa lenuja emutena NPOKCHMAlIHUX —TyOyia,
ananuHamuHonentuaase (AAIT) u rama-rmyramuntpancdepase (I'TT), nu3o3omanHOr eH3MMa
H-anernn-6era-/I-rmyko3amunanaase (HAI) u koHueHTpanuja andymuna y ypuny. Onpehusama
Cy BplIeHa y y3opuuma l2-gacoBor ypuHa koj 30 ucCIuUTaHMKa KOjU Cy Ounu obosbenu of
maMpobnacTHe neykemuje. IbumMa je MeroTpekcarT alUMIMpaH HWHTPAaBEHCKH Yy YETHPHU
nojeauHaune go3e o 2000 mg/m’ ca pasmMakom of 15 JaHa M y3 3alITHTY ca JEYKOBOPHHOM.
Hcra oapehuBama cy BpuieHa u 'y 12-yacoBHoM ypuny 30 ucrnuTaHuka KOHTposHe rpyme. Ooje
IpyIle Cy ce cacTojalie o UCIIUTaHuKa 00a 1oJia, cTapocT o 4 1o 10 ronuHa.

Cratuctiuku 3HauajHo moBehame aktuBHOcTH AAIl u I'TT, m3paxenux y U/mmol
KPETHHHHA, SKCIICPUMEHTAIHE Y OJHOCY Ha KOHTPOJHY IPYIY jé PErMCTPOBaHO HAKOH INPBE
ngsuje tepanuje (p < 0,05) u HakoH apyre nsuje Tepanuje (p < 0,01). AkTuBHOCTH OBa 1Ba
€H3MMa EKCIICpUMEHTAIHe Tpyle HOpPMalu3oBaie Cy ce A0 MOoYeTKa Apyre, omHOCHO Tpehe
alUIMKanyje MeTOTpeKcaTa, alnu cy ce omeT nosehiene HakoH Tpehe amnmmkanuje u ocTane
yBehane cBe 1o kpaja excnepumenTta. CurHudukanTHu nopactu aktuBHocTH HAI y U/mmol
kpeatuHuHa (p < 0,01) u koHueHTpanuje anOymuHa y mg/mmol kpearununa (p < 0,01) cy
perucTpoBaHu HakoH Tpehe Tepanuje W moBehama ca MCTOM CTATHCTHYKOM 3HavajHoinhy cy
3apXKaHa cBe N0 Kpaja Tepamuje. Ha ocHOBY HOOMjeHHX pe3yiraTa MOXKeE ce 3aKJbYy4YHTH Ja je,
3a BpHjeMe JBHje TpBE MNPHUMjEHE JHjeKa, HE()POTOKCHYHO JjeJIOBAke METOTpeKcara



Tatjana Vujic, et al., Activities of proximal tubule enzymes and albumin concentration in urine...
Contemporary Materials, VI-1 (2015) Page 79 of 79

peBep3nOWITHO U Ha HUBOY henMja MeMOpaHa enuTeNa MpOKCUMAaIHUX TyOyna. 3a BpujeMe JBHje
MOCJbE/IlE MPHUMjEHE JIMjeka omrehema cy UpeBep3udMIHa 1 Ha HUBOY henujckux opraHena u
rJIoMepyiapHe GUITparmje.

Kibyune pujeun: anannHamuHonentuaasa (AAII), rama-rnyramunrpancgepaza (ITT),
H-aunerun-6era-JI-rnykozamunnnasza (HAI'), anOymuH, ypuH, METOTpEKCaT.



