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The Mechanism of Nephrotoxicity Formation of Methotrexate in STZ-Induced Hyperglycemic Rats.
Seok-Hwan Kim', Yeo-Jeong Kim, Joo-Yeon Lee, Hye-Ok Kang, Hang-Woo Lee” and Jongwon Choi*.
College of Pharmacy, Kyungsung University, Busan 608-736, Korea, Department of Food Science and Nutrition,
Dong-a University, Busan 604-714 Korea, *Traditional Bio-materials industry center, Daegu 704-230 Korea —
This study is investigated the effect on mechanism of nephrotoxicity formation of methotrexate(MTX)
by examing the induction of hyperglycemic by streptozotocin(STZ). MTX was injected daily at two
doses of 3, 6 mg/kg for 1 week in STZ-induced hyperglycemic rats. Activities of BUN, creatinine and
LDH were significantly increased by treatment with MTX in STZ-induced diabetic group when
compared to MTX treatment group in normal rats. Renal lipid peroxide content and activities of
cytosolic enzyme were significantly increased in the treatment of MTX in diabetic group. The
concentration of glutathione and glutathione biosynthesis enzymes were decreased by treatment with
MTX in STZ-induced diabetic group. These results suggest that nephrotoxicity of MTX in STZ-induced
hyperglycemic rat was caused by activation of renal metabolizing enzymes in cytosol and decrease

of glutathione concentration.
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tate/alanine aminotransferase (AST/ALT)9] &4 A&

Reitman®} Frankel] ¥4 [30], alkaline phosphatase (ALP)
o] 84 24L& Lowry59 #WwH[14] blood urea nitrogen
(BUN)Sl 32k 242 Chabner 52 WH[5), creatinine®] &
F =48 Slote] ¥ [32], lactate dehydrogenase (LDH)<]
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LDHY #4& 4T MTX 3 mg/kgS Soddtgs mfe
¥ Qo] 1 6 mg/kgd MIXE Fo93As o A
Z7veld Aol niste] FnFo] MTXE 53 FoAe
BUN % creatinine®] 33} LDHO] &4jo] A R3] £713
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A& Bidlack 59] ¥¥[2], glutathione S-transferase (GST)«] ZHoE dAFOo T 713 wo] o] &K1 = ASTY ALT
g4 ZHo Habig 59 WH[10], superoixde dismutase 7} Y= o5 E4AE-2 aminot} a-keto acid2}e] Aol
(SOD) g4 ¢} =42 Marklund9} Marklund2] ®¥H[20], cat- amino”] Aolut2-& sl Ao Auid da] £ I Ho
alase F4jo] 2742 Aebiol #HH[1], glutahthione peroxidase At o) E& 7HEY ARE dE o) HE 42§ A X
(GSH-Px) &4 o] 2738 Paglia®} Balentine?] ®WHH[28], 7 7} &alol HH AR 802 FEHe FEEAEA o] 3F
Tablel. Effect of MTX on biochemical parameter of STZ-induced hyperlgycemic rats in serum
Treatment Dose AST ALT" ALP™ BUN™ Creatinine LDH™™
(mg/kg) KA unit mg/dl wrobleski unit
Normal 60.4+10.3 28.9+7.63° 10.8+3.43° 12.8+3.6° 45097 255:2.11°
+MTX 3 62.8+7.36° 30.2£6.55" 13.244.62° 13.5£2.9° 5.0+0.83° 31.8+3.16°
+MTX 6 6831925 297825 14.0:3.52° 203:8.7° 7.4£2.63% 50.2+15.70°
STZ 69.8+11.3° 31.6+9.43° 13.9+5.11° 16.5+4.3" 5.8+0.90° 37.8+3.46%
+MTX 3 73.2+14.6° 33.2+8.52° 15.216.25° 32.845.9° 10.6+23" 72.4+10.51°
+MTX 6 75.8+12.9° 35.7:9.93° 16.8+4.23° 40.2+6.3° 13.8:3.27° 80.9+13.72°

Rats were treated with methotrexate(MTX, 3, 6 mg/kg i.p.) daily for 1 week in STZ-induced hyperglycemic rats. The assay
procedure was described in the experimental methods. Values are mean * S.D. for five experiments. Data followed by different
superscript are statistically significant by Duncan’s new muttiple range test from normal (p<0.05).
: alakaline phosphatase,
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Fig. 1. Effect of MTX on renal lipid peroxide content
(mean:S.D.) in STZ-induced hyperglycemic rats. The
means sharing a common letter are not significantly
different (p<0.05) between groups.
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o A 9] radical A4 &4 AO 4 A FArd MTXE Aakae] g5 A ol 01[515} Yt FErte FEG Ao
2olg} Fo nlate} FF o] MIXE £ TolAM #ol4 Table 30|th. AAT3 STZE F43le g AT
Al ZAsaTh AW AAA Aol XD B4 o MIXZ £&¥ 2 3, 6 mg/kgd 1797 B4 £osn
2 7473 e, radical £E ¥ 54 B2 §9& o8 SODGSH-Px9) 848 w23 £ 23 7ol MTXE F
S X0 H3AA[11] NAD'E Heg 84 ¢e a4 g g 7o vlg) Gl MIXE Fod T4 i 24
npate] Wk o] XOx ZtE aldehyde, purine 55 37 AA BAA foAe B3 T 5 91, GSTY &
2318 4 g, ol B3 FHAA B radicalo] A AL BEs) B ouh, Aol MIX 3 mg/kgs Fo 8 Tl
[21]=o] AU 23E S48 O 484 B AOR e 8 9] i1, 6 mg/kge TS B i 2
X0}t EelgstA el Fxu Ao fAlstn, X0 vkt A5d Aol Bfd MIXE 43 FolMe &40 dA
A2 oxygen free radicald HAA|7]|= &holrt oo £ 3] 7+2:3}9 ). Phase I ¥1-2-2 phase [ W3-8 AX oF&o|
289 Az Fuo MTXE Folstd cytosold] &L & U g 994 B2-E TR 258 Al7E 9
Ao 2AANA free radical AL ZFMNZOE AEAE olt}. I & SOD+ xenobiotics® ¢1&a] A H supero-

Table 2. Effect of MTX on phase | enzyme activities in STZ-induced hyperglycemic rats

Dose Activity
Treatment " =
(mg/kg) XD XO AO AH AD
Normal 0.214 + 0.041° 0.092 £ 0.018° 0.39 + 0.010% 3.62+023° 253+017°
+MTX 3 0.194 = 0.038" 0.096 = 0.016° 0.40 = 0.036" 392+ 017° 262 +0.25°
+MTX 6 0.090 £ 0.025° 0.141 £ 0.019° 0.55 = 0.020° 406 +043° 258+ 0.19°
STZ 0.156 + 0.039" 0.109 + 0.013° 0.41 + 0.038 5.23 £ 0.73° 316027
+MTX 3 0.048 + 0.026% 0.193 + 0.017° 0.80 + 0.013° 548 + 0.63° 3.36 + 0.40°
+MTX 6 0.018 £ 0.012¢ 0.208 £ 0.015° 103+ 027 6.21 £ 0.80° 341+ 033

1) Values are meanSD of eight experiments.

2) Data followed by different, superscript are significantly different by Duncan’s new multiple range test(p<0.05)
* Xanthine dehydrogenase ; uric acid nmole/mg protein/min

** Xanthine oxidase ; uric acid nmole/mg protein/min

#+ Aldehyde oxidase ; 2-pyridone nmole/mg protein/min

. Aniline hydroxylase ; P-aminophenol nmole/mg protein/min

ek Aminopyrine N-demethylase; HCHO nmole/mg protein/min

Table 3. Effect of MTX on phase Il enzyme activities on STZ-induced hyperglycemic rats

Dose Activity
Treatment T pm
(mg/kg) SOD Catalase GSH-Px GST

Normal 254 +336° 124.6 + 24.9° 1936 +30.7° 145 +15.7°
+MTX 3 238 +2.28° 120.8 £ 18.3° 1873 +29.7° 141 +17.9°
+MTX 6 231 +3.25 118.6 +17.5° 17521 +31.3° 111 +19.3°

STZ 237 £313° 120.2 +13.2° 182.7 +£30.9° 139 153"
+MTX 3 208 £6.14° 103.9 + 25.3° 161.7 +313 61.8 +13.9°
+MTX 6 19.9 +7.90° 100.8 + 24.8° 1575 +29.8° 429 +11.7°

1) Values are mean+SD of eight experiments.

2) Data followed by different superscript are significantly different by Duncan’s new multiple range test(p<0.05)

* Superoxide dismutase ; unit/mg protein/min ; one unit SOD is defined as the amount of enzyme that causes 50% inhibition
of cytochrome C reduction.

** Catalase; H-O» nmole/mg protein/min

. Glutathione peroxidase ; oxidized NADPH nmole/mg protein/min

*=+++. Glutathione S-transferase ; nmole DNCB conjugated formed/mg protein/min
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1. Aebi, H. 1974. Catalase. In "Methods of enzymetic analy-

Table 4. Effect of MTX on the glutathione synthesis in STZ-induced hyperglycemic rats

Dose GSH' GR” 7-GCS™
Treatment
(mg/kg) umole/g of tissue umole/g of tissue Pi nmole/mg protein/min
Normal 0.69 = 0.05° 2297 £24° 1415+ 0.7
+MTX 3 0.63 £ 0.07° 20.76 £ 3.7° 14.07 £ 0.9°
+MTX 6 049 + 0.09° 17.92 +35° 11.01 £ 09°
STZ 0.61 +0.08° 2023 £3.6° 14.03 + 0.6°
+MTX 3 0.31 + 0.04° 1017 +2.7° 713+ 0.5°
+MTX 6 0.23 +0.02° 7.90 + 1.8 5.97 £ 0.6°

1)} Values are meanzSD of eight experiments.

2) Data followed by different superscript are significantly different by Duncan’s new multiple range test(p<0.05)

* . Glutathione ** : Glutathione reductase *** :

7 -glutamylcysteinsynthetase
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