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Abstract: This study aimed to evaluate the toxic effect of four different melamine doses (5000, 10000, 15000 and
20000 ppm) supplemented orally in the diet for 28 days on male rats. The appearance, anatomy, serum electrolytes,
kidney functions (creatinine, urea and uric acid), serum melamine concentration, total body weight, food intake, food
efficiency ratio (FER), body weight gain (BWGQG), percentage of body weight gain (BWG %), water consumed and
histopathological examinations of three organs (kidney, ureter and urinary bladder) were investigated. The melamine
supplemented rats turned yellow and showed different degrees of toxicity, hypertrophy and congestion, particularly
the kidneys and the ureters as a result of melamine toxicity. Serum Na and Cl levels were decreased, whereas serum
K, P and Ca levels were increased compared to the negative control. Kidney functions showed elevation of the mean
values of serum creatinine, urea and uric acid. The histopathological examination of the three organs under study
showed adverse pathological signs according to the melamine dose.
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1. Introduction: contamination only or in combination with cyanuric
Melamine, or 1,3,5-triazine-2,4,6-triamine, is acid.
a small, nitrogen-rich molecule. It was considered In 2008, melamine contamination of baby
non-toxic based on early laboratory animal studies milk-based products was detected in China. Chinese
until significant morbidity and mortality related to authorities detected melamine concentrations between
crystalluria, nephrolithiasis and nephrotoxicity have 2.5 and 2563 ppm in 13 commercial brands of milk
resulted from pet food contamination (Bischoff, powder and trace contamination in nine others
2011). (Bhallaet al., 2009). Gonzalezet al. (2009)
It is harmful if swallowed, inhaled or discovered renal failure in piglets in Spain between
absorbed through the skin and chronic exposure may 2003 and 2006. They found that the kidneys
cause cancer or reproductive damage. It is eye, skin contained melamine, cyanuric acid and relatively high
and respiratory irritant (Weise, 2007). Direct contact concentrations of ammelide and ammeline.
results in skin irritation and eye irritation, and Lvet al. (2010) found that melamine
inhalation causes respiratory tract irritation. Oral concentrations in the kidney were higher than
ingestion affects the digestive tract, presenting as concentrations in the skeletal muscle or liver of
nausea, vomiting, and diarrhea (Jeong et al., 2006). lambs, and concentrations decreased below 20 ppb 4
The mechanism of carcinogenesis was most likely days after cessation of exposure. Addition of cyanuric
secondary to epithelial hyperplasia caused by acid to the diet did not affect melamine deposition.
mechanical irritation (Hau et al., 2009). Melamine is On the other hand, Shenet al. (2010) stated that
minimally, if at all, metabolized in monogastrics, but melamine is excreted by dairy cattle into milk,
could be partially metabolized in the rumen of cattle particularly in high-producing cattle, though milk
and small ruminants. Melamine does not accumulate yield and composition are otherwise unaffected.
over time in the animal body. Renal elimination of Melamine can be detected in milk within 8 hours of
unchanged melamine is approximately 90% complete exposure and remains detectable until 4 days after
within 24 hours (Qin et al., 2010). cessation of exposure. Approximately 0.3% of a
The combination of melamine and cyanuric melamine dose was excreted in milk in dairy goats,
acid in diet does lead to acute renal failure in cats and milk melamine concentrations remained above
(Puschner et al., 2007) and rats (Dobson et al., 2008). the level of concern (1.0 pg/mL) until 3 days after
Dalal and Goldfarb (2011) reviewed the toxicology, cessation of dosing (Baynes et al., 2010).
epidemiology, and pathology due to melamine Kim et al. (2010) wusing rat models,
contamination of foodstuffs due to melamine investigated the renal crystal formation following the
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ingestion of a melamine—cyanuric acid mixture
(M+CA, 1:1) to gain insight into the M+CA-induced
renal toxicity. They found that M+CA did not induce
toxicity in precision-cut kidney slices, suggesting that
M+CA does not have a direct nephrotoxicity. In
addition, Puschner and Reimschuessel (2011)
reported that both melamine and cyanuric acid were
relatively nontoxic when given individually, but they
caused crystal formation in renal tubules when given
together. Moreover, Camacho et al. (2011) stated that
co-exposure of rats to melamine and cyanuric acid
leads to alterations in the expression of the genes
encoding kidney injury molecule 1 (KIM-1),
metallopeptidase inhibitor 1 (TIMP1), -clusterin,
osteopontin, and neutrophil gelatinase-associated
lipocalin/lipocalin 2 (NGAL), which have been
proposed as urinary biomarkers for nephrotoxicity.

Wen et al. (2010) reported that the basic
treatment regimens for crystalluria and urolithiasis
related to melamine ingestion include fluid therapy
and supportive care in both veterinary and pediatric
patients. Low urinary pH is associated with crystal
formation in infants so, alkalization of the urine was
used to maintain urine pH between 6.0 and 7.8 in
affected children. Sodium bicarbonate or potassium
citrate was added to intravenous fluids for this
purpose (Gao et al., 2010 and Wenet al., 2010).
Antispasmodic drugs such as anisodamine or atropine
were given to facilitate excretion of uroliths in
children, and pain management was instituted (Bhalla
et al., 2009 and Wen et al., 2010). Most children
recovered with this conservative management (Gao et
al., 2010 and Wenet al, 2010). However,
hemodialysis was required in some patients, as was
surgical intervention (Wenet al.,, 2010). Most
children recovered fully, but 12% were found to have
renal abnormalities 6 months after treatment (Liu et
al., 2010).

In the current study, the biochemical and
histopathological changes resulted from the toxic
effect of different melamine doses (for 28 days) on
male rats were studied.

2. Materials and Methods

Male Albino Wister rats (Rattus rattus) of an
average of 200-225 g were obtained from King Fahd
Centre for Medical Research, King Abdulaziz
University, KSA. Rats were housed five per cage and
held for approximately two weeks before the study
began for acclimatization. Cages, bedding, and glass
water bottles (equipped with stainless steel sipper
tubes) were replaced twice per week. Test diets,
control diets, and tap water are available ad libitum.
Conventional animal basal diet was obtained from
Grain Silos & Flour Mills Organization—Makkah
branch in Jeddah- Saudi Arabia and Melamine (99%)
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was purchased from Sigma-Aldrich Cat. No. M2659-
5G.

The rats were distributed into five groups;
rats of the first group were fed normal basic diet as a
(-)ve control and four melamine supplemented groups
as follows: i. G1 were supplemented with 5,000 ppm,
ii. G2 were supplemented with 10,000 ppm, iii. G3
were supplemented with 15,000 ppm and iv. G4
supplemented with 20,000 ppm. Test diets were
prepared by mixing the suitable melamine weight
(according to the dose) to the basal diet. The rats were
observed twice daily for mortality and morbidity and
were weighed every week and at the end of the study
that lasted 28 days. Necropsies were performed on all
animals at the end of the study. All rats were
dissected and the target organs for histopathological
investigations were kept in 10% formalin.
Biochemical analysis

Serum electrolytes (Na, K, Cl, Ca and P) and
kidney functions indices (creatinine, urea and uric
acid) were measured also using Flex reagent
cartridge, URCA method of Dimension Vista System,
Siemens Health Care, Diagnostics Inc., Newark, DE
19714, USA, according to the instruction of the
supplier.

Serum  melamine concentration  was
estimated using GC-MSD 5975 series from Agilent
Technologies, USA according to the instruction of the
suppliers.

Body weight gain, food efficiency and consumed
water

The water consumed was calculated for each
group. Body weight per cage was recorded once per
week. The mean body weight of each group was
calculated by dividing the total weight of all surviving
animals by the number of surviving animals in the
group. Food intake per cage was recorded once per
week. Weight gain (g), body weight gain ratio
(BWG%) and food efficiency ratio (FER) were
calculated as follows:

Weight Gain= Final weight (g) - Initial weight (g)
BWG%=Final weight-initial weight/initial weight X
100

FER= Weight (g)/food intake (g).

Histopathological investigations

The target organs (kidney, ureter, urinary
bladder and testis) were dissected out and fixed in
10% formalin, dehydrated in gradual ethanol (50-
99%), cleared in xylene, and embedded in paraffin.
Sections were prepared and then stained with
hematoxylin and eosin dye for microscopic
investigation (Drury et al., 1976). The stained
sections were examined and photographed under a
light microscope.
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Data analysis

All data were analyzed using the SPSS
(Statistical Program for Sociology Scientists)
Statistics Version 17.0 for computing the mean
values, the standard errors (SE), and the test of
significance (t-test).

3. Results
Effect of melamine supplementation on the
morphology and anatomy

Figure (1) shows the effect of melamine
supplementation for 28 days on male rats under study.
The melamine supplemented rats showed different
degrees of toxicity according to the melamine dose.
Figure (1 A), shows the melamine fed rat (dose
20,000 ppm) has turned yellow colored and swollen,
while Figure (1 B), shows the same rat after
dissection, with hypertrophic and congested organs
(particularly, ureters both kidneys and liver. Kidneys
were turned yellow and greatly enlarged.

Figure (1): Effect of melamine supplementation for 28 days on the morphology and anatomy of rats; A; melamine fed rat
for 28 days (yellow colored, dose 20,000 ppm), B; Dissected melamine fed rat as in A.

Serum electrolytes

Table (1), shows the effect of melamine
supplementation for 28 days on serum electrolytes;
Na, K, CA, CL, and P. The mean values of Na in all

melamine supplemented groups (G1, G2, G3 and G4)
were non significantly lower than that of the negative
control (138.20+1.39, 136.60+1.88, 137.80+1.95,
136.40+1.43 and 141+0.82 mmol/L, respectively).

Table (1): Effect of melamine supplementation for 28 days on serum electrolytes (Na, K, CL, CA and P).

eatments | (-)ve Control Gl G2 G3 G4

Parameter (basal diet) 5,000 ppm 10,000 ppm 15,000 ppm 20,000 ppm

Statistics melamine melamine melamine melamine
Na Mean+SE 141+0.82 138.20+1.39 136.60+1.88 137.80+1.95 136.40+1.43
mmol/L T-test 1.15 NS 2.08 NS 0.91 NS 1.93 NS
K Mean+SE 4.84+0.12 5.56+0.21 5.12+0.17 5.26+0.25 5.54+0.34
mmol/L T-test -2.29* -2.74* -1.36* -1.73*
cl Mean+SE 97.21+0.47 92.20+1.98 84.60+1.96 89.00+1.94 88.80+2.22
mmol/L T-test 2.21* 6.10*** 3.80** 3.41**
Ca Mean+SE 2.57+0.03 2.63+0.04 2.70+0.15 2.88+0.09 2.93+0.16
mmol/L T-test -0.95 NS -2.03* -3.39%* -0.30 **
P Mean+SE 2.72+0.08 2.84+0.05 2.93+0.88 3.31+0.23 4.76+0.67
mmol/L T-test -3.70* -3.67* -1.94%* -3.27**

Stars show the significant differences compared to the negative controls calculated by the paired sample t-test; * means significant
at 5% (P<0.05), ** means high significant at 1% (P <0.01), *** means very high significant at 0.1% (P <0.001) and NS means

non significant.
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The mean values of K in all melamine
supplemented groups (G1l, G2, G3 and G4) were
significantly higher at 1% (P <0.01), than that of the
negative control (5.56+0.21, 5.124+0.17, 5.26+0.25,
5.54+0.34 and 4.84+0.12 mmol/L, respectively).

The mean values for Cl in all melamine
supplemented groups (G1, G2, G3 and G4) were
lower than that of the negative control (92.20+1.98,
84.60+1.96, 89.00+1.94, 88.80+2.22, 90.00+1.14 and
97.21+£0.47 mmol/L, respectively). The differences
were significant at 5% (P <0.05) in G1, high
significant at 1% (P <0.01) in G3 and G4 and very
high significant at 0.1% (P <0.001) in G2.

The mean values of serum Ca in all
melamine supplemented groups (G1, G2, G3 and G4)
were higher than that of the negative control
(2.63£0.04, 2.70+0.11, 2.88+0.09, 2.93+0.16 and
2.57£0.03 mmol/L, respectively). Differences were
significant at 5% (P <0.05) in G1 and G2 and highly
significant at 1% (P <0.01) G3 and G4, when
compared to the negative control.

The mean values of serum P in all melamine
supplemented groups (G1, G2, G3 and G4) were
higher than that of the negative control (2.84+0.05
and 2.93+0.88, 3.31+0.23, 4.76+0.67 and 2.72+0.08
mmol/L, respectively). Differences were non
significant in G1, significant at 5% (P<0.05) in G2
and highly significant at 1% (P <0.01) in G3 and G4.
Kidney Functions

Table (2), shows the effect of melamine
supplementation for 28 days on kidney function
indices; creatinine, urea and uric acid. As shown, the
mean values of serum creatinine in all melamine
supplemented groups (G1l, G2, G3 and G4) were
higher than that of the negative control
(141.80+11.57, 189.60+20.80, 221.80+22.33,
313.80+47.21 and 43.01+2.51 umol/L, respectively.
Creatinine levels were proportionally increased with
the increase in the melamine dose. However,
differences were very high significant at 0.1% (P
<0.001).

Table (2): Effect of melamine supplementation for 28 days on serum creatinine, urea and uric acid.

tments (-)ve Gl G2 G3 G4

Parameters Control 5,000ppm melamine || 10,000 ppm | 15,000 ppm 20,000 ppm

Statistics (basal diet) melamine melamine G3 melamine
Creatinine Mean+SE 43.01+2.51 | 141.80+11.57 189.60+20.80 221.80+22.33 313.80+47.21
umol/L T-test -9.16%** -7.46%** -8.36*** -5.53***
Urea umol/L MeanzSE 43.32+1.55 | 45.80+9.97 48.20+1.93 51.80+3.24 56.00+1.51

T-test -0.84* -5.51** -2.21%** -11.25%**
Uric acid | MeantSE 1.23+0.05 1.30+0.07 1.42+0.93 1.50+0.24 1.61+0.16
mg/dl T-test -1.04 NS -1.51* -2.21%* -4.58**

Stars show the significant differences compared to the negative controls calculated by the paired sample t-test; * means significant at 5%
(P <0.05), ** means high significant at 1% (P <0.01), *** means very high significant at 0.1% (P <0.001) and NS means non significant.

The same table shows that the mean values
of serum urea in all melamine supplemented group
(G1, G2, G3 and G4) were higher than that of the
negative control (45.80+9.97, 48.20+1.93,
51.80+£3.24, 56.00£1.51 and 43.32+1.55 umol/L,
respectively). Differences were significant at 5% (P
<0.05) in G1 and highly significant at 1% (P <0.01)
in G2 and very high significant at 0.1% (P <0.001) in
G3 and G4.

The mean values of serum uric acid in all
melamine supplemented group (G1, G2, G3 and G4)
were higher than that of the negative control
(1.30+0.07, 1.42+0.93, 1.50+0.24, 1.61+0.16 and

Table (3): Melamine concentration in the serum.

1.23+0.05 mg/dl, respectively). Differences were
significant at 5% (P <0.05) in G1 and G2 and highly
significant at 1% (P <0.01) in G3 and G4, when
compared to the negative control.
Serum melamine concentration

Table (3), show mean values of melamine
content in serum after 28 days of melamine
supplementation in all groups (G1, G2, G3 and G4).
They were 6.70+1.08, 7.48+1.96, 13.60+£6.35 and
19.1348.21 mg/ml and the negative control was zero.
However, differences were very high significant
when compared to the negative control.

tments (-)ve Control Gl G2 G3 G4
Parameters (basal diet) 5,000 ppm 10,000 ppm 15,000 ppm 20,000 ppm
Statistics melamine melamine melamine melamine
Melamine MeanzSE 0.0040.00 6.70+1.08 7.48+1.96 13.6046.35 19.1348.21
mg/kg T-test -6.19%** -3.80%** -2.14%** -0.3

Stars show the significant differences compared to the negative controls calculated by the paired sample t-test; * means significant at 5% (P
<0.05), ** means high significant at 1% (P P <0.01), *** means very high significant at 0.1% (P <0.001) and NS means non significant.
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Total body weight

Table (4), shows the effect of melamine
supplementation for 28 days on the total body weight
in rats. As shown, the mean values of the first weight
(after one week) of all melamine supplemented

groups (G1, G2, G3 and G4) were non significantly
lower than that of the negative control.
(215.56+12.03, 220.82+6.42, 227.02+7.81,
216.33+8.24 and 228.75£12.98 g, respectively).

Table (4): Effect of melamine supplementation for 28 days on total body weight.

Weight atments Control Gl G2 G3 G4

(9) (basal diet) 5,000 ppm 10,000 ppm 15,000 ppm 20,000 ppm
Statistics melamine melamine melamine melamine

1% weight Mean+SE 228.75+12.98 215.56+12.03 220.82+6.42 227.02+7.81 216.33+8.24
T-test 1.64 NS 0.76 NS 0.15NS 1.03NS

2" weight Mean+SE 263.06+£13.59 249.93+10.82 253.88+6.09 255.51+6.81 250.62+8.99
T-test 1.75 NS 0.76 NS 0.69 NS 0.95 NS

3 weight Mean+SE 288.87+11.58 273.56+10.35 253.8816.09 286.85+8.39 275.3315.76
T-test 1.31 NS 3.16** 0.22 NS 1.17 NS

4t weight Mean+SE 310.45+13.74 267.13+5.95 277.13+5.04 287.79+7.99 275.93+4.32
T-test 3.39** 2.08 NS 1.75 NS 3.12**

Stars show the significant differences compared to the negative controls calculated by the paired sample t-test; * means significant
at 5% (P <0.05), ** means high significant at 1% (P <0.01), *** means very high significant at 0.1% (P <0.001) and NS means

non significant.

The mean values of the second weight (after
two weeks) of Gl, G2, G3 and G4 were non
significantly lower than that of the negative control
(249.93+10.82, 253.88+6.09, 255.51+6.81,
250.62+8.99 and 263.06+13.59 g, respectively).

The mean values of the third weight (after
three weeks) G1, G3 and G4 were lower than that of
the negative control (273.56+10.35, 253.88+6.09,
286.85+£8.39, 275.33£5.76 and 288.87+£11.58 g,
respectively). However, the paired T-test did not
show any significant differences in all groups except
for G2 that was high significant at 1% (P <0.01)
when compared to the negative control.

The mean values of the fourth weight (after

were lower than that of the negative control
(267.13£5.95, 277.13£5.04, 287.79+7.99,
275934432 and 310.45£13.74 g, respectively).
However, differences were not significant in G2 and
G3 and highly significance at 1% (P <0.01) in G1 and
G4 when compared to the negative control.
Food intake

Table (5), show the effect of melamine
supplementation for 28 days on food intake in rats
under study. As shown, the mean values of the food
intake in the first week of G1 were non significantly
lower than that of the negative control (147.80+13.42,
and 151.2447.95 g, respectively), whereas that of G2,
G3 and G4 was higher than that of the negative

four weeks and at the end of the experiment) of all control (160.70£11.55, 155.3549.10, 155.904+9.06
melamine supplemented groups (G1, G2, G3 and G4) and 151.26+7.93 g, respectively).
Table (5): Effect of melamine supplementation for 28 days on food intake.
Food atments (-)ve Control Gl G2 G3 G4
Intake (basal diet) 5,000 ppm 10,000 ppm 15,000 ppm 20,000 ppm
g Statistics melamine melamine melamine melamine
1st MeanzSE 151.267.93 147.80+13.42 160.70+11.55 155.3549.10 155.90+9.06
week T-test 0.35 -0.90 -0.44 -0.53
2nd MeanzSE 116.15+10.62 160.88+3.51 172.07+5.62 187.18+2.98 197.85+12.00
week T-test -4 54%** -6.27*** -8.31*** -4.65***
3rd MeanzSE 116.47+10.60 137.88+7.95 159.42+3.75 160.95+4.86 169.85+9.55
week T-test -1.79%** -4.67*** -5.33*** -6.09 NS
4th MeanzSE 133.43+5.42 105.26+5.99 72.43+4.80 109.70+10.87 79.76x10.56
week T-test 3.30** 6.85*** 1.78 NS 3.67**

Stars show the significant differences compared to the negative controls calculated by the paired sample t-test; * means significant
at 5% (P <0.05), ** means high significant at 1% (P <0.01), *** means very high significant at 0.1% (P <0.001) and NS means

non significant.
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The mean values of food intake of all groups
(G1, G2, G3 and G4) in the second week were higher
than that of the negative control (160.88+3.51,
172.07£5.62, 187.18+2.98, 197.85+12.00 and
116.15+£10.62 g, respectively). However, differences
were very high significant at 0.1% (P <0.001) in all
groups, when compared to the negative control.

The mean values of food intake of all groups
(G1, G2, G3 and G4) in the third week were higher
than that of the negative control (137.88+7.95,
159.42+3.75, 160.95+4.86, 169.85+9.55 and
116.47£10.60 g, respectively). However, differences
were very high significant at 0.1% (P <0.001) in G1,
G2 and G3 and non significant in G4.

The mean values of food intake of all groups
(G1, G2, G3 and G4) in the fourth week were lower
than that of the negative control (105.26£5.99,

72.43+4.80, 109.70£10.87, 79.76£10.56  and
133.43£5.42 g, respectively). However, differences
were non significant in G3, highly significant at 1%
(P <0.01) in GI and G4 and very high significant at
0.1% (P <0.001) in G2, when compared to the
negative control.
Food efficiency ratio, body weight gain and
percentage of body weight gain

Table (6), show the effect of melamine
supplementation for 28 days on food efficiency ratio
(FER) and body weight gain body (g) weight gain %
(BWG %) in rats under study. As shown, the mean
value of weight gain of G1, G2, G3 and G4 were less
than that of the negative control (49.7749.23,
56.30+3.41, 60.77+1.79, 59.59+8.95 and 78.14+5.35
g, respectively), the differences were high significant
at (P <0.01) in G1, G2, G3 and G4.

Table (6): Effect of melamine supplementation for 28 days on food efficiency ratio (FER) and body weight gain body (g)

weight gain % (BWG %) in rats under study.

W (-)ve Control Gl G2 G3 G4
Parameters (basal diet) 5,000 ppm 10,000 ppm 15,000 ppm 20,000 ppm
Statistics melamine melamine melamine melamine
Weight Gain | Mean+SE 78.1445.35 49.77+9.23 56.30£3.41 60.77+1.79 59.59+8.95
(9) T-test 3.25%* 3.30%* 4.20%* 3.97**
BWG% Mean+SE 34.85+£3.57 24.17+5.51 25.68+2.04 26.88+1.20 28.18+4.82

T-test 2.90** 3.12** 3.04** 1.76 NS
FER MeanzSE 0.106+.009 0.054+.012 0.079+.018 0.068+.006 0.079+.020
G T-test 3.90* 1.65NS 5.7T*** 150 NS

Stars show the significant differences compared to the negative controls calculated by the paired sample t-test; * means significant at 5% (P
<0.05), ** means high significant at 1% (P <0.01), *** means very high significant at 0.1% (P <0.001) and NS means non significant.

The same table shows the mean values of
BWG% of all groups (G1, G2, G3, G4) were less than
that of the negative control (24.17+5.51, 25.68+2.04,
26.88+1.20, 28.18+4.82, and  34.85+3.57%,
respectively). The differences were non significant in
G4, high significant at 1% (P <0.01) in G1, G2 and
G3, when compared to negative control.

Concerning the FER, the mean FER values
in all groups (G1, G2, G3 and G4) were less than that
of the negative control (0.054+0.012, 0.079+.018,
0.068+.006, 0.079+.020 and 0.106+.009 g, respectively.
However, differences were non significant in G2 and
G4, significant in G1 at (P <0.05) and very high
significant (P <0.001) in G3, when compared to
negative control.

Water consumption

Table (7), shows the effect of melamine
supplementation for 28 days on the amount of water
consumed in rats under study. As shown, the mean
values of water consumed in the 1* week of G1 were
higher than that of the negative control (202.14+8.58
and 192.83+8.90 ml, respectively). Whereas the mean
values of G2, G3 and G4 were lower than that of the
negative  control  (184.28+6.49, 182.85+8.92,
174.28+7.51 and 192.83+8.90 ml, respectively).
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However, differences were non significant in G1, G2
and G3 when compared to the negative control,
whereas differences in G4 were highly significant
at1% (P <0.01).

The mean values of the water consumed in
the second week in G2 and G4 were lower than that
of the negative control (180.00+8.99, 174.28+11.92,
and 185.14+£9.46 ml, respectively), whereas that of
G3 was equal to that of the negative control
(187.14+8.370 and 185.1449.46 ml, respectively).
Moreover, the mean values of the water consumed in
the second week in G1 were higher than that of the
negative control (195.71+13.77 and 185.14£9.46 ml,
respectively. However, the paired T-test did not show
any significant differences between all groups and the
negative control.

The mean values of the water consumed in
the third week in G3 were lower than that of the
negative control (194.28+7.19 and 196.71£2.95 ml,
respectively, whereas that of all other groups (G1, G2
and G4) were higher than that of the negative control
(208.57+9.36, 198.57+1.42, 210.00+2.97,
214.28+7.19 and 196.71£2.95 ml, respectively).
However, differences were non significant in G1, G2
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and G3 and highly significant at 1% (P <0.01) in G4,
when compared to the negative control.

The mean values of water consumed in the
fourth week of G2, G4 were lower than that of the
negative control (166.66+7.76, 176.66+6.42 and
206.61£11.57 ml, respectively), whereas that of Gl
and G3 were higher than that of the negative control

(166.66+7.76, 210.00+£6.17 and 206.61+11.57 ml,
respectively). However, differences were non
significant in G3, highly significant at 1% (P <0.01)
in G2 and G4, and very high significant at 0.1% (P
<0.001) in GI1, when compared to the negative
control.

Table (7): Effect of melamine supplementation for 28 days on the amount of water consumed.

water consumed atments (-)ve Control Gl G2 G3 G4

mi (basal diet) 5,000 ppm 10,000 ppm 15,000 ppm 20,000 ppm
Statistics melamine melamine melamine melamine

1t week Mean+SE 192.83+8.90 202.1448.58 184.28+6.49 182.85+8.92 174.28+7.51
T-test -1.11 NS 1.27 NS 0.95 NS 3.35%*

M ook Mean+SE 185.1449.46 195.71+13.77 180.0048.99 187.1448.370 174.28+11.92
T-test -0.82 NS 0.65 NS 0.00 NS 1.32 NS

3 week Mean+SE 196.71+2.95 208.57+9.36 198.57+1.42 194.28+7.19 210.00+2.97
T-test -1.59 NS -1.00 NS 0.19 NS -2.70**

A" week Mean+SE 206.61+11.57 273.33+10.83 166.66+7.76 210.00+6.17 176.66+6.42
T-test -8.09*** 3.69** -0.16 NS 3.35**

Stars show the significant differences compared to the negative controls calculated by the paired sample t-test; * means significant
at 5% (P <0.05), ** means high significant at 1% (P <0.01), *** means very high significant at 0.1% (P <0.001) and NS means

non significant.

Histopathological studies

The target organs (kidney, ureter and
urinary bladder) tissues were dissected out and fixed
in 10% formalin, dehydrated in gradual ethanol (50-
99%), cleared in xylene, and embedded in paraffin.
Sections were prepared and then stained with
hematoxylin and eosin dye for microscopic
investigation.
Kidney

The histological examination of kidney
sections of control animals (Figure 2, A) shows
normal renal tissues and normal uriniferous tubules
and glomeruli in untreated rat group.

The rat kidneys of groups which were
regularly supplemented with 5,000 and 10,000 ppm
melamine, respectively, showed tissues with tubular
epithelial damage, capillary proliferation (Figure 2, B
& C). Kidney of rats which were regularly supplied by
15,000 ppm shows certain degenerated uriniferous
tubules and dilatation of Bowman's capsule (Figure 2,
D). On the other hand, the histological examination of
kidney sections of highly concentrated doses animal
groups which were regularly supplied by 20,000 ppm
melamine, show highly degenerated renal tissues and
accumulation of salt particles in uriniferous and
collecting tubules and glomeruli (Figure 2, E).

Histological ~diagnosis of melamine-
associated renal failure based on renal crystal
characteristics. (A) Dilated distal rat tubule contains
clusters of round green melamine crystals with
radiating spokes and concentric striations (arrow).
Surrounding proximal tubules appear unaffected. (B)
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Dilated distal rat tubule contains fragmented or
globular dense green melamine crystals (long
arrows). Note attenuation of the lining epithelium
with wide separation of nuclei (short arrow) and
mitotic figure (arrowhead) indicative of tubular
epithelial necrosis and regeneration as seen in Figure

Q).

Ureter

The normal structure of the ureter of the rat
is well represented in control group (Figure 3, A).
The epithelium (E) is three to four cells deep with
cuboidal or columnar basal cells, intermediate cells,
and superficial squamous cells. The basal cells are
attached by half desmosomes (D), or attachment
plates, on their basal membranes to a basement
membrane which separates the epithelium from the
lamina propria (LP). Fine extracellular fibers, ca. 100
A in diameters, are to be found in the connective
tissue layer (CT) immediately below the basement
membrane of this epithelium. The rat ureters of in
Figure (3, B & C) which were regularly supplied by
5,000 and 10,000 ppm melamine, respectively,
showed tissues with tubular epithelial damage. The
plasma membranes of the basal and intermediate cells
and the lateral and basal membranes of the squamous
cells are deeply interdigitated, and melamine toxicity
is associated with them. All the cells have a dense
feltwork of tonofilaments which ramify throughout
the cytoplasm (Figure 3, B & C). The histological
architecture of wureter sections of the rats
supplemented with moderately concentrated material
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(particularly proximally to the ligature) occurs in the
ureter (Figure 3, D & E).

of melamine (15,000 and 20,000 ppm) showed as in
legated blood vessels, an increase in modified muscle
cells with accompanying increase in connective tissue

Figure (2): A; renal tissues of control group showing normal renal structure with regulated nuclear arrangement of
urineferous tubules (u), B: Renal tissues of 5,000 ppm melamine fed group, showing convoluted urineferous tubules
(u) and glomeruli (G), C: renal tissues of 10,000 ppm melamine fed group, showing certain degenerated urineferous
tubules, D: renal tissues of 15,000 ppm melamine fed group, showing dilatation of Bowman's capsule, E: renal
tissues of 20,000 ppm melamine fed group showing highly degenerated renal tissues and accumulation of salt

particles in uriniferous (SP) X 200 (H&E stains).

2126



Life Science Journal 2013;10(1)

http://www_ lifesciencesite.com

Figure (3: A; Ureter tissues of control group showing normal cuboidal or columnar basal cells, intermediate cells

(U), and superficial squamous cells, B; ureter tissues of 5,000 ppm melamine fed group showing tissues with tubular
epithelial damage (arrow), C; ureter tissues of 10,000 ppm melamine fed group showing plasma membranes of the
basal and intermediate cells and the lateral and basal membranes of the squamous cells are deeply interdigitated
(arrow), D; ureter tissues of 15,000 ppm melamine fed group, showing the cells have a dense feltwork of
tonofilaments (arrow), E; ureter tissues of 20,000 ppm melamine fed group showing highly increase in modified

muscle cells (arrow). X 200 (H&E stains).

Urinary bladder

Bladder tissues of controlled rats showed
epithelium (E) is three to four cells deep with
columnar basal cells, intermediate cells, and
superficial squamous cells (Figure 4, A). The rat
groups treated with melamine in a two-generation
dose-response study in which 5,000 and 10,000 ppm
in the diet had been identified as the no- high effect
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level for primary bladder tissues with somewhat
atretic tissues (Figure 4, B & C). Melamine crystals
increase in the incidences of hyperplasia was found
at the 15,000 and 20,000 ppm melamine doses (the
high dietary levels tested). There were also
compound-related increases in the incidence of
transitional-cell papillomas (Figure 4, D & E).



Life Science Journal 2013;10(1)

http://www_ lifesciencesite.com

Figure (4): A; Normal bladder tissues showing epithelium (arrow); three to four cells deep with columnar basal cells, B; bladder

tissues of 5,000 ppm melamine fed group showing somewhat atretic tissues (arrow), C; bladder tissues of 10,000 ppm melamine
fed group showing mild atretic tissues (arrow), D; bladder tissues of 15,000 ppm melamine group showing increase in the
incidences of hyperplasia (arrow), E; bladder tissues of 20,000 ppm melamine group showing highly degenerated bladder tissues
and accumulation of granules in bladder tissues (arrow). X 200 (H&E stains).

4.Discussion

The toxic effect of oral administration of four
melamine doses (5,000, 10,000, 15,000 and 20,000
ppm) for 28 days was investigated in male rats.
Serum electrolytes, kidney functions indices,
melamine concentration in the serum, as well as, the
histopathology of kidney, ureters and urinary bladder
were measured in order to investigate the toxic effect
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of melamine on the kidney. Some other nutritional
parameters were also tested.

The color of melamine supplemented rats turned
yellow by increasing the time of melamine
supplementation, compared to the normal white
colored. In addition, the dissected melamine
supplemented rats showed congestion of organs and
yellowish color of kidneys, as a result of melamine
toxicity. This result is consistent with that of Chen et
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al. (2009) who noted that high doses of melamine
supplementation causes yellow color in kidney due to
the numerous melamine crystals of various sizes
found mixed with the necrotic cell debris in both
proximal and distal renal tubules. Slight to severe
inflammatory cell infiltration was accompanied by
renal tubular dilation and epithelial cell regeneration
with interstitial fibrosis.

The mean values of Na in the melamine treated
rats were non significantly lower than that of the
negative control. This result is consistent with that of
Jeong et al. (2006) and Chen et al. (2009), whereas
the mean values of K in the melamine treated group
were non significantly higher than that of the negative
control. This result is consistent with other results
(Puschner et al., 2007) in cats. The mean values for
Cl in the melamine supplemented group were
significantly very low compared to the negative
control. This result is consistent with that of Jeong et
al. (2006) and Chen et al. (2009). The mean values of
Ca in most treated groups were higher than that of the
negative. Differences were non significant. This result
is consistent with a similar one obtained by
(Puschner et al., 2007) in cats. The mean values of P
in the melamine supplemented group were very high
significantly more than that of the negative control.
This result is consistent with that of Jeong et al.
(2006), Puschner et al. (2007) and Chen et al. (2009).

The present results could be correlated with cell
membrane damage which leads to disturbances in
Na+ and K+ pumping and disorders in membrane
permeability (Ganong, 1999 and El-Missiry et al.,
2001). The decrease in the mean values of serum
sodium levels in the melamine fed rats for 28 days
compared to that of the control is consistent with
other findings observed by Jeong et al. (2006). They
observed decrease in sodium levels after feeding the
dogs and cats with commercial melamine
contaminated diets for about one month. In contrast,
serum potassium levels were significantly increased
after treatment with melamine for 28 days compared
to the control. This result is in agreement with other
study that showed elevated serum potassium in
melamine contaminated infants (Sun et al., 2010).

The melamine toxicity resulted from
supplementing the rats under experiment with
melamine for 28 days, has greatly affected kidney
function as revealed by the very high significant
elevation of the mean values of serum creatinine, uric
acid and urea in all treated groups than that of the
negative control. The current results are consistent
with that of Jeong et al. (2006), Tusing (2008), Kim
et al. (2010) and Schnackenberg et al. (2012).
Puschner et al. (2007) has got similar results in cats.

Melamine concentration in the serum was
increased by the increase of the melamine dose. This
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result is consistent with that of Wu et al. (2009) and
Ding et al. (2012).

The current results showed that the effect of
melamine supplementation for the first 14 days, on
the total body weight was non significant when
compared the negative control. Whereas, the third
weight (after three weeks) showed non significant
decrease in the body weight compared to the negative
control. This result is in agreement with Chen et al.
(2009). On the other hand, the mean values of body
weight was affected greatly after four weeks that
showed high significant differences at 1% (P<0.01),
when compared to the negative control.

In spite of the non significant increase in the
mean values of food intake the first week of
melamine  supplementation, they were very
significantly increased in the second week. The non
significant increase in the mean values of food intake
in the third week was faced with very high significant
decrease in the fourth week. This result is in
agreement with that of Dobson et al. (2008) and
Cianciolo et al. (2008). The reduction in food intake
in the fourth week is due to the toxicity of melamine
resulted from the longer period of melamine
supplementation.

The mean values of weight gain (g), BWG% and
FER were less than that of the negative control.
However, differences for weight gain were very high
significant at (P<0.001). This result is consistent with
that of Dobson et al. (2008).

The high significant increase in the consumed
water in the first and the third weeks was faced with
non significant increase in the second week. In the
fourth week, the mean values of the consumed water
were very high significantly lower than that of the
negative control.

Ren et al. (2012) and Gao et al. (2012) reported
that, renal tubules in melamine supplemented rats
were extended and the lining epithelium cell was
degenerated accompanied by testicular atrophy that
was recovered three months after the end of
administration, so did the reversibility of renal tubular
epithelium.

In the current study, renal tissues of rats
supplemented with melamine showed various
dramatic pathological changes and accumulation of
salt particles in most glomeruli and melamine
crystals, in kidney, ureter and urinary bladder
according to the melamine dose. This result agrees
with the current elevated kidney functions results and
with that of Tusing (2008), Hau et al. (2009), Chen et
al. (2009), Kim et al. (2010) and Schnackenberg et al.
(2012), who stated that histological examination
revealed that renal crystals that could be observed in
kidneys of animals showing signs of nephrotoxicity.
Urinary bladder tissues showed dramatic pathological
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changes. This result is consistent with Gao et al.
(2012) who reported pathological changes in the
heart, testes, spleen and urinary bladder of rats as a
result of long term melamine supplementation. On the
other hand, Chen et al. (2009) found that testes
weight in male rats was increased as a result of
melamine toxicity.

It could be said that the toxic effect of melamine
increases with increasing of the melamine dose. In
addition, melamine supplementation affected kidney,
ureter and urinary bladder, as revealed by the very
high significant differences of the kidney functions
and the adverse histological changes of these tissues.

Acknowledgement

The authors thank King Abdulaziz City for Science
and Technology for supporting and funding this
project (Grant No. 0736 -11 - - &),

Corresponding author:

Dr. Haddad A. El Rabey

Biochemistry Department, Faculty of Science, King
Abdulaziz University, Jeddah, Saudi Arabia.
Permanent address: Bioinformatics Department,
Genetic Engineering and Biotechnology Research
Institute, Minufiya University, Sadat City PO Box 79,

Egypt.
Email: elrabey@hotmail.com

References

1. Baynes RE, Barlow B, Mason SE, Riviere JE (2010). Disposition of
melamine residues in blood and milk from dairy goats exposed to an
oral bolus of melamine. Food Chem Toxicol 48: 2542-2546.

2. Bhalla V, Grimm P, Chertow GM, Pao AC (2009). Melamine
nephrotoxicity: an emerging epidemic in an era of globalization. Kidney
Internat 7: 774-779.

3. Bischoff K (2011). Melamine and cyanuric acid. RC Gupta (Ed.),
Reproductive and Developmental Toxicology, Academic Press/Elsevier,
Amsterdam.

4. Camacho L, Kelly KP, Beland FA, da Costa GG (2011). Gene
expression of biomarkers of nephrotoxicity in F344 rats co-exposed to
melamine and cyanuric acid for seven days. Toxicology Letters 206:
166-171.

5. Chen K, Liao C, Cheng F et al. (2009). Evaluation of Subchronic
Toxicity of Pet Food Contaminated with Melamine and Cyanuric Acid
in Rats. Toxicologic Pathology, 37: 959-968.

6. Cianciolo RE, Bischoff K, Ebel J, Van Winkle TJ, Goldstein RE,
Serfilippi LM (2008). Clinicopathologic, histologic, and toxicologic
findings in 70 cats inadvertently exposed to pet food contaminated with
melamine and cyanuric acid. J Am. Vet. Med. Assoc. 333: 729-737.

7. Dalal RP, Goldfarb DS (2011). Melamine-related kidney stones and
renal toxicity. Nature Reviews Nephrology 7: 267-274.

8. Ding X, Bai S, Zhang K, Wang L, Wu C, Chen D, Jia G, Bai J (2012).
Tissue Deposition and Residue Depletion in Broiler Exposed to
Melamine-Contaminated Diets. Journal of Integrative Agriculture 11(1):
109-115.

9. Dobson RL, Motlagh S, Quijano M, Cambron RT, Baker TR et al.
(2008). "Identification and characterization of toxicity of contaminants
in pet food leading to an outbreak of renal toxicity in cats and dogs.".
Toxicological Sciences.
http://toxsci.oxfordjournals.org/cgi/content/full/106/1/251.  Retrieved
2009-08-13.

2130

10.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Drury RA, Wallington EA, Cancerson R (1976). Carlton’s
histopathological techniques, 4th edn. Oxford University Press, Oxford.

. El-Missiry M, Othman A, Amer M, Abd El-Aziz M (2001). Attenuation

of the acute adriamycin-induced cardiac and hepatic oxidative toxicity
by N-(2-mercaptopropionyl) Glycine in rats, Free Radical Res. 35: 575-
581.

Endreszl L (2008). "Safe Melamine Levels Named by World Health
Organization". Health News. http://www.healthnews.com/alerts-
outbreaks/safe-melamine-levels-named-world-health-organization-
2252.html.

Ganong WF (1999). Review and Medical Physiology, Appelton, Lange,
editors. Medical Publications, Calfornia, 19th Ed.

Gao H, Xu'Y, He J, He X, Ma Y, Qin C, Gao J, Qin C (2012). Toxicity
and prognosis of melamine and melamine analogues in rats after oral
administration for eight weeks. International Journal of Automation and
Computing, 26 (4): 555-562.

Gonzalez J, Puschner B, Pérez V, Ferreras MC, Delgado L, Muoz M,
Pérez C, Reyes LE, Velasco J, Fernandez V, Garcia-Marin JF (2009).
Nephrotoxicosis in Iberian piglets subsequent to exposure to melamione
and derivatives in Spain between 2003 and 2006. J Vet Diag Invest 21:
536-558.

Hau AK, Kwan TH, Kam-tao P (2009). Melamine toxicity in the
kidney. J Am Soc Nephrol 20: 245-250.

Jeong WI, Do SH, Jeong H, Chung JY, Yang HJ, Yuan DW, Hong IH,
Park JK, Goo MJ, Jeong KS (2006). Canine renal failure syndrome in
three dogs. J Vet Sci. 7: 299-301.

Kim C, YunlJ, Bael, Lee J, Kang H, Joo K, Jeong H, Chung J, Park Y,
Lim K (2010). Renal crystal formation after combined or sequential oral
administration of melamine and cyanuric acid. Chem. Res. Toxicol. 23
(1): 220-227.

Liu JM, Ren A, Yang L, Gao J, Pei L, Ye R, Qu Q, Zheng X (2010).
Urinary tract abnormalities in Chinese rural children who consumed
melamine-contaminated dairy products: a population-based screening
and follow-up study. Can Med Assoc J 182: pp. 439-443.

Lv, X, JWang J, Wu L, Qiu J, Li J, Wu Z, Qin Y (2010). Tissue
deposition and residue depletion in lambs exposed to melamine and
cyanuric acid-contaminated diets. J Agric Food Chem 58: 943-948.
Puschner B, Reimschuessel R (2011). Toxicosis caused by melamine
and cyanuric acid in dogs and cats:uncovering the mystery and
subsequent global implications. Clin Lab Med 31: 181-199.

Puschner B, Poppenga R, Lowenstine L, Filigenzi MS, Pesavento PA
(2007). Assessment of melamine and cyanuric acid toxicity in cats. J
Vet Diagn Invest 19: 616-624.

QinY, Lv X, LiJ, Qi G, Diao Q, Liu G, Xue M, Wang J, Tong J, Zhang
L, Zhang K (2010). Assessment of melamine contamination in crop,
soil, and water in China and risks of melamine accumulation in animal
tissues and products Environment Internat 36: 446-452.

Ren S, Xu C, Du Y, Gao X, Sun Y, Jiang Y (2012). The natural
outcome of melamine-induced bladder stones with bladder epithelial
hyperplasia after the withdrawal of melamine in mice. Food and
Chemical Toxicology 50: 2318-2324.

Shen JS, Wang JQ, Wei HY, Bu DP, Sun P, Zhou LY (2010): Transfer
efficiency of melamine from feed to milk in lactating dairy cows fed
with different doses of melamine. J Dairy Sci 93, 2060-2066.
Schnackenberg L, Sun J, Pence L, Bhattacharyya S, da Costa G, Beger
R (2012). Metabolomics evaluation of hydroxyproline as a potential
marker of melamine and cyanuric acid nephrotoxicity in male and
female Fischer F344 rats. Food and Chemical Toxicology 50: 3978—
3983.

Sun N, Shen Y, He LJ (2010). Histopathological features of the kidney
after acute renal failure from melamine. New England J Med 362: 662.
Tusing TW (2008). Chronic Feeding: Dogs, Hazleton Laboratories Inc.,
Princeton, New Jersey, Nov 27, 1953. Available at
http://www.cdpr.ca.gov/docs/risk/toxsums/pdfs/1023.pdf. Accessed
December 18, 2008.

Weise E (2007). "Poison pet food woes seem to hit cats harder". USA
Today. http://www.usatoday.com/tech/science/2007-05-07-poison-pet-
food-science_N.htm. Retrieved 2008-10-01.

Wen JG, Li ZZ, Zhang H, Wang Y, Rui FZ, Yang L, Chen Y, Wang JX,
Zhang SJ (2010). Melamine related bilateral renal calculi in 50 children:
single center experience in clinical diagnosis and treatment. J Urol 183:
1533-1538.

Wu Y, Huang C, Lin C, Ho W, LinL, Chiu T, Tarng D, Lin C, Tsai T
(2009). Determination of melamine in rat plasma, liver, kidney, spleen,
bladder and brain by liquid chromatography—tandem mass
spectrometry. Journal of Chromatography A 1216: 7595-7601.



