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Abstract

The parenteral use of amino acids and vitamins has been used to improve performance in animal 
production. However, few studies demonstrating the toxicity of these compounds. The present 
investigation evaluated the toxicological and clinical safety of the injectable supplement compound 
by amino acids and vitamins, administered by intramuscular route in Wistar rats. 56 females (± 220g), 
pubescent virgins, were randomly divided into seven groups (n=8): Treated with dose of 0.2, 2 and 4 mL, 
sampled 24 and 96 hours post-treatment (HPT), totaling six groups and one control group (Physiology 
Standard). Signifi cant increase in the enzymatic activity of serum ALT, AST, LDH and ALP was observed 
in animals treated with 2 and 4 mL (24 HPT). However, these changes returned to baseline levels 96 
HPT, except in serum AST and ALP in animals treated with 4 mL. CK-NAC showed dose-response effect, 
since the higher compound dose was followed by proportional increase in the circulating levels of this 
enzyme, associated to muscle degeneration and necrosis area in rats treat with 4mL at 96 HPT. The 
evaluation of hepatic function did not result in signifi cant changes in the serum levels of triglycerides, 
cholesterol, albumin, urea and creatinine in the comparison between rats treated with 0.2 mL and control 
rats, demonstrating the innocuousness of this treatment on the activity of liver and kidney. However, 
deleterious effects were observed in animals subjected to doses of 2 and 4 mL, including observed 
increased splenic and hepatosomatic response, signifi cant decrease in circulating albumin levels and 
signifi cant leukocytosis, which is characterized by neutrophilia, followed by lymphopenia demonstrating 
the compound irritating effect on muscle tissue.
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Introduction

The amount of essential amino acids available in the 
metabolism must be iqual nutritional needs, seeking to supply 
maintenance and production requirements [1]. To improve the 
metabolic activity and productive performance of animals, the 
use of parenteral administration of amino acids and vitamins in 
animal production has increased mainly in ruminants (bovines, 
goats and sheep), due to the peculiarities of intermediary 
metabolism, resulting from biotransformations that foods 
suffer through ruminal fermentation [2]. 

A relevant aspect in the study of exogenous administration 
of organic modifi ers should be related to the compounds 
safety. Therefore, these formulations need to provide 
clinical safety for animals. According to Castro et al. [3], all 
substance is potentially toxic, the correct dose differentiates 
a remedy of a toxicant. The practice of amino acids parenteral 
administration presents toxicological risks as observed with 
most chemical compounds such as spoiled food, industrial 
residues, among others, which induce lipid peroxidation 

mediated by the presence of free radicals, resulting in damage 
to biomembranes, consequently, promoting cellular and tissue 
dysfunctions [4,5].

Peroxidative processes involving lipids present in cell 
membranes represent critical factors in the pathogenesis 
of diseases related to free radicals, including infl ammation, 
hepatic and renal disorders [6,7]. In the pathophysiology of 
these events, hepatocytes play a central role in the homeostatic 
balance of essential biological processes, regulating important 
metabolic functions involving the synthesis, activation, storage 
and catabolism of endogenous and exogenous chemicals [8]. 
According to Rivera-Huizar et al. [9] and Belo et al. [5], the 
occurrence of development of hepato-renal syndrome is high 
in cases of poisoning. Therefore severe damages to liver by 
different etiologies can impair the renal function and aggravate 
the clinical status of the animal.

Moreover, evidences indicate that the processes of 
hepatic regeneration depend on the availability of amino 
acids, vitamins, among others. Studies have shown the 
involvement of benefi cial effect of leucine, isoleucine and 
valine supplementation for improving glucose metabolism in 
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rats with cirrhosis [10, 11], as well as the synergistic effect of 
these nutrients, Kröger et al. [12] investigated the benefi cial 
participation of methionine supplementation when combined 
with nicotinamide in reducing toxic effects induced by the 
treatment of methotrexate.

The growing use of parenteral supplementation with amino 
acids and vitamins in intensive production systems, seeking 
to improve the animals metabolic activity and productive 
performance, associated with the scarce literature regarding 
the possible side effects of this practice, this study aimed to 
evaluate the toxicological and clinical safety of amino acids and 
vitamins administered by intramuscular route in rats.

Material and Methods

Animals

The experiment was conducted in the Laboratory of Clinical 
Pathology and Animal Pharmacology at the Veterinary Hospital, 
University Camilo Castelo Branco - UNICASTELO, approved by 
the Institutional Ethics Committee for Researches (process 
number 3042-3262/10), according to experimental protocols 
for good clinical practice [13]. 56 females albino Wistar rats 
(± 220g), pubescent virgins, born in the same period and from 
UNESP-Botucatu biotherium, were kept in polypropylene boxes, 
suitable for the species, fed with commercial feed (Labina® 
- Purina ) and water ad libitum, exposed to temperature and 
photoperiod of about 14 hours.

Experimental design

Animals were randomly divided into seven groups (n=8): 
Treated with dose of 0.2, 2 and 4 mL, sampled 24 and 96 
hours post-treatment (HPT), totaling six groups and one 
control group (Physiology Standard). The treatments with 
the supplement of amino acids and vitamins (Table 1) were 
performed by intramuscular administration in the right hind 
limb. Likewise, the physiological standard group was submitted 
to the administration of saline 0.9% of 02.mL, to standardize 
the stress stimulus for capture and compound application.

Anesthesia and blood collection

The animals were anesthetized with an association of 
ketamine 10% (Vetaset® - Fort Dodge) and xylazine 2% 
(Rompun® - Bayer) in the proportion of 6:1, administered 
by intraperitoneal route at a dose of 1mL/kg of b.w., to collect 
blood samples from the posterior vena cava. Blood collection 
was realized in two sets of 5 mL syringes (needles 25x8), the 
fi rst set was heparinized to collect plasma and second without 
anticoagulant to obtain serum.

Serum biochemistry

After centrifuging the blood samples without anticoagulant 
(5000 rpm for 10 minutes), the serum was separated for the 
determination of aspartate aminotrasnferase (AST), alanine 
aminotransferase (ALT), gamma glutamyl transferase (GGT), 
alkaline phosphatase (ALP), Lactate Dehydrogenase (LDH), 
albumin, urea, creatinine, total and direct bilirubin, creatine 
kinase (CK-Nac), creatine kinase MB (CK-MB), Triglycerides 
and Cholesterol, performed in enzymatic and colorimetric 
semi-automatic biochemical analyzer (Model LabQuest® - 
Bioplus Company).

Hematology

For determination of erythrogram was used automatic blood 
cell counter (Model CC510, Celm). The Leukocyte and platelet 
counts were performed manually in Neubauer chamber. The 
percentage of cell volume was determined in micro-hematocrit 
capillary tubes, centrifuged 5 minutes at 3000 rpm. Blood 
extensions were prepared for differential leukocyte count, 
stained with May-Grünwald-Giemsa-Wright. 200 cells were 
counted by extension to determine the percentage of each cell 
type [14].

Morphometric evaluation

At necropsy, liver, kidney and spleen were colleted for 
morphometric evaluation which was carried out according to 
Weibel et al. [15], using the ratio between the organ weight 
(OW) and the body weight (BW). These were expressed as liver 
somatic index (LSI), kidney somatic index (KSI) and spleen 
somatic index (SSI), and were calculated using the formula: 
Somatic Index (SI) = OW x 100 / BW.

Histological examinations

For histopathologic assessment, samples of liver, 
kidney, spleen and skeletal striated muscle from the right 
hind limb (administration site of the medicinal compound) 
were collected from all animals and fi xed in 10% buffered 
formalin. After routine processing, the tissue was embedded 
in paraffi n, sectioned at 5μm, and stained with hematoxylin 
and eosin (H&E) for photomicroscopic assessment. A blinded 
experienced pathologist performed histopathologic analyses 
and the histological fi ndings related to tissues injury.

Statistical analysis

All data was statistically analyzed using a completely 
randomized split-plot design, with the main treatments (four 

Table 1: Injectable compound of amino acids and vitamins1, guarantee levels per 
kilogram of product.

Nutrient Amount Nutrient  Amount

Alanine 52.500 mg Glycine  83.000 mg

Arginine 39.700 mg Leucine  13.000 mg

Glutamic Acid 36.300 mg Cystine  800 mg

Isoleucine 6.400 mg Phenylalanine  9.200 mg

Aspartic acid 26.600 mg Threonine  5.000 mg

Lysine 14.400 mg Valine  9.700 mg

Methionine 4,10 g Serina  8.400 mg

Tyrosine 2.100 mg Tryptophan  3.300 mg

Proline 63.700 mg Vitamin A 5.000.000 UI/Kg

Histidine 2.900 mg Vitamin E  2.000 mg

Hydroxyproline 60.000 mg Vitamin D3  5.000.000 UI/Kg

1Aminopool®, Aminogel Laboratory Co. (São Paulo, Brazil).
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doses 0, 0.2, 2 and 4 mL) and the subplots (two harvest times). 

Comparison of the different experimental groups was carried 

out by applying a PROC MIXED procedure, using the Statistical 

Analyses System [16]. Signifi cant differences (P< 0.05) were 

estimated on the basis of Tukey´s test, according to Snedecor 

and Cochran [17].

Results

In the biochemical serum (Table 2), it was observed a 

signifi cant increase (P <0.05) in the enzymatic activity of serum 

ALT, AST, LDH and ALP, mainly in animals treated with 2 and 

4 mL, 24 hours after inoculation of the compound. However, 

these changes returned to baseline levels after 96 hours, 

except in serum AST and ALP in animals treated with 4 mL 

which remained statistically elevated compared to the control 

group. The group treated with 0.2 mL showed only a signifi cant 

increase in the activity of ALP when compared to the control 

group. There was no signifi cant variation (P> 0.05) on serum-

enzymatic activity of GGT among different treatments.

The study of serum CK-NAC showed dose-response effect, 
since the higher compound dose was followed by proportional 
increase in the circulating levels of this enzyme, corroborating 
this fi nding the Figure 1 presents the muscle degeneration 
and necrosis area in rats treat with 4mL at 96 hours after 
compound inoculation. Therefore the analysis of CK-MB did 
not present signifi cant (p>0,05) changes in rats submitted 
to different treatments (Table 2). It was not observed clearly 
the effect of different treatments on serum levels of total and 
direct bilirubin (Table 2). However, a signifi cant decrease of 
serum total bilirubin levels was observed in animals treated 
with 4 mL, 24 and 96 hours after compound inoculation, in 
comparison with the control group.

In the study of liver function, there was signifi cant decrease 
in serum albumin levels 96 HPT in animals treated with doses 
of 2 and 4 mL, being accompanied by a decrease in triglyceride 
levels, although these results are not signifi cant (P> 0.05). On 
the other hand, there was a signifi cant increase in blood levels 
of glucose and cholesterol in animals treated with 2 and 4 mL 
(24HPT). Other relevant data reported in table 2 refer to the 

Table 2: Mean values (n=8) and ANOVA for biochemical parameters measured in Wistar rats submitted to different treatments with amino acids and vitamin compound.

Parameters
Experimental NacParametersDoses (Mean values ± Standard deviation)1

period 0 (Control) 0.2 2 4

ALT
24 54,38±10,20 Da 79,50±10,93 Ca 162,50±48,66 Ba 362,88±77,53 Aa

96 54,38±10,20 Aa 80,00±22,85 Aa 63,75±18,11 Ab 63,63±10,70 Ab

AST
24 80,75±11,78 Ca 95,75±30,58 Ca 418,00±168,11 Aa 135,25±26,65 Ba

96 80,75±11,78 Ba 74,88±10,82 Ba 81,38±7,89 Ba 162,75±53,96 Aa

GGT
24 4,31±1,51 Aa 3,99±1,05 Ab 4,14±1,13 Aa 3,51±1,47 Ab

96 4,31±1,51 Aa 6,38±2,27 Aa 6,39±4,43 Aa 5,11±2,14 Aa

LDH
24 319,25±217,84 Ba 207,88±272,04 Ba 1080,25±1360,85 Aa 2566,13±710,95 Aa

96 319,25±217,84 Aba 187,88±141,52 Ba 402,38±174,11 Ab 226,14±238,76 ABb

ALP
24 129,00±50,57 Ca 523,00±167,47 Aa 340,63±106,95 Ba 380,88±91,62 Ba

96 129,00±50,57 Ba 223,50±61,90 Ab 147,88±45,60 Bb 273,25±85,96 Ab

CK-Nac
24 752,71±672,75 ABa 221,13±189,25 Bb 981,43±1675,91 ABa 1296,00±659,11 Aa

96 752,71±672,75 Aa 476,25±548,24 ABa 655,38±818,29 Aa 294,13±335,65 Bb

CK-MB
24 262,43±59,35 Aa 216,38±180,77 Aa 360,63±343,66 Aa 287,13±208,75 Aa

96 262,43±59,35 Aa 208,75±61,91 Aa 280,50±73,43 Aa 213,88±108,28 Aa

Total bilirubin
24 0,25±0,05 Aa 0,20±0,04 Ba 0,47±0,56 Aa 0,19±0,08 Ba

96 0,25±0,05 Aa 0,23±0,04 ABa 0,23±0,06 ABb 0,20±0,03 Ba

Direct bilirubin
24 0,06±0,01 ABa 0,07±0,02 Aa 0,14±0,20 Aa 0,04±0,02 Ba

96 0,06±0,01 Aa 0,07±0,02 Aa 0,06±0,01 Ab 0,05±0,02 Aa

Albumin
24 2,28±0,27 Aa 2,05±0,27 Ab 2,50±1,45 Aa 2,06±0,57 Aa

96 2,28±0,27 Aa 2,42±0,40 Aa 1,89±0,22 Ba 1,67±0,21 Ca

Triglycerides
24 66,88±38,92 ABa 105,75±68,97 Aa 108,38±80,85 Aa 49,63±15,29 Bb

96 66,88±38,92 Aa 49,75±33,69 Ab 75,63±39,44 Ab 79,00±39,67 Aa

Cholesterol
24 188,75±59,60 Ba 155,75±51,44 Ba 269,25±86,41 Aa 225,63±102,93 ABa

96 188,75±59,60 ABa 166,13±58,71 Ba 186,38±75,98 ABb 224,13±41,14 Aa

Glycemia
24 91,63±21,15 Ba 157,75±53,87 ABa 133,38±25,18 ABa 136,38±17,00 Aa

96 91,63±21,15 ABa 91,13±13,11 ABa 73,50±9,01 Bb 116,63±22,54 Aa

Urea
24 46,25±9,74 Aa 36,13±7,75 Bb 34,13±15,22 Ba 44,25±10,89 ABb

96 46,25±9,74 Bca 49,63±8,11 Ba 41,63±8,77 Ca 77,88±26,65 Aa

Creatinine
24 0,44±0,14 Aa 0,49±0,04 Ab 0,45±0,05 Ab 0,44±0,05 Aa

96 0,44±0,14 ABa 0,59±0,10 Aa 0,56±0,07 Aa 0,34±0,09 Bb

1: Means values followed by the same letter, uppercase on the line and the lowercase in the column, do not differ by T test (P≥0,05)
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increase in blood levels of urea after 96 HPT in rats subjected 
to a dose of 4 mL, and no signifi cant changes were found in the 
study of creatinine.

In the study of the red blood cells (Table 3), there was no 
signifi cant change (P> 0.05) in the number of erythrocytes, 
percentage values   of hematocrit, mean corpuscular volume 
(MCV), hemoglobin concentration and mean corpuscular 
hemoglobin (MCHC) when comparing animals treated with the 
dose of 0.2 mL and control rats. However, there was a signifi cant 
decrease in the erythrocyte global counts, hematocrit values   
and the amount of hemoglobin concentration in rats subjected 
to a dose of 4 mL.

There was a signifi cant thrombocytopenia in animals 
treated with 2 and 4 mL (24 HPT). With clinical evolution 
(96 HPT), these animals showed a signifi cant increase in 
the number of circulating platelets (Table 4). The study of 
white blood cells showed increase (P <0.05) in the number 
of circulating leukocytes in all treated animals treated when 
compared to control rats in the acute response 24 HPT (Table 
4). In the differential leukocyte counts, there was an increase 
(p <0.05) in the number of neutrophils in both relative and 
absolute values (Table 4). Figure 1 demonstrates accentuated 

infl ammatory infi ltrate, predominantly polymorphonuclear 
cells, and edema. The neutrophilia was accompanied by 
relative lymphopenia. No signifi cant changes were observed in 
the monocyte, basophil and eosinophil counts (Table 4).

The hepatosomatic index evaluation showed a signifi cant 
increase (P <0.05) in the weight of treated animals’ livers, this 
effect being much more signifi cant in the animals treated with 
doses of 2 and 4 mL (HPT 24). Only animals treated with 4 
mL showed an increase in liver size 96 HPT, these changes 
were accompanied by a signifi cant increase (P <0.05) in the 
spleen somatic index (Table 5). Figure 2 and 3 show congestive 
changes in rats treated with 4mL (96 HPT) observed in liver 
and kidney, respectively.

Discussion

Toxic effects were mainly observed in animals treated 
with 2 and 4 mL. Increase in the enzymatic activity of serum 
ALT, AST, LDH and ALP was observed in animals treated with 
2 and 4 mL. In biochemical assessment of liver activity, the 
serum enzymatic activity of ALT, AST, LDH, ALP and GGT can 
reveal hepatocellular injury and cholestatic changes [18,19]. 
According to Wills and Asha [20], increased serum enzyme 

E 

N 
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Figure 1: Photomicrograph of striated skeletal muscle in transversal cuts of Wistar rats, HE. (A) 96 hours after intramuscular administration (dose 0.2 mL) presented mild 
infl ammatory infi ltration, predominantly neutrophils (arrow) and edema (E). (B) 96 hours after intramuscular administration (dose 4.0 mL) presented severe infl ammatory 
infi ltrate predominantly polymorphonuclear cells, edema (E), areas of necrosis (N) and muscle degeneration (D).

Table 3: Mean values (n=8) and ANOVA for hematology parameters measured in Wistar rats s u bmitted to different treatments with amino acids and vitamin compound.

Parameters
Experimental NacParametersDoses (Mean values ± Standard deviation)1

periodc 0 (Control) 0.2 2 4

Erythrocytes  (106/uL)
24 8,11 ± 0,49 Aa 7,91 ± 0,30 Aa 7,92 ± 0,12 Ab 7,45 ± 0,49 Aa

96 8,11 ± 0,49 ABa 8,53 ± 0,36 Aa 8,41 ± 0,38 Aa 7,50 7,50 ± 0,25 Ba

Hematocrit (%)
24 44,74 ± 0,75 Aa 41,74 ± 2,30 ABa 41,70 ± 1,02 ABa 39,61 ± 2,73 Ba

96 44,74 ± 0,75 Aa 43,85 ± 2,59 Aa 43,69 ± 1,87 Aa 39,11 ± 1,16 Ba

MCV (fL)
24 55,31 ± 3,30 Aa 52,76 ± 1,67 Aa 43,69 ± 1,87 Aa 53,17 ± 0,99 Aa

96 55,31 ± 3,30 Aa 51,39 ± 1,06 Aa 51,95 ± 1,28 Aa 52,15 ± 0,96 Aa

Hemoglobin (g/dL)
24 16,41 ± 0,49 Aa 15,50 ± 0,87 ABa 15,39 ± 0,41 ABa 14,35 ± 1,18 Ba

96 16,41 ± 0,49 Aa 16,58 ± 0,88 Aa 16,33 ± 0,60 Aa 14,35 ± 1,18 Ba

MCHC (g/dL)
24 36,68 ± 0,77 Aa 37,14 ± 0,52 Aa 36,90 ± 0,37 Aa 36,20 ± 0,75 Aa

96 36,68 ± 0,77 ABa 37,82 ± 0,65 Aa 37,38 ± 0,35 Aa 35,98 ± 0,57 Ba
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activity of ALT and AST result of reversible or irreversible 
changes in the permeability of the hepatocyte cell membrane, 
the microsomal enzyme induction or structural lesion of the 
hepatobiliary ischemia, necrosis or cholestasis.

The serum CK-Nac study demonstrated a dose response 
effect, since animals submitted to higher doses were higher 

the circulating levels of this enzyme. On the other hand, the 
results of CK-MB analysis discards the possibility of changes 
in the myocardium, suggesting that elevated levels of CK-Nac 
is really resulted by the striated skeletal muscle lesion. The 
histopathological study in the application site corroborates 
these fi ndings, because it was observed an intense infl ammatory 
reaction, necrosis and muscle degeneration.

Table 4: Mean values (n=8) and ANOVA for leukocytes and thrombocytes counts measured in W istar rats submitted to different treatments with amino acids and vitamin 
compound.

Parameters2
Experimental Doses (Mean values ± Standard deviation)1

period 0 (Control) 0.2 2 4

Leukocytes uL
24 5,06 ± 2,01 Ba 8,10 ± 2,38 Aa 9,75 ± 3,44 Aa 8,53 ± 2,12 Aa

96 5,06 ± 2,01 Ba 5,70 ± 1,94 Bb 6,15 ± 1,78 Bb 8,75 ± 2,42 Aa

Thrombocytes uL
24 905,00 ± 58,05 Aa 927,63 ± 124,05 Aa 797,38 ± 171,94 Bb 801,13 ± 99,41 Bb

96 905,00 ± 58,05 Ca 949,63 ± 120,22 BCa 1086,50 ± 184,59 ABa 1136,75 ± 179,83 Aa

Basophils R
24 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa

96 0,00 ± 0,00 Aa 0,13 ± 0,35 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa

Basophils A
24 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa

96 0,00 ± 0,00 Aa 5,00 ± 14,14 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa

Eosinophils R
24 0,25 ± 0,71 Aa 0,13 ± 0,35 Aa 0,13 ± 0,35 Aa 0,25 ± 0,46 Aa

96 0,25 ± 0,71 Aa 0,38 ± 0,74 Aa 0,13 ± 0,35 Aa 0,25 ± 0,46 Aa

Eosinophils A
24 13,00 ± 36,77 Aa 0,38 ± 0,74 Aa 19,75 ± 55,86 Aa 25,38 ± 47,02 Aa

96 13,00 ± 36,77 Aa 19,00 ± 40,10 Aa 7,50 ± 21,21 Aa 24,75 ± 46,35 Aa

Neutrophils B R
24 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa

96 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa

Neutrophils B A
24 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa

96 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa 0,00 ± 0,00 Aa

Neutrophils S R R
24 19,38 ± 6,25 Ba 37,38 ± 4,41 Aa 43,00 ± 18,79 Aa 40,00 ± 11,64 Aa

96 19,38 ± 6,25 Ba 26,25 ± 4,20 Bb 27,88 ± 5,51 ABb 32,25 ± 6,71 Aa

Neutrophils S A
24 948,38 ± 453,36 Ba 3041,50 ± 1050,24 Aa 4629,25 ± 3862,51 Aa 3336,13 ± 987,48 Aa

96 948,38 ± 453,36 Ba 1529,25 ± 725,10 BCb 1705,50 ± 592,12 Bb 2875,38 ± 1194,17 Aa

Lymphocytes R
24 75,38 ± 5,50 Aa 59,25 ± 4,53 Bb 53,13 ± 18,27 Bb 55,88 ± 11,18 Ba

96 75,38 ± 5,50 Aa 69,25 ± 4,68 BCa 66,50 ± 7,87 Ba 61,13 ± 6,13 Ca

Lymphocytes A
24 3847,75 ± 1635,51 Aa 4790,13 ± 1415,12 Aa 4754,00 ± 1725,77 Aa 4809,00 ± 1694,65 Aa

96 3847,75 ± 1635,51 Aa 3898,50 ± 1091,77 Aa 4109,50 ± 1309,00 Aa 5279,38 ± 1273,59 Aa

Monocytes R
24 5,00 ± 2,51 Aa 3,25 ± 2,60 Aa 3,75 ± 3,37 Aa 3,88 ± 2,42 Aa

96 5,00 ± 2,51 Aa 3,25 ± 2,60 Aa 5,50 ± 2,88 Aa 6,38 ± 3,78 Aa

Monocytes A
24 253,38 ± 157,91 Aa 258,75 ± 224,33 Aa 347,00 ± 294,61 Aa 354,50 ± 254,92 Aa

96 253,38 ± 157,91 Aa 248,25 ± 228,63 Aa 327,50 ± 193,59 Aa 570,50 ± 447,49 Aa

1: Means values followed by the same letter, uppercase on the line and the lowercase in the column, do not differ by T test (P≥0,05)2: A= Absolute counts; R= Relative 
counts (%).

Table 5: Mean values (n=8) and ANOVA for somatic study of kidney, liver and spleen in Wistar rats submitted to different treatments with amino acids and vitamin 
compound.

Parameters2
Experimental Doses (Mean values ± Standard deviation)1

period 0 (Control) 0.2 2 4

KSI
24 0,66±0,04 Aa 0,63±0,05 Aa 0,67±0,03 Aa 0,66±0,07 Aa

96 0,66±0,04 Aa 0,64±0,05 Aa 0,65±0,06 Aa 0,70±0,09 Aa

LSI
24 2,80±0,32 Ba 3,15±0,33 ABa 3,44±0,24 Aa 3,22±0,32 ABa

96 2,80±0,32 ABa 2,74±0,32 ABa 2,61±0,19 Bb 3,19±0,26 Aa

SSI
24 0,15±0,03 Aa 0,18±0,03 Aa 0,19±0,06 Aa 0,17±0,03 Ab

96 0,15±0,03 Aa 0,19±0,03 ABa 0,18±0,04 ABa 0,22±0,04 Aa

1: Means values followed by the same letter, uppercase on the line and the lowercase in the column, do not differ by T test (P≥0,05)

2: KSI: Kidney somatic index; LSI: Liver somatic index; SSI: Spleen somatic index.
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Figure 2: Photomicrographs of livers in Wistar rats, HE. (A) Control group. (B) 96 hours after intramuscular administration (dose 4.0 mL) presented moderate congestion 
and disorganization in the cordonal arrangement of hepatocytes.

 

Figure 3: Photomicrographs of kidney in Wistar rats. 96 hours after intramuscular 
administration (dose 4.0 mL) presented moderate congestion and renal tubular 
cell swelling, featuring a mild hydropic degeneration. Loss of tubular epithelium 
with necrosis. (HE).

The hepatic functional tests can be determined by the 
study of substances synthesized in the liver or belonging 
to metabolic processes, such as albumin, BUN, glucose, 
cholesterol, triglycerides, among other [18,19,21]. In liver 
functional assessment, there were no signifi cant changes in 
serum triglycerides, cholesterol, albumin and creatinine in 
the comparison between rats treated with 0.2 mL and control 
animals, occurring only transitory reduction in circulating 
values   of urea and total bilirubin. According to Center [22], 
changes in energy metabolism are usually present in cases 
of acute liver failure. Moreover, the high concentration of 
glucocorticoids due to handling stress and treatment could 
favor energy metabolism by stimulating gluconeogenesis, 
increasing the bioavailability of free fatty acids resulting from 
the breakdown of triglycerides [22,23]. Sakabe et al. [24], Belo 
et al. [25,26] and Castro et al. [27] reported the occurrence 
of stress in animals, resulting of handling and treatment. 
According to these authors, the organic response to stress 
conditions is complex, involving neuro-endocrine mechanisms 
with the release of glucocorticoids and catecholamines which 
act by increasing the metabolic activity and consequently 
altering the organic balance. 

The liver is essential for the homeostasis of proteins, 
and the primary site for synthesis of the majority of plasma 
proteins. Albumin is the main protein of hepatic export and 
represents about 50-60% of plasma proteins and about 75% of 
the oncotic pressure [19]. In this study, there were no changes 
in the circulating albumin values   in rats treated with a dose 

of 0.2 mL, suggesting the hypothesis that treatment with the 
organic moderator did not impair the metabolic activity of the 
protein hepatic synthesis. However, deleterious effects were 
observed in animals submitted to doses of 2 and 4 mL which 
showed a signifi cant decrease in circulating albumin levels. 

On the other hand, 90% of ammonia released in the liver is 
converted into urea which becomes the main metabolic product 
in liver detoxifi cation protein catabolism [9]. The study of 
blood urea and creatinine levels showed normal values   when 
comparing animals treated with saline and 0.2 mL. Despite 
the kidney somatic study did not vary signifi cantly, congestive 
changes and tubular cell swelling were observed in renal 
histopathology of animals treated with 4 mL.

The erythrocyte and platelet study of rats treated with 0.2 
mL showed no signifi cant changes compared with control 
animals throughout the experimental period, with the mean 
values   observed within the normal range for Wistar rats 
described by Fukuda et al. [28]. However, there was signifi cant 
decrease in the global number of erythrocytes, hematocrit 
values and in the amount of circulating hemoglobin in rats 
treated with 4 ml, characterizing a normocytic / normochromic 
anemia, since there were no alterations in the values   of MCV 
and MCHC. 

However, there was a signifi cant leukocytosis in animals 
treated with the amino acid compound, which is characterized 
by neutrophil, followed by lymphopenia, demonstrating 
the compound irritant action in the muscle tissue. In acute 
infl ammatory reactions occurs signifi cant increase in the 
number of neutrophils that are recruited by chemotaxis to act 
in the infl amed site [29,30].

Animals with liver lesions may present functional changes 
in the number and function of platelets. In cases of intra and 
extrahepatic circulatory deviations, patients may present with 
congestive splenomegaly, resulting from portal hypertension, 
leading to conditions of thrombocytopenia [19]. This correlation 
was evident in this study, since animals treated with a dose of 
4 mL showed increased splenic and hepatic somatic index, as 
well as congestive changes in liver and kidney tissue.

 During the experimental period, the amino acids compound 
treatment in different doses did not result in clinical signs and 
behavioral changes in rats that could suggest the occurrence of 
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toxic effects, and the recommended dose (0.2 mL) demonstrated 
to be clinically safe.
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