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Abstract
The present study aims to determine the hematology, serum biochemistry, and acute phase proteins (APPs) responses of 
both serum and cerebrospinal fluid (CSF) in sheep fed with low and high levels of Brachiaria decumbens (B. decumbens) 
diets at different time phases. A total of 30 6-month-old male Dorper cross sheep were randomly divided into three treatment 
groups consisted of 10 sheep each. Treatment 1 (control) sheep were fed with Pennisetum purpureum and concentrates as the 
basal diet, whereas Treatments 2 and 3 sheep were fed with low (10%) and high (60%) level of B. decumbens, respectively. 
The hematology results revealed that there were significant differences (p < 0.05) in the red blood cells, mean corpuscular 
volume, mean corpuscular hemoglobin concentration, white blood cells, neutrophils, monocytes, eosinophils, basophils, 
platelets, and plasma proteins between groups. Except for packed cell volume, there were also significant differences in all 
hematology parameters at different time phases. All biochemistry parameters except creatinine revealed significant differ-
ences among treatment groups. However, there were significant differences in all parameters between time. On the other 
hand, APPs results showed significant differences in the serum haptoglobin and serum amyloid A in both serum and CSF 
between groups and time.

Keywords  Brachiaria decumbens · Hematology · Biochemistry · Haptoglobin · Serum amyloid A · Serum · Cerebrospinal 
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Introduction

Even though Brachiaria decumbens (B. decumbens) is a sig-
nificant feed source for grazing livestock, there have been 
many incidences of toxicity in grazing ruminants including 
sheep due to the presence of steroidal saponins (Chung et al. 
2018). Sheep are more susceptible than other ruminants, and 
the young are more predisposed than adults (Riet-Correa 
et al. 2011; Gracindo et al. 2014). Protodioscin is the major 
steroidal saponin present in B. decumbens which is related 
to secondary hepatogenous photosensitization in ruminants 
(Low 2015). Additionally, young leaves of Brachiaria spp. 
have greater saponin concentration than older plants (Castro 
et al. 2011; Riet-Correa et al. 2011). Jaundice, weight loss, 
dehydration, anorexia, skin lesions at the photosensitized 
areas, nervous signs during the chronic stage, and gross 
lesions in the liver, as well as the kidneys, are some vital 
signs of B. decumbens intoxication (Graydon et al. 1991; 
Muniandy et al. 2020). Previous studies on B. decumbens 
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reported that increased liver enzymes such as bilirubin lev-
els, serum aspartate aminotransferase (AST), and serum 
gamma-glutamyltransferase (GGT) are the cause of impaired 
liver functions (Castro et al. 2011). Those elevations are 
linked to cholestasis, hepatic dysfunction, and hemolysis 
which can be an indicator of the hepatic lesion due to B. 
decumbens toxicity (Cardona-Álvarez et al. 2016). The high 
degree of renal susceptibility will then be caused by high 
bilirubin levels due to ischemia. As a result, the serum urea 
and creatinine will be elevated which is an indicator of renal 
impairment (Lelis et al. 2018). In the meantime, acute phase 
proteins (APPs) are blood proteins produced by the liver 
during acute phase responses (Jesse et al. 2019). This is the 
primary defense system that is triggered by infection and 
inflammation, stress, or trauma. In ruminants, haptoglobin 
(Hp) and serum amyloid A (SAA) are the major APPs iden-
tified as a marker during infection and inflammation, being 
more specific and sensitive than blood analysis (Ceciliani 
et al. 2012). However, there is a dearth of knowledge on 
hematology and APPs concerning B. decumbens toxicity. 
Besides, the acute and chronic effects from the feeding of 
this signal grass also warrant further investigation. There-
fore, the present study aims to determine the hematology and 
serum biochemistry changes, as well as the APPs responses 
of both serum and cerebrospinal fluid (CSF) in sheep fed 
with low and high levels of B. decumbens diets and at dif-
ferent time phases.

Materials and methods

Experimental design

The experimental protocols and ethics were conducted accord-
ing to the Institutional Animal Care and Use Committee 

(IACUC) of Universiti Putra Malaysia (UPM) (Approval num-
ber: UPM/IACUC/AUP-R046/2019). A total of 30 6-month-
old male Dorper cross sheep were purchased and randomly 
divided into three treatment groups consisted of 10 sheep 
each. Treatment 1 (control) sheep were fed with Pennisetum 
purpureum and concentrates as the basal diet, whereas Treat-
ments 2 (T2) and 3 (T3) sheep were fed with low (10%) and 
high (60%) of B. decumbens, respectively. The determina-
tion of the saponin concentration was carried out by using an 
established method to determine the low and high levels of 
B. decumbens (Yuliana et al. 2014). The low and high levels 
were determined by evaluating the saponin concentration of B. 
decumbens at different percentages mixed with P. purpureum 
(Fig. 1). This study was conducted in two phases consisted of 
the acute (7 days) and chronic (90 days) stages. Blood and CSF 
samples were collected via jugular venipuncture and lumbar 
puncture at the lumbosacral site correspondingly at day 0, 7, 
and 90 for complete blood cell count, Hp, and SAA analyses.

Blood and acute phase proteins analysis

The blood samples were submitted to the Hematology 
and Biochemistry Laboratory, Faculty of Veterinary 
Medicine, Universiti Putra Malaysia for hematology and 
biochemistry analysis. Hematocrit and white blood cell 
counts were conducted using the Cell-Dyn 3700 Auto-
matic Analyzer. Serums were processed by an automated 
chemistry analyzer (HITACHI 902 Automatic Ana-
lyzer®, Japan) to obtain the biochemistry parameters. 
The parameters analyzed were aspartate aminotransferase 
(AST), gamma-glutamyl transferase (GGT), total biliru-
bin, creatinine, urea, phosphorus, total protein, albumin, 
globulin, and albumin:globulin (A:G) ratio. The con-
centrations of both SAA and Hp in each blood serum 
and CSF samples were measured using enzyme-linked 

Fig. 1   Saponin concentration of 
different percentages of B. decum-
bens mixed with P. purpureum 
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immunosorbent assay (ELISA) kits (BT-Laboratory, 
Shanghai).

Statistical analysis

Based on the output parameter of the G*power analysis, 
the number of animals used was sufficient to obtain an 
actual power of 0.8. All data collected were analyzed using 
Statistical Analysis Software version 9.4 (SPSS Inc.). Sha-
piro–Wilk test was used to check for normality of data 
where p > 0.05 was considered as normally distributed 
data. Then, the data was further subjected to a two-way 
analysis of variance (ANOVA) to determine the effects 
of B. decumbens levels and time on the treatments. Tukey 
Kramer (Honest Significant Difference) post-hoc test was 
used to compare the mean differences among groups at a 
5% level of significance. The data were considered signifi-
cant at p < 0.05.

Results

Hematology

The hematology results of sheep fed with low and high 
levels of B. decumbens diets at different time phases are 
shown in Table 1. The horizontal values are comparing 
among the treatment groups, while the vertical values are 
comparing among the time periods. Among treatment 
groups, significant differences (p < 0.05) were observed 
in the red blood cells (RBC), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin concentration 
(MCHC), white blood cells (WBC), neutrophils, mono-
cytes, eosinophils, basophils, platelets, and plasma pro-
teins. There were significant increases in the MCV and 
eosinophils parameters. Nonetheless, significant decreases 
were presented in the RBC, MCHC, WBC, neutrophils, 
monocytes, basophils, platelets, and plasma proteins 
among treatment sheep. Except for packed cell volume 
(PCV), there were also significant differences (p < 0.05) 
in all hematology parameters at different time phases. T2 
sheep showed the lowest MCHC, band neutrophils, and 
platelets count during the acute phase, which continues to 
maintain low until the chronic phase. Similarly, the plasma 
protein of T3 sheep also was the lowest throughout the 
whole study period. The lymphocytes of T3 sheep were the 
highest during the acute phase. During the chronic phase, 
the WBC, monocytes, and basophils were the lowest in 
T2 sheep. Conversely, T3 sheep indicated the lowest RBC 
and hemoglobin (Hb), as well as the highest MCV and 
eosinophils values during the chronic phase.

Biochemistry

Table 2 displays the impact of different levels of B. decum-
bens diets on the biochemistry changes of sheep through-
out the study period. All biochemistry parameters except 
creatinine revealed significant differences (p < 0.05) among 
treatment groups. Among treatment groups, there were sig-
nificant increases in the AST and albumin to globulin (A:G) 
ratio. Besides, significant decreases were observed in the 
total bilirubin, urea, and phosphorus parameters. In addition, 
GGT, total protein, albumin, and globulin demonstrated both 
increases and decreases among the treatments throughout 
the study duration. Also, there were significant differences 
(p < 0.05) in all parameters at different time phases. During 
the acute phase, T2 sheep exhibited the highest phosphorus 
concentration among treatments. T3 had the highest GGT, 
total protein, albumin, and globulin concentrations, while 
the total bilirubin was the lowest, which maintained low 
until the chronic phase. During the chronic phase, the creati-
nine concentration and A:G ratio were the lowest and highest 
respectively in T2 sheep. Meanwhile, T3 sheep displayed 
the lowest urea and phosphorus concentrations. Despite the 
highest concentrations of GGT, total protein, albumin, and 
globulin, which were reported during the acute phase, those 
parameters plunged significantly to be the lowest concentra-
tion during the chronic phase in T3 sheep.

Acute phase proteins

The APPs of serum and CSF in sheep fed with different 
levels of B. decumbens are documented in Table 3. Among 
the treatment groups, there were significant differences 
(p < 0.05) in the serum Hp, serum SAA, and CSF SAA. 
T2 and T3 sheep fed with different levels of B. decumbens 
diets presented a significant decrease in the serum Hp and 
significant increases in both serum SAA and CSF SAA as 
compared to the control group. The same parameters also 
showed significant differences (p < 0.05) at different time 
phases. T3 sheep fed with high levels of B. decumbens diet 
depicted the lowest serum Hp but the highest Serum SAA 
and CSF SAA concentrations during the chronic phase.

Discussions

Hematology

The association between B. decumbens toxicity and hema-
tology parameters has never been reported before. The 
closest work was performed to evaluate the toxicological 
influence of dioscin in rats, which resulted in significant 
changes in hematology parameters such as RBC, PCV, 
and MCHC (Xu et al. 2012). In this present study, there 
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were significant changes in the hematology parameters of 
sheep fed with different toxic levels of B. decumbens diets. 
There was a decrease in RBC and MCHC with an increase 

in MCV indicating macrocytic hypochromic anemia. The 
decreased in RBC proves that saponins from B. decumbens 
have the potential to damage red blood cells that are linked 

Table 1   Hematology changes 
in sheep fed with low and high 
levels of B. decumbens diets at 
different time phases

All values were expressed as mean ± standard error. Means with different superscript (ABC) within the same 
row denotes significance (p < 0.05) among treatments, while means with different superscript (abc) within 
the same column denotes significance (p < 0.05) among time phases. T: Treatment, RBC: Red blood cells, 
Hb: Hemoglobin, PCV: Packed cell volume, MCV: Mean corpuscular volume, MCHC: Mean corpuscular 
hemoglobin concentration, WBC: White blood cells

Parameter Day T1 (Control) T2 (10%) T3 (60%)

RBC (× 1012/L) 0 12.58 ± 0.49Aa 12.70 ± 0.13Aa 12.53 ± 0.47Aa

7 12.79 ± 0.23Aa 13.65 ± 0.92Aab 12.85 ± 0.13Aa

90 12.52 ± 0.17Aa 11.34 ± 0.25Bb 10.40 ± 0.69Bb

Hb (g/L) 0 108.33 ± 3.39Aa 111.67 ± 3.19Aa 112.33 ± 2.79Aab

7 108.67 ± 2.35Aa 120.67 ± 7.97Aab 110.00 ± 2.56Aa

90 105.67 ± 3.39Aa 105.33 ± 2.74Ab 104.00 ± 2.28Ab

PCV (L/L) 0 0.31 ± 0.01Aa 0.31 ± 0.01Aa 0.32 ± 0.00Aa

7 0.32 ± 0.00Aa 0.33 ± 0.02Aa 0.32 ± 0.00Aa

90 0.31 ± 0.01Aa 0.30 ± 0.01Aa 0.30 ± 0.01Aa

MCV (fL) 0 24.67 ± 1.05Aa 23.33 ± 0.33Ab 24.67 ± 1.05Aab

7 25.00 ± 0.73Aa 25.67 ± 0.56Ba 24.67 ± 0.42ABa

90 27.00 ± 0.26Aa 26.33 ± 0.42ABa 29.67 ± 1.38Ab

MCHC (g/L) 0 353.00 ± 6.76Aa 356.33 ± 5.12Aa 350.67 ± 6.99Aa

7 349.33 ± 7.35Aa 343.67 ± 3.11Ab 343.67 ± 4.62Aa

90 340.67 ± 1.05Aa 348.00 ± 4.77ABab 343.00 ± 0.97Ba

WBC (× 109/L) 0 8.15 ± 1.22Aa 8.77 ± 0.74Aa 8.49 ± 0.77Aa

7 7.50 ± 0.42Aa 8.32 ± 0.70Aa 7.36 ± 0.71Aab

90 5.85 ± 0.52Aa 4.42 ± 0.56Ab 6.06 ± 0.18ABb

Band neutrophils (× 109/L) 0 0.08 ± 0.01Aa 0.11 ± 0.01Aa 0.10 ± 0.02Aa

7 0.08 ± 0.01Aa 0.08 ± 0.01Ab 0.07 ± 0.01Aa

90 0.06 ± 0.01Aa 0.05 ± 0.01Ac 0.07 ± 0.01Aa

Neutrophils (× 109/L) 0 3.06 ± 0.16Aa 3.01 ± 0.32Aa 3.12 ± 0.19Aa

7 3.11 ± 0.26Aa 4.09 ± 0.71Aa 3.01 ± 0.32Aa

90 2.90 ± 0.25Aa 1.69 ± 0.08Bb 2.59 ± 0.24Aa

Lymphocytes (× 109/L) 0 3.17 ± 0.15Aa 2.81 ± 0.26Aa 2.69 ± 0.33Aa

7 3.72 ± 0.29Aa 3.55 ± 0.26Aa 3.84 ± 0.30Ab

90 3.18 ± 0.48Aa 2.39 ± 0.44Aa 2.93 ± 0.07Aa

Monocytes (× 109/L) 0 0.42 ± 0.05Aa 0.41 ± 0.02Aa 0.41 ± 0.02Aa

7 0.43 ± 0.04Aa 0.43 ± 0.06Aab 0.35 ± 0.04Aab

90 0.30 ± 0.04Aa 0.21 ± 0.04Ab 0.32 ± 0.01ABb

Eosinophils (× 109/L) 0 0.06 ± 0.02Aa 0.06 ± 0.02Aa 0.04 ± 0.02Aab

7 0.09 ± 0.01Aa 0.12 ± 0.03Aa 0.03 ± 0.02Aa

90 0.07 ± 0.02Aa 0.05 ± 0.02Ba 0.12 ± 0.02ABb

Basophils (× 109/L) 0 0.06 ± 0.01Aa 0.05 ± 0.01Aa 0.05 ± 0.01Aa

7 0.07 ± 0.03Aa 0.06 ± 0.02Aa 0.05 ± 0.02Aa

90 0.07 ± 0.01Ba 0.01 ± 0.01Bb 0.02 ± 0.01ABa

Platelets (× 109/L) 0 733.33 ± 69.89Aa 811.67 ± 90.41Ab 888.33 ± 43.45Aa

7 685.67 ± 57.57Aa 550.67 ± 51.62Aa 554.33 ± 2.64Ab

90 822.00 ± 57.97Aa 558.00 ± 123.86ABab 706.67 ± 15.54Bc

Plasma protein (g/L) 0 68.67 ± 1.84Aa 70.00 ± 1.93Ab 71.33 ± 1.12Ab

7 68.00 ± 0.73Aa 65.33 ± 1.12Aa 64.00 ± 1.26Ba

90 68.33 ± 0.56Aa 65.33 ± 0.42Ba 61.33 ± 1.12Ca
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with hemolytic activity (Sparg et al. 2004) and were more 
severe at the higher toxic level and chronicity. Moreover, 
the WBC, neutrophils, monocytes, eosinophils, and baso-
phils parameters were also reduced significantly in sheep fed 
with different levels of B. decumbens diets. The reduction 
of WBC parameters and platelet counts may be contributed 
by the suppressive effect due to interference with bone mar-
row activity during toxicity (Zubair and Martyniuk 2018). 
Eosinophilia in this study may be due to the chemotactic fac-
tors during inflammation in which the eosinophils responded 
to chemotaxins by phagocytizing the particular matter in 
response to venoms, dextrans, kinins, or physical trauma 
(McEwen 1992). Although there was no significant change 
in the PCV, the plasma protein was significantly decreased in 
all treatment sheep, and this may be attributed to a decrease 
in synthesis due to hepatic disease (Nagy et al. 2015).

Biochemistry

In the present study, there were significant increases in AST 
and GGT in both T2 and T3 sheep during the acute phase. 
Previous studies on B. decumbens toxicity demonstrated 
that the increase in bilirubin levels, AST, and GGT suggest 
reduced liver functions (De Oliveira et al. 2013). GGT in 
the present work demonstrated a significant decrease during 
the chronic phase which might be due to some compensa-
tory mechanism (Riet-Correa et al. 2011). Furthermore, the 
total bilirubin was also reduced significantly in both treat-
ment groups despite findings reporting hyperbilirubinemia 
in B. decumbens toxicity cases (Assumaidaee et al. 2010). 
According to previous work, the serum bilirubin levels could 
be reduced due to the inhibition of heme oxygenase activ-
ity and oxidative degradation of bilirubin (Roy-Chowdhury 

Table 2   Biochemistry changes 
in sheep fed with low and high 
levels of B. decumbens diets at 
different time phases

All values were expressed as mean ± standard error. Means with different superscript (ABC) within the same 
row denotes significance (p < 0.05) among treatments, while means with different superscript (abc) within 
the same column denotes significance (p < 0.05) among time phases. T: Treatment, AST: Aspartate ami-
notransferase, GGT: Gamma-glutamyl transferase, A:G: Albumin to globulin ratio

Parameter Day T1 (Control) T2 (10%) T3 (60%)

AST (U/L) 0 119.00 ± 1.67Aa 120.00 ± 18.63Aa 121.00 ± 8.27Aa

7 124.33 ± 5.92Aa 140.00 ± 14.43ABa 157.00 ± 11.59Bb

90 120.00 ± 22.89Aa 125.33 ± 4.46Aa 144.67 ± 27.70Aab

GGT (U/L) 0 58.00 ± 1.46Aa 62.67 ± 4.97Aa 68.00 ± 6.49Aa

7 57.67 ± 4.04Aa 79.33 ± 7.38Ba 91.33 ± 6.22Bb

90 52.00 ± 1.67Aa 30.67 ± 4.62Bb 21.67 ± 1.48Bc

Total bilirubin (umol/L) 0 4.60 ± 0.62Aa 2.97 ± 0.58Aa 4.10 ± 0.91Aa

7 4.20 ± 0.51Aa 1.70 ± 0.06Ba 1.47 ± 0.18Bb

90 4.37 ± 0.46Aa 2.50 ± 0.77ABa 0.90 ± 0.06Bc

Creatinine (umol/L) 0 25.67 ± 4.85Aa 36.33 ± 8.10Aab 32.00 ± 8.85Aa

7 26.00 ± 5.06Aa 29.33 ± 2.49Aa 32.00 ± 7.04Aa

90 19.33 ± 0.84Aa 20.33 ± 1.48Ab 20.67 ± 1.69Aa

Urea (mmol/L) 0 5.00 ± 0.81Aa 5.40 ± 0.77Aa 4.30 ± 0.38Aa

7 4.77 ± 0.21Aa 4.63 ± 0.13Aa 4.90 ± 0.17Aa

90 5.17 ± 0.20Aa 2.17 ± 0.15Bb 1.53 ± 0.11Cb

Phosphorus (mmol/L) 0 2.00 ± 0.24Aa 1.83 ± 0.27Aa 2.00 ± 0.24Aa

7 2.13 ± 0.11Aa 2.60 ± 0.10Ba 2.10 ± 0.13Aa

90 2.20 ± 0.18Aa 1.10 ± 0.04Bb 0.90 ± 0.06Bb

Total protein (g/L) 0 63.60 ± 1.11Aa 66.47 ± 1.83Aa 66.93 ± 1.57Aa

7 65.00 ± 1.93Aa 73.30 ± 1.79Bb 74.20 ± 1.37Bb

90 62.97 ± 3.22Aa 32.27 ± 0.88Bc 24.73 ± 2.02Cc

Albumin (g/L) 0 30.40 ± 0.69Aa 29.67 ± 0.74Aa 30.53 ± 0.61Aa

7 31.90 ± 0.39Aa 35.07 ± 0.92Bb 34.90 ± 0.78Bb

90 32.07 ± 0.75Aa 19.23 ± 1.13Bc 14.70 ± 1.11Cc

Globulin (g/L) 0 33.20 ± 0.61Aa 36.80 ± 1.84Aa 36.40 ± 2.02Aa

7 33.10 ± 2.31Aa 38.23 ± 0.93Aa 40.10 ± 1.57Bb

90 30.90 ± 2.74Aa 13.03 ± 1.76Bb 10.03 ± 0.92Bc

A:G (Unit) 0 0.93 ± 0.02Aa 0.83 ± 0.04Aa 0.87 ± 0.06Aa

7 1.00 ± 0.07Aa 0.92 ± 0.02Aa 0.87 ± 0.04Aa

90 1.03 ± 0.07Aa 1.67 ± 0.29ABb 1.50 ± 0.04Bb
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et al. 2020). Moreover, elevated kidney parameters such as 
serum urea and creatinine are also signs of ruminants intoxi-
cated with B. decumbens (Gracindo et al. 2014). However, in 
this study, the creatinine concentration changed very little, 
maybe due to the amount of B. decumbens toxin and/or the 
period of intoxication that was insufficient to damage the 
kidneys (Driemeier et al. 2002). The decrease in urea level 
in B. decumbens intoxicated sheep was probably due to the 
hepatic insufficiency and a reduction in total protein that 
lead to a decrease in urea synthesis (Fernández et al. 1996). 
On the other hand, the total protein, albumin, and globulin 
were elevated during the acute phase of B. decumbens intox-
icated groups which may be due to some host cell responses 
(Tothova et al. 2016). However, during the chronic phase, 
there were hypoproteinemia, hypoalbuminemia, and hypo-
globulinemia with an increased A:G ratio which is likely 
to be due to the damage of hepatocytes tissues as this has 
been proposed in some earlier toxicity studies (Zubair and 
Martyniuk 2018).

Acute phase proteins

The present study showed that the serum Hp levels increased 
slightly during the acute phase and reduced significantly at 
day 90 in both B. decumbens intoxicated groups. Hp will 
increase acutely and remain elevated for two weeks for the 
healing process as well as immune-modulatory functions 
to reconstitute equilibrium (Jesse et al. 2019). On the other 
hand, both serum and CSF SAA showed significant increases 
and remained high throughout the study period where T3 
sheep had the highest serum SAA and CSF SAA during the 
chronic phase. This finding was consistent with Chung et al. 
(2019) who mentioned that SAA stimulation was related to 
chronic inflammatory diseases and there will be an increase 

during late inflammation. According to Jesse et al. (2019), 
the increase in SAA is associated with the inhibitory effects 
of inflammatory cells to prevent chronic inflammatory states, 
tissue damages, and even diseases.

Conclusion

In summary, the usability of B. decumbens grass in rumi-
nants especially sheep is risky by the existence of steroidal 
saponins. In the present study, most hematology indicators 
except PCV, all biochemistry parameters, serum Hp, serum 
SAA, and CSF SAA of sheep were affected differently by 
the different levels of B. decumbens diets and the duration of 
feeding. Valuable information from the current study could 
be useful in identifying new indicators in sheep during B. 
decumbens intoxication.
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Table 3   Acute phase proteins 
concentrations of both serum 
and cerebrospinal fluid in sheep 
fed with low and high levels of 
B. decumbens diets at different 
time phases

All values were expressed as mean ± standard error. Means with different superscript (ABC) within the same 
row denotes significance (p < 0.05) among treatments, while means with different superscript (abc) within 
the same column denotes significance (p < 0.05) among time phases. T: Treatment, D: Day, Hp: Hapto-
globin, SAA: Serum amyloid A, CSF: Cerebrospinal fluid

Parameters Day T1 (Control) T2 (10%) T3 (60%)

Serum Hp (μg/ml) 0 196.00 ± 3.54Aa 200.73 ± 0.44Aa 193.80 ± 4.78Aa

7 199.00 ± 0.77Aa 220.42 ± 27.11Aab 206.10 ± 8.63Aa

90 193.00 ± 4.57Aa 154.32 ± 5.07Bb 147.78 ± 7.13Bb

Serum SAA (μg/ml) 0 12.59 ± 1.66Aa 10.81 ± 0.43Aa 13.82 ± 1.90Aa

7 13.52 ± 2.14Aa 12.43 ± 0.82Aa 16.03 ± 1.76Aa

90 10.79 ± 0.44Aa 14.67 ± 2.89ABa 18.64 ± 0.93Bb

CSF Hp (μg/ml) 0 235.40 ± 4.44Aa 235.77 ± 1.22Aa 232.43 ± 3.61Aa

7 233.92 ± 4.10Aa 263.85 ± 17.59Aa 287.53 ± 33.84Aa

90 236.73 ± 3.46Aa 241.70 ± 18.03Aa 237.97 ± 19.48Aa

CSF SAA (μg/ml) 0 17.74 ± 0.34Aa 17.60 ± 0.40Aa 17.50 ± 0.42Aa

7 17.62 ± 0.39Aa 19.22 ± 1.89Aa 20.72 ± 1.40Aab

90 17.31 ± 0.33Aa 21.71 ± 1.51Ba 24.04 ± 0.79Bb
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