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1. Introduction
Ruminal acidosis is a major recurring nutritional 
disorder in ruminants. This condition increases herd 
mortality, dramatically reduces weight gain in livestock, 
and complicates nutritional strategies for cattle and 
sheep. Remarkable studies have been performed on 
the epidemiology and pathophysiology of the disease 
in cattle [1–3], but few relevant studies are available in 
sheep. Ruminal acidosis is classified into 2, as acute 
and subacute forms. Subacute ruminal acidosis (SARA) 
is economically more important than its acute form, 
often impacting a significant proportion of the herd [4]. 
SARA is defined as a reversible rumen pH depression 
during extended times per day [5,6]. While rumen pH 
above 5.9 is considered as normal, a pH range of 5.6–5.8 
is suggested as the marginal range for opening ruminal 
acidosis [7]. In sheep and cattle, the diagnosis of SARA 
is established when rumen pH remains between 5.6–5.2 
for a minimum of 3 h per day [8,9]. In several previous 
studies, SARA has further been determined as a ruminal 
pH below 5.8 [10,11]. 

It has been reported that SARA induction caused by 
feeding high–grain rations is associated with elevated levels 
of free bacterial LPS in the ruminal and intestinal digesta 
in dairy cows [12]. LPS or endotoxin could be translocated 
into the blood, resulting in many complications such as 
inflammatory responses, ruminal stasis, tissue poor blood 
supply, and weakness [13]. Various studies have shown 
the adverse sequels of increased rumen and blood LPS, 
including lameness [9], liver changes [14], and induced 
inflammatory responses [12] in SARA. Inflammatory 
responses have been surveyed in SARA [15–17]. It has 
been stated that upon reaching the liver, LPS and biogenic 
amines, including histamine and ethanolamine, stimulate 
inflammatory responses, thereby producing acute phase 
proteins (APPs) [5]. APPs including serum amyloid A, 
haptoglobin, fibrinogen, and C reactive protein (CRP) are 
useful indicators for detecting inflammatory processes in 
ruminants [4,18,19]. Contrary to the acute ruminal lactic 
acidosis whose pathogenicity is mainly related to increased 
blood D and L–lactic acid values [4], and also oxidative 
stress [20], numerous investigations of SARA have shown 
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that a major part of SARA pathogenicity is attributed to 
LPS  [12–14]. On the other hand, few attempts have been 
made to inhibit LPS absorption in SARA or acute ruminal 
acidosis [21,22]. 

Given the properties of activated charcoal and certain 
commercial toxin binders such as bentonite and zeolite 
to absorb bacterial toxins, mycotoxins, and other known 
toxins [23], it is hypothesized that these compounds 
might be able to trap bacterial rumen-derived LPS and to 
prevent its translocation into the systemic circulation in 
SARA-affected animals. Accordingly, in this research, the 
absorbents of activated charcoal and zeolite were expected 
to potentially trap rumen bacteria originated LPS so as to 
prevent SARA sequels. However, no in vivo study has been 
performed on inhibiting the absorption of rumen bacteria 
derived LPS during SARA in farm animals. Thus, the 
objective of the present study was to investigate the effect 
of activated charcoal and zeolite on serum LPS levels and 
its relationship with serum APPs concentrations following 
SARA induction in sheep.

2. Materials and methods
The research protocols of this study were approved by the 
Ethics Committee of the Faculty of Veterinary Medicine, 
Shahid Chamran University, Ahvaz, Iran (approval no. 
EE/97.24.3. 70203/scu.ac.ir). This interventional case 
control study was performed on 15 6-month-old healthy 
lambs (12 males and 3 females) with an average live weight 
of 32.5 kg in the Veterinary Teaching Hospital of Shahid 
Chamran University of Ahvaz, Khuzestan province, 
southwest Iran, in September 2018. 
2.1. Study period and animal grouping
The study period comprised a week of adaptation and 
1 week of SARA induction followed by a 3–d course 
of SARA challenge. In the beginning of the adaptation 
period, all lambs were checked for health status and 
treated with albendazole (7.5 mg/kg) and cypermethrin (1 
mL/L of water for spray) for possible internal and external 
parasites infestation, respectively. After determining the 
dry matter (DM) content of dietary components (grinded 
corn 89.4%, alfalfa 86.2%, and wheat straw 92.2%), the 
lambs were individually fed, during a week, with a basal 
diet comprised of  3% BW of DM ration with 1:4 ratio 
of corn and forages (equal portions straw and alfalfa), 
respectively. Water access was also free. The diurnal rations 
were offered in 3 servings at 8:00, 14:00, and 19:00 h, such 
that the corn was fed in the morning (8:00) and afternoon 
(14:00) meals [24]. A total of 15 lambs were randomly 
divided into 3 groups including 5 lambs each: as control, 
activated charcoal, and zeolite groups. Because 3 out of 15 
lambs were females, a female lamb was randomly assigned 
to each group for group matching.

2.2. SARA induction
After a week of adaptation (feeding with basal diet) and 
immediately before induction (day 0), blood and rumen 
fluid samples were taken from the lambs of all 3 groups. 
On a daily basis, 4% of the ration weight (DM basis) (42 ± 
8 g), crushed corn was replaced with the same amount of 
straw in the 3 groups. Of note, each lamb was individually 
fed with crushed corn. In all groups, on the 7th day of 
SARA induction, when the amount of crushed corn was 
increased to 52.8% (566 ± 92 g) of ration, the ruminal pH 
falling to the range of 5.7–5.6 was observed between 4–7 
h after the morning feeding, which represented SARA 
[10,25]. Immediately after rumen content sampling via 
orogastric intubation, pH was determined by a pen type 
digital pH meter (AZ Instrument Corp., Taiwan). To 
avoid saliva contamination of the rumen samples, a large–
bore stomach tube (1.5 cm internal diameter and 40 cm 
length) was primarily indwelled to the upper esophagus. 
Afterwards, a small–bore stomach tube (1 cm internal 
diameter) was passed through the larger tube into the 
rumen. The first amounts of liquid samples were further 
discarded to limit saliva contamination as described by 
Lee et al. [26] and Jasmin et al. in 2019 [27].

In the control group, no additive was added to the 
diet. During the induction (7 days) and SARA (3 days) 
phases, 1 g/kg BW activated charcoal (Zoopha Parnian 
Pars Co. Tehran, Iran) powder and 1 g/kg BW zeolite 
powder (aluminum silicate) (Zoopha Parnian Pars Co., 
Tehran, Iran) were daily added to the diet of the activated 
charcoal and zeolite groups, respectively. Following 
SARA induction, ruminal pH was determined during 3 
consecutive days, and 3 venous blood samples were taken 
from the jugular vein including a heparinized blood sample 
by a 2 mL sterile syringe, which manually soaked with 0.05 
mL of sodium heparin (125 IU/mL blood) (Caspian Rasht 
Co., Iran) (for blood gas analysis) to analyze blood lactate 
and bicarbonate levels, a citrated blood sample (to get 
plasma) to measure plasma fibrinogen levels, and a free 
anticoagulant blood sample to assess the serum LPS and C 
reactive protein (CRP) values.
2.3. Blood biochemical analyses 
Heparinized venous blood samples were taken and 
biochemical variables such as lactate and bicarbonate 
concentrations, anion gap, and blood pH were measured 
immediately after sampling, using a blood gas analyzer 
(EDAN, Edan Instruments Inc, Shenzhen, China). For 
serum separation, after clotting, anticoagulant free blood 
samples were centrifuged at 3,000 rpm for 10 min and the 
harvested sera were stored in 1.5 mL sterile microtubes 
and frozen at –70 ℃ prior to testing. 

A commercial bacterial LPS ELISA kit (Shanghai 
Crystal day Biotech, China) was employed to measure 
serum LPS concentration according to the manufacturer’s 
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instructions with the help of an ELISA reader set (Model 
AFB0612L, Taiwan). Plasma fibrinogen concentration as 
an APP was further specified with the help of a Mahsa 
Yaran kit (Tehran, Iran) according to the manufacturer’s 
instructions. As another APP, serum CRP level was 
measured by an ELISA kit (Monobind Inc, Lake Forest, CA, 
USA) according to the manufacturer’s recommendations 
with a detection range of 0–30 mg/dL.
2.4. Data analysis
The data was assessed for normality via the Shapiro-Wilk 
test; all data had normal distributions. One–way ANOVA 
and post hoc Tukey tests were used to compare the mean 
of the data at each time among the different groups. 
Multivariate repeated measures ANOVA and Bonferroni 
post hoc tests were also employed to evaluate the trend of 
data changes in each group at different times of the study. 
Pearson test was used to calculate the correlations between 
serum LSP and APPs values. The level of significance 
was set at P < 0.05. The analyses were performed using 
SPSS statistic software (IBM SPSS statistics for Windows, 
version 21.0) (IBM Corp., Armonk, NY, USA).

3. Results
3.1. SARA induction and ruminal pH variations
Table 1 shows the trends of rumen pH changes during 
the induction and SARA periods in the studied lambs. 
According to the results, on the 7th day of SARA 
induction, rumen pH of all 3 groups decreased to a range 
of 5.7–5.6, implying SARA induction (Figure 1). Daily 
ruminal pH values were compared among the 3 study 
groups using one–way ANOVA. It was shown that the 
ruminal pH changes in the activated charcoal and zeolite 
groups matched with the control group during SARA 
phase, indicating the successful induction of SARA in the 
3 study groups.
3.2. Serum LPS variations
Analysis with repeated measures ANOVA showed that 
experimentally induced SARA was not associated with 
significant changes in the overall trend of serum LPS level 
on days 0 (just before induction), 1, 2, and 3 of the SARA 

phase in the control group (P > 0.05). Serum LPS levels of 
activated charcoal and zeolite groups had the significant 
falling trends on days 0, 1, 2 and 3 of SARA (P ˂ 0.01), 
(Table 2, Figure 2). One–way ANOVA analysis showed 
no significant differences among the 3 groups    regarding 
the serum LPS values on day 0 (immediately before SARA 
induction). Serum LPS level was significantly lower in the 
activated charcoal and zeolite groups compared to the 
control group on days 1, 2, and 3 of SARA phase (Table 2).
 3.3. Variations in blood inflammatory biomarkers 
In all SARA groups, plasma fibrinogen level significantly 
increased on days 1, 2, and 3 of SARA compared to day 
0 (P < 0.01), (Table 3). Analysis with repeated measures 
ANOVA showed that the overall trend of changes in serum 
CRP values in the control and zeolite groups underwent 
no significant changes on days 0 (just before induction), 
1, 2, and 3 of SARA (P ˃ 0.05) (Table 4). In the activated 
charcoal group, change in CRP was only significant on 
day 1 of SARA. Based on the one–way ANOVA analysis, 
no significant difference was observed in serum CRP 
concentrations among the groups on days 0, 1, 2, and 3 
of SARA (P ˃ 0.05) (Table 4). No significant correlation 
was found between the serum LPS and APPs values in the 
activated charcoal and zeolite groups.
3.4. Changes in acid-base biomarkers
No significant changes were seen among the study groups 
in blood lactate, bicarbonate, anion gap, and pH values 
during SARA (Table 5).

4. Discussion
SARA is an increasingly encountered high–grain ration–
related disorder in ruminants; economically, it is more 
important than its acute form. Ruminal pH range in 
SARA varied over the course of 24 h, with the lowest 
value recorded from 2–4 h post concentrate feeding [28]. 
SARA diagnosis was considered once the rumen pH 
value reached below 5.8 in dairy cattle [10,11] and goats 
[29]. In affected cows, degradation of gram–negative 
bacteria is associated with the release and absorption of 
large amounts of LPS from the gastrointestinal tract [4]. 

Table 1. Ruminal pH values (Mean ± SD) during induction and SARA phases in the study groups.

Group
Induction phase (day) SARA phase (day)

0 2 3 4 5 6 1 2 3

Control 7.04 ± 0.3a 6.35 ± 0.2 6.2 ± 0.2 6.05 ± 0.1 5.9 ± 0.0 5.8 ± 0.1 5.6 ± 0.2b 5.67 ± 0.1b 5.6 ± 0.1b

Activated Charcoal 7.12 ± 0.1a 6.4 ± 0.1 6.3 ± 0.2 6.0 ± 0.1 6.0 ± 0.1 5.9 ± 0.08 5.6 ± 0.1b 5.8 ± 0.1b 5.6 ± 0.1b

Zeolite 7.1 ± 0.2a 6.3 ± 0.14 6.2 ± 0.1 5.9 ± 0.1 5.8 ± 0.2 5.8 ± 0.1 5.62 ± 0.1b 5.75 ± 0.2b 5.7 ± 0.2b

Different superscript letters in each row (a, b, c) denote significant difference between values in comparison with the 0 day.
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LPS can be associated with many complications including 
inflammatory responses, ruminal stasis, tissue poor 
blood supply, and weakness [13]. Rumen inflammation, 
lameness, liver abscess, pneumonia, and death have been 
documented as the consequences of ruminal acidosis [30]. 
It has further been proven that high–grain diet–related 
LPS is involved in postacidosis complications [12,15].

On the 7th day of SARA induction in the current study, 
when the amount of crushed corn increased to 52.8% of 
ration, the rumen pH of the studied lambs decreased to 
5.7–5.6, which indicated SARA. Lettat et al. [25] were able 
to induce SARA at a ruminal pH of 5.6 in rams during a 
3-day challenge by feeding with 1.2% BW of crushed corn. 
Consistent with our study, Dong et al. [29] showed that 

when the concentrate ratio increased to 60% DM of the 
whole diet, the rumen pH of the study goats decreased to 
less than 5.8, which is considered the beginning of SARA. 
SARA diagnosis was established when rumen paracentesis 
samples in cattle had a pH below 5.8 within 2–4 h after 
feeding [10,11]. SARA has also been defined via lowering 
the rumen pH to below 6 through the use of a stomach 
tube in dairy cattle [31]. In agreement with the foregoing 
studies, the decreased rumen pH in the 3 groups of the 
present study indicated a successful SARA induction. In 
the current study, SARA induction did not significantly 
change the serum LPS levels in the control group. Similarly, 
after feeding 2 diets containing 50% and 25% concentrate, 
serum LPS was not detected in 6 out of the 9 goats [32]. 
Also, in agreement with the present study, Dong et al. [29] 
reported that when the rumen pH of goats decreased to 
less than 5.8, plasma LPS value in the high–grain group 
was not significantly different from the low-grain groups. 
Elevated serum LPS levels as a result of SARA induction 
in cattle [9,14,33] are also expected in sheep. A possible 
reason for this discrepancy might be the insufficient 
sensitivity of LPS measurement methods in the studies on 
sheep and goats [12].

Serum LPS levels of the activated charcoal and zeolite 
groups on days 0 (just before induction), 1, 2 and, 3 of 
SARA had significant falling trends in comparison with 
the control group. In other words, oral consumption of 
activated charcoal and zeolite in lambs with SARA resulted 
in significant reductions in serum LPS concentrations. 
There are enough understandings on pivotal role of LPS 
in causing multiple adverse sequels following SARA in 
ruminants [14,15,33]. It has been shown that as toxin 
binders, certain clay minerals such as bentonite and 
zeolite are able to trap free rumen bacterial toxins [23] 
and mycotoxins [34,35] in cattle. An in vitro experiment 
further showed the ability of activated charcoal and 
montmorillonite to bind to LPS [21]. In a study performed 
on 16 crossbred Simmental cattle to prevent rumen LPS 

Table 2. Changes in the mean (±SD) of serum LPS values (pg/mL) of lambs in the study groups during 
SARA.

Group

Before induction Days of SARA

0 1 2 3

Control 5.54 ± 1.8Aa 5.13 ± 3.6Aa 5.75 ± 1.8Aa 4.75 ± 3.0Aa

Activated charcoal 6.3 ± 2.3Aa 2.5 ± 1.3Bb 2.0 ± 1.9Bb 1.9 ± 1.1Bb

Zeolite 5.13 ± 1.4Aa 2.36 ± 1.1Bb 1.9 ± 0.8Bb 1.1 ± 0.7Cc

Different uppercase superscript letters in each column (A, B, C) denote significant differences among the 
groups (P < 0.01). Different lowercase superscript letters in each row (a, b, c) denote significant differences 
in LPS values among times in each group (P < 0.01).

Figure 1. Ruminal pH variations during induction and SARA 
periods in the 3 study groups.
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absorption, the clay mineral of montmorillonite and yeast 
cell wall with basal diet significantly reduced plasma and 
fecal LPS concentrations [22]. There is no research on the 
ruminal LPS entrapment in sheep or lambs with SARA. 
In the present research, oral administration of activated 
charcoal and zeolite in lambs with SARA significantly 
reduced serum LPS concentrations. Therefore, these 2 
compounds are proposed for inhibiting ruminal LPS 
absorption during SARA in lambs.

After entering the bloodstream, LPS is combined 
with LPS binding protein and transferred to the cell 
surface. Afterwards, the LPS protein complex binds 
to CD14 to induce the secretion of proinflammatory 
cytokines, including TNF–alpha and interleukins 1 and 
6. These cytokines are able to trigger an inflammatory 
response through activating the expression of receptors 
in hepatocytes and other target cells [12,36]. APPs such 

as serum amyloid A, haptoglobin, fibrinogen, and CRP 
have been introduced as useful markers of inflammatory 
processes in ruminants [4,18,19]. In this regard, changes 
in the inflammatory markers of serum CRP and plasma 
fibrinogen were assessed in the possible response to serum 
LPS in the lambs in our study.

During the study period, SARA induction was not 
associated with significant changes in serum CRP values 
in all 3 groups, and according to Constable et al. [4] and 
Ilive and Georgieva, the variations in serum CRP were in 
the normal range of sheep [37].  In accordance with our 
study, Ahmed et al. showed that serum CRP value was 
significantly changed in sheep with acute acidosis [38]. 
CRP measurement may not be a good approach to evaluate 
inflammatory responses in lambs with SARA. In the current 
study, SARA led to a significant increase in blood fibrinogen 
in all 3 groups. Gonzalez et al. observed an insignificant 
change in plasma fibrinogen concentration in response 
to SARA induction [39]. Given the significant decrease 
in serum LPS levels in the activated charcoal and zeolite 
groups, no increase was expected in plasma fibrinogen 
values. Therefore, the increased plasma fibrinogen content 
in the lambs with SARA might be attributed to factors 
other than LPS, including the production of histamine, 
ethanolamine, and other bacterial degradation products 
[5] as well as the effects of reduced pH and high rumen 
content osmolality on rumen epithelium during SARA [40]. 
Kannizzo et al. [41] also claimed that APPs could increase 
under physical or psychological stresses in dairy cows.

Furthermore, blood biochemical analysis revealed 
no significant changes in the blood levels of lactate, 
bicarbonate, anion gap, and pH in the study groups during 
SARA. Similarly, many researchers have shown that blood 
lactate, bicarbonate, and pH values are not influenced in 
cattle with SARA [42–44]. However, no pertaining data was 
found in sheep or goats with SARA. 

In conclusion, oral consumption of activated charcoal 
and zeolite can inhibit ruminal LPS absorption during 

Figure 2. Changes in serum LPS values in the lambs with 
induced SARA in the study groups.

Table 3. Changes in the mean (±SD) of plasma fibrinogen values (mg/dL) of lambs in the study groups 
during SARA.

Group

Before induction Days of SARA

0 1 2 3

Control 404 ± 24Aa 461 ± 50Ab 474 ± 10Ab 484 ± 0.0Ab

Activated charcoal 354 ± 34Aa 461 ± 50Ab 474 ± 10Ab 461 ± 20Ab

Zeolite 339 ± 72Aa 459 ± 36Ab 484 ± 0.0Ab 475 ± 19Ab

Different uppercase superscript letters in each column (A, B, C) denote significant differences among the 
groups. Different lowercase superscript letters in each row (a, b, c) denote significant differences among 
times in each group (P < 0.01).
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SARA in lambs. Because no significant changes were 
found in LPS in the control group, studies with longer 
terms of SARA might provide more definite results. The 
increased plasma fibrinogen content in the lambs with 
SARA may be ascribed to factors other than LPS, including 
the production of histamine, ethanolamine, and other 
bacterial degradation products. CRP measurement is not 
a good approach for evaluating inflammatory responses in 
lambs with SARA.
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Table 4. Changes in the mean (±SD) of serum CRP values (mg/dL) of lambs in the study groups during 
SARA.

Group

Before induction Days of SARA

0 1 2 3

Control 3.04 ± 0.53Aa 4.17 ± 0.59Aa 4.72 ± 1.71Aa 4.05 ± 0.80Aa

Activated charcoal 3.83 ± 0.80Aa 5.08 ± 3.11Ab 3.46 ± 0.52Aa 4.28 ± 1.14Aa

Zeolite 3.42 ± 0.92Aa 4.16 ± 0.78Aa 3.69 ± 0.84Ab 4.32 ± 2.76Aa

Different uppercase superscript letters in each column (A, B, C) denote significant differences among the 
groups. Different lowercase superscript letters in each row (a, b, c) denote significant differences among 
times in each group.

Table 5. Means (±SD) of blood levels of lactate, bicarbonate, anion gap, and pH in lambs of all study groups during SARA.

Parameters Group

Before induction Days of SARA

0 1 2 3

Lactate 
(mg/dL)

Control 8.4 ± 4.5a 4.5 ± 0.6a 6.2 ± 2.5a 9.3 ± 3.3a

Activated charcoal 10.2 ± 6.2a 7.2 ± 4.6a 7.4 ± 3.1a 12.2 ± 10a

Zeolite 11.4 ± 7.1a 5.8 ± 1.1a 5.6 ± 3.1a 11.2 ± 3.8a

Bicarbonate 
(meq/L)

Control 25.6 ± 1.3a 22.5 ± 0.9a 24.1 ± 0.2a 22.9 ± 1.3a

Activated charcoal 24.9 ± 2.3a 20.3 ± 0.9a 24.2 ± 3a 24.1 ± 3.7a

Zeolite 23.7 ± 2.8a 21.4 ± 1.7a 23.8 ± 3.6a 26.3 ± 4.3a

Anion gap 
(mmo/L)

Control 8.2 ± 5.1a 9.2 ± 3.4a 8.0 ± 4.5a 11.7 ± 1.7a

Activated charcoal 7.6 ±  2.3a 4 ± 1.4b 8.2 ± 3.2a 10.6 ± 2.9a

Zeolite 9 ± 2.3a 4.6 ± 4.3b 11.8 ± 5.2a 9 ± 3.9a

Blood pH
Control 7.42 ± 0.02a 7.43 ± 0.04a 7.44 ± 0.02a 7.43 ± 0.03a

Activated charcoal 7.42 ± 0.07a 7.42 ± 0.03a 7.43 ± 0.03a 7.4 ± 0.06a

Zeolite 7.41 ± 0.02a 7.42 ± 0.01a 7.41 ± 0.02a 7.42 ± 0.09a

Different superscript letters in each row (a, b, c) denote significant differences among the times in each group.
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