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BLOOD BIOCHEMICAL AND RUMINAL LIQUOR PROFILE IN CATTLE (Bos indicus) SHOWING RUMINAL ACIDOSIS.

ABSTRACT
Ruminal acidosis is common problem in Bangladesh and caused huge economic losses from death of animals. Proper and early diagnosis of acidosis could be done by evaluation of haematolo-biochemical parameters and ruminal environment. A total of 8 samples were collected 5 from acidosis affected cattle and 3 from healthy cattle. Among the clinical signs heart rate, respiratory rate were higher and rumen motility was lower. In acidosis affected cattle TEC, PCV and Hb value were lower. The percentages of neutrophil, eosinophil were higher and the percentages of basophil, monocyte and lymphocyte were lower in acidosis affected cattle. The blood biochemical and ruminal fluid parameter of five cattle showing ruminal acidosis were studied, together with three healthy cattle as control. The diseased cattle had significantly higher serum glucose and total protein and significantly lower plasma calcium and phosphorus concentration than the control. The ruminal liquor of diseased cattle revealed characteristics physical, chemical and microbial changes. Above tests could be used in diagnosis of acidosis in ruminants. 
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INTRODCTION
Ruminal acidosis is a chemical change of rumen ecosystem and easily diagnosed by determination of PH from ruminal fluid. It is recorded in bovine mostly secondary to ruminal impaction and as a result of poor quality feed i.e. tough and fibrous feed, other causes of ruminal acidosis are stall feeding of excessive feeding of cooked rice, accumulation of sand particle, perphorated phytobezoaurs, constant confinement of animals in a small barns with no exercise and feeding of dry concentrate daily with limited excess to water. 
In accessibility of rumen for clinical examination makes ruminal acidosis a diagnostic challenge to the clinician particularly in where exploratory laparotomy is not done (Randhawa et al., 1996). Moreover, this clinical entity is so rare that it is not included in differential diagnosis of disease conditions associated with the cessation of defecation.  Clinically, the disease is characterized by the signs of anorexia, scanty faeces, dullness, ruminal distension, moderate to severe dehydration, congested mucous membrane and reduced milk yield (Sharma et al., 2001; Umakanthan, 2002). Cattle and buffaloes are the most vulnerable animals to ruminal acidosis because the rumen capacities of those animals are very high and they can ingest a lot at a time.
Ruminal acidosis is very much fatal to the feedlot animals if they are not treated in just time. The lower value of pH can cause of death of total rumen flora within a very short time, thus can cease the total digestion leads to huge amount of gas production, that vigorously affect the respiratory system and also can collapse the respiration. Thus may cause the rapid death of the animal. 

Most of the previous studies on biochemical changes in ruminal acidosis have been carried out on few parameters. However, no literature is available regarding in ruminal fluid alteration in ruminal acidosis in cattle. Thus, we thought it worthwhile to investigate several aspects of blood biochemical profile and ruminal fluid alteration in cattle showing ruminal acidosis.
OBJECTIVES OF THIS STUDY
· To observe the changes occurs in blood picture in acidosis cattle compare to healthy cattle.

· To identify the changes occurs in pH of rumen fluid in acidosis cattle compare to healthy cattle.

· To detect the rumen protozoal motility of acidosis cattle compare to healthy cattle.
REVIEW OF LITERATURE
Garrett R. Oetzel: Ruminal acidosis is the consequence of feeding high grain diets to ruminant animals, which are adapted to digest and metabolize predominantly forage diets. Feeding diets that are progressively higher in grain tends to increase milk production, even in diets containing up to 75% concentrates. However, short-term gains in milk production are often substantially or completely negated by long-term compromises in cow health when high grain diets are fed.
Russell and Rychlik: Ruminal acidosis can be a direct human health concern as well. Low ruminal and intestinal pH due to high grain feeding increases the risk for shedding enterohemorrhagic E. coli such as 0157:H7
Russell and Wilson: An episode of ruminal acidosis occurs when the pH in the rumen drops below a threshold value.A threshold value of 5.5 to 5.8 is normally used to define subacute ruminal acidosis depending upon the researchers and method of determining pH. In laboratory ruminal pH < 5.8 is used to denote acidosis because cellulolytic ruminal bacteria do not grow below pH 6.0 causing a decrease in fiber digestion and feed efficiency. Subacute ruminal acidosis is not to be confused with acute acidosis, the latter more common in feedlot cattle.

MATERIAL AND METHODS

 Source of animal and samples:

 The study was conducted on cattle( Bos indicus) presented  at the primary (Large animal) unit of Teaching Veterinary Hospital, Chittagong Veterinary and Animal Sciences University, Chittagong, Bangladesh. The investigations were performed between December, 2010 and January, 2011. During this period 28 cattle with different gastrointestinal disorders were admitted at the clinic, of which 5 cattle were diagnosed with ruminal acidosis. Three healthy animals were selected from the dairy farm of Chittagong Veterinary and Animal Sciences University, Chittagong, served as control. 
History of Animals

All cattle (n=5) diagnosed for ruminal acidosis were at aged 3-12 years. All animals were completely anorectic. Three animals had history of gradual change in diet, i.e. from green grass to rice straw and cooked rice. Water intake was reduced in all cases. One animal had history of fever (>39.4°C). Milk yield was reduced in all cases. None had history of colic and cud dropping. Defecation was absent in three cases and two animals had history of passing constipated feces. Three animals were in mid pregnancy (3-6 months) and two animals were normal condition.
Clinical Examination

On clinical examination, all animals were in depressed condition and rumination was suspended in all cases. The muzzle was dry in two cases. On visual examination of abdomen contour from the rear side, two animals had normal and two had bilaterally distended.

Collection of rumen fluid:

Rumen liquor samples were collected by using a 16 gauge, 6-inch long needle. Rumen liquor was subjected to physical and microscopic examination. A part of samples were filtered through a double layer muslin cloth and centrifuged. 
Hematological Parameters
Blood samples were collected aseptically from the jugular vein in vials containing Na EDTA at 2 mg/ ml. Plasma was separated at 3000 rpm for 10 min within 6 hours after collection. The plasma was used for estimation of different biochemical profiles. Within 6h of collection, the whole blood was used for estimation of the following parameters as described by Jain (1986). Haemoglobin (Hb, g %) was estimated spectrophotometrically using Drabkin’s(Hcl) reagent. Packed cell volume (PCV %) was estimated by microhaematocrit method. Total leukocyte count (TLC, 103 / µl) was estimated by using a standard haemocytometer. Differential leukocyte count (DLC %) was estimated by using Wright stain. ESR was estimated by the Wintrobe’s tube. Mean Corpuscular Haemoglobin (MCH) and Mean Corpuscular Volume (MCV) was estimated by Haematoanalyzer  (Avacus Junior Vet®).  
EVALUATION OF BIOCHEMICAL PARAMETERS
Analytical procedures: Total protein, calcium and phosphorus of the serum were analyzed in a biochemical analyzer (Model: PLD-951/951A/951B). Randox Laboratories Ltd. diagnostic kits were used for the evaluation of total protein, calcium and phosphorus as per instructions given in the catalogue number CA 590, CA592 and colorimetric method was followed for calcium.

Photometric Colorimetric Test for Total Proteins (Biuret Method)

Reaction Principle: Cupric ions react with protein in alkaline solution to form a purple complex. The absorbance of this complex is proportional to the protein concentration in the sample.

Contents

	Reagents:
	4×100 ml or 1×1000 ml Colour reagent

	
	Sodium hydroxide
	200mmol/l

	
	Potassium sodium tartrate
	200mmol/l

	
	Copper sulfate
	12 mmol/l

	
	Potassium iodide
	30 mmol/l

	
	Irritant R 36/38
	


	Standard
	1×3 ml Standard

	
	Protein
	8g/dl

	
	Or
	80g/l

	
	Sodium azaid
	0.095%


Assay

Wavelength: Hg 546 nm, 520-580 nm

Optical path: 1 cm

Temperature: 20---250C

Measurement: Against reagent blank

Only one reagent blank per series was required.
Pipetting Scheme

1000 μl of reagent was taken in previously marked three eppendorf tubes for reagent blank, sample and standard separately by micropipette. 20μl of sample and standard were added in the previously marked eppendorf tube, respectively. Reagent blank eppendorf tube only contain reagent. Sample and standard for total protein were mixed separately in each eppendorf tube and incubated for 10 minutes at 250C. Absorbance of the sample and standard were measured against the reagent blank within 30 min (ΔA) λmax in 546 nm by spectrophotometer of the Humalyzer 3000®.

	Pipette into cuvette
	Reagent blank
	Sample/Standard

	Sample/Standard
	------
	20μl

	Reagent
	1000μl
	1000μl

	Mixed and incubated for 10 min. at 20---250C. Absorbance of the sample and standard were measured against the reagent blank within 30 min(ΔA)


Calculation of the Protein Concentration

With standard

C=80× ΔA sample/ ΔA standard [g/l]
Colorimetric determination of inorganic Phosphorous in Serum and Plasma with the monoreagent

Reaction Principle: In sulphonic acid solution inorganic phosphate forms an ammoniumphorusphomolydate-complex with the formula (NH4)3[PO4 (MoO3)12]. The increase in absorbance is measured at 334/340 nm and is proportional to the inorganic phosphorus concentration. Due to presence of detergents there is no need for deproteinization.

Concentration of the working solution:

Monoreagent

	Sulphuric acid
	280mmol/l

	Sodium chloride
	150 mmol/l

	Ammonium molybdate
	0.9 mmol/l

	Detergents
	1%

	Standard
	5mg/dl(1.615 mmol/l)


Assay Procedure

	Wavelength:
	334/340nm

	Temperature:
	200C-370C


	
	Sample
	Standard

	Reagent
	1000μl
	1000μl

	Sample
	10μl
	-

	Standard
	-
	10μl


These were mixed separately and then absorbance of Sample A(s) and the Standard A (STD) were measured against Reagent A(RBL).
δA (s) =A(s)-A(RBL)
δA (STD)=A(STD)-A(RBL)

Calculation

C=5×--------(mg/dl)

Colorimetric method for determination of calcium from serum: (Colourimetric Method: O-Cresolphthalein complexone, without deproteinization).

Reaction Principle: Calcium ions form a violet complex with O-Cresolphthalein complexone in an alkaline medium.

	Reagents: Contents
	Initial Concentrations of solutions

	Standard Calcium
	2.5mmol/l(10mg/dl)

	Buffer 2-amino-2methyl-propan-1ol
	3.5 mmol/l, pH 10.7

	Chromoge O-Cresolphtalein complexone

8-Hydroxyquinoline

Hydrochloric acid
	0.16 mmol/l

6.89 mmol/l

60 mol/l

	EDTA
	150mmol/1


Preparation of Reagents:

All solutions were ready for use. Bottles were kept in closed after use. The reagents were stored at stable condition up to the expiry date up at +15 to 25ºc.

Working reagent: Equal volumes of solutions 2 and 3 were mixed to give enough reagents for the number of samples being run. The working reagents were stabled for 7 days at +2 to +8ºc.
Procedures:

	Wavelength:
	Hg 578 nm (550-590 nm)

	Spectrophotometer:
	570 nm

	Cuvette:
	1 cm light path

	Measurement:
	Against reagent blank

only one blank required per series

	Temperature:
	37ºc


Assay:

	Pipette into test tubes:
	
	
	

	
	Reagent Blank
	Standard
	Sample

	Sample
	-------
	---------
	25μl

	Distilled Water
	25μl
	-------
	------

	Standard
	--------
	25μl
	-------

	Working Reagent
	1.0 ml
	1.0 ml
	1.0 ml


After mixing the absorbance of the sample (Asample) and standard (Asample) read against the reagent blank in between 5 to 50 minutes.

Calculation:
Concentration

(mg/dl)= 10.0× ΔA sample/ ΔA standard]

Ruminal liquor analysis

Physical and microscopic examination was done for color, odour, consistency, PH and protozoal motility (Garry, 2002). Sedimentation activity time (SAT) was determined as described by Nichols and Penn (1958). Methylene blue reduction test (MBRT) was performed as described by Dirksen (1970).

Criteria for diagnosis of ruminal acidosis
When the diseased animals did not show any response to conservative medical therapy, all the cases were diagnosed as ruminal acidosis by exploratory rumenotomy.
Statistical analysis

The data were imported to MS-Excel 2003 and subjected to STATA 11.0 software to do t-test and standard errors were calculated for comparison between control and animals with ruminal acidosis. Significance was set at p< 0.05 and p< 0.01 levels (Snedecor and Cochran, 1994).

RESULTS

TABLE I
Clinical parameters (Mean ± SE) of cattle suffering from ruminal acidosis
	Parameter
	Control ( n=3 )
	Ruminal acidosis ( n=3)

	Temperature (°C )
	38.56±0.09
	39.45±0.24

	Heart rate  ( min/1)
	57.85±3.08
	72.39±4.26a

	Respiration rate ( min/1)
	16.23±1.60
	22.07±3.52

	Rumen motility ( per 2 min)
	4.23±0.29
	0.41±0.24b


aDifference significance at p ≤0.05
bDifference significance at p ≤0.01

Abdomen, while one animal had unilaterally distended (left side) abdomen. Hydration status revealed that two animal had 4-6% dehydration and three animals were moderately (6-8%) dehydrated. Ruminal motility (0.41±0.24 per 2 min) was reduced significantly (p≤0.01) compared to the control value Table I. The mean rectal temperature (39.45 ±0.24°C) and respiration rate (22.07 ± 3.52/min) did not differ significantly from the control group, whereas heart rate (72.39 ± 4.26/min) was significantly (p≤0.05) higher than the control group. None of the animals yielded peritoneal fluid. No abnormal sound was heard on oscultation of lungs and heart. In one case, the distended mass was palpable at the level of seventh ninth rib on right side. On per rectal examination, the consistency of rumen was doughy in one case and moderately hard in four cases. Intestinal loops were normal in all cases. The rectal passage was devoid of faeces in two animals and three animals have constipated faeces.
Haematology
The mean haemoglobin level (7.63±0.76 gm %) and mean PCV level (27.33±4.75 %) did not differ their respective control values (Table II). The mean TEC value (8.27±0.38%) was significantly different from the control value (p≤0.05). The mean relative neutrophil count (45.66±4.17%) was significantly (p≤0.01) higher than the control value, whereas the mean relative lymphocyte count (30.66±4.35%) was significantly lower than the control value (p≤0.01). The mean relative levels of eosinophils (18.33±0.7%) were significantly higher than the control value. Monocytes (4.66±0.04%) and basophils (0.67±0.02%) did not differ significantly from their respective control values. The absolute neutrophils count (45.66±4.17%) was significantly (p≤0.01) higher than the control level. The absolute lymphocyte, eosinophil, monocyte and basophil counts did not differ significantly from their respective control values. The mean ESR level (1.57mm/h) was significantly (p≤0.01) higher than the control value.

Table II
Haematological parameters (Mean ± SE) of cattle suffering from ruminal acidosis 

	Parameter
	Control(n=3)
	Ruminal acidosis(n=5)

	Haemoglobin(g%)
	10.30±0.32
	7.63±0.76

	Packed cell volume (%)   
	35.51±0.92
	27.33±4.85

	 Total erythrocyte count(103/µl)
	10.12±0.23
	8.27±0.38a

	Neuterophils(%)
	17.07±0.34
	45.66±4.17b

	Lymphocyte (%)
	66.43±0.17
	30.66±4.35b

	Monocytes (%)
	8.03±0.63
	4.66±0.04

	Basophils(%)
	01.00±0.19
	0.67±0.02

	Eosinophils(%)
	8.23±0.82
	18.33±0.87

	ESR(mm in 1 hour)
	1.23±2.27
	1.57±5.32

	PCV (%)
	35±0.12
	27.33±3.39

	MCV
	40±2.74
	33.33±4.64

	MCH
	11.7±3.2
	 9.7±6.43


aDifference significance at p ≤0.05

bDifference significance at p ≤0.01
Biochemical Analysis
The mean glucose and total protein level were significantly (p≤0.01) higher than the control value. The mean plasma calcium and calcium level were significantly (p≤0.01) lower than the control value.
TABLE III
Serum biochemical parameters (Mean ± SE) of cattle suffering from ruminal acidosis

	Parameter
	Control(n=3)
	Ruminal acidosis(n=5)

	Glucose(mg/dl)
	36.6±3.4
	65.3±15.12b

	Phosphorus(mg/dl)
	5.9±0.31
	4.46±0.22

	Total Protein(mg/dl)
	48.5±0.18
	55.83±0.32a

	Calcium(g/L)
	13.3±0.56
	1.16±0.73b


aDifference significance at p ≤0.05

bDifference significance at p ≤0.01

TABLE IV
Rumen liquor parameters (Mean ± SE) of cattle suffering from ruminal acidosis

	Parameter
	Control(n=3)
	Ruminal acidosis(n=5)

	PH
	6.8±0.14
	5.6±0.10

	MBRT(min)
	7.50±0.60
	43.80±4.42b


bDifference significance at p ≤0.01

Rumen liquor analysis

The color of rumen fluid in cattle with ruminal acidosis was greenish and greenish-brown in two cases each, while the first had a yellowish-brown color. The consistency was watery and odour was pungent in all cases. SAT was nil in all cases and there was rapid sedimentation of particulate matter. The mean MBRT value (43.80±4.42 min), was significantly different (p≤0.01) from the control value (table IV). The mean ruminal pH was 5.6±0.10, which was significantly (p≤0.05) lower than the control value. 
DISCUSSION
Decreased hemoglobin level might be due malnutrition (Sethuraman and Rathore, 1979). Neutrophilia might have resulted from chronic irritation of the fore stomach wall by impacted feed materials, leaving the wall exposed to secondary infection, which resulted in inflammation (Hailat et al., 1996). Decreased lymphocytes could be due to release of corticosteroid as a result of stress (Jain, 1986). Increased ESR appeared to be the most sensitive indicator of the inflammatory reaction, which can be used as a nonspecific indicator of inflammatory processes in this species (Khan et al., 1997).
The stress of digestive disorders might have resulted in hyperglycaemia due to glycogenolytic effect of released adrenocorticosteroids. The metabolic pattern of the animal becomes disturbed owing to higher level of blood glucose and animals may utilize glucose rather than VFA for metabolism (Kaneko et. al., 1997).
Hyperproteinaemia recorded in diseased animals might be due to dehydration, haemoconcentration and release of some positive acute proteins in response to acute inflammation and due to stress (Jain, 1986; Kaneko et al., 1997).
Hypocalcaemia results in depression of smooth-muscle contractibility and neuromuscular transmission, which in turn contributes to reduced rumen motility. The reason of hypocalcaemia in the present study might be the ingestion of rice straw. The rice straw is rich in cell wall content and soluble oxalate concentration and is poor in crude protein content, so it is less degraded by rumen microorganisms (Ahuja et. al.,1998). High levels of oxalate, particularly soluble oxalate, forms insoluble precipitates of calcium oxalate and makes unavailable for metabolism. Hypocalcaemia is observed in the diseased cattle could be due to fasting and adaptive response to continued hypoadrenocortical activity.
Evaluation of rumen fluid revealed characteristic alterations in physical, microbiological and biochemical parameters. Chronic anorexia and ruminal dysfunction might have caused rumen microbial inactivity, which could have attributed to poor to nil motility of protozoa and rapid sedimentation of particulate matters, (Garry, 2002). Increased MBRT indicated reduced redox potential of rumen fluid due to dysfunction of the anaerobic fermentative metabolism of bacterial population. No literature reports could be traced for comparison of the effect of ruminal acidosis on ruminal liquor variables.
CONCLUSION REGARDING DIAGNOSIS

Ruminal acidosis can be diagnosed based on the following findings:

· History of change in diet of the animal.

· Clinical signs such as depression, dehydration, suspended rumination, distended abdomen, as main clinical signs.

· Among haematological parameters, increased TLC with neutrophilia and increased mean ESR level.

· Increased level of MBRT in rumen liquor analysis.
· Upon biochemical analysis, increased level of glucose, total protein and decreased level of calcium, phosphorus.
RECOMMENDATION
· Sudden change in diet should be prohibited in feedlot animals.

·  Excessive concentrate feed should be avoided.

· Ensure the enough exercise for the animals daily. 
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