Regional Laboratory Services
COLLECTION FACTORS ASSOCIATED WITH AMMONIA DETERMINATION IN RUMINANTS
Background:  

Assay of ammonia concentrations in blood and eye fluids is an essential component in differential diagnosis of phalaris toxicity and Urea toxicity syndromes in sheep and cattle.  Differential diagnosis from other causes of sudden death including low calcium, low magnesium, toxicities including nitrate and cyanide, and a number of infectious diseases.  
Urea toxicity arises when urea is converted to ammonia in the rumen through the action of rumen microorganisms; ruminal pH increases, and excessive amounts of ammonia are absorbed into the blood of the animal.  Clinical course of the toxicity is usually rapid and acute, with death occurring 30 min. to 4 hours post-ingestion.  Literature reports suggest that in ruminants, urea toxicity will be associated with plasma ammonia concentrations >1000 uM (normal concentrations of <200 uM).
Certain forms of acute phalaris toxicity in sheep have also been associated with elevated blood and eye fluid ammonia concentrations; the exact mechanisms of this elevation are currently unresolved.

The following  project, involving NSW Agriculture (EMAI) and Regional Laboratory Services, investigated factors associated with the measurement of ammonia in blood and eye fluids in ruminants.  Studies with eye fluid were extended to include the post-mortem stability of a number of other analytes routinely used in assessment of nutritional balance
Methods:  

Ammonia in samples of plasma and other fluids was assayed using a commercial reagent preparation (Thermo Trace DST Liquid Reagent, Cat. No. TR60101) in conjunction with an automated chemistry analyser (Kone Specific).  In this assay, ammonia is determined enzymatically as a rate reaction catalysed by glutamate dehydrogenase, at37 C.  Assays were calibrated using standards of 0 and 800uM ammonia.  Within and between run quality assurance was monitored by incorporating Trace Ammonia Calibrator solutions as samples in all assay runs.

Details of other experimental methods and sample collections are described where appropriate in the Results section below.

Results:   

1.  Stability of ammonia in plasma as a function of pH and time is shown in figure 1. 

Significant losses of ammonia from plasma samples, assumed to be due to volatilization, were apparent in uncapped samples of plasma.  These losses of ammonia occurred at the normal plasma pH of approx. 7.5 and increased as plasma pH was increased.  Losses from plasma were apparent within 1 hr at pH 9.1 in uncapped samples.  Mild acidification (to pH 6.1) prevented these losses.  Capping of sample containers prevented losses of plasma ammonia at all sample pH's, through to at least 170 hrs.   These results are consistent with changes expected based on the pKa of ammonia

Figure 1


[image: image1.wmf]Effect of Plasma pH on Ammonia Loss

0

100

200

300

400

500

600

700

800

900

0

1

2

16

60

170

Time (hrs)

Plasma NH4 (uM)

pH 9.1 Uncapped

pH 7.5 Uncapped

pH 6.1 Uncapped

pH 9.1 Capped

pH 7.5 Capped

pH 6.1 Capped


Legend Fig 1.  Each point above is for plasma samples prepared from Li Heparin plasma bulked from five cows and spiked with ammonia to a final concentration of 500 uM.  pH was adjusted with NaOH or HCl to pH indicated above, with plasma samples then remaining uncapped or capped prior to ammonia assay at the times indicated above.

2. Stability of Ammonia in whole blood as a function of time and temperature is shown in Figure 2.  Plasma ammonia concentrations were found to increase significantly when plasma remained in contact with the cell fraction of blood.  This effect was minimized with storage of whole blood samples at 4 C, with increases in plasma ammonia concentrations still remaining within the normal range (<200uM) at 48 hrs after whole blood collection.  This was not the case for whole bloods stored at 25 C, and pronounced plasma ammonia increases were apparent from five hours post collection.

In all samples in this experiment, plasma ammonia concentrations were poorly correlated with the amount of haemolysis present in samples.  These suggests that increases in plasma ammonia in whole blood as a function of time may be a function of metabolism within the red cells and are not simply an effect of haemolysis.

Figure 2
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Legend Fig. 2.  Each point above represents the mean results of plasma from lithium heparin whole bloods collected from five sheep.  Whole bloods were stored at 4 C or at 25 C, with plasma separated from red cells and assayed for ammonia at the times indicated above.  

3.  Effects of Whole Blood sample size in relation to collection vessel size and subsequent effect on plasma ammonia concentrations are shown in figure 3.  These results demonstrate that final plasma ammonia concentrations in whole blood are largely independent of the Sample : Container ratio with well sealed containers.  Effects of time of separation of plasma from the red cell fraction of blood on plasma ammonia concentrations are again apparent in these results, with plasma remaining in contact with red cell fraction for 24 hrs showing significant increases in ammonia concentrations compared with plasma in contact with red cells for only 3 hrs.

Figure 3
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Legend Fig.3.  Each point above represents the result for plasma obtained from lithium heparin whole bloods bulked from the blood of five sheep and  spiked with ammonia at approx. 1000uM.  Samples of whole blood were placed into containers then sealed, at sample : container ratios of 10 to 90%.  After storage of whole bloods at 4 C for 3 or 24 hrs, plasma was removed and assayed for ammonia 

4. Effects of time post-mortem on eye fluid ammonia concentrations are shown in figure 4.  Significant increases in eye fluid ammonia concentrations were found to occur post mortem.

These increases approximated a doubling of ammonia concentrations every 24 hrs. over the 48 hr experimental period.  Initial concentrations of ammonia in eye fluids were comparable to those observed in blood.  Paired samples of aqueous and vitreous humor fluids taken from eyes immediately post-mortem, indicated that ammonia concentrations in the former were generally lower than those in the latter ie. aq. hum. mean ammonia 124 + 30(S.D.) vs vit. hum.mean ammonia 197 + 38, n=4.

Measurement of eye fluid pH in samples of eye fluid received at RLS for routine diagnostic purposes 

(with sampling times possibly exceeding 48 hrs post-mortem) gave a mean pH of 7.8 (range 7.1 - 8.4, n=10).  The results for plasma ammonia losses as a function of pH above indicate that even in eye fluid samples with elevated pH, minimal losses of ammonia will occur, provided that the sample container is well sealed.

Studies in which the fluid in eyes from  abbatoir derived heads were spiked with ammonia insitu to measure possible ammonia losses across the eye membranes post mortem were inconclusive.

Figure 4.
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Legend, Fig.4.   Results above are mean values of eye fluids (Aq. humor) obtained from eyes in ten intact heads from normal abbatoir derived material.  Samples of fluid were taken from right eyes at 0 hrs, with paired samples taken from the left eyes at the times indicated above.  Heads were held at 25 C throughout the sampling period.  

Summary

Measurement of ammonia concentrations in blood and eye fluid samples provides a practical tool for the diagnosis of urea toxicity and phalaris toxicity in ruminants.  Potential problems associated with increases or losses of ammonia in samples post - mortem and post - collection can be minimized by appropriate collection and sample handling techniques.  

For live animals, collection of whole blood into Lithium Heparin is the preferred sample.  Samples of whole blood should be chilled post collection and plasma separated as soon as possible; separation of plasma should preferably be within five hours and should not exceed 24 hrs.  Increases in ammonia in whole blood post - collection are directly proportional to the temperature at which the blood is stored and to the time period that plasma remains in contact with the cell fraction.  Ammonia concentrations are stable for several days in plasma samples free of red cells and stored chilled in well sealed containers,.  Sample : container volume ratios do not appear to have a significant effect on subsequent ammonia concentrations provided that containers are well sealed.

In the dead animal, collection of aqueous humor eye fluid may provide the best sample.  Sample collection times after death should not exceed 24 hours.  Storage requirements for eye fluid samples for  analysis of ammonia are the same as for plasma.  


For our current price for ammonia testing on plasma and eye fluid samples through Regional laboratory Services, refer to our Price List; same day turnaround for results can be expected for ammonia assays.

David Paynter,

Principal, Regional Laboratory Services
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		Effect of Whole Blood Storage Temperature and Time on Plasma Ammonia Concentrations

				Method:		Ovine Li Hep whole bloods collected from five animals.

				Whole bloods aloquoted into 2 mL snap - cap vials and stored at 4C and 25C prior to centrifugation and plasma removal.

				Plasmas stored in 2 mL snap cap vials at -20C prior to assay (Trace Ammonia assay)

				Results:						Ammonia Conc. (uM)

						Time hrs		0		2		2		5		5		24		24		48		48

						Storage Temp C				4				4				4				4

												25				25				25				25

				Sheep#

				1				81		83		79		84		103		103		256		118		394

				2				112		138		206		117		128		122		375		168		511

				3				93		89		91		69		121		92		249		149		454

				4				37		32		31		49		66		75		261		121		510

				5				63		59		97		104		161		164		271		145		424

				Mean				77.2		80.2		100.8		84.6		115.8		111.2		282.4		140.2		458.6

				Std Dev				28.69		39.37		64.27		27.10		34.87		34.10		52.38		20.83		51.91
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		Effect of Sample Container/ Blood Volume on Plasma Ammonia Concentration

				Method:		Ovine Li Hep whole bloods bulked from 5 animals.

						Bulked bloods spiked with 3.2 uL of 250 mM NH4Cl per mL of blood and alaquoted into 2 mL

						O - ring sealed plastic tubes at 10% to 90 % of tube capacity. Final blood pH, 7.55

						Tubes centrifuged and plasma assayed for NH4 at 3 hrs and 24 hrs post-dispensing.

						Ammonia assay by Trace Liquid Stable:10 uL sample/Std,110 uL Reagent; read at 340nM

						at 57 sec and after further 90 sec, as 2 - point kinetic, 37C

				Results:						Ammonia Conc. (uM)

						Time (hrs)		3		24				24 hr plasma samples re-assayed after

				Sample in Tube (%)										storage overnight without capping

				10				1206		1252				197

				25				1221		1276				271

				50				1270		1392				516

				90				1217		1357				383
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		Post - Mortem Effects on Bovine Eye Fluid Analytes

		Method:		Whole normal heads obtained from abbattoirs, ex. EMAI.

				Samples of Aqeous or vitreous humor fluids obtained at

				time 0 and at 24 or 48 hrs, with T 0 sampling from one eye

				and second sample pair from opposite eye.  All heads kept at

				room temp. for duration of experiment.  Samples taken using

				1 mL syringes; after sampling, needle removed, syringe sealed

				with parafilm, and syringe and contents stored at -20C prior to

				shipment to RLS for analyte analysis.  Samples analyzed.

				directly on Chemistry Analyser, assays as below

				AMMONIA				Enzymatic (Trace Scientific), EP, SB

				CALCIUM		Arsenazo III (Trace Scientific), EP

				GLUCOSE				Enzymatic (Hexokinase), EP

				B-HYDROXYBUTYRATE				Enzymatic,(McMurray et.al., (1984) K

				MAGNESIUM				Arsenazo, (Trace Scientific) SB, EP

				UREA								Enzymatic, K

				EP = End-point assay, K = Kinetic/Rate assay, SB = Sample blanked

		Results:						Ammonia Conc. (uM)

				Head #		Right Eye						Left Eye

		Time				Aq Hum		Vit Hum				Aq. Hum		Vit Hum

		0		1		160		185

				2		248

				3		123

				4		131

				5		108		182

				6		92		168

				7		120

				8		198

				9		196

				10		135		253

		0		mean		151.1		197

				SD		48.82		38.06

		24		1								282

				2								154

				3								356

				4								247

				5								169

		24		mean								241.6

				SD								83.21

		48		6								498

				7								636

				8								484

				9								414

				10								407

		48		mean								487.8

				SD								92.27

		0				151

		24				242						242

		48				488						488
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				Effect of Plasma pH on Plasma Ammonia Concentration

				Method:		Bovine Li Hep plasma bulked from 5 animals.

						Alaquots titrated from pH 7.5 to pH 9.1 (NaOH) or to pH 6.1 (HCl).

						To each alaquot, NH4Cl stock soln.(25 mM) added at 20 uL

						per mL for a final concentration of 500 uM NH4.

						Samples stored capped and uncapped at 4C prior to assay

				Results:

												Ammonia Conc. (uM)

										Uncapped						Capped

				Sample pH				9.1		7.5		6.1		9.1		7.5		6.1

				Time (hrs)

				0				699		704		705

				1				527		674		731

				2				469		624		628

				16				154		356		819		726		699		712

				60										836		776		756

				170										773		754		781
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