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Introduction

Quantification of blood lactate, pyruvate, β-
hydroxybutyrate and acetoacetate is crucial in
diagnosing and monitoring metabolic acidosis.  In
this respect, measurement of β-hydroxybutyrate and
acetoacetate can be helpful in differential diagnosis
and the monitoring of ketoacidosis (Ingvartsen,
2006).

Fatty liver syndrome and diabetic ketoacidosis are
widespread diseases among different animal species.
In both cases there are increased levels of ketone
bodies. Measuring ketone bodies, especially β-
hydroxybutyrate, can be useful in clinical management
of subclinical ketoacidosis (Seung-Kwon and Chanhee,
2010).

Economic loss due to subclinical ketoacidosis is a
major problem in industrial animal husbandry. A
disorder in the lipid metabolism produces a lot of β-
hydroxy β-methyl glutaryl CoA, which will be
converted to acetoacetate and acetone. Consequently,

acetoacetate, an intermediate compound, will be
converted to β-hydroxybutyrate (Nocek, 1997), and
there is a direct relationship between the levels of β-
hydroxybutyrate and economic loss in industrial
bovine farms.

There are different methods that have been
established for measuring blood acetoacetate and
acetone levels.  In this respect, several methods have
been proposed for the measuring of β-hydroxybutyrate
levels.  β-hydroxybutyrate will be oxidized and turn
into acetoacetate.  The consequence of this is that the
dye is bound producing a chromophore (Galan et al.,
2001).

Different chemical (Zaidi, 1993), and enzymatic
(Galan, 2001), methods were used for oxidizing β-
hydroxybutyrate to create acetoacetate. Chemical
methods are too laborious, time consuming and less
sensitive.  On the other hand, enzymatic methods are
too time consuming (Zaidi, 1993). In this respect,
establishing an efficient, inexpensive method can be
useful for clinical use.  Previously, a combination of
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Abstract:

BACKGROUNDS: Subclinical ketosis can cause greater
economic loss due to a lack of clinical symptoms. OBJECTIVES:
The present study was aimed to design a chemical method for
measuring serum ketone bodies in the affected subclinical cows.
METHODS: Acetoacetate concentrations were measured using a
nitroprusside reaction and β-hydroxy butyric acid (BHBA) which
was oxidized to acetoacetate using nanosilver particles to determine
its concentration. Recovery tests were done for different
concentrations of betahydroxy butyrate in bovine pooled serum.
RESULTS: Actoacetate levels were in range of 0.1-6 mM, and the
values for BHBA were found to be in the range of 0.125-3 mM.
CONCLUSIONS: It was concluded that this technique can be
considered as a simple method for measuring ketone bodies in
biological fluids.



AgNo3 and K2S2O8 has been used for converting
BHBA to acetoacetate. However, stability of the
chromophor compound was too low to be used as a
clinical method (Zaidi, 1993). The aim of the present
study was to produce a stable chromophore through
the converting of BHBA to ACAC by means of
combining Natrium metaperiodate and Nanosilver
through a spectrophotometric method.

Materials and Methods

Acetoacetate measuring:With some modifications,
acetoacetate levels were measured by the Schilk and
Jhonson,1965. In brief, we prepared acetoacetate
(Sigma, A8509) standard solutions (1,2,3,4,5,6,7,8,
9,10 mM) in an aminoacetic acid (Merck, 548955137
6) buffer.  Then, Natrium Nitroprosside (Merck,
6540) solution was added and incubated for 18
minutes at room temperature.  Absorbance was read
at 550 nm, against the control blank.

Determination of hemoglobin interactions:
Hemoglobin standard solution (Zist Cimi Chemical
Company, 30 mg/dL) was prepared and added to
different concentrations of acetoacetate solution.
Absorbances of these solutions were compared with
solutions without hemoglobin to find the hemoglobin
interactive effects on the absorbance.

BHBA measuring: BHBA was oxidized to
acetoacetate by means of sodium metaperiodate
(Merck, 6597)  in the presence of nanosilver solution
(Nanosilver, pore size <20 nm; concentration 8000
ppm, MEG base, NCC Engineering Company,
Tehran, Iran). The resulting acetoacetate levels were
measured as mentioned above.

Colordevelopment and its stability:3mM BHBA
solution was put in a cuvette and its absorbance was
monitored for 30 minutes to follow the colored
complex stability.

Effect of pH on the reaction:The effect of acidic,
alkaline and neutral conditions on the color
development was studied and the reactions were
performed at pH 5.2, 7 and 8.6 to determine the
linearity of the concentrations vs. absorbance. 

Analytical recovery and precision: For recovery
and precision studies, we added defined levels of
BHBAto both buffer and sera for determining BHBA
levels in both buffer and serum media.  In this respect,
serum was deproteinized by the modified Foli-Wu

method (Glick, 1959). In this respect, blood was
collected from the clinically healthy cows (Dashte
Javid Farm, Tehran, Iran).  Serum was separated after
centrifugation and  protein deproteinization was done
using Sodium tungestate 10% and sulfuric acid.
BHBA values were determined by both enzymatic
and chemical methods.

Statistical analysis: Slope values of the linear
regression lines were compared using a upaired t-test
by means of SigmaStat 2.0 (Systat Software Inc.,
Point Richmond, CA, USA). Alpha in all cases was
0.05 (p<0.05).

Results

Acetoacetate levels showed a complete linear
correlation (r2= 0.9985) with absorbance in the range
of 0.1- 6 mM (Figures 1 and 2). Total run-to-run and
day-to-day CVs for acetoacetate levels were about
2.84% and 3.48%. In the recovery tests, acetoacete
values showed a complete recovery in the range of
0.1-6 mM (Figures 3 and 4). While acidic and neutral
conditions make some adverse effect on the stability
of the colored complex, the alkaline pH was the most
favorable one in terms of colored complex stability
(Figures 5, 6 and 7).  Invisible hemolysis (30 mg/dL)
had no side effect on the linearity of the acetoacetate
concentrations vs. absorbance in the range of 0.1-6
mM (Figure 8).

tests for measuring BHBA levels in the buffer
showed a linear correlation in the range of 0.125-3
mM (Figures 9a, 9b).  On the other hand, recovery of
the BHBA levels from the pooled bovine serum,
when measured, showed more than 92% for the
chemical, and 94% for the enzymatic methods.
Table1 shows added concentrations of BHBA to the
pooled serum and the calculated values by chemical
and enzymatic methods (BHBArecovery values).

Discussion

The present findings on acetoacetate concentrations
vs. absorbance show a strong agreement with Zaidi's
(1993) findings when using the chemical method. We
have shown a linear relationship between acetoacetate
concentrations and absorbance over a wide range of
acetoacetate concentrations. It has been previously
discussed that aminoacetic acid forms an intermediate
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compound with the acetoacetic acid which produces
a colored complex with Sodium nitroprusside. 

Studies on pH showed that an alkaline solution

would be a suitable condition for complex formation
and stability. Fischer et al, 1944 discussed aminoacetic
acid forming a pyrrol when in this condition. Our
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Figure 1. The relationship between absorbance and acetoacetate
concentrations in the range of 0-10mM (r2 =0.9456).
Acetoacetic STD curve. Y= 0.1086x+1274.  R2=0.9456.

Figure 2. The relationship between absorbance and acetoacetate
concentrations in the range of 0-6mM (r2 =0.9985).
Acetoacetate STD curve. Y=0.132x+ 0.1092.  R2=0.9985.

Figure 3. Linear regression line acetoacetate recovery in the
range of 0-10 mM.              Actual Value                 Measured Value

Figure 4. Linear regression line of actoacetate recovery in the
range of 0-6 mM.              Actual Value                 Measured Value

Figure 5. The effect of acidic condition (pH=5.2) on the reaction
stability.  Y=0.0039x+0.0499. R2=0.56.

Figure 6. The effect of neutral condition (pH=7) on the reaction
stability. Y=0.0024x+0.0714. R2=0.3644.



findings on pH showed that conversion of aminoacetic
acid could be facilitated in the alkaline condition to
produce a more stable colored complex.

We have shown a good recovery for BHBA from
both the buffer and pooled sera. However, recovery
showed some decline in the case of pooled serum.  It
seems that some compounds may interfere with
colored complex formation. In this respect, Zaidi,
1993 showed that the chloride ion can interfere with
the silver catalyst function which increases the
nanosilver levels in the reaction mixture. Chloride
precipitation may be a useful method for increasing
recovery. 

Blood BHBA evaluation is a better indicator of
metabolic control, compared to urine ketone bodies
detection, and is useful to predict the time required for
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Figure 7. The effect of alkaline condition(pH=8.6) on the
reaction stability. Y=0.132x+0.1092. R2=0.9985.

Figure 8. Linear regression lines of acetoacetate measuring in
the presence and absence of hemoglobin.
Y=0.132x+0.1092. R2=0.9985.
Y=0.118x+0.0959.  R2=0.9994.

Basal state (whithout Lysate)                    After adding Lysate

Figure 9a. The values of recovery for BHBA.
Actual Value                 Measured Value

Figure 9b. The values of recovery for BHBA.
Actual Value                 Measured Value

BHBA
Concentration (mM)

Error in the
chemical

method(%)

Error in the
enzymatic

method(%)
0.1 0 4.76
0.2 0 0.53
0.4 0 5.82
0.8 0 2.12
1 0 0.53

1.3 0 2.32
1.5 0 0.18
2 4.64 4.76

2.5 5.86 0.32
3 5.39 1.59

3.2 0 0.86
3.5 0.42 14.89
4 4.51 0

Table 1. Comparison of Error percent for BHBA recovery by
means of chemical and enzymatic methods.



blood ketone bodies to clear (Prisco et al., 2006).  On
the other hand, serum ketone and blood BHBA
measurements are equally effective in diagnosing
diabetic keyoacidosis among uncomplicated cases
(Tantiwong et al., 2005).

In conclusion, we presented a simple and specific
colorimetric method for quantitative determination
of acetoacetate and BHBAin body fluids.
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ìXéú  |ÆI kAìþ AüpAó, 1931, kôoû 6, yíBoû 1, 11-7     

oô} yýíýBüþ ðõüò GpAÿ AðlAqû âýpÿ AWvBï ÞPõðþ upï koypAüÈ ÞPõqOdQ GBèýñþ âBô

øBkÿ Òçï Kõo
1*|

|  KýíBó AulüBó
2

|  Acíl ÎpÖBó ìñ{
1

|  | ìùlÿ WùBó|OýÔ
3

1) âpôû Ktôøzþ Öp@ôokû|øBÿ Gýõèõsüà kAìþ, WùBk kAðzãBøþ, ôAcl OùpAó, OùpAó, AüpAó.
2) âpôû Îéõï koìBðãBøþ, kAðzßlû kAìLryßþ kAðzãBû èpuPBó, gpï @GBk,AüpAó.

3|) âpôû Îéõï koìBðãBøþ, kAðzßlû kAìLryßþ kAðzãBû qAGê, qAGê, AüpAó.

|(||koüBÖQ ìÛBèú:  11  gpkAkìBû  0931  ,  Knüp} ðùBüþ:  5  ìùpìBû  0931)| |

|̂ßýlû 

qìýñú ìÇBèÏú:ÞPõq OdQ GBèýñþ GÏéQ ÖÛlAó ÎçDî GBèýñþ ìþ OõAðl ìñXpGú ÂpoAÚP¿Bkÿ øñã×Pþ kouÇe âéú yõk.ølÙ:ølÙ Aq ìÇBèÏú

cƒBÂƒpÆƒpAcþ üà oô} yýíýBüþ WùQ AðlAqû âýpÿ ÒéËQ AWvBï ÞPõðþ koâBôøBÿ ìHPç Gú ÞPõqOdQ GBèýñþ AuQ. oô} ÞBo:ÒéËQ

AuPƒõAuPBR GB AuP×Bkû Aq ôAÞñ{ ðýPpôKpôÞvBül OÏýýò âpkül øí̀ñýò GPBøýloôÞvþ GõOýpAR|(ABHB|)koAGPlA OõuÈ moAR ðBðõðÛpû Gú

AuPõAuPBR AÞvýl âpkül ôkoAkAìú ÒéËQ @ó OÏýýò âpkül OvQ øBÿ GBqGýñþ GB AuP×Bkû Aq ÒéËQ øBÿ ìhPéØ GPBøýloôÞvþ GõOýpAR koupï

deloop |AðXƒBï âƒpküƒl. ðPƒBüƒY:ÒéƒËƒQ AuPƒõAuPƒBR kokAìñƒú Mm|6/0-1/0ôÒéƒËQ AHAB |koìdlôkû Mm3-521/0 OÏýýò

âpkül.ðPýXú âýpÿ ðùBüþ:ìþ OõAó ðPýXú âpÖQ Þú Aüò Oßñýà ìþ OõAðl GÏñõAó üà oô} uBkû WùQ AðlAqû  âýpÿ AWvBï ÞPõðþ koìBüÏBR

Gýõèõsüà ìõok AuP×Bkû ÚpAoâýpk.| |

ôAsû øBÿÞéýlÿ:| |ÞPõq,GPB øýloôÞvþ GõOýpAR,AuPõAuPBR,ðBðõðÛpû |.
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