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Abstract: Two rapid, simple and sensitive methods have 
been developed for quantification of α-ketoglutaric acid 
(α-KG) and α-hydroxyglutaric acid (α-HG) in rat plasma. 
Derivatizations of α-KG and α-HG were performed with 
2,4-dinitrophenylhydrazine (DNPH) and benzoyl 
chloride, respectively. Both of the reactions were 
processed at room temperature (RT) for 30 min. 
MeOH:water (v:v, 1:1) was used as surrogate matrix. The 
α-KG or α-HG derivative was directly analyzed by ultra-
high-performance liquid chromatography-tandem mass 
spectrometry (UPLC-MS/MS) with different separation 
protocols. Derivatized α-KG was analyzed using an 
ACQUITY UPLC BEH C18 (2.1 × 50 mm, 1.7 μm, Waters), 
while an ACQUITY UPLC HSS T3 column (2.1 × 50 mm, 
1.8 μm, Waters) was applied for derivatized α-HG. The 
chromatographic run time for both methods was 1.8 
min/sample. Good linearity (R2 > 0.99) was obtained for 
both α-KG and α-HG in the range of 5-5000 ng/mL and 4-
6000 ng/mL, respectively. Acceptable precision (CV, 
≤11.0%) and accuracy (recovery, ≤112.5%) could be 
acquired by intra-day and inter-day analysis of 
duplicated or triplicated quality control samples (QCs) at 
four different concentrations, which demonstrated the 
reliability and reproducibility of the current methods. 
Sprague Dawley (SD) or Wistar Han (HW) rat plasma 
spiked with known amounts of α-KG (5000 ng/mL) and 
α-HG (6-4800 ng/mL) showed overall recoveries of 
92.8%-102.3% and 95.7%-109.4%, respectively. The 
methods were rapid, simple and sensitive without extra 
tedious procedures, such as synthesis of derivatization 
reagent, liquid-liquid extraction (LLE) or solid phase 
extraction (SPE). They provided alternative ways to 
determination of α-KG and α-HG in the biological 
samples. 

Keywords: α-Ketoglutaric acid, α-Hydroxyglutaric acid, 
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1. INTRODUCTION 

Both of α-ketoglutaric acid (α-KG) and α-
hydroxyglutaric acid (α-HG) are important biomarkers 
in the human body. α-KG plays significant roles in the 
Krebs cycle of the organism. It is important for amino 
acid synthesis as the precursor of glutamine and 
glutamate, and it participates in several cellular 
metabolic pathways [1-4]. α-KG is also important in the 

immune metabolism [5-7], and it could probably 
extend lifespan [8]. α-Hydroxyglutaric acidurias is 
characterized with increased concentration of α-
hydroxyglutaric acid (α-HG) (D-α-HG and L-α-HG) in 
the physiological fluids, e.g., urine, serum and CSF [9-
11]. In addition, α-HG may be used as indicator of 
IDH1/2-mutated neoplastic disorders [12-16]. 

Different analytical techniques have been applied for 
quantitative determination of α-KG, such as gas 
chromatography-mass spectrometer (GC-MS) [17-21], 
and high performance liquid chromatography (HPLC) 
coupled with different detection techniques, such as 
ultraviolet detection (UV) [22-23], fluorescence-based 
detection (FL) [24], and mass spectrometry-based 
detection (MS) [18, 25-32]. Among all these methods, 
techniques coupled with MS detection were considered 
as the most selective and sensitivity way, due to the 
analyte’s structural information provided by the 
patterns of ion fragmentation. Derivatization was 
mostly required for GC-MS. However, it was reported 
that unstable components could be generated during 
derivatization and resulted in interference peaks [33]. 
For the reversed phase LC (RPLC), the citric acid cycle 
acids had poor retention resulting in unfavorable 
chromatographic behavior, so chemical derivatization 
[22-24, 29, 32, 34] was usually employed. But these 
methods either had tedious derivatization [23, 24, 29, 
32], or required extra sample preparation steps, such 
as evaporation and reconstitution [32, 34], liquid-liquid 
(LLE) [34] or solid phase extraction (SPE) [23, 35], 
which were impractical for a high-throughput setup. 
Hydrophilic interaction liquid chromatography (HILIC) 
coupled to negative mass spectroscopy could be 
utilized for detection of the organic acid without 
derivatization [18, 28], but its long re-equilibration 
time (~4 fold column volumes to equilibrate compared 
with RPLC) and sensitivity became challenges of this 
method. In the previous studies, benzofurazan and 
dansylhydrazine compounds were reported as 
derivatization reagents for carbonyl compounds. 
Benzofurazan compounds, e.g. DAABD-AE (4-[2-(N,N-
dimethylamino)ethylaminosulfonyl]-7-(2-
aminoethylamino)-2,1,3-benzoxadiazole), contained 
both the hydrophobic moieties and ionizable sites 
improving the  analyte’s retention and ionization [29]. 
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But DAABD-AE was needed to be synthesized firstly 
[29, 36] which was preferably avoided when short 
timeline was required. Dansylhydrazine (DNSH) was a 
well-known fluorescence labeling reagent. The DNSH 
derivatives always showed better sensitivity with FL 
detection [35]. Most of the previous derivatization with 
DNSH normally required long reaction time (~60 min) 
[32] at high temperature (~50 ℃) [35], or needed long 
LC separation (~25-60 min/sample) [32, 35]. Previous 
studies of α-HG analysis were mainly focus on 
enantiomeric determination of D-α-HG and L-α-HG 
using chiral derivatization (e.g., diacetyl-L-tartaric 
anhydride (DATAN) and N-(p-toluenesulfonyl)-L-
phenylalanyl chloride (TPSP)) or chiral column in 
order to accurate diagnosis of diseases [37-40]. The 
methods could achieve good separation [37-40] and 
highly sensitivity [38]. However, most of the studies 
had multi-step derivatization procedures and long 
chromatographic protocols. In most cases the sum of D-
α-HG and L-α-HG was adequate to meet clients’ 
requirements in the early drug discovery stage. 
Nowadays, bioanalysts were under intense pressure in 
terms of shorter turnaround time and high-throughput, 
together with the increased sample numbers [41-42]. 
Therefore, the simple sample preparation and short 
analysis time became a norm [42] in the environment 
of a contract research organization (CRO). Rapid, 
simple and sensitive methods were required for 
quantification of α-KG and α-HG in the bioanalytical 
field. 

Here, we reported two methods for determination of α-
KG and α-HG in rat plasma with 2,4-
dinitrophenylhydrazine (DNPH) and benzoyl chloride, 
respectively. Both reactions were easily to handle, 
which were performed at RT for 30 min. The 
derivatives could be directly analyzed with UPLC-
MS/MS using different LC elution gradients. The 
acceptable accuracy and precision suggested the 
reliable and reproducibility of two methods. The 
methods avoided tedious sample preparation and 
specific reaction conditions. They provided alternative 
ways with rapid turnaround time to quantification of α-
KG and α-HG in the bioanalytical samples, which were 
more suitable for screening stage of drug discovery 
under a CRO environment. 

2. MATERIAL AND METHODS 

2.1 Chemicals and Materials  

α-Ketoglutaric acid (α-KG), D-α-hydroxyglutaric acid 
disodium salt (abbreviation of free base form was α-
HG), glyburide, acetonitrile, methanol, formic acid, 
ammonium acetate, sodium tetraborate and benzoyl 
chloride were bought from Sigma-Aldrich (Sanit Louis, 
MO, USA). (2S)-2-hydroxyglutaric acid disodium salt-
13C5 (abbreviation of free base form was 13C-α-HG) was 
purchased from Toronto Research Chemicals (North 
York, Canada). 2,4-Dinitrophenylhydrazine (DNPH) 
was purchased from TCI AMERICA (Portland, Oregon, 

USA). Water was purified with an ELGA water 
purification system (ELGA, Bucks, UK). The Sprague 
Dawley (SD) and Wistar Han (HW) rat blank plasma 
were purchased from BioreclamationIVT (Baltimore, 
MD, USA).  

2.2 Preparation of solutions  

2.2.2 α-KG 

α-KG was dissolved in purified water:MeOH (v;v, 1:1) 
to obtain 1 mg/mL stock solution. CSs of α-KG were 
prepared by serial dilution of stock solution with 
purified water:MeOH (v;v, 1:1)  to the concentrations: 5 
ng/mL, 10 ng/mL, 50 ng/mL, 250 ng/mL, 500 ng/mL, 
1000 ng/mL, 2500 ng/mL and 5000 ng/mL. QCs were 
prepared by diluting stock solutions with purified 
water:MeOH (v;v, 1:1) to four different concentrations: 
15 ng/mL, 150 ng/mL, 1500 ng/mL and 4000 ng/mL, 
representing low, medium and high concentrations of 
the linearity range. IS solution was obtained by 
dissolving glyburide in MeOH to the concentration of 
250 ng/mL. All the concentrations were calculated in 
free base forms. 

2.2.1 α-HG 

α-HG was dissolved in purified water:MeOH (v;v, 1:1) 
to obtain 0.5 mg/mL stock solution. Calibration 
standards (CSs) were prepared by serial dilution of 
stock solution with purified water:MeOH (v;v, 1:1) to 
the concentrations: 4 ng/mL, 8 ng/mL, 20 ng/mL, 100 
ng/mL, 200 ng/mL, 1000 ng/mL, 2000 ng/mL and 
6000 ng/mL. Quality control samples (QCs) were 
obtained by diluting stock solution with purified 
water:MeOH (v;v, 1:1) to four different concentrations: 
6 ng/mL, 80 ng/mL, 1600 ng/mL and 4800 ng/mL, 
which represented low, medium and high 
concentrations of the calibration range. 13C-α-HG was 
dissolved in purified water:MeOH (v;v, 1:1) to obtain a 
concentration of 4 mg/mL. The 4 mg/mL solution was 
further diluted with purified water:MeOH (v;v, 1:1) to 
500 ng/mL using as the internal standard (IS) solution. 
All the concentrations were calculated in free base 
forms. 

2.3 Derivatization 

2.3.2 Derivatization of α-KG with 2,4-
dinitrophenylhydrazine  

One-hundred μL of 2500 ng/mL CS was mixed with 400 
μL of IS solution (250 ng/mL glyburide in MeOH). After 
vortexing for 1 min, 100 μL aliquot of the supernatant 
was transferred into a 96-well plate. Ten μL of formic 
acid and 100 μL of 2,4-dinitrophenylhydrazine (DNPH) 
were added. After vortexing, the mixture was shaking 
incubated at RT for 30 min. Three μL of the supernatant 
was directly injected into UPLC-MS/MS.  

2.3.1 Derivatization of α-HG with benzoyl chloride 

Sixty μL of 2000 ng/mL CS was mixed with 240 μL of 
ACN:Water (v:v, 7:3) containing 500 ng/mL 13C-α-HG 
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as IS. After vortexing for 1 min, 100 μL aliquots of the 
supernatant were transferred into a 96-well plate, and 
100 μL of the 100 mM sodium tetraborate in water and 
200 μL of benzoyl chloride:ACN (v:v, 2:98) were added. 
After vortexing, the mixture was shaking incubated at 
room temperature (RT) for 30 min. Finally, 3 μL of the 
supernatant was injected for UPLC-MS/MS.  

2.4 Method validation 

2.4.1 Linearity, accuracy and precision 

In order to evaluate the linearity and sensitivity of the 
proposed methods, CSs of α-KG (5-5000 ng/mL) and α-
HG (4-6000 ng/mL) were prepared and derivatized 
according to their respective protocols described in 
sections 2.2 and 2.3. The peak-area ratio of analyte/IS 
and the nominal concentration of analyte in the 
calibration standards were used to construct the 
calibration plots using linear regression. The limits of 
detection (LODs) were defined as the concentration 
with the signal-to-noise ratio greater than 3 (S/N > 3). 
The precision and accuracy were assessed by the 
coefficient of variation (CV, %) and accuracy (mean ± 
SD) of QCs at four different concentrations (see 
preparation procedures in section 2.2 and 2.3). On the 
day of analysis, QCs at each concentration were 
paralleled prepared in triplicates and duplicates for α-
KG and α-HG, respectively. 

2.4.2 Spike-recovery experiment 

2.4.2.2. α-KG 

The spike-recovery was assessed by adding known 
amount of the analytes into rat blank plasma followed 
by derivatization and extraction according to section 
2.3. Sprague Dawley (SD) or Wistar Han (HW) rat blank 
plasma was spiked with 5000 ng/mL of α-KG. The 
concentration of α-KG in blank plasma was assessed 
after 100-fold dilution with water due to its high 
concentration level. The spiked samples were firstly 
diluted 100 times with water before derivatization. 
Both spiked samples and blank plasma were prepared 
in triplicates. The spike-recovery was calculated by 
detected analyte concentration/(average concentration 
of  α-KG in rat blank plasma + nominal spiked 
concentration) × 100%. 

2.4.2.1 α-HG 

Four different concentration levels were tested, and 
each concentration level was prepared in triplicates. 

The concentration level of α-HG in SD rat blank plasma 
was analyzed in triplicates, and the average value was 
used for calculation of the spike-recovery. Calculation 
of spike-recovery was the same as α-KG. 

2.4.3 Reproducibility 

To test the reproducibility of the assay, the inter-day 
precision and the accuracy of α-KG (15 ng/mL, 150 
ng/mL, 1500 ng/mL and 4000 ng/mL) were performed 
in duplicated QCs on the two different days, while 
inter-day precision and the accuracy of α-HG at four 
different concentration (6 ng/mL, 80 ng/mL, 1600 
ng/mL and 4800 ng/mL) were performed in triplicated 
QCs on the three different days. 

2.4.4 Ultra-high-performance liquid chromatography/ 
tandem mass spectrometry 

Analysis of α-KG and α-HG were carried out with a 
Triple QuadTM 6500+ mass spectrometer (SCIEX, MA, 
USA) connected to an ACQUITY UPLC system (Waters, 
MA, USA) via an electrospray ionization (ESI) source. 
Separation of α-KG was using an ACQUITY UPLC BEH 
C18 column (2.1 × 50 mm, 1.7 μm, Waters), while a 1.8 
μm-particle size, 2.1 × 50 mm ACQUITY UPLC HSS T3 
(Waters, MA, USA) was applied for α-HG. The 
chromatographic run time was 1.8 min/sample and the 
flow rate was set at 0.6 mL/min for both methods. For 
α-KG, the mobile phase gradient was 5% B for the first 
0.6 min, and a linear gradient to 95% B at 1.3 min, held 
for 0.3 min, and back to 5% B for 0.2 min, where A was 
0.1% formic acid in water and B was 0.1% formic acid 
in acetonitrile. For α-HG, the elution gradient was 
100% A for the first 0.2 min, a linear gradient to 60% A 
at 0.5 min, back to 55% A at 1.2 min, and to 5% A at 1.4 
min, held for 0.2 min, and finally returned to 100% A 
for 0.2 min, where A was acetonitrile:purified water 
(v:v, 5:95) containing 0.1% formic acid and 2 mM 
ammonium acetate and B was acetonitrile:purified 
water (v:v, 95:5)  containing 0.1% formic acid and 2 
mM ammonium acetate. Column temperature was set 
at 60 °C and 45 °C for α-KG and α-HG, respectively. For 
both compounds, the mass spectrometer was negative 
mode with MRM transition. The ESI settings were: 
nebulizer gas pressure (55 psi), curtain gas (40 psi), 
auxiliary gas pressure was (60 psi), source 
temperature (500 °C). MRM parameters were 
summarized in Table 1.  

Table 1. Parameters of α-KG, glyburide (IS), α-HG and 13C-α-HG (IS) in the MRM analysis. DP: declustering potential. 
CE: collision energy. 

Compound 
Q1 Mass 

(m/z) 
Q3 Mass 

(m/z) 
Dwell Time 

(msec) 
DP (eV) CE (eV) Retention time (min) 

α-KG 325.0 181.9 15 -60 -22 1.24 

Glyburide (IS) 492.2 170.1 15 -77 -41 1.48 

α-HG 251.0 128.9 25 -63 -15 0.87 

13C-α-HG (IS) 256.0 133.9 25 -40 -15 0.87 
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3. RESULTS AND DISCUSSION  

3.1 Method optimization  

In this study, 2,4-dinitrophenylhydrazine (DNHP) and 
benzoyl chloride were chosen as derivatization 
reagents to react with α-KG and α-HG, respectively (Fig. 
1). The amount of the derivatization reagents and the 
reaction time were optimized to acquire high 
conversion yield. Conversion yield was calculated 
according to Eq. (1). PA was the abbreviation of the 
peak-area of the analyte at certain time point under a 
certain reaction condition, and PAmax represented the 
highest peak-area obtained under the same condition. 

𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛𝑦𝑖𝑒𝑙𝑑 % =  
𝑃𝐴

𝑃𝐴𝑚𝑎𝑥
∗ 100%                Eq. (1) 

Different volume of DNPH (20 μL, 50 μL, 100 μL and 
200 μL) was mixing with 100 μL sample supernatant 
and 10 μL formic acid for α-KG, while benzoyl 
chloride:ACN (v:v, 2:98) (50 μL, 100 μL, 200 μL and 400 
μL) was mixing with 100 μL sample supernatant and 
100 µL 100 mmol/L sodium tetraborate in the water 
for α-HG (Fig. 2(A and B)). The mixtures were 
incubated at RT for 30 min. The highest conversion 

yields were found in the samples with the volume 
ratios of sample supernatant:FA:DNHP (v:v:v, 10:1:10) 
and sample supernatant:sodium tetraborate:2% 
benzoyl chloride in ACN (v:v:v, 1:1:2) for derivatized α-
KG and α-HG, respectively. For derivatization of α-KG, 
the reaction time was further optimized. The mixture of 
sample supernatant:FA:DNHP (v:v:v, 10:1:10) was 
incubated under RT with different time duration (Fig. 
2(C)).  The highest conversion yield was found in the 
samples after incubation at RT for 30 min. Finally, 
derivatization of α-KG with DNPH (v:v:v, sample 
supernatant:FA:DNHP, 10:1:10) at RT for 30 min was 
chosen as final protocol, while incubation of α-HG with 
the volume ratios sample supernatant:sodium 
tetraborate:2% benzoyl chloride in ACN (v:v:v, 1:1:2) at 
RT for 30 min was chosen as the reaction condition. 

In general, derivatization with DNHP or benzoyl 
chloride provided simple ways for determination of α-
KG and α-HG. The current two derivatization methods 
avoided complex preparation steps, such as synthesis 
of the derivatization reagents, or evaporation and 
extraction procedure. 

 

 

Figure 1. Derivatization of α-KG and α-HG with 2,4-dinitrophenylhydrazine (DNHP) and benzoyl chloride. 

 

Figure 2. A: Conversion yield of α-HG into corresponding derivative with different amount of benzoyl chloride under 
RT for 30 min. B: Conversion yield of α-KG into corresponding derivative with different amount of DNPH under RT 
for 30 min. C: Conversion yield of derivatization of α-KG with DNPH under RT with different reaction time. 

3.2 Method validation 

The investigated linearity range of α-KG and α-HG were 
5-5000 ng/mL and 4-6000 ng/mL, respectively. Good 

linearity correlations were obtained for both methods 
with the coefficient of determination (R2) above 0.99 
(Table 2). Chromatograms of limits of detection (LOD) 
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and upper limit of quantification (ULOQ) of derivatized 
α-KG and α-HG, and their corresponding internal 
standards were presented in Fig. 3. The intra-day and 
inter-day coefficient of variance (CV, %) of different 
batches of QCs were all below 11.0% and 9.7%, 
respectively, demonstrating reliability and 

reproducibility of the methods. For both compounds, 
the recovery at four different concentrations were 
within ± 15% of the spiked amount. The validation data 
suggested that present methods could be applied to 
accurate quantification of α-KG and α-HG in the 
surrogate matrix. 

Analyte 
Linearity 

Range 
(ng/mL) 

LODs 
(ng/mL) 

R2 
Spiked 
amount 
(ng/mL) 

Intra-day Inter-day 

Precision 
(CV, %) 

Accuracy 
(recovery %, 
mean ± SD) 

Precision 
(CV, %) 

Accuracy 
(recovery %, 
mean ± SD) 

α-KG 5-5000 5 0.9966 

15 11.0 111.3 ± 12.3 6.6 112.5 ± 7.5 

150 0.0 102.7 ± 0.0 4.0 105.0 ± 4.2 

1500 1.4 101.0 ± 1.4 1.6 101.3 ± 1.6 

4000 5.8 94.4 ± 5.5 3.6 95.0 ± 3.4 

α-HG 4-6000 4 0.9972 

6 6.6 109.4 ± 7.2 8.0 111.4 ± 8.9 

80 2.1 95.7 ± 2.0 9.7 98.1 ± 9.5 

1600 2.8 98.8 ± 2.7 6.5 105.1 ± 6.8 

4800 2.3 99.6 ± 2.3 4.9 104.9 ± 5.1 

Table 2. The linearity range, LOD (limits of detection, S/N > 3), R2 (coefficient of determination), intra-day and inter-
day precision (coefficient of variation, CV, %) and accuracy (recovery, %) of the current methods. The intra-day and 
inter-day precision and accuracy of α-KG were carried out in duplicated QCs within the same day and on the two 
different days. For α-HG, the intra-day and inter-day precision and accuracy were performed in triplicated QCs 
within the same day and on the three different days. 

 

Figure 3. The chromatographs of (A) LOD of derivatized α-KG, (B) ULOQ of derivatized α-KG, (C) Glyburide (IS), (D) 
LOD of derivatized α-HG, (E) ULOQ of derivatized α-HG and (F) 13C-α-HG. 

3.3 Spike-recovery 

Spike-recovery experiments were conducted using 
Sprague Dawley (SD) or Wistar Han (HW) rat blank 
plasma. α-KG spiked concentration was 5000 ng/ml, 
while α-HG spiked concentrations were 6, 80, 1600 and 
4800 ng/ml. The spike-recovery of α-KG was not 
investigated for lower concentration due to its high 
background value in the blank plasma. For α-KG, the 

precision (CV, %) and the recovery were 4.2% and 
92.8% in SD rat plasma, while were 0.3% and 102.3% 
for HW rat (Table 3). For α-HG, the precision (CV, %) 
and recovery of the triplicated SD rat plasma at four 
concentrations were all below 6.6% and 109.4%, 
respectively. The spike-recovery experiments 
suggested that current methods could measure α-KG 
and α-HG added to the normal rat plasma with 
acceptable and consistent recovery.  
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Table 3. The precision (coefficient of variation, CV, %) and accuracy (recovery, mean ± SD, %) of the spiked-

recovery experiment. The precision and the accuracy at each concentration level were performed in triplicated 

samples. 

                    Analyte 

Original concentration in 
the plasma (ng/mL) Spiked amount 

(ng/mL) 
Precision (CV, %) 

Accuracy (recovery, 
mean ± SD, %) 

α-KG 
9330 (SD rat) 5000 4.2 92.8 ± 3.9 

13800 (HW rat) 5000 0.3 102.3 ± 0.3 

α-HG 234 (SD rat) 

6 6.6 109.4 ± 7.2 

80 2.1 95.7 ± 2.0 

1600 2.8 98.8 ± 2.7 

4800 2.3 99.6 ± 2.3 

4. DISCUSSION 

This study presented DNHP and benzoyl chloride 
derivatization coupled with rapid UPLC-MS/MS (1.8 
min/sample) to determination of α-KG and α-HG in the 
rat plasma, respectively. The acceptable precision 
(≤11.0%, CV) and accuracy (recovery, ≤112.5%) 
suggested the reliable and reproducibility of the 
current methods. The derivatization procedures were 
easy to handle without any extra steps, e.g., synthesis of 
derivatization reagents, evaporation and reconstitution 
procedure or extraction steps. Previous methods 
without chemical derivatization for α-KG either had 
relative high LODs [27]; or needed tedious sample 
preparation, such as SPE purification [23]. Some 
studies applied hydrophilic interaction liquid 
chromatography (HILIC) coupled to negative mass 
spectroscopy, which had poor sensitivity and long re-
equilibration time [18, 28]. Determination of α-KG after 
derivatization with DNSH had been applied [32, 35], 
but the methods needed SPE step or longer LC 
separation time (~25-40 min). The method with 
DAABD-AE derivatization was reported [29]. The 
reaction was performed at high temperature (60 ℃) for 
45 min, and furthermore, DAABA-AE was needed to be 
synthesized firstly. Studies on quantification of α-HG 
were mainly focus on chiral separation of the two 
configurations [37-40]. They needed tedious 
derivatization or long LC separation time. According to 
our experience, determination of α-HG, the sum of D-α-
HG and L-α-HG, could satisfy clients’ requirements in 
most cases in the early drug discovery stage. In this 
study, we reported two methods to determination of α-
KG and α-HG, respectively. The derivation methods 
could avoid the rigid reaction condition and tedious 
sample preparation or reagent synthesis procedure. 
The analysis time was 1.8 min/sample for both 
compounds, which was shorter compared to previous 
methods. The derivatized α-KG and α-HG was eluted at 
1.24 min and 0.87 min, respectively. Short 
derivatization procedures and instrument analysis time 
were important for method evaluation in the drug 
discovery stage. If current two methods could be 
transferred to ADDA-LC-MS/MS platform, the analysis 
time of one sample could be shorten to half. 

5. CONCLUSIONS 

Two rapid and sensitive derivatization methods 
coupled with UPLC-MS/MS were developed for the 
determination of α-KG and α-HG, respectively. 
Derivatizations were easy to handle, which were 
performed with DNPH or benzoyl chloride at room 
temperature for 30 min incubation. Two rapid 1.8 min 
UPLC-MS/MS protocols were established, which were 
shorter than previous studies. These two methods were 
successfully applied for determination of α-KG and α-
HG in SD or HW rats. Acceptable validation results 
demonstrated the reliable and reproducible of the 
methods. This study provided an alternative way for 
the high-throughput analysis of α-KG and α-HG in the 
biological samples.   
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