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ABSTRACT: The REMEDi HS is a broad spectrum drug identifi- 
cation system, designed for emergency toxicology screening and 
forensic applications. The total analysis time is about 20 min. The 
current library has 555 drugs and metabolites. The system has a 
software routine that uses an internal standard (IS) to perform 
quantitative analysis for target compounds when calibrators are 
available; further, response factors (RF) are supplied for a rapid 
estimate of drug concentrations when calibrators are unavailable. 
In the present study, the concentrations of six drugs (bromisovalum, 
ephedrine, hydroxyzine, diphenhydramine, ranitidine, and lido- 
caine) and a metabolite of lidocaine (glycinexylidide) were deter- 
mined using both methods. The slopes of the regression lines 
between the rapid estimate method and the IS method were generally 
within 20% of unity, in agreement with the manufacturer's claim. 
Semiquantitative estimates based on RF also showed good agree- 
ment with results obtained using multipoint calibration. These esti- 
mates were sufficient for clinical differentiation of routine and toxic 
levels. Our study demonstrated that the REMEDi HS is particularly 
useful for a rapid estimate of drug concentrations in the samples 
from emergency cases when calibrators are not readily available. 
Our study also showed that this system can be used for the therapeu- 
tic monitoring of ranitidine, bromisovalum, lidocaine, and di- 
phenhydramine. 
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The quantitative analysis of drugs and poisons identified by 
rapid screening is very useful for the treatment of intoxication. 
Particularly in emergency medicine, quantitative analysis should 
be performed as rapidly as possible so that the appropriate treatment 
can be selected. There are, however, few instruments that are 
suitable for both rapid qualitative screening and quantitative analy- 
sis. REMEDi HS (Bio-Rad Laboratories, Hercules, CA, US), a 
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broad spectrum drug identification system was evaluated for this 
type of application. 

REMEDi HS, which consists of a high performance liquid chro- 
matography (HPLC) system coupled with multiwavelength ultravi- 
olet detection, can screen 555 drugs and metabolites. The 
performance of this system for drug screening was reported pre- 
viously (1-8). The REMEDi HS has a software routine for quantita- 
tive analysis using an IS when calibrators are available. Because 
it is impractical to stock several hundred drug standards and to 
predict fully screening results for emergency samples, the system 
also provides a list of response factors (RF) for most drugs in the 
library so that a rapid estimate of drug concentrations can be 
obtained immediately after the screening. 

In this study, we have evaluated the use of RF for rapid estimate 
of drug concentrations. In our experience, bromisovalum, ephed- 
rine, hydroxyzine, diphenhydramine, ranitidine, and lidocaine have 
been difficult to screen by immunoassay, and we have used the 
REMEDi HS to detect these drugs in serum, urine, and gastric 
matrices; the rapid estimates were correlated with the internal 
standard method. 

Materials and Methods 

Specimens 

Table 1 lists the specimens evaluated that contained the six 
different drugs (bromisovalum, ephedrine, hydroxyzine, diphenhy- 
dramine, ranitidine, and lidocaine) and one lidocaine metabolite. 
Specimens were obtained from emergency medical cases, autopsy 
cases, human volunteers, and animal studies. The specimens were 
stored at 4~ and analyzed within 48 h after collection. 

Written consent was obtained from all volunteers before experi- 
mental administration, and the animal experiments were performed 
according to the Guidelines for the Care and Use of Laboratory 
Animals in Takara-machi Campus of Kanazawa University. 

Reagents and Standards 

All reagents used for REMEDi HS were purchased from Nippon 
Bio-Rad Laboratories (Tokyo, Japan). Bromisovalum and ephed- 
rine were purchased from Nippon Shinyaku (Kyoto, Japan) and 
Dai-Nippon Pharmaceutical (Osaka, Japan), respectively. The other 
five drugs were kindly donated by the following pharmaceutical 
companies: hydroxyzine, Pfizer Japan (Tokyo, Japan); ranitidine, 
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Sankyo (Tokyo, Japan); diphenhydramine, Kowa (Nagoya, Japan); 
lidocaine and glycinexylidide (a metabolite of lidocaine), Astra 
Japan (Osaka, Japan). Stock solutions of drug standards were 
prepared in ethanol at a concentration of 1 mg/mL. 

REMEDi HS System 

The REMEDi HS system is based upon multicolumn HPLC 
with UV spectral scanning. It consists of two polymeric cartridges 
for on-line sample preparation and two analytical cartridges for 
separation. One analytical cartridge contains a reversed phase pack- 
ing that separates neutral and weakly basic drugs; the other analyti- 
cal cartridge contains unmodified silica that separates basic drugs. 
Acidic drugs are removed by the second cleaning cartridge. The 
detailed configuration and mobile phase of REMEDi HS were 
reported previously (9,10). Sample preparation procedure for 
serum, urine, and gastric samples are shown in Fig. 1. One milliliter 
of sample was mixed with 0.2 mL IS combination solution, con- 
sisting of N-ethylnordiazepam (IS 1; 2 p,g/mL in final solution) 
and chlorpheniramine (IS 2; 3 Ixg/mL in final solution). 

The software (Version 4.13) in use contained 555 drugs and 
metabolites. The identifications of drugs and metabolites are made 
by evaluation of their relative retention indices and UV spectral 
parameters, including matching fitness throughout the measured 
UV range (205 to 300 nm). 

Rapid Estimate of  Drug Concentrations 

The REMEDi HS system provides response factors in the on- 
line drug library. The rapid estimate of drug concentration is calcu- 
lated by the operator according to the following equation: 

Drug concentration, }xg/mL = Response Factor • {Peak height 
of the drug in chromatogram} • 10 -3 

The response factor is determined by the manufacturer, based 
upon the average ratio of drug concentration against the peak 
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FIG. 1--Sample preparation procedure for REMEDi HS system. 
*-microfuge tube and centrifugal filter were prepared for exclusive use 
with REMEDi HS. 

TABLE 1--Profile of specimens. 

Pharmacological Specimens 
Drug Name RF Action Tested Source* 

Bromisovalum 0.0109 Hypotonic-sedative Serum (n = 6) 63-year-old male (E) 
Urine (n = 5) 26-year-old female (A) 
GCt (n = 2) 

Ephedrine 0.0130 f3 2-stimulant Urine (n = 74) Exp; 6 male volunteers:~ 
(aged 25 to 40 years) 

Hydroxyzine 0.0044 26-year-old male (E) 
26-year-old female (A) 

Diphenhydramine 0.0055 Exp; 17 male volunteers:~ 
(aged 18 to 27 years) 

Ranitidine 0.0188 63-year-old male (E) 
Lidocalne 0.0042 Exp; 2 rabbitsw 

(weight; ca. 2 kg) 
Glycinex~,lidide 0.0043 Exp; 2 rabbitsw 

(weight; ca. 2 kg) 

Antianxiety agent Urine (n = 6) 
GC (n = 7) 

Antihistamine Serum (n = 71) 
Urine (n = 83) 

H2-blocker Urine (n = 5) 
Local anesthetic, Serum (n = 3) 

antiarrythmic Urine (n = 6) 
Metabolite of Serum (n = 5) 

lidocaine Urine (n = 5) 

*where 
n = the number of samples analyzed 
E = emergency medical case. 
A = autopsy case. 

Exp = experimental administration. 
lGastric content. 
SThese drugs were orally administered to male volunteers. 
w was subcutaneously injected into two Japanese white rabbits. 
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TABLE 2~Concentrations of spiked samples. 

Drug Name Concentrations, ixg/mL 

Bromisovalum 
Ephedrine 
Hydroxyzine 
Diphenhydramine 
Ranitidine 
Lidocaine 
Glycinexylidide 

1.0, 3.0, 7.0, 10.0 
0.10, 0.30, 0.50, 1.0, 3.0, 3.5 
0.08, 0.40, 1.5, 2.5 
0.04, 0.09, 0.40, 2.0, 3.0 
0.03, 0.30, 3.0, 5.0 
0.10, 0.15, 0.50, 2.0, 2.5 
0.08, 0.15, 0.40, 1.5, 2.0 

height across the linearity range (0.0 to 0.8 A.U.), using drug 
supplemented urine or serum standards. 

Internal Standard Method 

The peak height of each substance relative to chlorpheniramine 
(IS2) was used to calculate the concentration. In addition, for the 
evaluation of linearity, various concentrations of the seven drug 
standards were prepared in serum, urine, and aqueous matrices. 
They were analyzed by the quantitative software routine of 
REMEDi HS system, and their peak heights were also used to 
prepare calibration curves. The concentrations of these spiked 
samples were listed in Table 2. The detection limits of these seven 
analytes were obtained from the lowest concentrations of the spiked 
samples which were identified by REMEDi HS. For example, 
ranitidine at 0.03 Ixg/mL gave a detectable peak but was not 
identified by the spectral comparison; the detection limit was estab- 
lished at 0.3 i~g/mL. 

Results and Discussion 

Retention Times and Relative Retention Times 

Relative retention times (RRT) were used to monitor the elution 
of each drug and metabolite, because they can compensate for the 
small variation of retention time during the lifetime of the car- 
tridges. The RRT is obtained by ratio of the adjusted RT of the 
analyte against the IS, and is more reproducible than RT. The 
retention relative to IS2 showed a standard deviation of less than 
0.01 (about 0.1 rain) for most of the drugs evaluated. The RT 
adjustment, 82 s, corresponding to the time required for an urtre- 
tained species to pass through the last three cartridges. 

Simultaneous Detection o f  Parent Compound and Metabolites 

One of the features of REMEDi HS is that both the parent 
compound and its metabolites can be detected in the same run. The 
simultaneous detection of the drug metabolites further confirms the 
intake of the corresponding parent drugs. In this study, we identified 
a metabolite of hydroxyzine, N-desmethyldiphenhydramine and 
another metabolite of diphenhydramine, two different metabolites 
of ranitidine, and monoethylglycinexylidide (another metabolite 
of lidocaine). 

Linearity 

The calibration curve of each drug was linear within the tested 
ranges (Table 2). The highest concentrations were from i0 to 75 
times of the lowest concentration. 

Correlation o f  Rapid Estimate Method with IS Method 

Table 3 summarizes the correlation of the drug concentrations 
obtained from rapid estimate method and IS method. Figure 2 
shows the relationship between the measured concentrations by 
these two methods of all seven analytes in serum, urine, and 
gastric specimens. 

Bromisovalum--The bromisovalum concentrations obtained in 
all specimens (serum, urine, and gastric contents) were almost 
identical for both methods. The lower detection limit of bromisova- 
lum by REMEDi HS was 1 ixglmL in serum. A previous report 
indicated that the toxic level of this drug in blood was 24.9 p~g/ 
mL (11). Therefore, the rapid estimate method can provide a 
relatively accurate information of quantitation for bromisovalum 
in serum and urine samples. Only two gastric specimens were 
analyzed in this study. 

Ephedrine--For ephedrine, the concentrations determined by 
the rapid estimate method were about 2.2 times as large as those 

TABLE 3--Regression lines and correlation coefficients between 
Rapid Estimate Method and Internal Standard Method. 

Correlation 
Drug N a m e  Specimen Regression Line* Coefficient 

Bromisovalum Sermn Y = 1.072X - 0.481 0.973(n = 6) 
Bromisovalum Urine Y = 1.026X - 0.291 0.960(n = 5) 
Bromisovalum GCt Y = 0.858X - 0.117 NC~:(n = 2) 
Ephedrine Urine Y = 2.173X - 0.087 0.983(n = 74) 
Hydroxyzine Urine Y = 1.120X - 0.071 0.999(n = 6) 
Hydroxyzine GC Y = 1.068X - 0.047 1.000(n = 7) 
Diphenhydramine Serum Y = 1.047X + 0.013 0.992(n = 71) 
Diphenhydramine Urine Y = 1.151X - 0.014 0.973(n = 83) 
Ranitidine Urine Y = 0.940X + 0.099 0.975(n = 5) 
Lidocaine Serum Y = 0.856X - 0.012 NC(n = 3) 
Lidocalne Urine Y = 1.129X - 0.071 0.997(n = 6) 
Glycinexylidide Serum Y = 0.850X + 0.050 0.996(n = 5) 
Glycinexylidide Urine Y = 1.152X - 0.061 1.000(n = 5) 

*where 
Y = concentration measured by Rapid Estimate Method. 
X = concentration measured by Internal Standard Method. 

tGastric content. 
CNot calculated. 
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FIG. 2 Relationship between concentrations of all seven analytes mea- 
sured by Rapid Estimate Method and Internal Standard Method. 
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determined by IS method. However, this RF value of ephedrine 
is still adequate to distinguish between routine and toxic levels. 
It has been reported that the single dose peak level in serum is 
from 0.04 to 0.14 p~g/mL, and the therapeutic range is 0.04 to 
0.08 Ixg/mL (12, p. 585). The toxic level in serum was reported 
to be above 20 gtg/mL (13). When we adjusted the RF of ephedrine 
to 0.0058, the values from both methods were identical. 

The detection limit of ephedrine in serum and urine specimens 
was determined to be 0.1 tzg/mL. In the present study, ephedrine 
was not detected in the serum specimens because the concentration 
was probably below the detection limit (14). Considerable levels 
of intact ephedrine are regularly identified in the urine of patients 
taking ephedrine medications. Intoxication information should be 
obtained from patient serum samples. 

Hydroxyzine--The hydroxyzine concentrations in urine and gas- 
tric specimens showed a good correlation by both methods, and 

the values obtained from both methods were almost identical. 
Therefore, the rapid estimate method is useful for obtaining the 
quantitation information of hydroxyzine in urine and gastric 
specimens. 

The detection limit of hydroxyzine was determined to be 0.08 
I~g/mL in both urine and serum specimens. The peak level of 
hydroxyzine in plasma, following therapeutic dose ingestion, is 
from 0.074 to 0.083 p,g/mL (12, p. 674). Considering a reported 
lethal concentration of 39 ~g/mL in blood (15), the REMEDi HS 
seems useful for detection of hydroxyzine intoxication. 

Diphenhydramine The concentrations obtained from rapid 
estimate method were very similar to those determined by IS 
method. 

The lower detection limit of diphenhydramine in serum and 
urine specimens was determined to be 0.04 p~g/mL, and it is 
apparently low enough to determine diphenhydramine intoxication 
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(16-18). In plasma, the concentration is usually in the range of 
0.1 to 1.0 ILg/mL; a toxic effect could be produced when the plasma 
concentration is greater than 1 I~g/mL (12, p. 558). REMEDi 
HS would also be useful for therapeutic drug monitoring (TDM) 
of diphenhydramine. 

Ranitidine--The concentrations in urine specimens were similar 
for both rapid estimate method and IS method. The lower detection 
limit of ranitidine in the serum and urine specimens was about 
0.3 ~g/mL. The plasma concentrations were reported to be from 
0.31 to 0.82 p,g/mL (12, p. 957). REMEDi would be useful for 
TDM of ranitidine. 

Lidocaine and its Metabolite, Glycinexylidide (GX)--The con- 
centration values obtained from both methods were very similar 
for lidocaine and GX in serum and urine specimens. 

Lidocaine is a local anesthetic and antiarrhythmic drug. The 
detection limit for lidocaine in serum and urine specimens was 
determined to be 0.1 ixg/mL, and it is sufficient for TDM as well 
as for the diagnosis of intoxication when considering its therapeutic 
and toxic levels (12, p. 706, 19, 20). The therapeutic level is from 
2.0 to 5.0 p,g/mL; toxic level in plasma is greater than 6.0 I~g/ 
mL; the fatalities level with blood concentrations is greater than 
14 i~g/mL (21). TDM of lidocaine is commonly carded out in 
this region. 

Broad Spectrum Drug Identification and Rapid Estimation 
of Quantitation 

There are many methods available for drug screening (qualifica- 
tion) and quantitation. However, in the clinical laboratory setting, 
rapid analysis time and ease of usage are primary considerations, 
in addition to the ability to identify a broad spectrum of drugs 
without changing analysis conditions. In gas chromatographic 
(GC) analysis, off-line sample preparation may be time-consuming 
and thermally labile compounds cannot be detected. The identifica- 
tion of a drug in GC is based on retention index only. The GC- 
MS method is usually used only for confirmation, and it shares 
the same limitations of GC for drugs such as ranitidine. 

The advantage of HPLC includes the ability to analyze thermally 
labile and nonvolatile compounds. In an HPLC system such as 
REMEDi HS, both retention indices and full UV spectrum compar- 
ison are used for the identification of drugs and metabolites. It 
can screen over 500 drugs using the current library in about 20 
min, and the user can also add new drugs into his or her own library. 
A minimal sample pretreatment is required, and an automatic on- 
line sample preparation and cleaning up process is incorporated 
(9,10). 

In our opinion, a rapid quantification of drug concentration 
following screening is very important in both emergency medicine 
and forensic practices. We have previously evaluated the use of 
REMEDi HS with calibrators as a tool for quantitative analysis (2). 
In emergency toxicology, a required drug standard for quantitative 
analysis might not be available and quantitative information can 
not be obtained so immediately in most cases. Unfortunately, access 
of drug standards from pharmaceutical companies or commercial 
sources may take weeks to months. The current study demonstrates 
that REMEDi HS can adequately provide quantitative information 
by using rapid estimate method. 

Cartridge Lifetime and Sample Matrices 

REMEDi HS is designed for continuous 24-h operation, analyz- 
ing human urine and human serum specimens. Presently, there are 
only urine and serum reagent kits available. Because of the rapid 
analysis time and the ability to screen a large number of drugs 

and metabolites, we sought to expand the application to other types 
of sample matrices. Therefore, our experience does not represent 
the routine operation in the emergency clinical laboratory. It is 
sometimes required to change cartridges more frequently when 
sample matrices other than human urine and human serum are 
used. However, there is increasing interest towards expanding 
the application of REMEDi HS to forensic toxicology and legal 
medicine. A recent report describes the development of off-line 
extraction procedures for forensic applications by REMEDi HS 
(21); this protocol may offer improved cartridge performance. 

The Choice of IS in IS Method 

In REMEDi HS, two ISs are used to monitor the two analytical 
cartridges. Therefore, the choice of IS is important for performing 
quantitative analysis in IS method. For example, we carried out 
consecutive analyses of 50 urine specimens, containing 2 p,g/mL 
of diphenhydramine. During the analysis period, the peak heights 
of N-ethylnordiazepam (IS 1), chlorpheniramine (IS2), and diphen- 
hydramiue decreased by 13.9, 6.8, and 12.3%, respectively (data 
not shown). Since IS1 and diphenhydramine decreased at about 
the same rate, the choice of ISI would be better than IS2. This is 
due to the fact that neutral and weakly basic analytes are influenced 
more by the first analytical cartridge (reversed phase), whereas 
basic analytes are affected more by the second analytical cartridge 
(weak cation exchange). For the other drugs considered, IS2 gave 
superior results. If  IS2 peak height is unusually higher, it is strongly 
suggested that the specimen probably contains the previously 
administered chlorpheniramine. In such a case, the specimen is 
analyzed once again by the use of only IS 1, which means the peak 
of administered chlorpheniramine becomes easily discriminated 
from that of IS2 without any unnecessary confusion. 

Conclusion 

This study demonstrates that REMEDi HS is useful for a rapid 
estimate of drug concentrations in urine, serum, and gastric samples 
in addition to a rapid screening of over 500 drugs. The identification 
of metabolites along with the parent compounds is especially useful 
for the confirmation of the intake of the corresponding parent 
drugs. REMEDi HS is suitable for conducting TDM of ranitidine, 
bromisovalum, lidocaine, and diphenhydramine. 
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