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Abstract ] 

Ricin is a toxalbumin derived from the castor bean plant, 
Ricinus communis. Ricinine is an alkaloid (3-cyano-4-methoxy-N- 
methyl-2-pyridone) that shares a common plant source with 
ricin, and its presence in urine infers ricin exposure. A new 
quantification method for ricinine was developed that uses 
solid-phase extraction to prepare 1-mL urine samples 
(81% recovery) for a 5-rain, isocratic high-performance liquid 
chromatography method, followed by electrospray ionization 
tandem mass spectrometry. Protonated molecular ions were 
selected in the multiple reaction monitoring mode and 
quantified by isotope dilution with 13C6-1abelled ricinine as 
the internal reference. Urine pools enriched with ricinine 
at two concentrations were characterized as quality control 
materials and then used to validate the method. The method 
limit of quantification was 0.083 ng/mL, even with a confirmation 
ion of low relative abundance. Ricinine was stable in human 
urine when heated at 90~ for 1 h, and during storage at 25~ 
and 5~ for 3 weeks. The method was applied to an animal 
exposure study, a crude ricin preparation scheme, and a forensic 
analysis. These studies show that ricinine can be measured in 
rat urine at least 48 h after exposure. Ricinine is present in 
crude preparations of ricin, and it can be found in human urine 
after a lethal exposure to ricin. 

Introduction 

The castor bean plant, Ricinus communis (1), is a striking red 
and green plant that is the source of beneficial products derived 
from castor oil (2), as well as the toxin ricin. The castor seed 
contains about 40% oil (3), 1-5% ricin (2,3), and 0.3-0.8% 
ricinine (3-5). Beneficial uses of ricin include the treatment of 
cancer (6--9) and AIDS (6). Unfortunately, ricin is also of interest 
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to terrorists because it is one of the most potent plant toxins 
(2,10). 

The castor plant is widely available because many products 
use castor oil or its derivatives. Products made from castor 
beans include oils (2), lubricants, pharmaceuticals (3), cos- 
metics, and engineering plastics (e.g., Nylon 11) (11). The 
castor bean is harvested in Asia, Central and South America, 
Africa, and Europe with a combined global castor seed pro- 
duction of over 1 million metric tons (12). This implies that at 
least 10,000 metric tons of ricin are generated each year. During 
production, ricin is typically deactivated by heating or other 
methods (3), but the potential remains for large amounts of the 
toxin to be obtained and used as a terrorist device or a political 
weapon. 

Inhalation and injection are the most potent means of intro- 
ducing ricin, and ingestion is the least potent. Lethal doses 
are estimated to be 0.70 mg (inhalation or injection) to 70 mg 
(ingestion) for a 70-kg adult (2,10,13,14). Ricin, presumably in- 
tended for exposure by inhalation, was sent through the U.S. 
Postal System to U.S. Government personnel at the Internal 
Revenue Service (15-17). The two most publicized criminal 
uses of ricin were the assassination of Bulgarian defector Georgi 
Markov (18) and the attempted poisoning of Soviet dissident 
Alexander Solzhenitsyn (15). It was suspected that Georgi 
Markov was injected with 500 pg of ricin in a platinum pellet, 
and death occurred after three days (2,19). For ricin to be used 
as a terrorist agent against large groups of people, it would most 
likely need to be aerosolized or introduced into the food supply 
(2). The symptoms of ricin exposure have been summarized 
elsewhere (2,20) and vary with the route of exposure. For 
example, the initial symptom following the injection of ricin is 
localized pain, whereas inhalation and ingestion cause respira- 
tory and gastrointestinal distress, respectively (20). 

The most common form of ricin poisoning is by ingestion 
of castor bean seeds (2). Lethal doses of ricin have been 
reported to be contained in only a few seeds, but this contention 
was recently strongly challenged when an infant (10) and 
an adult attempting suicide (21) survived after consuming 
large quantities of seeds. The level of seed mastication is a 
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critical factor in mortality resulting from castor seed ingestion 
because the intact castor seed passes through the digestive track 
harmlessly. In a rare instance, ricin was measured in urine and 
plasma after a voluntary intoxication case (21). Interestingly, 
ricin was detected in plasma within one day by radioim- 
munoassay, but detection in urine required three days (21). 
This study, however, did not include blank urine, plasma, or 
quality control materials. 

The identification of ricin in serum, urine, and tissues is typ- 
ically by ELISA (13,18,22,23) or radioimmunoassay (24). Re- 
ported limits of detection (LOD) for ELISA range from 0.1 to 10 
ng/mL (7), and the LOD for radioimmunassay can be as low as 
0.05 ng/mL (24). Unfortunately, these assays require multi- 
hour preparation time. Therefore, a fiber-optic biosensor that 
reduced analysis time to 20 rain while retaining similar detec- 
tion limits was developed (7). A portable detector also was de- 
veloped based on an array biosensor that can detect ricin and 
other terrorist agents (25). The use of ricinine (Figure 1) as a 
biomarker of ricin in crude plant materials was recently pro- 
posed (19). The advantage of ricinine biomonitoring stems 
from the small size of the molecule (164 g/tool), which can be 
readily monitored in urine via simple extraction, followed by 
liquid chromatographic and mass spectrometric analysis 
(LC-MS). 

Interest in ricinine was reported as early as 1900 (26) as a 
unique natural compound and as the only natural source of a 
cyano-substituted pyridine compound (27,28). Ricinine has 
been evaluated in all stages ofRicinus communis development 
(5). Initial analytical methods for evaluating ricinine in plant 
matrices were based on paper chromatography and UV detec- 
tion and suffered from few interferences (29). MS analyses of 
ricinine have been reported using electron impact (30) and 
electrospray ionization (19). Previous ricinine research did not 
focus on detection at trace levels in urine, but instead focused 
on the analysis of the analyte from plant matrices (bean and 
plant pulp). A new separation scheme and isotopically labelled 
ricinine were needed to analyze ricinine in an analytical method 
using isotope dilution MS. 

We present a new extraction, chromatography, and tandem 
MS method that was developed and validated for the analysis of 
ricinine in urine. The results from characterization, stability 
testing, and characterization of quality control materials are 
presented. An animal study verified that ricinine can be moni- 
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Figure 1. Structure of ricinine, molecular weight of 164 g/mol. *Notations 
illustrate the internal standard ~3C-labeling. 

tored in urine for up to 48 h after exposure. Analysis of a crude 
castor bean extract provided an estimate of ricinine content and 
served as a simulated criminal preparation of ricin. Finally, the 
developed method was used to analyze a forensic sample from 
a victim of ricin poisoning. 

Experimental 

Materials 
Native ricinine (CsHsN202, 164 g/tool) and isotopically la- 

beled ricinine (13C612C21H814N21602, 170 g/tool) were purchased 
from Latoxan (Valence, France) and Cambridge Isotope Labo- 
ratories, Inc. (Andover, MA), respectively. Each standard was an- 
alyzed by LC-MS before method characterization. No positive 
contribution was noted between the native and labeled species 
(31). Seventeen mega-ohm deionized (DI) water was gener- 
ated from a laboratory purification system purchased from 
Aqua Solutions (Jasper, GA). High-performance liquid chro- 
matography (HPLC)-grade methanol and acetonitrile were pur- 
chased from Tedia (Fairfield, OH). 

Standard laboratory glassware, pipettes, and autosampler 
vials used in these experiments were from All-Pak, Inc. 
(Bridgeville, PA). Standards were mixed in 2.0-mL HPLC au- 
tosampler vials (National Scientific, Duluth, GA). Solutions 
were manipulated using Eppendorf (Westbury, NY) 10-100-1aL 
and 100-1000-1aL automatic pipettes. The final HPLC analysis 
was performed using 300-1aL autosampler vials (ARC, Wilm- 
ington, NC). Mixing of solutions was performed using a Fischer 
Scientific (Pittsburgh, PA) mini-vortex mixer. 

For creating blanks, standard solutions, and quality control 
(QC) materials, urine was collected anonymously from seven 
men and four women at the Centers for Disease Control and 
Prevention according to an Institutional Review Board- 
approved protocol. The 11 urine samples were combined in a 
glass container and mixed overnight to form a homogenous 
solution. The solution was filtered using a Nalgene (Duluth, GA) 
500-mL filtering unit equipped with a 0.45-1am filter. The fil- 
tered urine samples were pooled and divided into three smaller 
pools for urine blanks, standard solutions, and QC materials. 
Blank urine (no ricinine added) was stored in 14-mL aliquots, 
in glass vials, at -20~ 

Two QC materials were prepared by enriching two aliquots 
from the urine pool with native ricinine. Native ricinine was 
dissolved in water and then mixed by sonication to prepare 
a stock concentration of 332.9 lag/mL. Appropriate amounts 
of solution were added to the urine pool to prepare 2 100-mL 
QC materials containing ricinine at concentrations of 83.2 
and 4.99 ng/mL. The 83.2 ng/mL QC material was referred to 
as the "QC-high" (QCH) and the 4.99 ng/mL QC as the "QC- 
low" (QCL). These QC materials were divided into 1.2-mL 
aliquots and stored in glass vials at -20~ Native ricinine stan- 
dards were prepared prior to each experiment, using aqueous 
stock solutions at three concentrations (8321, 83.2, and 8.32 
ng/mL) and the blank urine stored at -20~ The stock solu- 
tions and blank urine were thawed at room temperature 
approximately 1 h before use and vortex mixed to insure a 
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homogeneous solution. The final concentrations of the stan- 
dard solutions in urine were 832, 333, 83.2, 8.32, 1.66, 0.83, 
0.624, 0.333, 0.125, and 0.083 ng/mL. The labeled ricinine was 
spiked into 1-mL samples of blank urine, calibration standards, 
the QC solutions, and unknown urine samples to a final con- 
centration of 202 ng/mL. 

Analytical procedure 
Strata-X solid-phase extraction (SPE) cartridges (200 rag/6 

mL), purchased from Phenomenex (Torrance, CA) were pro- 
cessed using a Supelco (Bellefonte, PA) Visiprep DL vacuum 
manifold equipped with Supelco disposable flow control valve 
liners. The SPE steps were 1. cartridge conditioning with 6 
mL of methanol followed by 6 mL of water; 2. 1-mL sample 
loading; 3. cartridge rinse with 6 mL of 5% acetonitrile/95% DI 
water; and 4. elution of ricinine using 6 mL of methanol. Eluent 
from the cartridges was collected in disposable 15-mL cen- 
trifuge tubes (Kimble Glass Co., Vineland, NJ). 

Collected ricinine was evaporated to dryness using a Zymark 
(Hopkington, MA) Turbovap LV Evaporator. Liquid nitrogen 
dewars (Air Products, Allentown, PA) were used to supply ni- 
trogen gas to dry each sample at 70~ 

A four-component Agilent (Palo Alto, CA) HPLC was used, 
equipped with a degasser (model 1322A), gradient HPLC pump 
(model G1312A), 100-vial autosampler (model G1313A), and 
column-changing compartment (G1316A). A simple isocratic 
elution was used, with 70% solvent A (10% methanol in 90% 
water), and 30% solvent B (neat methanol). Because only a 
single compound was being analyzed, a short (4 x 20 ram) 
Polar RP analytical column provided sufficient separation 
(Synergi, 2 IJm, Phenomenex). 

An Applied Biosystems (Foster City, CA) API 4000 MS, 
equipped with a turbo-ionspray interface was used for the anal- 
ysis. The instrument was operated in positive ion multiple re- 
action monitoring mode. Native ricinine was monitored by 
using two product ions of rn/z 165 (Q1), which were m/z 138 
(Q3, confirmation ion) and m/z 82 (Q3, quantification ion). 
The 13C 6 internal standard (ISTD) was monitored by using a 
product ion ofm/z ]71 (Q1), which was m/z 85 (Q3). Because 
of the relative ratio of the native product ions, m/z 82 was se- 
lected as the quantification ion, and m/z 138 was the confir- 
mation ion. Both ions can be detected in the lowest standard 
(0.083 ng/mL) in human urine. The ratio of the confirmation 
ion to quantitation ion (1:3) was used to reduce the possibility 
of false positives in the complex matrix of human urine. 

Method validation 
For the QC and method characterization, 10 sets of 10 stan- 

dards, 2 QC materials, and DI water blanks (no internal stan- 
dard in water blanks) were analyzed. The urine pool was 
analyzed to ensure no background contribution to the QC pools 
or standards. QC characterization included determining the 
mean and standard deviation of each QC pool. QC materials 
were treated in an identical manner to the standards, blanks, 
and unknown samples. The sample list was modified in the 
analysis of unknowns to include the use of urine blanks with an 
internal standard in lieu of water blanks with no internal stan- 
dard. 

For each stability temperature experiment, two QCL and 
QCH materials were prepared and tested in duplicate (four 
analyses per QC material, per stability temperature and time 
data point). Conditions were 95~ for 1 h and storage at 25~ 
5~ and -20~ for three weeks. The -20~ storage samples 
were used as references for all other conditions. 

Extraction efficiency (recovery) was determined by com- 
paring the relative response areas of the native to labeled in- 
ternal standard when the internal standard was added at two 
different extraction steps. First the internal standard was added 
to the urine prior to the extraction. Then the experiment was 
repeated with the internal standard being added after the ex- 
traction. The ratio of the native to ISTD peak areas was repre- 
sentative of the recovery as a percent. Each recovery step was 
repeated in triplicate, for a total of six experiments to determine 
SPE recovery. 

Reference range of ricinine concentrations 
in the general population 

Reference range concentrations of ricinine in human urine 
samples were determined using 30 urine samples purchased 
from Tennessee Blood Services (Memphis, TN). The urine sam- 
ples were stored at -70~ until analyzed. 

Animal dosing experiments 
Animal dosing experiments were performed at Battelle 

Memorial Institute (Columbus, OH) and were approved by the 
Institutional Animal Care and Use Committee of the Centers for 
Disease Control. Male Wistar rats, approximately six weeks of 
age and weighing approximately 175 g, were procured from 
Charles River Laboratories (Portage, MI) and maintained in 
polycarbonate cages in facilities at Battelle's Medical Research 
and Evaluation Facility (MREF). Animals were held in quaran- 
tine for one week in accordance with MREF standard oper- 
ating procedures. 

One gram of native ricinine was purchased from Latoxan 
and analyzed by MREF chemists for purity. Solubility in saline 
solution (Butler Laboratories, Columbus, OH) was experimen- 
tally determined to be approximately 5 mg/mL. Urine samples 
were collected from each animal, prior to the exposure study, to 
be used as blanks. Intramuscular (IM) injections of ricinine 
were performed in sets of four rats each, with dosages of 1, 5, 
and 10 mg/kg. Urine was collected 24 and 48 h after injection 
and stored at -20~ In a second phase, similar procedures 
were performed with sets of five rats each injected IM with 
saline or 5 mg/kg or 10 mg/kg ricinine. No animals died after 
the ricinine injections, but some appeared lethargic (the in- 
travenous and subcutaneous median lethal dose of ricinine in 
mice is reported in the MSDS to be 19 mg/kg). One rat dosed 
with 10 mg/kg had labored breathing for a short period after 
dosing. Two rats dosed with 10 mg/kg had dark urine. 

Crude ricin preparation 
Castor beans were purchased from Exemplary Natural Oils 

(Gruver, TX) and were stored at 5~ for six months prior to use. 
Ricin was extracted from the castor beans according to a pub- 
lished preparation method (32). Castor beans were crushed in 
a Hamilton Beach Waring blender (Washington, NC) and ex- 
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tracted twice with acetone to remove the castor oil. The re- 
maining pulp was filtered in a bleached coffee filter and then 
blended with water. The resulting milky/tan slurry was further 
filtered with the coffee filter, and the tan solids were stored. The 
filtered solution was analyzed for ricinine content. 

Forensic analysis 
A urine sample was collected from a male victim who had died 

from ricin poisoning. A ricin solution had been injected, but the 
quantity injected and time after exposure were not known. This 
analysis was handled as an unknown sample, with corre- 
sponding blank, standards, and QC testing. 

Results and Discussion 

The goal of this research was to investigate the use of ricinine 
as a marker for ricin exposure. The steps used to investigate 
this goal included evaluating a method for ricinine analysis 
in urine, followed by an animal study to determine whether 
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Figure 2. Multiple reaction monitoring of quantitation (m/z 82) and confirmation (m/z 138) ions 
in the lowest standard, 0.083 ng./mL. The analyte elution time was 1.73 min. 

this target molecule was present in urine after exposure. We 
then examined a group of randomly chosen, unexposed people 
to establish a reference range and to determine if ricinine was 
found in urine from people with no known exposure (possibly 
from diet or personal care products). A crude preparation 
from the castor bean was examined to ensure that ricinine 
was present and served as a model for a potential criminal 
preparation. Finally, a forensic sample from a ricin-poisoning 
victim was examined to establish if ricinine could be detected in 
a human subject. 

Method evaluation 
Extraction efficiency, using the polymeric SPE sorbent, was 

82%. A 5% acetonitrile/95% water rinse solution removed back- 
ground signal of the urine matrix approximately 50% more ef- 
fectively than a 30% methanol solution, as evaluated by a full 
scan chromatogram of the extract. The method appeared to be 
fairly robust because the recovery was not dependent on the 
rate of elution or the drying time between the rinse and elution 
step. Moreover, because this is an isotope-dilution method and 
the recoveries of the native and labeled ricinine are nearly iden- 

tical, the accuracy of the method is independent 
of the recovery. 

The HPLC separation used a short analytical 
column (4 x 20 ram) with an isocratic elution. 
Because the method focused on a single target 
analyte and there were no interferences, a high 
degree of separation was not needed. The MS 
analysis monitored the collisionally induced 
dissociation fragmentation of the precursor 
ion (m/z 165) into two product ions (m/z 138 
and 82). The labeled compound was supplied 
with a 13C-labeled cyano ligand and a 13C5-1a- 
beled on the ricinine ring. The mass difference 
between the native and labeled compound con- 
firmed the presence of six 13C labels. 

The method limit of detection (LOD) was 
calculated by plotting the absolute standard 
deviation versus the concentration of the four 
lowest standards (33). They-intercept (so) was 
then multiplied by 3 to determine the method 
LOD (0.04 ng/mL for both m/z 82 and 138). 
However the lowest standard used was 0.083 
ng/mL (Figure 2). The lowest standard (0.083 
ng/mL) was chosen as the lower limit of re- 
portable results. The highest standard used was 

Table I. Characterization of Quality Control (QC) Urine Pools 

Total Prepared Mean Measured Accuracy of Individual Relative 
Name of Number of Number  Concentration Concentration Mean Versus Standard Standard 
QC Pool Analyses of Sets (ng/mL) (ng/mL) Expected Value Deviation (ng/mL)* Deviation 

QC-Low (QCL) 20 10 4.99 4.80 96.2% 0.180 3.75% 
QOHigh (QCH) 20 10 83.2 81.53 98.0% 1.398 1.71% 

* The standard deviation is reported as a function of each individual QC result. Because 2 QC results are reported for each characterization run, 20 QC data points were evaluated 
individually. 

152 

D
ow

nloaded from
 https://academ

ic.oup.com
/jat/article/29/3/149/744651 by guest on 22 M

ay 2023



Journal of Analytical Toxicology, Vol. 29, April 2005 

832 ng/mL, and the internal standard was used at a concentra- 
tion of 202 ng/mL. 

QCs were prepared from the same blank urine pool used for 
the preparation of standards and blanks and frozen. QCs were 
thawed prior to each calibration, spiked with internal standard, 
and prepared in series with the blanks, standards, and unknown 
samples. If the QC materials were determined to be within the 
calculated 99% confidence limits, the results of the unknown 
analyses (i.e., general population samples, animal exposure 
studies, crude extracts, and forensic sample) were considered 
valid. Table I presents the QC pools and their respective mean 
and standard deviation values. The accuracy of the method is 
within 4% of the expected values, which is an excellent result 
for an u]tratrace method (33). 

Aliquots of the QC urine pools were analyzed after being 
subjected to different temperature environments. QC samples 
stored at -20~ were used as controls, and compared with 
samples stored for up to three weeks at 5~ and 25~ A l-h, 
90~ storage experiment was also performed to determine 
stability under short-term, high-temperature heating, which 
may occur in the laboratory. Ricinine was considered to 
be stable because all results were within the 99% confidence 
limits established during method characterization. Stability 
data is important because samples are not necessarily refriger- 
ated after collection, and they may be stored or shipped at 
room temperature. Heating to 90~ is expected to occur only 
in the laboratory to decrease the risk of handling unknown 
samples. 

Background levels of ricinine in the general population 
The analysis of urine for a foreign contaminant, such as rici- 

nine, can be difficult because of background interferences from 
personal-care products, general diet, or household chemicals. 
To assure that ricinine was not likely to be found in the general 
public, 30 random samples were analyzed. Ricinine was not 
detected in any of these samples, confirming that interferences 
to ricinine are not commonly found in the general public. How- 
ever, castor oil is pressed directly from the castor bean and is 
used as a laxative. It is possible that a person consuming this 
product might show a positive response for the presence of 
ricinine. 

Table II. Results of Laboratory Animal Testing 

Mean 24-h Urine Mean 48-h Urine 
Ricinine Number of Concentration Concentration Ratio of 

Dosage (mg/kg) Animals Tested (ng/mL)* (ng/mL)* Concentrations 

1 4 1010 40 
5 9 6364 324 

10 9 17152 610 
Saline solution 5 ND ND 
0.002 (est, only)* 0 2(estimate) 0.08(estimate) 

Animal exposure study 
Because of the limited number of human samples available 

from ricin or ricinine exposure, an animal study was conducted 
to confirm that ricinine could be measured in urine after an 
exposure via injection. Lethal doses are similar for injection 
and inhalation, so it is assumed that results from these experi- 
ments will apply, in part, to inhalation exposure. Other consid- 
erations for inhalation exposure include the particle size 
and purity of the ricin (13). Ingestion exposures are difficult 
to quantify because of the poor uptake of ricin from the diges- 
tive track. 

The level of ricinine in each animal, prior to testing, was less 
than the method limit of detection (0.083 ng/mL). After expo- 
sure, all ricinine levels in urine samples collected for 24 h after 
injection exceeded the highest standard (832 ng/mL) and re- 
quired 1:100 dilution with water prior to reanalysis (Table II). 
The urine samples collected between 24 and 48 h after injection 
contained at least 40 ng/mL ricinine, which was more than 
400 times the method limit of detection. 

In humans, lethal doses, from inhalation/injection of ricin 
have been reported to be 10 lJg/kg (0.7 mg for a 70 kg adult). 
Unfortunately, no testing was performed at this level. This lethal 
dose is about 1/100 of the I mg/kg ricinine dosage that was used 
in this study. If we divide the levels found in the mice reported 
here by 100, and multiply this value by the ratio of ricinine to 
ricin (0.2), we would expect a level of ricinine in urine after 24 
h of approximately 2 ng/mL. After 48 h, the expected level of 
ricinine in urine would be approximately the method limit of 
detection (0.08 ng/mL). 

One limitation to this study include the fact that the collec- 
tion of the urine was made between 0 and 24 h, and 24 h to 48 
h. This frequency of collection did not reveal detailed kinetics of 
ricinine metabolism (e.g., amount of ricinine metabolized in 8 
or 16 h). Another limitation is that rats may not metabolize rici- 
nine in the same manner as humans. 

This study did show that ricinine can be accurately and re- 
producibly measured in urine samples. Ricin is known to be 
heavily localized to the area of exposure (e.g., throat and lungs, 
any point of injection, or digestive tract). In an aerosol exposure, 
for example, ricin was present in the lungs at a level 1454 times 
higher than in the blood (no urine analysis was performed) 
(14). The analysis of urine samples for ricinine provides a 

simple, noninvasive means for determining 
exposure to ricin. 

Crude preparation of ricin 
A simple crude slurry of ricin was prepared to 

mimic a potential criminal preparation of this 
chemical agent (32). The idea of the potential 

o.o4 criminal use of this application stems from the 
o.o5 fact that the preparation tools and raw mate- 
0.04 rials are generally available to the public. The 

- final ricinine level, after a series of simple ex- 
- traction and filtration steps, was 502 ng/mL in 

a milky white extract of the castor bean. The 
extract was diluted in water before analysis for 
ricinine; the level of ricin was not quantified 
here. These data indicate that ricinine is not 

* Any concentration above the method upper-concentration limit (832 ng/mL) was diluted to 1:100 in water 
and re-analyzed. ND = Non-detect, response was below that of the instrument limit of detection. 
Estimates were calculated with the following expression: Actual 1 mg/kg close response * 0.01 mg/kg * 0.2 
(ratio of ricinine to ricin). 
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fully removed in crude preparation of the castor bean, and that 
ricinine is a viable marker for ridn exposure in simple ricin 
preparations. 

Forensic analysis of ricin exposure 
A urine sample, obtained from a man who committed suicide 

by ricin injection, was analyzed for ricinine content. The con- 
centration of ricinine was measured to be 4.24 ng/mL. It is as- 
sumed that the man died about 48 h after poisoning, because 
death from ricin injection usually occurs after 35-72 h (2). A 
concentration of 4.24 ng/mL is about I110 that of a 24-48 h 
urine sample from a rat injected with i mg/kg of ricinine. Con- 
sidering the 1:5 ratio of ricinine to ricin, the level of ricin ex- 
posure may have been 0.5 mg/kg. 

Forty-eight hours after a lethal exposure, it is expected that 
ricinine will be present in human urine, at concentrations 
ranging from 0.08 to 10 ng/mL. Any level below 0.08 ng/mL 
may imply a less-than-lethal exposure to ricin. If exposure is via 
inhalation, and not injection or ingestion, the ricin particle 
size also must be considered (13). 

Conclusions 

The method presented here can be used to quantify an expo- 
sure to ricin. However, the method depends on the presence of 
an impurity, ricinine, which shares a common source to the 
toxin. The method also assumes that ricinine is present at a 
level 20% that of ricin. Enrichment of ricin beyond this ratio re- 
duces the effectivness of this method. 

Supportive care can be recommended if ricinine is identified 
in a person's urine. Sample collection must occur within 
48 h, which is adequate considering death usually occurs be- 
tween 36 and 72 h following exposure. Using the animal-study 
data for modeling, a sublethal dose of ricin may be reflected 
by a ficinine concentration in urine lower than 2 ng/mL, if 
sample collection is within 24 h of exposure. If urine samples 
are collected within 48 h, a sublethal dose may be reflected 
by a ricinine concentration below 0.08 ng/mL. The forensic 
urine sample that was examined had a ricinine concentration 
approximately 50 times greater than that expected with a 
lethal dose of ricin when collected at 48 h. Ricin exposure is 
currently treated symptomatically; no antidotes are currently 
available. 
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