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product and guaranteed purity at 99.0 = 0.5%. The test sub-
stance, TNT, used in the feeding trials was obtained from the
U.S. Army Research Laboratory (U.S. ARL, Aberdeen Proving
Ground, MD, USA). The U.S. ARL TNT was redistilled and
crystallized from old product and was determined to be 99.0%
pure (Military Unique and Special Chemistry Program, Di-
rectorate of Laboratory Science, U.S. Army Center for Health
Promotion and Preventive Medicine, Aberdeen, MD),

Feed formulations

The (reatiment feeding mixtures for the 90-d study were
formulated by serially mixing a stock feed mix (6,000 ppm)
into the individval treatment feed concentrations. Briefly, the
stock foed misture was formulated by dissolving purified TNT
(9.001 g) into 250 ml of acetone and then evenly dispersing
this solution onto the stock feed in large trays and allowing
it to air dry. Drying time was approximately 2 to 3 h. Each
feed treatmient was then prepared by mixing the appropriate
concentration of the stock feed using a small cement mixer
for & min. The TNT-feed mixtures were stored between 10 and
20°C. Concentrations of TNT in feed during exposure were
confirmed by high-performance liquid chromatography-ace-
tonitrile extraction. The treatment feeding mixturey were pre-
pared at 3,000 mg/kg TNT-teed (dict 1), 1,500 mg/kg TNT-
fecd (dict 2), 750 mg/kg TNT-feed (diet 3), 100 mg/kg TNT-
feed (diet 4), and 0.0 mg/kg TNT-feed (diet 3) following an
acute lethal dose determination of 2,003 mg/kg and a 14-d
range finding study [12]. The feed was provided fresh on 2
weekly basis. Weekly feed consumption was determined by
taking the difference between the initial weight and the final
feed weight plus the quantity spilled in the waste tray. Waste
spillage was always less thag 0.15 g/d. The TNT stability in
feed was evalnated for both 90-d stability with refrigerated
samples and weekly stability in the test facility environment.
This study was conducted compliant with good laboratory
practices.

Blood collection and Analysis

Blood collection. Blood was collected from the jugular vein
with a 25-gauge necedle and 3-ml syringe. After collection, an
18-gange needle was attached to the syringe and the blood
was transferred jnto a depressurized heparinized tube. The
blood was mixed tharoughly and approximately 200 pl of
heparinized blood was removed and transferred into an ap-
propuiately marked tube for the whole-blood analysis.

Whole blood cellularity. A 10-pl aliquot of blood was trans-
ferred inte o tbe containing 990 1 of phosphate buffered
saline (FBS) and mixed by gentle vortexing. A 10-pl aliquot
was removed from each sample and added 10 a tube containing
990 w! of Natt-Hetrick stain. The tube was gently vortexed,
and a 10-pl aliquot of the stained blood sample was placed
onto 4 hemacytometer and the cells were enumerated. The
number ot red blood celis (RBCs) was determined per milliliter
and per microlitet. In addition, heterophils, lymphocytes,
thrombocytes, and monocytes were enumerated and a hetero-
phil/lymphocyte ratio was determined.

Packed cell volume and iotal protein. A hematocrit cap-
illary tube was inserted into the tubg containing the hepariized
blood. Once blood filled approximately three fourths of the
tube, pressure was applicd to the top and the tube was removed.
The bottom of the tube was cleaned and inscrted into the clay
pad and then centrifuged for 5 min, The packed cell volume
(PCV) was determined using a graphic reader card, Following
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enumeration of the PCV, the tube was cut above the RBC layer
and two to three drops (30-50 k) of plasma were placed onto
a refractometer and the total protein was determined.

Mean corpuscular volume. The mean corpuscular volume
(MCV) was determined via the calculation MCV = (PCV X
10)/RBC (X 109ul).

Whole-blood five-point leukocyte differential

A drop (10-15 wl) of heparipized whole blood was placed
on a microscope slide and a smear was made using standard
technigues, The blood smear was allowed to air dry. The slide
was then staincd with a modified Wright stain. The stained
slides were allowed to dry overnight, then were coverslipped
the nmext day. A five-point differential was performed where
200 leukocytes were enumerated. The cells epumerated were
heterophils, lymphocytes, monocytes, basophils, and cosino-
phils. Heterophil/lymphacyte ratios were also calculated.

Spleen weight/body weight ratio and cellular recoveries

The spleens were remaoved by aseptic dissection following
cuthanasia and cleaned of excess adipose and other connective
tissues. Spleens were then individually weighed, and the ratio
of splenic weight to quail tota] body weight was calculared,

Lymphocyre transformation assay

Proliferation to T-cell and Pan-lymphocyte (includes B-cell)
mitogens was evaluated for peripheral blood and splenic lym-
phocytes. These assays have been adapted for birds and fol-
lowed Gogal ct al. [13]. Briefly, isolated or enriched cell sus-
pensions were enumerated and diluted to 3.0 X 10¢ cells/ml.
A 100-p1 aliguot of the cells was added to triplicate wells of
a Corning 96-well round-bottom tissue culture plate (Corning,
NY, USA) containing 100 pl of cither supplemented RPMI-
1640 media alone, Concanavalin A (Con A, 10 pg/ml), Con
A (50 pg/ml), or Phorbol 12-myristate 13-acetaté (10 ng/mi)
+ Tonomycin (200 ng/ml), then placed into a humidified in-
cubator at 37°C at 5% CO,, Approximately 24 h postincuba-
tion, 20 ul of alamar blue (Accumed, West Lake, OH, USA)
was added to each well and the plates were returned 1o the
incubator. Alamar blue is a viability-proliferation dye, which
measures proliferation changes through metabolic reduction of
the dye [13,14]. The plates were removed at 48 and 72-h
postsatup and the specific absorbances were determined using
a Molecular Devices kinetic microplate reader (Menlo Park,
CA, USA) at 570 to 600 nm. The proliferative chunges were
determined and reported as follows:

Aspecific absorbapce
= mean specific absorbance (mitogen-induced cells)

— mean specific absorbance (media alone + cells)

Cyrological axamination of isolated leukocyte fractions
{blood and spleen)

During the addition of the isolated-enriched lymphocyte
suspensions to the proliferation plates, 300-p! aliquots (0.9 X
109 of the cell suspensions (i.e., blood, spleen) were also
added to chambers on the cytospin apparatus containing 0.5%
bovite serum albumin-phosphate buffered saline, Each cyto-
spin apparatus was then placed into the Cyto-Tek centrifuge
(Sakura Finetechnical, Tokyo, Japan) and spun at 500 rpm for
5 min. The slide was removed from each cytospin apparatus
and allowed to air dry. The shdes were stained with a modified
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Toxicity of TNT in northern bobwhite

Wright stain, dried, and coverslipped. They were then sub-
mitted for pathological analysis in.a blinded manner. The an-
imal numbey, tissue type, and cytologic preparation date were
the only information provided to the pathologist. For each
slide, 200 leukocytes were enumerated and scoting of cytospin
preps as small lymphocytes, prolymphocytes, lymphoblasts,
plasma cells, heterophils, monocytoid, and other was done.

Analysis of apoptosis in splenic- and blood-isolated
leukocytes

Isolated lymphocyte cell suspensions were evajuated for
changes in level of apoptosis. The apoptotic probes 7-afmi-
noactinimycin D (7-AAD) (Accumed International, Westlake,
OH, USA) and Annexin V (Pharmingen, San Diego, CA, USA)
were employed and analyzed. Briefly, splenic and periphera!
blood lymphocytes (3.0 X 10%/well) were coincubated with
both the 7-AAD and Annexin V-FITC on ice in the dark for
15 min. Both probes have documented stabilities of at least
30 min according to the manufacturers. The cells were ana-
lyzed under a two-color procedure on an Epics XL flow cy-
tometer (Coulter, Miami, FL, USA) [15-17]. Unstained control
leukocytes were employed as nepative controls to set pates.
In the first experiment, single-color fluorescence wus assessed
for each tissue suspension to standardize peak response, Cy-
tosettings were kept the same for all experiments throughout
this study. Scoring was as follows:

4. 7-AAD-—/Annexin V— = Live cells
b. 7-AAD—/Annexin V+ = Apoptosis (early)
c. 7-AAD-+/Annexin V+ = Apoptosis (mid)

d. 7-AAD-+/Amnexin V— = Apoptosis (late + necrotic celly)

Histopathology of spleen, liver, and kidney

For light microscopic tissue evaluation, the liver and kidney
were collected immediately following enthanasia of each quail,
fixed in neutral phosphate-buffered formalin, 2nd processed
by routine histological techuiques. Five-micron sections of
each organ were cut and stained with hematoxylin and eosin,
The slides were dried and then routinely processed and stained
(Wright's stain) for cytologic evaluztion,

Slides for histopathologic evaluation were read in a blinded
manuer a3 before, using qualitative, graded response criteria
evaluated by comparisons with controls.

Statistical analysis

Discrete tesponses were analyzed across diets (TNT con-
centrations in feed). The FREQ procedure of the SAS® System
(Ver 7.01, SAS Institute, Cary, NC, USA) was used to perform
Fisher's exuct test for each discrete response vatiable. When
the overall test of association was significant, each dist was
compared with the controt using Fisher's exact test with the
Bonferroni cortection (the alpha level for each comparison
with tho control was 0.0127, 10 bring the alpha level overall
back to 0.05). The MIXED procedure of the SAS System was
used to perform a mixed model analysis of covatiance (AN-

COVA) for each continuous response variable. The ANCOVA
| began by testing whether slopes across dose were equal for
F the sexos. If the slopes were differcnt, a separare line was fit
b for each sex. When the slopes across dose for each sex were
ot different, a common slope model was tested and, if sig-
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Fig. 1. Weight changes baged un dose (mg/kg/d). Euch dot represents
an individual bird, Weight chunges ranged from —13.0 g 10 36.0 ¢.

nificant, a line was fit. All case effects with p-values greater
than 0.05 were considered nonsignificant,

RESULTS
Feed consumption and weight changes

Quail consumed feed consistently throughout exposure and
there were no ditfecenices between treatments (p > 0.87). Quail
conswmed 13,94 £ 2,77 g and 14.98 + 3.42 g feed/d for males
and females, respectively. No weight changes were found at-
tributable to trestment (males. 8.78 = 9.07 g, females, 10.72
+ 11.42 g; p > 0.97). Weight changes ranged from —13.0 g
to 36.0 g with 2 mean of 898 * [.50 g (Fig- 1). Based on
feed consumed, the calculated doses to males and females
consuming the experimental diets were approximately 178,
97.5,48.0, and 7.0 mg TNT/kg/d. Fecd consumption was about
equal between sexes.

Clinical observations

Four bird¢ 1n the high-dose group became moribund and
were cuthanized or died within 30 d of the inmitiation of the
feeding study. These birds exhibited symptoms of ataxia, mus-
cular weakness, and convulsions prior to death. No other birds
in any of the other treatments exhibited these symptoms.

Hematology

With the Natt-Herrick blood background stain, the RBC of
the TNT-exposed birds appeared to have a darker cell wall and
nucleus. The nucleus was characterized as being more rounded,
smaller, and darker. Also noted 1o the plasma was sn intense
yellowish color (Jipemia) compared with plasma from conrrol
animels, Evaluation of the total RBC, packed cell volume,
mean corpuscular volume, and total protein showed neither
effect of scx nor sex-by-dose interaction effect. However, an
overall linear decrease in RBC nutnber (Fig. 2), packed cell
volume (Fig. 3), and total protein (Fig. 4) with increasing dose
was observed.

Cellularity and tissue/body weight ratio

Peripheral blood and splenic cellularity wers evatuated.
There was no effect of dose or sex nor any sex-by-dose in-
teraction effect on the total lymphocyte cellularisy or total
cellularity of either the peripheral blood or spleen. There was
no effect of dose ov sex nor any sex-by-dose interaction effect
on spleen weight/body weight ratio (data not shown).
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Fig. 2. Total sed blood cell count based on TNT dose (mg/kg body
wtid) (p <0.05, analysis of covariance),

Cellular proliferation

Both peripheral blood lymphocytes and splenic lympho-
cytes were assessed for proliferation to T cell and pan lym-
phocyte mitogens. There was no sigoificant effect of dose or
sex nor any sex-by-dose interaction effect on lymphocyta pro-
liferation (data not shown).

Cellular apoptosis

Enriched splenic and peripheral blood leukocytic popula-
tions were cvatuated for incidence of cellular apoptosis. There
was no effect of dose or sex nor any sex-by-dose interaction
effect on percent viable cells, early apoptotic cclls, late apo-
ptotic/necrotic cells, or total apoptotic cells of the peripheral
blood Jenkocytes. Further, there was also no effect of dose or
sex nor ey sex-by-dose interaction effect on the above-mea-
sured apoptotic endpoints in the splenic leukocytes. However,
the percentage of indeterminate epoptotic/necrotic blood leu-
kocytes increased linearly with dose (Fig. 3; ANCOVA, p <
0.05).

Histopathology

There was a significant asociation between diet and Kuppf-
er cel] hemosiderosis ratings (p < 0.001; Fig, 6). However,
none of the pairwise comparisons of each dose against the
control were significant. There were no significant associations
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Fig, 3. Messursment of packed cell volume across TNT dose (mg/kg
body wr/d) (p <0.05, analysis of covaiance).
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Fig. 4. Measurement of total protzin across TNT dose (mg/kg/body
wt/d) (p < 0.05, anatysis of covariance).

between diet erythrophagocytosis ratings or hepatocyte vac-
uolatjion ratings.

DISCUSSION

To our knowledge, the effects of TNT exposure in bitds
have not been evaluated. Many species of birds are potentially
exposed to TNT in contaminated soils, largely due to their
fotaging habits. Northern bobwhite were chosen as the study
model since they are native to North America, are 2 game
species of management concers, have a life history that sug-
gests that soil exposires may be significant {18), and are ame-
pible 1o laboratory toxicological investigations [19,20). Mam-
mals exposed to TNT show a varjety of hematologic effects
[4,6-101. Splenic pathology has also been documented in lab-
oratory rodents treated with TNT, including hematologic ef-
fects, suggesting that the immune system may be a target, A
battery of tests that includes hematologic and iramunologic
endpoints was therefore employed in TNT-exposed quail to
determine if oral exposures resulted in similar toxicologic of-
fects as seen in mammals.

Exposure to TNT caused a variety of effects in the northern
bobwhite, Bffects observed through the subchronic 50~d feed-
{ng toial included a decrease in total red blood cell counts, 2
dectease in packed cell volumne, a decline in total plasma pro-
tein, & decline in prolymphocyte counts from enriched len-
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kocyte fractions of the peripheral blood, a decline in lympho-
cyte counts from enriched lenkocyte fractions of peripheral
blood, and an increase in indeterminate apoptotic/necrotic leu-
kocytic cells from enriched leukcooyte fractions of the periph-
eral blood. Although the trends were statistically significant,
none of these sffects were remarkable compared with data
collected for mammals [7-9]. A nonsignificant tend toward
increased hemosiderosis in the Kuppfer cells of the liver was
also observed. Hemosiderosis in the Jiver has been described
In mammais exposed to lower levels of TNT than the present
birds [6-9]. No significant differences in any of the above
parameters were found across treatrent groups compared with
controls, We acknowledge that individual vasiation in feed
consumption within treatments contributed to relatively high
variability in treatment-group data, yet given the range of TNT
concentrations in feed, we expected to observe more pro-
nounced effects. In addition, although the values for the he-
matological parasneters decreased with increasing dose, these
values still fall within the normal ranges for these species [21].
Therefore, although trends wers evident, the biological rele-
vance of the hematologic effects in birds is questionable.
The limited hematologie toxicity of TNT in birds compared
with mamroals may be due to the physiological differences
between avian and mammalian hematopoietic systems. Bicds
are relatively unique in their metabolic capacity in terms of
oXygen transport requirements needed for sustained flight.
Consequently, their red blood cell regeneration capacity is
greater than that of mammals of comparable mass [22,23].
Moreuver, birds possess nucleated red blaod cells [22,23] that
ate more refractory (o compounds shown to damage the non-
nucleated red blood cells common to mammals, For example,
avian erythrocytes are resistant to osmotic lysing solutions
used in vitvo to remove RBCs from whole blood. Further, birds
have a high blood-volume regencrative capacity relative to
mammals, including enhanced erythropoietic capacity. This
may explain why the present changes seen in the hematology
were not as profound as those teported in manmalian studies,
Further, birds’ serum osmotic pressure is approximately half
L that of mammals {24], which may also add to the refractory
| nature of avian blood.
- The decline in prolymphocyte counts and lymphocyte
counts and the increased apoptotic/nectotie leukocytic cells in
TNT-exposed birds suggest the possibility of adverse immu-
nologic effects in these animals. It is noteworthy that such

Fig. 6. Histopathology of the contral (A) and 175 mg/kg body weig‘ht/‘
d TNT-treated (B) quail liver. The brown-stained cells denoted by the
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targeting of white blood cells has not previcusly been reported
in mammals dosed with TNT; however, such evaluations were
limited in scope. The ability of lymphocytes to proliteratc
following mitogen stimulation was evaluated jn the present
study and found not to be affected by TNT. Other functions
of these cells {e.g., antigen presentation, lysis of cells expreys-
ing foreign sntigen, antibody production) were not studied:
thus, it is not known if TNT affected these functions.

Acute toxicity leading to mortality was observed only in
birds fed the highest dose of TNT and was accompanied by
signs consistent with CNS-related effects (e.g., ataxia) Wheth-
er TNT cxposure cansed toxicity not observed on the CNS js
not known and should be considered in future studics. [t was
noted that mortality in birds occurred at dictary levels also
associated with mortality in rodent studies; however, mice con-
sume as much as 25% of their body weight/d while the quail
consumed only about 6% of their body weight/d. Data sre not
available regarding systemic TNT exposure in birds as com-
pared with rodents under the above conditions, but these feed-
ing data suggest that quail may show CNS effects at a lower
systemic TNT level than do rodents.

Based on the results of this 90-d study, a low observed-
adverse-effect level in the serious category (i.e., due 1o the
incidence of mortality) was determined to be 178 mg/kg/d.
Acknowledging the limitations of this study, we estimated a
no-observable-adverse-effect Jevel (NOAEL) of 7 rmg/kg/d.
We wish to point out that this NOAEL may be an underesti-
mation of the true NOAEL and that other target tissues (c.g.,
CNS) will need to be investigated to increage confidence in
the present estimated NOAEL in TNT-exposed birds,
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