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ABSTRACT

Rats were administered a single injection of phenylhydrazine (PHZ) 
which induced an hemolytic anemia that reached maximal levels two to four 
days following injection. This was accompanied by a leukocytosis which 
was most pronounced four to six days after injection; lymphocytes and 
monocytes accounted for 75 percent to 80 percent of the leukocyte count, 
respectively. All peripheral blood cell values, including the red  cell count 
and hematocrit, returned to their pre-injection levels by the 11th post­
injection day. Analysis by flow cytometry of peripheral blood mononuclear 
cells (PBMC) isolated from PH Z-treated rats by Ficoll-Hypaque gradient 
separation showed a m arked increase in the B cell population of the peri- 
pherel blood. This was also seen in cultures of PBMC obtained from 
u n tre a te d  rats following incubation  w ith PH Z. C u ltu re s  of PBM C 
obtained from rats four to five days after PHZ injection which were incu­
bated with pokewood m itogen (PWM) or phytohem agglutinin (PHA) 
showed significant increases in blastogenesis as indicated by [3H] thymi­
dine incorporation when compared to cultures of PBMC obtained from 
untreated rats incubated with these mitogens. Incubation of cultures of 
PBMC obtained from un trea ted  rats with PHZ significantly increased 
blastogenesis in cultures of five day duration. Atypical and blastic lym­
phoid cells w ere evident in cytosmears of PBMC isolated from PHZ- 
treated rats and also in sections of PBMC pellets studied using the trans-

* Send reprint requests to: Dr. B. S. Dornfest, Department of Anatomy and Cell Biology, State University 
of New York, Health Science Center at Brooklyn, 450 Clarkson Avenue, Brooklyn, N.Y. 11203.

353
0091-7370/90/0900-0353 $02.00 © Institute for Clinical Science, Inc.



3 5 4 DORNFEST, BUSH, LAPIN, ADU, FULOP, AND NAUGHTON

mission electron microscope. Serum of the PH Z-treated rats contained 
elevated immunoglobulin titers as m easured by radial immunodiffusion. 
The results show that PHZ stimulates lymphoid cell blastogenesis and can 
sensitize circulating lymphoid cells to PHA and PWM indicating that PHZ 
is capable of stimulating the imm une system of the rat.

Introduction

Phenylhydrazine (PHZ) is an antipyre­
tic drug19 which induces hemolytic ane­
mia in laboratory animals.810,35 In addi­
tion, PHZ had at one time been used to 
reduce  red  blood cell (RBC) mass in 
patients with polycythemia vera.6,19 The 
h e m o ly tic  ac tio n  of P H Z  has b e e n  
re p o rte d  to occur by a non-im m une 
m echan ism (s).32 PH Z , am ong o th e r  
actions, has been  reported  to directly 
lyse human erythrocytes in vitro.26 How­
ever, it was found by us that rat erythro­
cytes incubated with PHZ for periods up 
to six hours showed no detectable hem o­
lysis.29 Supportive of the latter finding 
are experiments performed in vivo dem ­
onstrating that erythrocytes, although 
not directly lysed by PHZ, are rapidly 
rem oved from the circulation by macro­
phages after being exposed to this drug. 
T his e v e n t occurs p rim a rily  in  th e  
sp leen , a lth o u g h  th e  liv e r becom es 
increasing ly  m ore im p o rta n t in  th e  
sequestration of erythrocytes altered by 
higher doses of PH Z.2 Phenylhydrazine 
is a po ten t oxidant and is reported  to 
cause m em brane damage in rat RBCs 
by th io l o x idation15 w hich, in tu rn , 
results in rapid removal of these cells 
from the  circulation by the reticuloen­
dothelial system.2

In  th is connection , a rec e n t study 
dem onstrates that a lectin-like receptor 
on m urine m acrophages is involved in 
th e  reco g n itio n  and phagocytosis of 
human red blood cells (RBC) oxidized by 
PH Z.14 Recent studies in our laboratory 
also provide evidence that PHZ stimu­
lates the immune system, thereby sug­
gesting that im m une mechanisms may

contribute to the PH Z-induced hem o­
lysis. It has been found that PHZ causes 
a marked leukocytosis in the rat, prim ar­
ily owing to an increase in circulating 
lymphoid cells.9 In addition, histologic 
examination of the lymph nodes, spleen, 
and thym us of rats in jected  w ith the 
d ru g  reveals  a b road  ly m phopo ie tic  
response. O f particular in terest is the 
finding that PH Z-induced hemolysis is 
accompanied by an increase in circulat­
ing antibodies capable of reacting with 
homologous rat RBCs via the indirect 
Coomb’s reaction.28,29

The work now reported  was under­
taken to study further the influence of 
PH Z on rat lymphocytes. To this end, 
the direct effect of PHZ on the prolifera­
tive responsiveness of peripheral blood 
m ononuclear cells (PBMC) of untreated 
rats and the proliferative responsiveness 
of PBMC of PH Z -in jected  rats to the 
polyclonal m itogens PHA and PW M  
w ere assessed in vitro. Lym phoid cell 
population changes induced by exposure 
to PHZ both in vivo and in vitro were 
assessed by phenotyping  w ith fluoro- 
chrome labelled monoclonal antibodies. 
To confirm further an immune response 
to PHZ in vivo, serum IgG levels were 
quantified. In addition, morphological 
alterations of peripheral lymphoid cells 
were studied with the transmission elec­
tron microscope.

Materials and Methods

A n im a l s

Male six to seven weeks old Long- 
Evans rats weighing 150 to 200 g were 
used in all procedures.
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PHZ A d m i n i s t r a t i o n

Rats w ere  in jec ted  subcutaneously  
w ith  fo u r m g P H Z  p e r  100 g body 
weight* in 0.5 ml of sterile 0.9 percent 
saline. The PHZ was prepared immedi­
a te ly  b e fo re  use. C o n tro l rats w ere  
untreated  or injected with an equivalent 
volume of saline.

P e r ip h e r a l  B l o o d  C e l l  C o u n t s

To establish that an anemic condition 
was induced , tail vein blood samples 
were taken just prior to injection (pre­
injection values) and on the 2nd, 3rd, 
4th, 5th, 6th, and 11th days following 
injection. W hite blood cell (WBC) and 
red blood cell (RBC) counts were made 
using a Coulter electronic cell counter, f 
hematocrits (Hct) were m easured by the 
m ic ro m e th o d , r e t ic u lo c y te s  w e re  
counted as a percent of 1,000 total RBC’s 
on blood smears treated  with new m eth­
ylene blue, and differential counts were 
performed on blood smears treated with 
W right’s stain.

C e l l  S e p a r a t io n

P eripheral blood m ononuclear cells 
were isolated from blood obtained from 
PH Z-injected and un trea ted  or saline- 
in jec ted  rats by aortic exsanguination 
into heparinized syringes on the 2nd, 
3rd, 4th, 5th, 6th, and 11th postinjection 
days by Ficoll-Hypaque density gradient 
separation. $ The PBMC were washed 
once with 0.87 percent ammonium chlo­
ride to lyse any contaminating RBCs and 
then washed again with phosphate buff­
e red  saline (PBS); the cells recovered 
were resuspended in PBS. The morphol­
ogy and purity of the PBMC population 
was d e te rm in e d  from  sm ears tre a te d  
with W right’s stain.

* Sigma, St. Louis, MO. 
t  Coulter Electronics, Inc., Hialeah, FL.
i  Histopaque-1007, Sigma, St. Louis, MO.

C e l l  C u l t u r e

The PBMC were cultured in 96 well 
flat-bottom  culture plates. § Each culture 
well contained 1 X 106 cells in 0.2 ml of 
RPMI-1640 supplem ented with HEPES 
(25 mM), penicillin  (100 jjug p e r  ml), 
streptom ycin (100 |xg per ml), glutamine 
(2 mM), and 10 percent heat inactivated 
f e t a l  b o v in e  s e r u m  (“ c o m p le te  
m edium ”).11 Cultures were done in tripli­
cate. The plates were incubated without 
shaking at 37°C for periods of three and 
five days in a humidified atm osphere of 
five percent COa in air. All cultures were 
pulsed for the last 18 h r of incubation 
with [3H] thymidine; '2  Ci per mM, 0.25 
(xCi per 20 |xl per well), harvested on 
glass fiber filters with a Mash II m ultiple 
a u to m a te d  sam p le  h a rv e s te r§  and  
washed thoroughly with distilled water. 
The filters were allowed to dry and then 
added  to five ml of Liquiscint** in a 
scintillation vial, mixed, and the radioac­
tivity determ ined  in a Beckman liquid 
scintillation coun ter and expressed as 
mean counts per min (cpm). The viabil­
ity of the cultured cells was determ ined 
by trypan blue dye exclusion.

E l e c t r o n  M ic r o s c o p y

Cultured cells were pelleted and fixed 
for one h r in 2.5 percent glutaraldehyde 
in 0.1 mol per L phosphate buffer (pH 
7.3), w ashed  w ith phosphate  buffer, 
postfixed with oxmium tetroxide, dehy­
drated in ethanol and propylene oxide, 
and em bedded in Epon 812. Thin sec­
tions w ere cut on the LKB Ultamicro- 
to m e ,tt  stained with five percent uranyl 
acetate, and poststained with 0.4 percent 
lead citrate . Sections w ere exam ined 
with a JO EL 100C electron microscope.

§ Microbiological Associates, Bethesda, MD.
11 Gibco, Grand Island, NY.
H New England Nuclear Corp., Boston, MA.

** National Diagnostics, Manville, NJ. 
t t  LKB Instruments, Gaithersburg, MD.
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I m m u n o g l o b in  Q u a n t if ic a t io n

S eru m  a n tib o d y  le v e ls  in  b lo o d  
obtained by aortic exsanguination from 
rats just prior to PHZ injection and on 
th e  1st, 2nd, 4th, 5 th , 7th, and 11th 
post-injection days w ere assayed using 
th e  M ancin i rad ia l im m unodiffusion  
m ethod.23 Pre-prepared plates contain­
ing sheep anti-rat IgG (AAR 02K, 02S) 
and sheep anti-rat IgM (AAR 08K, 08S) 
w ere purchased along with the appro­
priate standards. Standard (at 100 per­
cent, 60 percent, and 20 percen t con­
centration) and test serum  per plasma 
from normal and PH Z-treated rats were 
placed in individual wells. Diffusion was 
allowed to proceed at room tem perature 
until the ring surrounding the most con­
c e n tra te d  s ta n d a rd  was n in e  mm in 
diam eter (45 to 50 hr). Results were then 
read from a standard curve plotted as the 
square of the diam eter of the precipita­
tion ring vs. dilution.

A n a ly sis  o f  M o n o n u c l e a r  L e u k o c y t e s  
by F l o w  C y t o m e t r y

Peripheral blood m ononuclear cells 
isolated from normal and PH Z-treated 
rats were reacted with equal 100 fxl vol­
umes of the following monoclonal anti­
bodies at 1:100 dilution: MRC OX-33, 
W3/25, MRC OX-8, MRC OX-54$i or 
mouse IgG j.f After washing two times 
with 0.5 percent bovine serum albumin 
(BSA) in PBS, th e  cells w ere resu s­
pended  and reacted  w ith sheep an ti­
m ouse IgG conjugated to fluorescein  
isothiocyanate (FITC) at a concentration 
of 1:100 for 30 min. Specim ens w ere 
washed two times with 0.5 percent BSA 
in PBS and one ml of Immunolyse solu- 
tion§§ was added to the eliminate eryth­

t  Coulter Electronics, Inc., Hialeah, FL.
Serotec Inc., Cambridge, UK.

§§ Coulter Immunology, FL.

rocytes. After two m inutes of incubation, 
250 |xl of fixative were added to each tube. 
Samples were centrifuged for three min 
at 500 X g, the supernatant rem oved, 
the cells resuspended in one ml of PBS 
w ithout C a++ or M g+ + . All analyses 
were perform ed using the EPICS C flow 
cy tom eter. t  The fluo rescence  w ave­
length was set at 488 nm and forward 
light scatter vs. 90 degree light scatter 
histograms w ere used to establish b it­
maps for different cell populations. Anal­
ysis of log fluorescence of each sample 
was performed by setting the lower win­
dow to exc lude  th e  flu o re sc e n c e  of 
p e rip h e ra l b lood  cells tre a te d  w ith  
mouse IgG1-FITC alone or mouse IgGj 
followed by the secondary fluorescein- 
a ted  antibody. T he MRC OX-33 is a 
mouse monoclonal antibody which rec­
ognizes the leukocyte common antigen 
on rat B lym phocytes.39 W3/25 reacts 
w ith  ra t h e lp e r  T ce lls  and  m acro ­
phages.4 MRC OX-8 recognizes rat cyto­
toxic/suppressor T  cells and natural killer 
cells,5 and MRC OX-54 labels rat T cells 
and thymocytes.3 Log fluorescence was 
gated  on the  ap p rop ria te  b itm aps to 
exclude those cells lacking the light scat­
tering  characteristics of lym phocytes. 
C u ltu red  cells w ere also phenotyped  
using these antibodies.

A s s e s s m e n t  o f  M it o g e n ic  A c t iv ity

PH Z S tim u la tio n .  To assess th e  
direct effect of PHZ on the proliferative 
responsiveness of PBMC of untreated  
rats, cultures of PBMC were incubated 
for periods of three and five days with 
PHZ. Activation of PBMC was d e te r­
m ined by quantifying [3H] thym idine 
uptake as an indicator of blastic transfor­
mation. A stock solution of PHZ was pre­
pared for use im m ediately before each 
experiment by dissolving 100 mg PHZ in
25 ml of isotonic saline. D ilutions of 
1:10\ 1:102, L103, L104, and l:105 ofthe 
stock solution were made with the “com­
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plete” culture m edia and 20 |xl of each 
dilution as well as 20 p-1 of und ilu ted  
stock solution were added to the appro­
priate culture to yield final PHZ concen­
trations per well of 80 pg, 0.8 ng, 8 ng, 
80 ng, 0.8 |xg and 8 fig.

P W M  a n d  PH A S tim u la tio n .  To 
assess proliferative responsiveness of 
PBMC of PH Z-treated rats, [3H] thymi­
dine uptake was assessed after exposure 
of cultures of PBMC to the polycloncal 
activators PHA and PW M . The m ito­
gens, PHA1™ one |xg per ml; or PW M11 
1:100 dilution of a five ml stock were 
in cuba ted  w ith  cu ltu res  of PBM C of 
PHZ-injected rats and saline-injected or 
untreated  rats for three and five days. In 
addition, PHA and/or PW M and PHZ 
w ere tested  in combination in vitro  to 
assess the responsivity of PBMC of both 
norm al u n trea ted  and PH Z sensitized 
erythrocytes but no augmentative affects 
were found.

Statistical analysis. Levels of signifi­
cance in this study were determ ined by 
using Student’s T  test.

Results

T h e  E f f e c t s  o f  PHZ o n  P e r i p h e r a l  
B l o o d  C e l l s  in  t h e  R a t

A single injection of PHZ (four mg per 
lOOg body weight) induced an anemia 
that was maximal during the second to 
fourth post-injection days, as evidenced 
by the RBC count and hematocrit (Hct) 
which were 68 percent and 74 percent of 
pre-treatm ent values, respectively (fig­
ure 1). In a previous study, this concen­
tration of PHZ was established to be the 
optimal dose for inducing the peripheral 
cell responses now reported .9 The retic­
ulocyte count of the PHZ-injected rats 
was elevated, ranging from five percent 
to eight percen t during the first th ree 
post-in jection days, as com pared to a 
normal count of approximately one per-

Wellcome, Beckenham, England.

cent in untreated  rats. In addition to the 
changes in ery thro id  cell num bers, a 
m arked leukocytosis with peak levels 
during the fourth to fifth post-injection 
days was observed (figure 1). Lympho­
cy tes and  m onocytes acco u n ted  for 
approximately 75 percent to 80 percent 
of the total count in both PH Z-treated 
and u n tre a te d  rats. By the  11th post­
injection day, all peripheral blood cell 
values had returned  to their pre-injec­
tion levels, at which time the rats were 
no longer screened. These findings are 
consistent with changes in the peripheral 
blood cell population in response to PHZ 
which were reported in detail in earlier 
s tud ies .8,9,29 Blood cell values for the  
saline-injected controls rem ained essen­
tially unchanged.

Examination of smears of the PBMC 
obtained from the blood of PH Z-treated 
rats showed the presence of monocytes, 
lymphoblasts and normal as well as atyp­
ical lymphocytes from the second up to 
the  11th post-injection day (figure 2), 
Transmission electron microscopy of pel­
le te d  PBM C of P H Z -trea ted  anim als 
revealed a population which was rich in 
atypical and/or blastic lym phoid cells 
(figure 3). The histopaque preparation 
consisted of a population with an average 
of 99 percent mononuclear cells of which 
> 90  percen t appeared lymphoid. The 
trypan blue dye exclusion test indicated 
that the mean viability of the PBMC was 
98 percent.

Analysis by flow cytometry revealed a 
significant decrease in the T to B cell 
ratio (P <  0.02) in the peripheral blood 
of PH Z-injected rats for up to 11 days 
following injection as compared to saline 
injected control rats indicating a marked 
increase in the B cell population (table I).

T h e  E f f e c t s  o f  PHZ o n  S e r u m  
I m m u n o g l o b u l i n  T i t e r s

Quantification of IgG levels by radial 
immunodiffusion revealed a significant 
increase in antibody titers by as early as



3 5 8 DORNFEST, BUSH, LAPIN, ADU, FULOP, AND NAUGHTON

4 0 -
20-

o-l

7 1

6 -
o
X f i -

o
m
tr 4-

0 -

P H Z  -  in jected *

Pre -  in jection level — --------- -
Total leukocytes •  
Mononuclear cells o

F ig u r e  1. Alterations in white blood cell count, red blood cell count, and hematocrit induced in rats by a 
single injection of PHZ (4 mg per lOOg body wgt). Mean values are shown; vertical bars indicate ±  1 SEM.

48 hr following PHZ injection and per­
sisting to the 11th post-injection day (fig­
ure 4). However, there was no significant 
difference in IgG levels betw een the sec­
ond and 11th post-injection days, although 
all of th ese  values w ere  significantly  
higher than pre-injection (control) levels.

P r o l if e r a t iv e  E f f e c t s  o f  P H Z  
i n  C u l t u r e

[3H] thym idine incorporation in cul­
tures of normal rat PBMC was signifi­
cantly elevated in both the three day and 
five day cultures (P <  0.05 and P <  0.01, 
respectively) following incubation with 
either PHA or PWM as compared to cul­
tures to which no m itogen was added 
(figure 5) (The bar represents a mean of

five to 14 rats). Exposure to PHZ over 
the five day incubation period at concen­
trations ranging from 80 pg to 80 ng per 
w ell re su lte d  in  significantly  h igher 
up take  of [3H] thym id ine  (P <  0.01) 
when com pared to cultures which did 
not receive PHZ or mitogen. However, 
the same concentrations of PHZ did not 
significantly increase uptake of [3H] thy­
midine over the shorter (three day) incu­
bation period. Concentrations of 0.8 |xg 
and 8 (xg of PHZ per well were found to 
be toxic as indicated by trypan blue dye 
exclusion. Otherwise, the dye exclusion 
test indicated that for the three day and 
five day  P H Z - tr e a te d  c u ltu re s  th e  
PBMC were 75 to 85 percent and 60 to 
70 pe rcen t viable, respectively, when 
the cultures were harvested.
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F ig u r e  2. Smears of peripheral blood mononuclear cells (PBMC) (oil immersion, magnification =
1,000 x )  isolated by Ficoll-Hypaque gradient centrifugation. A. Control (non-injected) rat. Normal lympho­
cytes are seen. Preparation is rich in platelets (p) which are present in the background of all the prints. B. Two 
day phenylhydrazine (PHZ) post-injected rat showing a blastic lymphoid cell (arrow) and atypical lympho­
cytes. C. Three day PHZ post-injected rat showing blastic lymphoid cells (arrows). D. Four day PHZ post­
injected rat showing binucleate, a blastic lymphoid cell (arrows) and atypical lymphocytes. E. Five day PHZ 
post-injected rat showing blastic lymphoid cells (arrows) and a monocytoid cell (M). F. Seven day PHZ post­
injected rat showing blastic lymphoid cells with disaggregated chomatin.
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F i g u r e  3A. Transmission electron micrograph of pelletted peripheral blood mononuclear cells (PBMC). A 
Lymphocyte in a pellet of PBMC cultured for five days without exposure to phenylhydrazine (PHZ) or other 
mitogens. The nuclear chromatin configuration is consistent with that of a normal, mature lymphocyte 
(8,300 x ).

A nalysis of c u ltu re d  cells by flow  
c y to m e tr y  r e v e a le d  a s ig n if ic a n t  
decrease in the T to B cell ratio (P <  
0.01) in five day c u ltu re s  of PBM C 
obtained from untreated rats that were 
incubated with a concentration of 8 ng of 
PHZ per well. T:B was determ ined for 
the 8 ng PHZ concentration since this 
quantity evoked the greatest response. 
S im ila r b u t  lo w er re sp o n se s  w ere  
observed with the polyclonal mitogens 
PWM and PHA as compared to cultures 
of PBMC obtained from untreated rats 
which w ere not incubated  with these 
agents. Mean T:B ±  standard error of 
the mean (SEM) for cultures incubated 
with PHZ, PWM and PHA were 0.82 ±

0.36, 0.94 ± 0.42 and 0.29 ±  0.03, 
respectively, as com pared to a T:B of 
3.05 for untreated cultures.

P r o l if e r a t iv e  E f f e c t s  o f  PHA a n d  
P W M  in  C u l t u r e

In figure 6 is depicted  [3H] thym i­
d ine  inco rporation  in th ree -d ay  c u l­
tures of PBM C obtained from rats two 
to 11 days after injection w ith PHZ. 
Each data point represents the m ean of 
five to 14 rats. [3H] thym idine incorpo­
r a t i o n  i n to  l y m p h o id  c e l l s  w as 
increased significantly (P <  0.05) after 
incubation of PBM C of un trea ted  (non­
injected) rats w ith PW M  or PHA when



F i g u r e  3B. Transmis­
sion electron micrograph 
o f p e lle tted  peripheral 
blood mononuclear cells 
(PBM C). A typical lym ­
p h o c y te s  in p e l le t s  o f  
PMBC cultures four days 
a fte r  tr e a tm e n t  wi t h  
phenylhydrazine (PHZ). 
Cellular membrane alter­
ations can be seen in the 
cell on the top (8,300 x )  
and nuclear abberrations 
can be seen in the cell on 
the bottom  (10,000 x ) .  
Both lymphocytes appear 
mature.

PHENYLHYDRAZINE-INDUCED LYMPHOID BLASTOGENESIS

c o m p a re d  to  c u ltu re s  o f PB M C  of 
u n tre a te d  rats which w ere not incu ­
bated  w ith m itogen (Day 0, figure 6). 
Incubation of PBM C of e ither four to 
five day post-injected rats w ith PW M

or PH A, respectively, resu lted  in a sig­
n ifican t in c rease  in  [3H] th y m id in e  
incorporation (P <  0.01) w hen com ­
p a r e d  to  c u l t u r e s  o f  P B M C  o f  
u n tre a te d  rats w hich w ere incubated
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F i g u r e  3C. Transmission electron micrograph of pelletted peripheral blood mononuclear cells (PBMC). 
Blastic lymphoid cells in PBMC cultures five days after incubation with phenylhydrazine (PHZ) (8,300 x ).

w ith  PW M  and PH A, or cu ltu res  of 
PBM C of four to five day post-injected 
rats w hich  w ere  no t in cu b a ted  w ith  
m itogen.

C u ltu re s  o f PBM C o b ta in ed  from  
ra ts  fo u r days a f te r  P H Z  in je c tio n  
showed a significant increase in uptake 
of [3H] thym idine w hen incubated with 
PW M  b u t not with PHA. The highest 
in c re ase  in rad io -u p tak e  was n o ted  
after incubation of cultures of PBMC 
obtained from rats five days after PH Z 
injection w ith e ith e r PW M  or PHA, 
w ith  P H A  sh o w in g  th e  m o st p r o ­
nounced increase. Radio-uptake in cul­
tu re s  o f PB M C of P H Z -trea ted  rats 
w ith no m itogens added was not h igher 
than  in cultures of PBMC of rats not 
receiving PH Z (day 0). As judged  from

a trypan  b lue dye exclusion test, 75 
p e rc e n t to 85 p e rc e n t of th e  PBM C 
w ere viable w hen th e  cu ltu res w ere 
harvested. [3H] thym idine uptake into 
lym pho id  cells  o f PB M C  of sa line- 
in jec ted  vs u n tre a te d  rats was essen ­
tially the same.

Analysis by flow cytom etry revealed 
a significant decrease in the  T  to B cell 
ratio (P <  0.01; table II) in th ree  day 
cultures of PBM C obtained from rats 
four to five days after in jection w ith 
PH Z that w ere incubated with PW M 
and PHA, as com pared to cultures of 
PB M C  o b ta in e d  from  n o n -in je c te d  
control rats which w ere not incubated 
w ith m itogen. A significant difference 
in T:B was also found betw een  cultures 
of PBM C of five day, b u t not four day
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FIGURE 3D. Transmission electron micrograph of pelletted peripheral blood mononuclear cells (PBMC). 
Atypical mononuclear cell, putatively lymphoid, in a peripheral blood monouclear cells (PBMC) culture five 
days following phenylhydrazine (PHZ) exposure (10,000 x ) .

post-PH Z injected  rats which w ere not 
incubated w ith m itogen, as com pared 
to the  cultures of PBM C derived from 
saline-injected controls which did not 
receive m itogen. However, there  was 
no significant difference in the T to B 
cell ratio found betw een  th ree  day cul­
tu res  of PBM C obtained  from PH Z- 
in je c te d  ra ts  fou r to five days a fte r 
trea tm en t incubated  w ith PW M  and 
PHA as com pared to cultures of PBMC 
of four to five day post-injected rats to 
which no m itogen was added  (table II). 
This lack o f significance is no t unex­
pected  since the  PBM C collected from 
th e  P H Z -in jec ted  rats w ere  a lready  
prim ed by previous exposure to PH Z

in  v ivo . H ow ever, th e  T:B in b o th  
cases w ere lower relative to the control.

A significant d ifference  was found 
betw een  the  T:B of PBM C recovered 
from  th e  p e rip h e ra l blood of saline- 
in jec ted  (control) rats (7.73 ±  0.96) 
and the T:B of PBM C recovered from 
the  peripheral blood of un trea ted  rats 
fo llow ing  th re e  days in  c u ltu re  to 
w hich  no m ito g en  had  b e e n  ad d ed  
(3.05 ±  0.22) (tab les I and II). The 
lower T to B cell ratio of the PBMC 
r e s u l t i n g  f r o m  c u l t u r e  m a y  b e  
explained on the  basis of e ither a selec­
tive proliferation of B cells versus T 
cells or a se lec tive  d es tru c tio n  of T 
cells u nder cu ltu re  conditions.
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Mean Percentage of Peripheral Blood Mononuclear Cells Displaying Positive Fluorescence and 
Mean T:B* of Untreated Versus Rats Injected With Phenylhydrazine

TABLE I

OX-33 W3/25 OX-8 T:B
Untreated Control 3.29 ± 0.49 14.92 ± 3.67 13.16 ± 3.90 7.73 ± 0.96

Time (days) post 
PHZ injected

1 7.59 + 1.41 12.17 ± 2.71 11.67 ± 1.78 3.46 ± 0.79
(P < o.out (P < 0.02)

2 6.07 ± 0.73 9.75 + 1.88 14.51 ± 2.35 3.97 + 0.60
(P < 0.01) (P < 0.02)

4 19.21 ± 2.81 32.08 + 3.66 29.97 ±3.50 3.38 + 0.56
(P < 0.01) (P < 0.02)

5 8.24 ± 1.49 8.88 + 1.14 9.23 ± 0.68 2.40 + 0.43
(P < 0.01) (P < 0.01)

11 16.54 + 1.74 30.40 + 2.91 34.59 ± 4.73 4.03 0.43
(P < 0.01) (P < 0.01)

♦Calculated as the ratio of the sum of percent positive fluorescent events within the lymphocyte 
window of W3/25 and OX-8 to the percent positive fluorescent events within the same window for 
0X33.

fP values were determined using Student's T test and represent the level of significance between 
untreated versus rats treated with phenylhydrazine.

Discussion

The use of PHZ as a tool for studying 
hem olytic  anem ia in m am m als10,11 as 
well as the mechanism(s) by which the

d r u g  m a y  i n d u c e  R B C  h e m o ­
lysis2,15,20,21,27,30,36 has been the subject 
of numerous publications. The mode of 
action of PHZ in inducing hemolysis has 
not been fully elucidated but has been

F i g u r e  4 .  M e a n  
Im m unoglobulin G con­
centrations in the serum  
o f  rats at various tim e  
intervals follow ing PHZ 
adm inistration as deter­
m ined by radialimmuno- 
diffusion . Vertical lin es  
through the means indi­
cate ±  1 SEM.
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F ig u r e  5. Effects phytohemagglutin (PHA), pokeweed mitogen (PWM), and phenylhydrazine (PHZ) on 
the uptake of [3H] thymidine in three day and five day cultures of PBMC obtained from untreated (non­
injected) rats. Results are expressed as the mean counts per minute (cpm) ±  1 SEM of triplicate cultures. 
Asterisks indicate five day cultures incubated with PHA, PWM, or PHZ in which [3H] thymidine uptake was 
significantly higher (P <  0.01) when compared to uptake in five day cultures to which there was no addition of 
mitogen or PHZ. The X’s indicate three day cultures incubated either with PHA or PWM in which [3H] 
thymidine uptake was significantly higher (P <  0.05) when compared to uptake in three day cultures to which 
there was no addition of mitogen or PHZ.

proposed to result from a direct action 
on hemoglobin resulting in dénaturation 
and Heinz body formation. In addition, 
exposu re  o f RBCs to  PH Z has been  
found to cause c lustering  of antigenic 
ban d  3 p ro te in .20 This p red o m in an t 
m em brane protein has been identified as 
the senescent cell antigen which report­
ed ly  b in d s  to  au to lo g o u s  IgG  and  
induces erythrophagocytosis.16 Recogni­
tion and opsonization of this modified 
band 3 p ro te in  by autologous specific 
IgG, present at sub-tolerance levels in 
the serum, results in the sequestration 
and destruction of these cells by macro­
phages via Fc receptor mechanisms.16-20

In this regard, PHZ has been shown to 
prom ote the binding of autologous IgG 
to RBCs.2021

It has also been  reported  that PHZ 
exposure causes a marked decrease in the 
spectrin of human erythrocytes, resulting 
in gross morphological aberrations, most 
notably echinocyte formation.31 In this 
connection, it has been reported that red 
cell membrane alterations resulting in the 
form ation of spikes is associated with 
immunohemolytic anemia.33 Other possi­
ble explanations for PHZ destruction of 
RBCs include biochemical modifications 
such as ATP decay,27 calcium ATPase 
inh ib ition ,36 and increased  potassium
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F igure 6. Effects of 
phytohemagglutin (PHA) 
and pokew eed m itogen 
(PWM) on the uptake of 
[3H] thym idine in th ree 
day cultures of peripheral 
blood mononuclear cells 
(PBMC) ob tained  from 
rats two to 11 days after 
injection with phenylhy- 
drazine (PHZ) (arrow). 
Results are expressed as 
the mean cpm ±  1 SEM 
o f t r ip l ic a te  c u ltu re s . 
Asterisks indicate cultures 
in c u b a te d  w ith  e ith e r  
PHA or PWM in which 
[3H] th y m id in e  up take  
was significantly higher (P 
<  0.01) when compared to 
u p ta k e  in  c u l tu re s  of 
PB M C  o b ta in e d  from  
un trea ted  (non-injected) 
rats to which mitogen was 
ad d ed  (day 0). T he Xs 
indicate that there was a 
significantly higher (P <
0.05) uptake of [3H] thy­
m id in e  in  c u l tu re s  of 
PBMC of untreated rats 
in c u b a te d  w ith  e i th e r  
PHA or PWM compared 
to uptake in cultures of 
PBMC of untreated rats to 
which there was no addi­
tion of mitogen.

perm eability,30 which resu lt in dim in­
ished RBC deform ability followed by 
intravascular hemolysis.

Reports which implicate the immune 
system as having any direct role in the 
anemia induced by PHZ are sparse. It 
has been observed that protective immu­
nity to malarial infection in rats and mice 
can be significantly enhanced by PHZ 
administration and that this effect gener­
ates memory, can be transferred  w ith 
spleen cells, and tha t PH Z can act to 
supress as well as to enhance im m une 
re sp o n s iv e n e ss  in  m ala ria  in fe c te d  
m ice.7,34 No definitive explanation was 
offered in these studies for the difference 
in im m une reactivity to the drug, but 
our data suggest that the exposure time

of lymphoid cells to PHZ in the circula­
tion relative to infection may be impor­
tant in modulating immune responsive­
ness. In this connection, the exposure 
tim e of lymphoid cells to PHZ may be 
con tin g en t on the  m etabolism  of the 
drug. Very little has been documented 
on the metabolism of PHZ in mammals. 
It has been reported  that PHZ is rapidly 
m etabolized in warm -blooded animals 
since its presence in the blood or urine 
could not be dem onstrated shortly after 
its adm inistration.18

In one in-depth study in rabbits given 
[14C] labelled PHZ orally, it was found 
that 50 percent of the dose was excreted 
in the urine four days after administra­
tion, the rest being found mainly in the
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TABLE II

Mean Percentage of Positive Fluorescent Events 
Using Antibodies to Rat T Lymphocytes (OX-54)*

and Rat B Cells (0X-33)f

U n trea ted  C ontrol 
(no a d d i tio n s )

OX-33 
21.61 ± 1 .47

OX-54 
64.35  ± 2 .27

T:B 
3 .05  ± 0 .22

Time (days) post 
PHZ injection 
of the PBMC 
donor 
No additions

4 24.01 ± 4.73 50.43 ± 7.54 
(p < 0.05)§

2.46 ± 0.54

5

PWM addition^

28.99 ± 3.94 40.78 ± 4.66 
(p < 0.01)

1.58 ± 0.24 
(p < 0.01)

4 58.56 ± 6.37 
(p < 0.01)

62.93 ± 4.54 1.07 ± 0.04 
(p < 0.01)

5

PHA addition^

31.44 ± 8.16 34.28 ± 7.63 
(p < 0.01)

1.13 ± 0.11 
(p < 0.01)

5 26.99 ± 4.50 38.22 ± 7.03 
(p < 0.01)

1.38 ± 0.21 
(p < 0.01

*A pan T marker.
fRatio of the log fluorescence accumulation with OX-54 to the 
accumulation of OX-33 between these subpopulations in 
peripheral blood mononuclear cells (PBMC) of untreated 
versus injected rats which are incubated for three days in 
culture with either pokeweed mitogen (PWM) or 
phytohemagglutinin (PHA).

^Refers to PBMC of rats four or five days post
phenylhydrazine (PH2) injection which were cultured with 
either PWM or PHA.

§P values were determined using Student's T test and represent 
levels of significance between PBMC cultures of untreated 
rats to which no mitogen was added versus PHZ injected rat 
PBMC with or without the addition of mitogen.

circulating RBCs which retained 10 per­
cent of the dose for a period of at least 10 
days.26 It has also been reported that vir­
gin mice and rats made anemic by bleed- 
in g  o r  P H Z - t r e a tm e n t  sh o w e d  an 
increase in im m unoglobulin secreting  
sp leen  ce lls .25 The m echanism s p ro ­
posed in this study to account for this 
effect implicate the resulting anemia as 
causative in inducing IgG secretion. On 
the other hand, our findings suggest that 
P H Z -in d u c e d  a n e m ia  is d u e  to  an 
im m une response induced directly by 
the  drug. Also repo rted  is that PHZ- 
in d u ce d  anem ia  re su lts  in a g rea tly  
decreased incidence of Rauscher leuke­
mia virus disease in mice. One possible 
explanation offered for this effect was 
that the drug, through stimulation of the 
reticuloendothelial system, induces an 
antibody reaction against the virus.37

Little information exists concerning 
the  effects of PHZ on circulating lym­

phocytes and monocytes. Administration 
of PH Z to the guinea pig, in a dosage 
which induces anemia, also results in a 
significant monocytosis characterized by 
the presence of atypical DNA-synthesiz- 
ing cells in the peripheral blood with 
counts reaching more than three times 
normal by the fifth post-injection day.12 
Administration of PHZ to the mouse is 
rep o rted  to cause a sharp  rise in the  
peripheral lymphocyte count as early as 
four hours after tre a tm e n t, w ith  the  
count showing a four-fold increase on the 
fifth day after the first of three successive 
daily in jections.13 In this same study, 
there  was a significant increase in the 
spleen colony forming cell (CFU-S) pop­
ulation which was maximal on the fifth 
day following PHZ injection.

In a m ore recen t experim ent in the 
m urine system, PHZ has been found to 
stimulate production of T and B lympho­
cytes as well as erythroid progenitors.17 
The results of these studies in the guinea 
pig and mouse are similar to our findings 
in the rat. A single injection of PHZ suf­
ficient to cause anemia induced a lym­
phocytosis accompanied by the appear­
ance of atypical and blastic cells in the 
circulation which was maximal four to six 
days following adm in istra tion  of the  
d ru g . W hen  PB M C c o lle c te d  from  
untreated rats was incubated with PHZ, 
[H3] thymidine incorporation was signifi­
cantly h igher than controls in five day 
cultures. This latter finding is of particu­
lar interest since it indicates that there is 
no requirem ent for lymphoid cells to be 
previously activated in order to prolifer­
ate in response to PHZ since PHZ can 
act as a m itogen in vitro. This finding 
suggests th a t PH Z has th e  ab ility  to 
stimulate lymphoid cells directly in the 
peripheral blood and lymphoid tissues. 
Supportive of this hypothesis is our find­
ing tha t unsepara ted  PBM C collected 
from rats receiving a single injection of 
PHZ were sensitized to PWM and PHA 
in culture. Thus, the PBMC of four and
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five day post-P H Z  in je c te d  anim als 
incubated with PWM and five day post- 
PH Z in jected  anim als incubated  w ith 
e ith e r  PHA or PW M show ed signifi­
cantly increased cellular incorporation of 
[3H] thym idine when com pared to the 
PBM C of control rats incubated  w ith 
these mitogens.

T he fin d in g  th a t  [3H] th y m id in e  
uptake in cu ltu res of PBMC of PHZ- 
treated rats with no mitogens added was 
not higher than in cultures of PBMC of 
P H Z -u n tr e a te d  ra ts  in d ic a te s  th a t  
although the cells of PH Z-treated rats 
were prim ed and had undergone blasto- 
genesis in vivo in response to the drug, 
the cells, although sensitized, required 
exposure to mitogen in vitro to undergo 
further blastogenesis. The data therefore 
suggest that different receptor sites may 
exist and/or different cell populations 
may be present that respond to PHZ as 
compared to PHA or PWM.

In PHZ-induced anemia, erythropoie- 
sis is enhanced to com pensate for the 
h em o ly tic  effects of th e  d ru g .10,28,29 
Erythropoiesis is controlled by the gly­
c o p ro te in  h o rm o n e  e ry th ro p o ie tin , 
which is elevated in the serum  of PHZ 
injected animals.10,11,29 In this and ear­
lier experiments, it has been found by us 
that the rat immune system also is stim u­
lated by PHZ and that upon exposure to 
this agent, rats generate antibodies capa­
ble of opsonizing erythrocytes and induc­
ing their destruction by the RES.28,29

In the present study, it has been found 
th a t a single injection of PH Z signifi­
cantly increased serum IgG levels within 
24 h r following exposure to this drug. 
The finding that IgG titers were still ele­
vated by the 11th post-injection day is 
indirect evidence that IgG production 
was multiple, since these antibodies are 
a p p a re n tly  n o t a sso c ia ted  w ith  th e  
hemolysis which was noted by as early as 
24 h r after PHZ treatm ent. No detect­
able hemolysis was observed on the 11th

day. Specific IgG in the serum  of PHZ- 
treated rats collected during periods of 
active hemolysis was capable of inducing 
anemia in normal recipients after passive 
transfer.28 It appears that this antibody is 
specific for rat red  cells exposed to PHZ 
either in vivo or in vitro. Phenylhydra- 
zine may induce  anem ia by sim ulta­
neously altering erythrocyte band 3 pro­
tein  and stim ulating the  production of 
the autologous IgG which binds it.

In contrast, whereas rats chronically 
injected with PHZ rapidly develop a pro­
nounced anemia, this gradually becomes 
co m p en sa ted  w ith  t im e .8,10,28,29 The 
mechanism underlying this phenomenon 
is unknown, although it is possible that 
the animal m etabolizes and eliminates 
PH Z m ore efficiently w ith continued 
exposure. Alternatively, evidence exists 
that lym phoid cells have a modulatory 
role in ery th ropo iesis .1,22,24,38 W hat if 
any re la tio n sh ip  ex ists b e tw e e n  the  
enhanced erythropoiesis observed dur­
ing the  com pensation of PH Z-caused 
hemolytic anemia and the induction of 
lym phoid blastogenesis by this agent 
remains to be elucidated. It is conceiv­
able that PHZ exposure results in a cas­
cade of even ts  includ ing  e ry th rocy te  
m em brane dam age, enhan cem en t of 
autologous IgG synthesis, opsonization 
of sensitized red cells and sequestration 
by the RES, and some as yet undefined 
s tim u la tio n  of o th e r  lym pho id  cells 
w hose p ro d u c ts  m ay ac ce le ra te  th e  
replacem ent of cells lost to the anemia.

Summary

In addition to the  well established 
effect of PHZ in inducing hemolytic ane­
mia, the  p resen t as well as our o ther 
recent studies in the rat have shown that 
PH Z can in d u ce  a lym phocytosis9,29 
induce the appearance of atypical and 
blastic lymphoid cells in the peripheral 
c irculation,9 cause an increase in the
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num ber of circulating B lymphocytes, 
morphologically alter cells of the lymph 
nodes, spleen, and thymus, and stim u­
late  im m unoglobulin  fo rm ation .9,28,29 
The rapid rise in serum  IgG levels fol­
lowing PHZ administration is consistent 
w ith  th e  a c tiv a tio n  of a seco n d ary  
im m une response. Thus, the effects of 
PHZ are at least two-fold in that it (1) 
activates B lymphocytes in inducing a 
amnestic response and (2) induces m em ­
b rane  dam age rendering  erythrocytes 
susceptible to recognition and destruc­
tion by macrophages. In addition, it has 
been found in this study that PHZ stimu­
lates lymphocyte blastogenesis in vitro 
in the  absence of m itogen, enhances 
lym phocyte  sensitiv ity  to PW M  and 
PHA in vitro, and alters the ratio of T to 
B lymphocytes both in vitro  as well as in 
vivo, indicating that B cell proliferation 
and/or egress of these cells into the cir­
culation is stim ulated  by PHZ. Thus, 
these findings show that in addition to its 
recognized hemolytic effect, PHZ strongly 
enhances the responsiveness of the rat 
im m une system indicating an im m une 
involvement in the resultant anemia.
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