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Dilantinwirkung au/ Mäuse 
I. Veränderungen im lymphoretilculären Gewebe nach akuter Einwirkung 

Zusammen]assung. Dilant inbehandlung von Mä~usen führ t  zu einer Herabsetzung der ]31ut- 
bildung, Zerfall von Lymphocyten und zur Vermehrung pyroninophiler Reticulumzellen 
in Lymphknoten.  Die Wirkungsweise wird als direkte Folge eines toxischen Effektes vermute t  
oder/und als Folge einer Arzneimittel-Überempfindlichkeit.  Tumorentwicklung wurde nicht  
beobachtet .  

Summary. Dilantin t rea tment  in mice is followed by a depression of hemopoiesis, 
destruction of ]ymphocytes, and a proliferation of pyroninophilic reticulum cells in lymph 
nodes. The mode of action is felt to be a direct toxic effect of the drug aswell as an  induction 
of a stare of hypersensitivity. Tumor development was not  observed. 

Hydantoin derivatives are wide]y used for the t rea tment  of epilepsy, and lymphadeno- 
pa thy  with a morphologic resemblance to Hodgkin's  disease is one of the several well documen- 
ted effects of this drug in human  pathology (Chiari, 1951 ; Saltzstein, 1959). Since laboratory 
mice of several inbred strains are susceptible to the development of induced or spontaneous 
lymphoreticular neoplasms, they were chosen as an experimental mode] for studies of the  
effects of hydantoin  on the lymphoreticular system. Only brief and incomplete reports of the  
effect of this drug in mice were found in two earlier publications and these give no detailed 
description of changes in the lymphoid tissues (Gruhzit, 1939; Staple, 1954). The present 
report  presents the results of a short- term study in mice where special a t tent ion was given 
to the morphology of the  lymphoreticular organs. 

M a t e r i a l s  a n d  Methods 
Female C57131 mice 2--3  months  old from the Animal Production ]3ranch of the National 

Ins t i tu tes  of Heal th  »vere caged together in groups of 6 and divided into 8 experimental  
groups (see Table 1). 

A liquid d~;et was used in this experiment because it was the most  satisfactory method 
of incorporating the drug in the food, and delivering a steady, fixed dosage. The diet consisted 
of Metrecal (Duteh Choco]ate flavor) as available for humans.  I ts  basic ingredients are 
concentrated sweet skim mi]k, milk protein concentrate, sugar, partially hydrogenated soy oft, 
and cocoa. The liquid is further  enriched by  vitamins and trace metals. Metrecal contains 
7.4% protein, 2.1% rat, 11.6% carbohydrate, and gives 900 Calories per 8 U. S. fluid ounces 
( =  236.58 tal). 

Feeding of mice with Metrecal according to a method of Dunn (1968) excluded the 
addition of regu]ar mouse foods, hu t  tap water was given ad libitum. Mice of groups IV and V 

* I wish to t hank  Dr. Thelma ]3. Dunn and Dr. Richard A. Malmgren for critical review 
of the paper, Mrs. ]3arbara Lei for excellent technical assistance and Mr. Gebhard Gsell 
for photography. 
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Table 1. Experimental groups 

Group Number Strain Food Treatment Dose a 
number of mice of mice (mg/100 gin) 

I 12 C57B1 Metrecal Dilantin 0.06 
II  12 C57B1 Metrecal Dilantin 0.6 
I I I  12 C57B1 Metrecal Dilantin 6.0 
IV 12 C57B1 Metrecal Dilantin 25.0 
V 12 C57BI Metrecal Dilantin 50.0 
VI 12 C57B1 Metrecal - -  - -  
VII  12 C57B1 Metreca] (Starvation) - -  
VIII  12 C57B1 Purina - -  - -  

lab chow 

Dose added to Metrecal per 100 g mouse. 

received tap water only during weekends to stimulate Metrecal consumption. Mice of group VII I  
used as controls were fed Purina Lab Chow pellets and tap water ad libitum. 

Metrecal was given daily in amounts of 80 ml per cage of 6 mice according to the estimated 
food consumption per mouse. Dilantin and folic acid were added just before feeding. The 
dilantin preparation used was the solution provided for intravenous injection (Dilantin 
Steri-Vials, Parke & Davis; 100 rag/2 ml). The undiluted preparation was used for groups III ,  
IV, and V, while a 1:10 dilution in distilled water was used for groups I and II. Since 
Metrecal contains no folic acid, this was added to assure an adequate amount. 

Commercial folic acid solution (Folvite Lederle, 15 mg/ml) was diluted 1 : 10 in distilled 
water, and 0.4 ml of this solution added to each 80 ml of Metrecal. This way every mouse 
was supplied with an average dose of somewhat below 0.1 mg folic acid per day. 

Complete autopsies were done after two months of t reatment  in mice of groups I, II, II] ,  
VI, and VIII.  Group IV, V, and VII  mice were autopsied after 14--16 days of treatment.  
Among the lymphoreticular tissues investigated histologically were thymus, spleen, Peyer 's 
patches, and the following lymph nodes: inguinal-, axillary-, brachial-, mesenterie-, parapan- 
creatic,, pararenal-, tracheo-bronchial, and cervical nodes. The tissues were fixed routinely 
in Helly's solution, ~and for certain stains in neutral 4% formalin or Carnoy's solution. 
All sections were stained with hematexylin and eosin; selected tissues in addition were stained 
with PAS, methylgreen pyronine, Wilder's retieulin reaction, iron reaction with Prussian 
blue, methenamine silver, van Gieson, Masson's triehrome, Brown-Brenn for bacteria, and 
Kenyoun's  acid fast stain. 

The quantitation of the lymph node response was done by counting pyroninophilic reticulum 
cells in a comparable reference area. This area was obtained by superimposing a large composite 
square consisting of 25 smaller squares in such a way that  a cross-section of a postcapillary 
venule was located in the center of this large square. To find this area, the square was moved 
from a lymph node follicle to its periphery, and from there to the nearest cross-section of a 
posteapillary venule. Only pyronin0philic reticulum cells each with a large prominent nucleolus 
were counted at 400 times magnification. The "cell response" was recorded therefore as the 
number of pyroninophilic reticulum cells per unit area in a perifollicular area. 

Cell Measurements. 100 pyroninophilic reticulum cells from the perifollicular area were 
measured for the width:of the cell diameter, the nuclear diameter, and the nucleolar diameter 
from one each of the following mice: untreated C57B1, Metrecal-fed C57B1, Dilantin-treated 
C57B1 of group i I I  (medium dose group), and tubercle bacteria sensitized C3H mice. Two 
measurements at  a 900 angle were taken. Of each group two mesenteric-, two salivary gland-, 
two inguinal-, and two axillary lymph nodes were investigated per mouse. All 6 mice per 
experimental group were investigated this way. Measurements were performed with a Zeiss eye 
piece micrometer after calibration. For comparison of lymphoid tissue reactions 6 C3H mice 
in addition were sensitized with an antigen to give rise to a delayed-type of immune response. 
Sensitization of C3H mice was done with two subcutaneous injections of 0.1 mg H37Ra  
tubercle bacteria in 0.1 ml incomplete Freund's adjuvant  at  one weeks interval. Mice were 
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skin-tested with PPD (purified protein derivative) 14 days later, and only lymph nodes of 
mice exhibiting a positive delayed-type reaction were taken for eell measurements. 

Dilantin Sensitization. 12 C3H/HeN female mice two months of age and 8 C57B1 female 
mice of the same age were sensitized by Dilantin administration to their shaved skin of the 
back. All C57B1 mice and six of the C3H miee received Dilantin suspended in aeetone 
(100 mg in 10 m]), while the remaining six C 3 H mice reeeived Dilantin suspended in turpentine 
(100 mg in l0 ml). Of these solutions two drops were used at each time. The C57B1 mice 
received altogether 4 treatments at one weeks interval; the C 3 H miee l l  treatments at three 
day intervals except a ten-day interval between the tenth and eleventh dropping. At the 
]ast day 0.01 ml Dilantin suspension in saline was injected intracutaneously into the foot 
pad. Injection of saline alone served as control. Forty eight hours later, the mice were 
sacrificed and treated skin and foot pad tissue as well as regional lymph nodes were taken 
for histology. 

Results 

1. Metrecal Consumption 

Metrecal  was well accepted by all mice as replaeement  for the usnal food 

pellets. The dai ly in take per mouse was 12.3--12.5 ml, when mice were caged in 

groups of six. Deereasing the number  of mice per eage led to an inerease in 

Metreca] eonsumpt ion  per mouse. 

2. Dilantin Dosage 

Est imat ion  of the Di lant in  dose adminis tered in Metrecal  to miee was quite  

aceurate  when calculated on the basis of Metrecal  consumption.  However ,  the 

dose in the high Dilant in-dose groups (IV and V) had to be re-ealculated 

downward,  since the in take of Metreeal  was great ly  reduced (see Table 2). 

Table 2. Metrecal consumption and dilantin dose 

Group number Metrecal intake Dilantin dose Dilantin dose Dilantin dose 
per mouse as added a aetually taken- total per mouse 
per day (tal) (mg) up a (mg) (mg) 

I 12.6 0.06 0.06 4.55 
II  12.6 0.6 0.6 45.44 
I I I  11.8 6.0 5.8 415.7 
IV 5.0 25.0 23.5 273.9 
V 4.3 50.0 36.1 342.5 

a Per 100 g mouse. 

3. Clinical Findings 

Mice on the low and medium-dose Dilantin,  and mice on Metrecal  diet  alone 

behaved  like normal  un t rea ted  mice. Mice with reduced food intake (low Metrecal  

group VII ,  high Dilant in  groups IV and V) weighed between 10 and 16 g as 
compared  with 21 and 23 g in normal  mice and mice of groups I, I l ,  I I I ,  and VI. 

The ac t iv i ty  oB s tarved mice was increased and they  were more irritable. Seizures 
were observed several t imes f rom no more s t imulat ion than  the usual noise during 

cleaning of cages. S ta rved  mice on high doses of Di lant in  (Groups IV and V) 
became more sluggish towards the end of the exper iment  and m a n y  mice appeared 

to be mor ibund but  on meehanical  s t imulat ion they  exhibi ted slow atact ie  

movemen t s  and abnormal  posture.  I t  beeame most  obvious in an abnormal  

21" 



300 G. Krüger: 

Fig. 1. Four months old female C57B1 mouse, since two months on Metrecal diet. Note the 
many lamellae of keratin and black accumu]ations of bacteria in the forestomach (arrow). 

(H. and E., 65 × ) 

position of head and tail. The head orten was kept  turned to one side and the  
tail stiffly was held to one side or upwards.  Such mice were unable to feed f fom 
drinking bott les;  they  were killed and autopsied therefore. Two mice of the 
highest Dilantin dose group (V) died after 14 days of t reatment .  

4. Morphology 
The observations on the t reated miee were always eompared with the group 

of un t rea ted  C57B1 mice (VIII) .  This group is not  described separately. 
Group VI (Metrecal only). When  folic acid was added to Metrecal, no changes 

in the lymphoret icular  tissues were seen. The most  prominent  difference of 
Metrecal fed mice as compared to pellet-fed mice consisted in a hyperkerat inizat ion 
of varying degree in the epithelinm of the forestomaeh, and masses of bacteria 
in the lumen (Fig. 1). No acid-fast baeteria or fungi were found in special stained 
sections. Peyer ' s  patches in MetrecM-fed mice showed somewhat  more frequent  
seeondary follicles, bu t  were not  striking otherwise. 

Groups I - - I I I  (low and medium Dilantin dose). Macroscopically, the lymph 
nodes and Peyer ' s  patches were somewhat  enlarged bu t  not  striking otherwise. 
The spleen of medium dose Dilantin miee (group I I I )  was also somewhat  enlarged, 
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Fig. 2. Four months old female C57B1 mouse, since two months on Metrecal-Dilantin diet 
(group III). Note deranged structure of salivary gland lymph hode. Two remaining follicles 
(arrow) consist only of pale cells. Irregular increase in large cells partly arranged in large 

foci without respect to the pre-existing lymph hode structure. (It. and E., 65 × ) 

but  otherwise normal. The color of the organ was dark purple and the consistency 
regular. The thymuses  of all groups appcared normal. 

The types of changes obscrved histologically in the lymphorct icular  tissue 
wert  similar in all three groups;  they  differed only in degree. The lymph nodes 
showed prominent  secondary follicles containing m a n y  macrophages loaded with 
nuclear debris. I n  some groups of lymph nodes (cervical nodes) the sccondary 
folliclcs appeared to be in direct contact  with medullary cords. These were 
densely filled with large immature  looking plasma cells and pyroninophilic 
ret iculum cells. I n  the perifolhcular area were m a n y  pyroninophilic ret iculum 
cells of varying sizes and shapes with large plump nucleoli. Few binaeleated 
ret iculum cells, an occasional mononuclear giant  cell, and large cells in mitosis 
were also seen in this area (Figs. 2, 3 and 4). 

Measurements of pyroninophilic ret iculum cclls in the perifollicular area 
indicated a greater variat ion in eell size, and more relatively large cells, when 
compared with the cells in the same areas in unt rca ted  and Metrecal fed mice 
(see Fig. 5). Also nuclei and nuc]eoli were in general larger than  in unt rea ted  
mice. The number  of blastic ret iculum cells with more than  one nucleolus was 
also increased. This was similar to the observations made in antige~-st imulated 
mice. 



Fig. 3. Perifollicular area of lymph node of Fig. 2 at higher magnification, xo te  decrease ~n 
small lymphocytes and increase in reticulum cells and histiocytes. (H. and E., 340 × 

Fig. 4. Four months old femMe C57B1 mouse, since two months on Metrecal-Dilantindiet 
(group IV). Detail of cell population in perifollicular area with giant cell, probably of 

histiocytie origin. (H. and E., 1,340 ×) 
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Fig. 5. Cell measurements 

The endothelium of the posteapillary venules formed a monolayer of cuboidal 
eells whieh were faintly pyroninophilie. A few small lymphoeytes were found 
between these eells. The endothelial eells of the peripheral sinuses were orten 
swollen and appeared more numerous ; many eells were pyroninophilie and similar 
to aetivated retienlum eells i.e. blastie pyroninophilie retieulum eells. 

The thymu~" in these miee did not differ from the thymus of normal untreated 
C57B1 miee of the same age. A broad eortex eontained many small thymoeytes, 
and several larger lymphoblast-like eells with variable degree of pyroninophilia 
were seen beneath the eapsule. The medulla was eomposed of a loose network 
of retieulum eells that  appeared inaetive, and a few small thymoeytes were 
seen among them. Single epithelial cells and small aggregated foei of similar 
eells were found regularly. 

The spleen in group I miee (low Dilantin dose) was not obvionsly ehanged. 
The red pulp of the spleens from miee on the semi-low and medium Dilantin dose 
(groups I I  and I I I )  was hyperemie and otherwise less eellular. The paratrabëeular 
eell foei espeeially were smaller, and immature progenitor eells of the erythroeytie 
and granuloeytic series were obviously deereased in number. Fewer megakaryo- 
eytes were seen, and eounts made of ten high-power fields (objeetive ~0 ×,  wide 
angle eye pieee 10 × ) showed only 6--7 megakaryoeytes in medium-dose Dilantin 
miee (group I I I )  as eompared with 11--13 megakaryocytes in the red pulp of 
untreated miee. The outer zone of the splenie follieles eonsisting of pale retieulum 
eells, appeared broader than normal, but otherwise the follieles were unehanged. 
A few pyroninophilie seeondary follieles were present. 
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Table 3. Number o] blast cells per unit peri/ollicular area a 

Group 
number 

Mes- Lymph nodes Renal Para- 
enteric pancreal 

peri- salivary 
pheral b gland 

Cardial 

I 
I I  
111 
IV 
V 
VI 
VII 
VIII  

13.8 8.6 16.8 6.0 8.0 4.4 
14.5 10.4 27.3 7.0 8.7 4.8 
12.8 8.8 16.5 8.3 17.2 8.2 
26.8 13.3 21.7 15.3 18.8 10.5 
23.3 15.4 22.7 17.0 19.0 11.2 

8.0 5.5 7.0 4.3 7.4 4.0 
6.6 4.5 4.0 1.8 - -  3.8 
7.0 6.5 8.0 2.5 6.5 4.5 

a Average from 5--10 eounted areas. 
b Inguinal and axillary nodes. 

The Peyer's patches of mice on low- and medium-low Dilantin t rea tment  
(groups I and I I )  looked the same as in Metreeal-fed mice: 2 - - 4  well defined 
secondary fo]Hcles composed of a pale and a basophflie par t  were seen. They  
eontained several phagoeytes  with nuelear debris. The seeondary Iollieles were 
surrounded by  small ]ymphoeytes ;  only occasional blastie ret iculum cells appeared 
in the perifollicular area. Postcapi l lary venules showed a flut endothel ium tha t  
appeared inactive. Mitoses were rare in the seeondary follieles. Mice on a medium 
]evel Dilantin dosage showed an inerease in debris-laden follicular maerophages.  
Mitoses were found more f requent ly  in the seeondary follieles of these mice. 
Pyroninophilie ret ieulum cells also were increased extrafollicularly and tended to 
accumulate  in the subepithelial, i.e. the area of the Peyer ' s  patehes next  to the 
intestinal lumen. 

Groups I V and V (high Dilantin dose). The histology of the lymph nodes (lid 
not  differ quali tat ive]y from tha t  described in the low- and medium Dilantin 
groups, t Iowever,  the extent  of the response was obviously greater:  The secondary 
follieles were abundan t  and orten appeared to  be disrupted, and in advaneed lesions 
the seeondary folge]es eonsisted mainly or exclusively of pale eells. Many large 
follicular phagoeytes eontaining nuelear debris and PAS-posit ive.  eytoplasmie 
drop]ets were seen within secondary follicles, and in nearly every area of the lymph 
nodes as well. I n  the perifollieular area, the number  of pyroninophilic retieulum 
eells was in exeess of the number  seen in mice on the lower-dose Dflantin 
(sec Tab]e 3). The variat ion in the size of these eells also appeared to be increased, 
with a relative inerease in the number  of large cells. A few giant cells were observed 
in the perifollieular area (Fig. 4). The posteapillary venules showed a mono]ayer  of 
large cuboidal epithelial cells with varying degrees of pyroninophilia.  The endo- 
thelial eells of the peripheral sinuses were swollen, pale pyroninophilic,  and often 
formed so]id sheets of cel]s. Three mice showed multiple foei of epithelioid cells 
th roughout  their mesenterie lymph  hode. This lesion resembled histologieally with 
what  was described as the Po t te r  lesion or ret iculum eell neoplasm type  C (Dunn, 
1954). This lesion also was seen in two instances in Metreeal fed miee. Abundan t  
masses of immature  ]arge plasma eells and pyroninophilic ret ieulum cells populated 
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Fig. 6. Untreated four months old female C57B1 mouse kept on Purina lab chow diet. 
Normal size and alopearance of the thymus. (H. and E., 22 x ) 

the medullary cords ; among these m a n y  debris laden phagocytes  were seen similar 
to fo]licular macrophages.  

The thymuses in these mice were severely atrophic. The cortex appeared almost  
comp]ete]y depleted of small thymocytes ,  and a web of pale retieulum cells and 
foci and sheets of epithelial cells becamc visible. Many Hassa] 's corpuscles were 
seen, and m a n y  of them showed central lumina fflled with cell debris and granulo- 
cytes. The thymic  medulla contained more thymocytes  than  the cortex so tha t  a 
picture was seen which has been deseribed as "cõrtical inversion" (Figs. 6--9).  

The spleen of high-dose Dilantin mice also showed an inereased a t rophy  of the 
red pulp. The number  of megakaryocytes  and hematopoietie cells of the erythro- 
cytic and granuloeytic series was further  reduced as compared to low-dose 
Dilantin groups. Only an occasional pyroninophilic stem cell was seen in the 
peritrabecular area. Some spleens exhibited small foci of hemorrhage. The splenie 
trabccnlac and the capsule appeared thicker than  normal. The fo]licles also were 
small and consisted mainly of small lymphocytes.  These were less compaet  than  
normal  indicating a loss of cells. Between the follicular lymphoeytes  m a n y  phago- 
eytes filled with nuclear debris ("tingible bodies") were seen. The outer follicular 
zone of pale ret iculum eells was smaller than  in low- and medium-dose Dilantin 
mice. Occasional foci of pyroninophflic ret iculum cells appeared within the follicles 
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Fig. 7 Fig. 8 

Fig. 7. 10 weeks old starved female 057B1 mouse, smee two weeks on low Metreeal diet. 
Severe homologous a t rophy of the thymus.  (H. and E., 22 × ) 

Fig. 8. 10 weeks old starved female C57B1 mouse, sinee two weeks on Metreeal and high dose 
Dilantin diet. Severe a t rophy of the  thymus  with signs of cortieal inversion. (It. and E., 22 × ) 

Fig. 9. I-Iigher magnifieation of eortieomedullary junetion of thymus  from Fig. 7. Apparent  
deerease of small lymphoeytes in eortex, two Hassal 's eorpuseles a t  junetion, more small 

lymphoeytes in medulla. (14. and  E., 675 × ) 
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Fig. 10. Female C57B1 mouse sensitized by cutaneous dropping of Dilantin in aeeton 
suspension. Foot pad tissue 48 hours after intracutaneous Dilantin test injection. Note 

perivascular lympho-histioeytie infiltrates. (I-I. and E., 150 x ) 

and close to them. The cells of these foei were quite large with an abundanee 
of eytoplasm and reaehed sizes up to 12.6 ,~ eytoplasmie diameter (nnclear diameter 
9.5 ~, nueleolar diameter 3.2 ,~). They sometimes resembled epithelioid eells. 

The Peyer's patches in miee with high doses of Dilantin showed many secon- 
dary follieles that were often quite dissoeiated and oeeupied nearly the whole 
Peyer's pateh. Many debris-loaded follieular maerophages were present through the 
tissue. Large irregular foci of pyroninophilie reticulum eells oceupied the area of the 
Peyer's pateh nearest the intestinal epithelium. The general picture of the Peyer's 
patches in these mice resembled that in medium-dose Dilantin mice, bat  the extent 
of the ehanges was more striking. 

0ne mouse of the high-dose Dilantin miee (group V) showed foci of pyronino- 
philie reticulum cells in the bone marrow. 

Group VII (Metrecal 8tarvation mice). Starvation in Metreeal red miee resulted 
in a homologous atrophy of lymphoretieular tissues, i.e. all struetural elements 
appeared to be equally reduced in size and number. The cortieal inversion seen in 
the thymus in miee with high-dose Di]antin treatment was not observed (Fig. 9). 
An exeeption to the generalized atrophy was seen in the Peyer's patehes where 
1--2 secondary follieles conld still be found and also several pyroninophilie 
retieulum cells in the perifollicular area. These changes, however, did not reach 
the extent seen in Metreeal-fed Dilantin mice. 

Observations on sections stained by silver of lymphoreticular tissues in any 
group failed to show destruetion or a change in the basic strueture. No infeetion 
by fungi or acid-fast baeteria was demonstrable by histologie methods, and no 
evidence for a generalized baeterial infeetion was obtained. 
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5. Dilantin Sensitization 

Two out of 8 C57B1 mice showed s]ight perivascular lympho-histiocytie 
infiltrates in the foot pad tissue when challenged with Dilantin suspension 
(Fig. 10). No reaction was seen in the control mice. The regional (abdominal 
wa]l-) lymph nodes showed several pyroninophi]ic reticulum cells in the peri- 
fol]icular area in all 8 mice. 

The C3H mice sensitized by Dilantin in acetone solution showed slight 
perivascular lympho-histiocytic infiltrates in the foot pad tissue of one out of 
6 mice, while 4 mice had increased numbers of pyroninophilic reticulum cells in 
the perifollicular area oB the draining lymph nodes. The mice treated with Dflantin 
suspended in turpentine showed comparab]e perivascular infi]trates in the ~oot 
pad tissue of 2 out oB 6 mice, and reticulum cell activation in the perifollicu]ar 
area in all 6 mice. The skin at the site where Dilantin was dropped exhibited 
chronic inflammatory changes with hyperkeratosis, ulceration and lympho- 
granu]ocytic inffltrates accompanied by fibroplasia. 

Discussion 

The doses o/Dilantin administered to mice were chosen to be comparable to 
dose leve]s used in patients with epilepsy. The dose calculation was done on a body 
weight basis, and the dose of Dflantin given to mice of group I I  may be compared 
to a medium dose used for human treatment. However, it is not possib]e to 
determine dose effects from one species to another on a body weight basis alone. 
Therefore, a range of doses had to be tried, and the Dilantin dose in group I was 
one-tenth of that  of group II ,  and in group I I I  ten times the dose of group II .  
The high doses given in groups IV and V were to obtain information on an acute 
toxic dose. The dose calculation was based on a rep0rt of Gruhzit (1939) who 
stated that mice tolerate a fifth of the maximum dose in rats (which is 2,200 mg/kg), 
which would be about 44 mg/100 g mouse. The mice of groups IV and V in this 
experiment with a reduced uptake of Metrecal did not reach this dose. This was 
probably because of the bitter and soapy taste of a high concentration of Di]antin, 
and a toxic effect of Dilantin and loss of appetite could also be factors. Whatever 
the reasons and probably intensified by starvation, the Dilantin doses as used in 
groups IV and V appeared to be close to the upper limit for ora] admillLstration of 
Dilantin to mice, since at this dose level mice did not survive for more than 
16 days. 

A state ol hypersensitivity induced by Dilantin is indicated by these studies. 
The morphology of lymph nodes in Dilantin treated mice was consistent with 
changes reported to occur in antibody formation (Ringertz, 1950; Movat, 1965). 
The increase in size of secondary follicles and the increase in number of immature 
plasma cel]s in the medullary cords indicate an activation of the follicle-plasma 
cell-system, while the activation and proliferation of reticulum ce]ls in the peri- 
fol]icular area indicate an activation of the thymus-dependent perifollicular system. 
Perivascular lympho-histiocytic infiltrates in foot pad tissue of some of the 
Dilantin sensitized mice as well as the morphology of draining lymph nodes 
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provided further support for the ability of Dilantin to elicit hypersensitivity 
reactions. Skin rash, anemia, and pancytopenia in human patients with Dilantin 
treatment,  therefore, may well result from drug hypersensitivity. 

There appears to be a direet re]ationship between Dilantin concentration and 
lymph hode response. Mesenterie-, parapancreatic-, and cervical lymph nodes 
draining areas of resorption and seeretion of the drug showed the most pronouneed 
changes. I t  is of interest that  in rats and cats salivary glands coneentrated Dilantin 
(Babcock, 1964), which may exp]ain the intense effeet of riffs drug on draining 
cervieal lymph nodes. 

The association of hyperplasia of pyroninophilic reticulum eells in lymph nodes 
with Dilantin treatment is e]early evident, but an inerease in the baeterial flora 
in the intestine of Metrecal fed mice may have added to the intensity of the 
morphological changes. The baeterial alteration, however, eannot exp]ain the 
Dilantin dose-dependent increase in pyroninophilie reticulum ee]ls. Additional 
ùantigenic stimulation can arise from the products of eell destruetion, for instanee 
from lymphoeytic breakdown. This reaetion, also, may be directly related to the 
Dflantin treatment as will be discussed below. In a similar fashion, antibody 
formation against host tissue eomponents was found after administration of 
hepatotoxie substanees (Sargent, 1966). 

A direct toxic e]]ect of Dilantin is also apparent besides induetion of hyper- 
sensitivity. Numerous germinal eenter maerophages laden with nuclear debris 
(tingible bodies) were observed in lymph nodes eoneomitant with deereasing 
numbers of small lymphoeytes in the perifollicular area; and many Hassal's 
eorpuseles in the thylnns were filled with ehromatin debris and appeared to be 
lmdergoing atrophy. These observations are indieations of a greatly inereased 
lymphocytolysis (Blau, 1968). Despite some morphologieal resemblanee of these 
results with these obtained in lymphoid tissues after glucoeortieoid treatment 
(Dustmann, 1968) the thymus in Dilantin treated mice did not respond to the 
same extent (Lundin, 1966, 1969). Also, the effect on lymphoeytes of Dflantin 
was apparently not mediated by glucoeortieoids as with other drngs that  produee 
similar effects in lymph nodes (salieylic aeid and phenaeetin, Uher, 1961), because 
Dilantin decreased ACTH secretion and glueoeortieoid synthesis (Bürger, 1959), 
and the adrenal glands in miee showed weight loss and atrophy accordingly 
(Staple, 1954). 

The toxie effeet of Dilantin apparently is not limited to cells of the ]ymphoeytie 
series, but includes also erythroeytie and granuloeytic eell types. A depression 
of hemopoiesis in spleen and bone marrow (as will be reported extensively later) 
is supporting this impression. Anemia and granuloeytopenia as observed in human 
patients with Di]antin treatment, therefore, may be a consequence of direet 
toxieity of the drug for hemopoietie tissues besides its aetion through hyer- 
sensitivity. 

Tumor development following Dilantin therapy as deseribed in human pathology 
was not observed in mice in this short-term experiment. The morphology of 
lymph nodes draining areas of resorption and seeretion of Dilantin, however, 
showed orten changes that exceeded quantitatively the response to known 
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ant igens;  the eytomorphology of pyroninophil ie  re t iculum cells showed a greater 
var iabi l i ty  refieeting a highly inereased eell proliferation (Lennert,  1961). I n  high 
Di lan t in  dose groups, the ae t iva t ion  of re t ieulum eells in  the perifollieular area 
was most  str iking whHe the seeondary follieles were usual ly  smaller t han  in the 
low Di lan t in  groups and  often did not  show the basophilie area. Coineident with 
this, plasma eells remained more immature  bu t  were nnmerous.  This ehange, 
however, has to be eonfh'med by  further  studies, and  its meaning is not  elear so 
far. The re t ieulum eell lesion type  C as seen in  Di lan t in  miee does no t  exeeed 
the spontaneous oecurrence of this lesion, and  its neoplastie na tu re  still needs 
eonfirmation.  

Cortieal inversion of the t hymus  as seen in  s tarved high-dose Di lan t in  miee 
was reported to precede leukemia development  in  A K R  mice, and  has been 
regarded as a preleukemie ehange (MeteMf, 1966). tIowever,  no conelusion abou t  
the possible preleukemie signifieanee of this thymie  al terat ion ean be drawn from 
out  exper iment  so rar, sinee all the miee showing eortieal inversion were severely 
sick and  had to be killed so the fur ther  eourse of the lesion eonld no t  be followed. 
An exper iment  now in  progress where ehronie Di lan t in  adminis t ra t ion  of medium 
doses is given to mice m a y  help in  unders tand ing  this thymic  lesion. 
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