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A. FIRST STEROID DOSAGE SCHEDULE IN TREATMENT OF 
NZB/BL X NZW HYBRID MICE FROM THE AGE OF 10 WEEKS 

Division of mice into g~ou~s 

It was decided to administer betamethasone to 

265. 

a group the NZB/BL X NZW animals from the age of 10 weeks, 

which is about the age of sexual maturity in mice 

(Snell, 1944). Side effects seemed less likely to occur 

if fairly mature mice were chosen - prolonged continuous 

corticosteroid therapy is known to interfere with 

growth in children. Nevertheless 10 weeks of age is 

really "adolescent" in that mice do not level out in 

their weight until about 3-4 weeks after this. 

As can be seen f'rom Table 3, Appendix No.8, 

p.53, out of the original 119 NZBW mice, 109 were 

surviving at the date of first usage of the drug. 

Six animals had died of diarrhoea and 4 more had been 

randomly selected for postmortem examination. At this 

juncture 42 mice (= Group I) were commenced on the 

drug and 67 left untreated. Of these last, 27 were 

started on the drug at 22 weeks of age (= Group II) 

described in the next dosage schedule. In this way the 

number of animals untreated is greater early in the 

experiment and less later. In the event there were 

23 Group I treated males and 23 Group III untreated males, 

there were 19 Group I treated females and 17 Group III 
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untreated females. 

Those mice treated from the age of 10 weeks 

(= Group I) were commenced on a low dose of betamethasone 

and over 3 weeks this was increased steadily until 

they were all receiving over 2 micrograms a day, 

the dose predicted in the preliminary discussions, on 

which dose they remained for 9 weeks (Dosage schedule 

Tables 56 and 57, Appendix No.8, p.l21). The 42 mice 

in the treated group were chosen with two limiting 

factors to the randomisation of selection. Because of 

an epidemic of diarrhoea described in detail in a 

later chapter on steroid complications, it was not 

practical to mix mice from different tins and so tins of 

mice, rather than individual mice, were selected. 

Also tins in which there had been a very recent case of 

diarrhoea were avoided for steroid therapy. :Mice were 

chosen for this first group so that they were from the 

middle of the age range of the colony to allow the drug 

to be started in a systematic manner at the same age. 

A consideration of weights at the same ages showed that 

this subdivision was satisfactory (Stat. Tables 1,8 and 

9, Appendix No.9, p.l64). 

Concern was felt that mice might die, 

particularly in the treated group, due to epidemic or 



flare up of endemic infections or to side effects of 

long term corticosteroid therapy. This caused what 

in retrospect was undue caution in dosage increase. 

It was considered on general principles that 

if corticosteroids were going to be beneficial in 

preventing or diminishing the renal changes of S.L.E., 

they were much more likely to be so if given from an 

early date. However, no information was available as 

to the age of onset of lesions so this had to be 

established during the course of the project.· 

Mice from treated and control groups were 

killed at intervals over the following months to obtain 

a pattern of the development ±n time of lesions in 
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both steroid (Group I) and non-steroid (Group III) groups 

as well as an indication of any possible sex difference, 

or difference related to male or female black or white 

parentage, or difference between the steroid and control 

groups at similar ages. In addition the regular 

clinical and haematological investigations already mentioned 

were performed. BY about the time, however, that some 

mice were becoming ill or showed signs such as 

albuminuria, which suggested that renal lesions would be 

found, the schedule of postmortems was altered to include 

some of these animals and their controls, as one of the 

prime purposes of the experiment was to obtain information 



on the time of development and the nature of early 

renal lesions. 

When planning this thesis it was felt tha.t not 

enough was known of the na.tural history of this 
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condition in mice to estimate drug effect by longevity 

rather than histological examination of renal lesions. 

Postmortem specimens obtained from mice that die 

naturally of the disease show rapid autolysis and are 

usually unfit for microscopic examination, so waiting 

until the animals die of the disease would not give an 

answer to the effect of a drug, unless there was a clear

cut benefit from it or large numbers of animals were used. 

First steroid dosage and increase 

The average water intake of a group of 47 mice 

over 14 days was 3.5 ml. and it seemed reasonable to 

use this volume to estimate the betamethasone dosage 

achieved, on the average. Appendix No.4, p.25 outlines 

the measurements of fluid balance that were J!lade in 

the mice and describes the handling of betamethasone 

phosphate. Tables 56 and 57 (Appendix No.8, p.l2l) 

show the actual dosage levels attained. This is assessed 

on a fluid intake of 3-3.5 ml./mouse. From weeks 

13-24 of age Group I males were kept at a lower dosage 

of drug than Group I females. A preliminary review 



of Group I weights at the 12th week of steroid 

therapy had indicated that these males were lagging 

behind their untreated controls (Tables 8 and 9, 
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Appendix No.8, p.58). This was confirmed and is described 

in the subsequent statistical analysis (Stat. Tables 2 

and 3, Appendix No.9, p.l65). Also it was by this 

stage apparent that the females were showing signs of 

disease earlier and more severely than males. By the 

18th week of total steroid therapy the females had 

shown no undue weight loss so the dose was increased 

further. As the Group I males were now steady in their 

weights at over 30 g. their dose was also considerably 

increased, as shown in Table 57, Appendix No.8, p.l22. 

By the 25th week of steroid medication in 

Gro11p I the preliminary impression was that there had 

been no benefit to either steroid group. At this 

stage all surviving steroid treated animals were put 

on the same dosage, approximately 12 micrograms per day 

of betamethasone, which dosage was increased to 15 

micrograms a day for those (only males) still alive after 

the 30th week of therapy until the 42nd and last week 

of steroid therapy. Also at the 25th week the surviv,ing 

animals were matched in terms of sex, age, weight at 

entry to the experiment and current weight; regular 

postmortems being continued with a set of already matched 



animals being selected, usually if' any one of' the 

set was ill or showed some positive feature such as a + 

Coombs test, raised blood urea or albuminuria. As 

indicated earlier, the postmortems had to be selected 

somewhat f'rom this age of' 6 months, otherwise currently 

healthy animals would have been killed and ones with 

developing lesions lef't until they were moribund. This 

was not the type of' lesion required f'or study. 
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A small group of' 5 elderly NZB/BL mice which 

had been used to provide NZB/BL red blood cells f'or 

sundry purposes in the Pathology Research Department 

was used to pilot the dosage increases in betamethasone. 

They were kept, without apparent ill ef'f'ect, and indeed 

a general impression of well being, ahead of' the 

main experimental group. One mouse in the group had a 

negative Coombs test up to the 20th month which is 

unique in local experience of' the NZB/BL strain. 

RESULTS OF FIRST DOSAGE SCHEME : HYBRID FEMALES OF GROUP I 

Total body weights 

At 10 weeks the 19 CBW animals to be treated 

showed no significant difference in weight f'rom those 

untreated. The CW animals to f'orm Group I were 

lighter (22.5 ± 0.5 g.) with a difference of' some 

significance f'rom the untreated animals 24 .. 9 ± Oo7 g. 



(0.01 P 0.05). Any advantage is presumed to lie with 

the control animals. 
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After 12 weeks on betamethasone all the treated 

CBW and CW animals showed no significant weight 

difference from those untreated. Neither did they show a 

difference after a further 12 weeks of therapy at age 

34 weeks. Similarly, when the actual postmortem 

weights are considered there was no real difference between 

treated and untreated groups (Tables 10-11, Appendix No.8, 

p.60; Stat Tables 8-14, 16-17, Appendix No.9, p.l71). 

Total spleen weights 

These have been analysed to cover spleens 

of all treated animal.s in the first experiment (CT). 

With mean weights of 97.6 ± 6.7 mg. they were significantly 

less than those of the untreated group with mean weights 

of 173.2 ± 27.4 mg. (0.001 P 0.01) (Tables 10-11, 

Appendix No.8, p.60; Stat. Tables 21-23, Appendix No.9, 

p.l54). 

Because of the stepwise increase in dosage 

already described, the spleen weights of the first half 

killed of all treated animals have been analysed and 

compared with those of the second half who had higher 

doses. There is no significant difference between the 

weights. However, in view of the rapid increase in spleen 

weights already described in untreated animals, the fact 



that the mean spleen weight in these later killed, 

higher dosed females did not increase is regarded as 

indicative of a steroid effect. 

Total leucocyte counts in first steroid 
treated females 

The treated group of females showed, after 
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12 weeks therapy, a very significant difference (.P 0.001) 

between their total leucocyte counts per cu.mm. 

( 5611 ±. 260) and the"t of the untreated 22 week old 

animals of the same age (8136 ±. 525). This difference 

applied for both the CBW and CW mice as separate groups, 

as well as when combined as all treated Group I females. 

Also there was a very significant decrease (P 0.001) 

between the counts of the treated group before therapy 

and after it had been given for 12 weeks. 

Although after this 12 weeks the steroid 

therapy was increased more, at 28': weeks of age the CBW 

females did not show a significant decrease compared 

to the controls, although the CW females did; however, 

if all the treated females (5318 ± 453) are compared 

with all the untreated female animals (7056 ±. 679) a.t 

28 weeks, there is still a significant difference 

(0.02 P 0.05)CTables 16-17, Appendix No.8, p.66; 

Stat. Tables 32-36, Appendix No.9, p.l95). 
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L.E. cell tests in first steroid treated fema.les 

At 10 weeks all tests were negative and also 

at 20 weeks when all 21 untreated and 18 treated animals 

had negative tests. The first positive test occurred 

just on 27 weeks of age 1/12 treated and 2/12 untreated. 

The overall subsequent incidence was very similar with 

5 positives at some stage in both groups, the number 

tested diminishing until the last animals were killed 

about 40 weeks of age. In short then, there is no 

evidence of any effect on the incidence of positive 

L.E.cell tests with the steroid dosage used (Tables 

22 and 23, Appendix No.8, p.72). 

Coombs test in first steroid treated females 

The overall incidence of positive t~sts 

was 8/12 in the steroid treated and 4/9 in the untreated 

animals tested, there being no evidence then of a 

lessening of incidence of positive Coombs tests in the 

treated group (Tables 28-29, Appendix No.8, p.78). 

Renal lesions in first steroid treated females 

Vfuen charted according to the severity and 

activity of their renal lesions at differen~ age, no 

difference could be seen between the pattern of these 

steroid treated Group I females and their untreated 

Group III controls, either as regards the severity or 
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the progression of the lesions (Table 51, Appendix 

No.8, p.ll6). Neither did the glomerular lesions show 

less hypercellularity or less fibrinoid than those in the 

untreated group (Table 53, Appendix No.8, p.ll8). 

All degrees of basement membrane thickening were noted 

and it can be seen from the Composite Tables the..t this 

was just as likely to be severe in the treated group 

as in the untreated group (Tables 46-47, Appendix No.8, 

p.109). Similarly no effect was seen on the collectionsof 

hilar or parenchymal lymphoid tissue (Table 55, Appendix 

No.8, p.l20). 

CONCLUSION WITH FIRST STEROID TREATED FEMALE ANIMALS 

Although with the moderate but increasing 

dosage used there is evidence of a corticosteroid effect 

in a relative leucopenia and a reduction of spleen size 

compared with their controls, hybrid NZBW female mice 

showed no modification of their renal lesions, positive 

L.E.cell tests or Coombs tests when treated from the age 

of 10 weeks with betamethasone phosphate. 

RESULTS OF FIRST DOSAGE SCHEDULE : HYBRID MALES OF GROUP I 

~otal body weights 

At 10 weeks 23 hybrid males of both CBW and 

OW crosses selected for the first steroid treated group, 
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Group I, showed no si@1ificant difference in body weight 

from all untreated controls. 

Group I CBW male mice after 12 weeks on 

betamethasone had a mean weight of 32.1 ± 1.3 g., which 

shows a very significant difference from the untreated 

group P 0.001. OW male mice showed a similar but not 

so striking difference, 0.02 P 0.05. With the 

increased dosage between the 12th and 24th weeks of their 

therapy this difference remained. It was still present 

although no greater, at 34 weeks of age after 22 weeks 

of therapy. It was present, if the postmortem weights 

are considered (Tables 8-9, Appendix No.8, p.58; 

Stat~ Tables l-7, 14-15, Appendix No.9, p.l64). 

Spleen weights 

These have been analysed to include spleen 

weights of all treated animals in the first experiment. 

At 47 ± 3.5 mg. they were very significantly lower than 

the untreated males at 121.5 ± 9 mg. (P 0.001). 

There was no difference between OW and CBW males. 

When the earlier and later groups of postmortems 

are considered regarding spleen weights there was a 

striking difference, that of the 20 postmortems on 

treated male animals being .. half that of the controls, 

the spleens of the treated mice having a mean weight 



of 60.3 mg. ± 5~5, compared with 32.0 mg. ± 1.2 in the 

next 19 postmortems on treated animals (P 0.001). 

Thus splenic tissue in this latter group of treated 

males was only one quarter the weight of that of the 

controls and reflects the higher dosage of steroid on 

which these longer treated animals were maintained, 

as well as the increasing weight of the spleens of the 

control animals (Tables 8-9, Appendix No.8, p.58; 

Stat. Tables 18-20, Appendix No.9, p.181). 
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Total leucocyte counts in first steroid treated 

males. 

At age 22 weeks after 12 weeks of therapy 

the first treated group of males showed a just 

S ; n"n.; .p; '"'a"'+ ~e ......... ~..., ..... ~ r r. r., P 0 r.-=:: \compared -~-o ..~..,_-
...1..5.1. .J...L..Lv .UU U. v.LCO.OC \VoV..I.. eV;/) !! u u!l~ 

untreated animals. This decrease in totalleucocyte 

counts was present in both the CBW and CW animals, 

less definite in the former. Also, when the counts in 

this group were compared with their own pre-treatment 

counts there was a very significant difference (P 0.001) 

between their counts at age 10 weeks and the lower ones 

at 22 weeks of age after therapy. Some of this 

difference could be due to the fact that, as shown earlier, 

even in untreated animals the count tends to fall, but 

not so definitely as in this treated group. This difference 



remained in the CW animals after a further 12 weeks of 

more intensive therapy (Tables 14 and 15, Appendix 

No.8, p.64; Stat. Tables 26-30, Appendix No.9, p.l89). 

L.E.cell test in first steroid treated males 

There were no positive tests at 10 weeks 

before treatment and none at 20 weeks in 20 steroid 

treated animals and 37 untreated animals. None 

developed in the 12 treated but 4 positive tests 

occurred in the 14 animals left untreated at the 27th 

week and subsequently (Tables 20-21, Appendix No.8, 

p.70). 

Coombs test in first steroid treated males 

There were 5/15 positive at some stage 

af>ter 26 weeks in the group of untreated and 5/12 

positive in the treated group, plus 2 equivocal tests 

(Tables 26-27, Appendix No.8, p.76). 

Renal lesions in first steroid treated males 

By charting the severity and activity of 

the disease of each NZB/BL X NZW male hybrid according 

to sex, exact age and therapeutic group as is done 
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in Table 50, Appendix No.8, p.ll5, it is possible to see 

how these two aspects of the renal lesions differ in 

the different groups. The following facts emerge when 

considering the male mice in the CT experiment treated 
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from 10 weeks of age. 

1. Of 12 control animals killed between 18 and 29 weeks 

of age, 7/12 had definite, 4/12 equivocal and 

1/12 no lesions. 

2.. Of 11 animals killed over the age of 29 weeks, none 

had less than 2+ severity of lesions, although in 

4 cases the lesions were not more than + active. 

3. In the long continued steroid group there is only a 

slight progression in time of the severity and 

activity. 9/10 animals over 30 weeks had only + 

severity and+ activity. 

4. One notable exception to this was an animal treated 

for almost a year which then died in a uraemic state, 

classed as 4+, 4+. 

5. Under 30 weeks of age the figures for Group I are 

very similar to the untreated group; 5/12 having 

definite and 4/12 equivocal and 3/12 no renal changes. 

This suggests that the lesser steroid dosage used in 

these animals from aged 10-30 weeks did not stop the 

disease developing. 

6. Of animals over 30 weeks in Group I, 10/11 still had 

only + severity and activity, whereas all of the 

untreated group had more than this degree. 

This suggests that the dosage used did delay the 
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progression of the renal disease in most ca~es when the 

steroid was started from an early age. 

Hypercellularity and fibrinoid in the glomeruli 

were considerably reduced in the treated compared with 

the control mice, although gradations did occur and 

the overall impression was that the process was damped 

down rather than completely prevented (Table 52, Appendix 

No.8, p.ll7). 

Examining the differences between the male 

steroid and non-steroid group a further difference is 

noted, the steroid protecting against the development 

of a thickened basement membrane (Tables 44-45, 

Appendix No.8, p.l03). Of untreated animals, 7/26 had 

2+ or 3+ degrees of B.M. thickening, whereas none of 21 

examined from the long treated group had this degree of 

thickening. This is excluding the one animal from this 

group found dead, probably from uraemia, from which 

sections are not available. However this animal in 

numerous urine tests never showed over 100 mg. of albumin 

and usually less,so that it is unlikely from the 

evidence given earlier to have had severe basement 

membrane change. 

In the long treated steroid group animals over 

the age of 30 weeks, 8/11 had little or no lymphoid masses 



present in hilum or parenchyma, whereas all 11 of 

the untreated males had a definite increase in this type 

of cell group. It follows, then, that some of the long 

treated steroid animals had renal lesions without any 

increase in round cell groups in hilum or parenchyma. 

As previously discussed, however, none of these lesions 

were severe (Table 54, Appendix No.8, p.ll9). 

CONCLUSION IN FIRST STEROID TREATED NZB/BL X NZW I~E 
HYBRIDS 

280. 

NZBW male mice given doses of betamethasone 

phosphate starting at the age of 10 weeks and increasing 

from 2 up to 15k.ug./mouse/day failed to attain the 
II 

weight of untreated adult mice. They showed a significant 

reduction in spleen weight and a varying degree of 

leucopenia. Although the onset of renal lesions of 

lupus nephritis was not prevented, their progression 

was damped down, this being reflected in decreased 

severity and activity of renal lesions. A striking 

reduction in lymphoid tissue in the kidney was noted. 



B. SECOND STEROID DOSAGE SCHEDULE IN TREATMENT OF 

NZB/BL X NZW HYBRID IVIICE 

281. 

It was originally thought that the drug should 

be given in 2 dosage schedules to adolescent and young 

adult groups, hoping to anticipate the renal lesions 

and the age of about 5 months seemed reasonable to 

commence therapy. 

Division of mice into groups 

.At the 13th week of the first steroid therapy 

a further group of 24 animals (16 males and 8 females 

= Group II) aged approximately 20-22 weeks was selected 

from animals untreated to that age, leaving as controls 

untreated Group III. The selection was made as far 

as practicable on the basis of splitting mice of exact 

age and litter, again putting more mice into the 

treated group for the same reasons as applied to the 

earlier group. That the Group II animals may be 

considered a good sample of Group II + Group III is 

established subsequently. 

As described in the previous dosage scheme, 

which was running concurrently, the selection of 

groups of mice to be killed was then planned in advance 

to give animals from Groups I and III as comparable 

with those in Group II as possible. 'fue relevant 



comparison here is between the Group II, second 

steroid dose mice andthe untreated animals, Group III. 

Second steroid dosage and increase 
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These Group II mice had their betamethasone 

phosphate dosage increased more rapidly than the Group I 

mice. They started on 1.5 micrograms/mouse/day,which 

was increased every three days until a dose of 4 

micrograms/mouse/day was attained. This dosage was 

increased at the 5th week to 6 micrograms/mouse day 

at the 12th week to 10 micrograms a day, and finally, 

to 15 micrograms/day/mouse for the males surviving after 

40 weeks of age (as in Tables 56-57, Appendix No.8, p.l21). 

RES'CJLTS IN NZB/BL X NZW HYBRID FErULE MICE OF GROUP II 

ON SECOND STEROID DOSAGE. 

Body weights 

The 8 mice (Group II) selected for this second 

steroid treated group showed no statistical difference in 

body weight from all the untreated female animals at 

that time (i.e. Group II + Group III) aged 22 weeks 

or from the remaining untreated animals i.e. Group III. 

This applies to the female crossbreeds CBW and CW, 

considered separately or combined as all NZBW females. 

It was also established that at 10 weeks of age these 



Group II mice had been similar to the rest of the 

untreated mice. After 12 weeks of therapy, at the age 

of 34 weeks, there was no significant difference between 

surviving treated and untreated animals, nor was there 

any significant difference in postmortem weights of all 

animals in Group II and the untreated Group III. (Tables 

10-11, Appendix No.8, p.60; Stat. Tables 8-14, 16-17, 

Appendix No.9, p.l71). 

Total leucocyte counts 

The second female group ( 3417 :t 154) ,_ treated 

from age 22 weeks and tested at 34 weeks, showed a 
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very significant (P 0.001) decrease in total W.B.C. per 

cu.mm. compared to the untreated female mice (7056 :!:. 769) 
-

of the same age. This difference was present in both CBW 
L 

and CW animals (Tables 16-17, Appendix No.8, p.66; 

Stat. Tables 35-36, p.l98). 

No differences of any note were seen in the L.E. 

cell or Coombs tests (Tables 22-23 and 28-29, Appendix 

No.8, p.72). 

Renal histological features, with particular 

reference to severity and activity of renal lesions, 

hyperceTiularity andfibrinoid in glomerular lesions, 

hilar and parenchymal collections of lymphoid tissue, 

showed no differences between these late treated and 



untreated NZBW female mice (Tables 51,53,55, Appendix 

No • 8 , p. 116 ) • 

CONCLUSION RE SECOND STEROID DOSAGE IN FEWlALE MICE 

Starting at 22 weeks with a dose reaching 

4 micrograms of betamethasone phosphate in the 25th 

week of life and later rising to 10 micrograms/mouse 

caused some leucopenia and, as previously outlined, 

lessened the development of splenomegaly. It had no 

beneficial effect on the lupus nephritis. 

RESULTS IN NZBW HYBRID MALE MICE OF GROUP II ON SECOND 

STEROID DOSAGE. 

284. 

Body weights 

The 16 mice selected for steroid therapy, 

Group II, at 22 weeks showed no statistically significant 

difference in body weights from all those left untreated 

until that age i.e. Group II and III or from those 

to remain untreated after that age (Group III). In 

addition, similar considerations applied to the weights 

these mice had been when aged 10 weeks, so tha.t Group II 

male mice can be considered a fair sample, judged by 

weight, of the hybrid mice. These similarities also 

apply when the hybrids are considered separately 

according to the direction of the parental cross. 



Group II CBW male mice after 12 weeks of 

therapy had a mean weight of 33.1 ± 0.5 g. compared 

with their Group III control weights of 37.3 ± 0.9 g. 

This is a very significant difference (0.001 P 0.01). 

The Group II OW male mice showed a similar trend, though 

not a sta.ti stically significant one, in the small 

number remaining at this stage of theexperiment. As 

previously shown, CBW and CW males can be regarded 

as similar in weight. When the groups are combined 

the Group II males with a mean weight of 32.5 ± 0.4 g. 

had a significantly less weight than Group III males. 

When considered at the time of postmortem 

a similar difference was noted, the untreated animals 

having a greater mean weight (35.3 ± 0.5 g.) than the 
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treated ones (31.4 ± 0.8 g.). This mean weight was 

similar to that of the first treated group (31.4 ± 0.6 g.) 

and these treated weights are significantly less than 

the untreated animals (0.01 P 0.05). As in the 

previpus results, the postmortem weights have been 

analysed to check that the lower weights in the treated 

animals on regular weighings are not due to removal of 

heavier mice for postmortem examinations. (Tables 8-9, 

Appendix No.8, p.58 and Stat. Tables l-8 and 14-15, 

Appendix No.9, p.l64). 



Total leucocyte counts 

These treated Group II animals, 12 weeks 

a.fter therapy began, had lower counts than the untreated 

groups, the difference being statistically significa.nt 

in the OW group (0.001 P 0.01). Also this OW subgroup 

and the whole group of late trea~ted males had a 

significant difference (0.001 P 0.01) between their 

total leucocyte counts before therapy and af-ter they 

had been treated for 12 weeks (Tables 14-15, Appendix 

No.8, p.64; Stat. Tables 29-30, Appendix No.9, p.l92). 

Spleen weights 
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These have already been indicated as markedly 

reduced in all male trea.ted animals, especially in the 

later killed animals who attained a higher '·steroid dosage. 

L.E. cell tests 

At some stage after they had been on therapy 

for 4 weeks, 2/15 treated animals showed a positive 

test on one occasion and 3/15 untreated (Tables 20-21, 

Appendix No.8, p.70). 

Coombs tests 

Unequi voca.lly positive Coombs tests were seen 

in 7/15 treated and 5/15 untreated animals (Tables 26-27, 

Appendix Noe8, p.76). 



Renal lesions in second steroid treated males 

In Group II, starting therapy at 22 weeks, 

the 5 animals killed before the age of 30 weeks showed 

similar changes to the untreated animals of the same 

age {Tables 50, 52, 54, Appendix No.~, p.ll5). 

5/11 killed after 30 weeks showed 2+ severity 

and the other 6 showed + or were equivocal. This 

contrasts favourably with the untreated group where 
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11/11 had 2+ (including 5/11 with a 3+ degree of severity). 

Nevertheless these figures for Group II were not as good 

as for Group I. It has previously been noted that the 

untreated males did not show uniform activity of lesions. 

The modification seen was definitely only a partial one. 

This applies to hypercellulari ty and particula.rly to 

fibrinoid change,which was minimal or absent at an 

age when it is usually present, likewise the hilar,and 

particularly the parenchymal collections of lymphoid tissue, 

were less marked in these Group II animals than in the 

Group III ones but the reduction was not as striking as 

in the Group I animals previously described. Basement 

membrane thickening was not prevented (Tables 44-45, 

Appendix No.8, p.l03). 

CONCLUSION RE SECOND STEROID DOSAGE IN ~~LE HYBRIDS 

NZB/BL X NZW male hybrids given doses of 

~ 
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betamethasone phosphate, starting at 22 weeks and 

rising to 15 micrograms/mouse towards the end of the 

experiment, had significantly lower body and spleen weights 

than untreated mice and showed a moderate leucopenia. 

There was some modification in the rate of progression 

of renal lesions in these Group II animals but not as 

definite as in the earlier and longer treated males. 

The reduction in renal lymphoid tissue also occupied 

an intermediate position between that of the Group III 

untreated and the Group I early treated animals. 

GEJ\TERAL SUMMARY OF RESULTS FROM OT EXPERilVJENT COJ\ifPRISING 

FIRST AND SECOND DOSAGE SCHEDULES USED IN NZB/BL X NZW 

HYBRID MICE. 

The significant leucopenic effect shown is 

considered evidence of a known effect of corticosteroid 

therapy in animals of both sexes. This was present 

early in the experiment when, by later standards, quite 

modest doses of corticosteroid were being used. Vfuen 

taken with the evidence of significantly smaller spleens 

in both sexes in both long and short steroid treated 

groups, which is information mainly obtained in the latter 

and larger dosage periods, there is good evidence 

that throughout the experimental treatment period well 

recognised corticosteroid effects were present. In 
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addition treated males had body weights that were 

significantly less than in the untreated groups. 

The renal lesions of the males were modified, 

especially in the group treated from 10 weeks of age, 

but were not prevented. Both severity and activity were 

measurably lessened. No effects on refual lesions were 

seen in the females. 



C. THIRD DOSAGE SCHEDULE : IIrvESTIGATION OF THE EFFECTS 

~ARGE DOSES OF BE~A~HASONE PHOSPHATE ON LUPUS 

NEPHRITIS IN NZB/BL X NZW :B1EMALE HYBRID MICE 

290. 

Having shown that the dosage attained ih the 

earlier experiments would modify the lupus nephritis of 

males of the NZB/BL X NZW crossbreed, but not of females, 

it was decided to see if larger doses would do so. 

This would be analogous to the human requirements for 

very large doses (Pollak et al., 196la and b). Female 

mice were also chosen, because as already shown, they 

develop a. more severe form of nephritis which, coming 

on at an earlier age, develops in a more predictable 

fashion the.n the males. This makes the use of matched 

pairs a feasible way of detecting statistically significant 

differences due to therapy. In view also of the previous 

experiments no notice was taken as to the direction of 

the NZB/BI.J X NZW cross. It was planned to use mice of 

about 20-26 weeks, the time at which the first renc:d 

lesion had been noted in the first part of this experiment. 

It was decided to use large doses of steroid from the 

beginning and to follow the course of events during 3 months 

of therapy into the32-40 week age group, when, in the 

earlier experiment, it had bean shown that all female 

mice of the strain have definite nephritic lesions, 



which are almost always 2+ at least and usually greater 

in severity, so that real therapeutic modification should 

be able to be quantitatively assessed. 

METHOD 

Thirty four female mice aged between 19.5 and 

26 weeks were availa.ble. Most of these mice had had 

a litter. They were weighed and bled, haematocrit, 

Coombs tests, latex antinuclear factor tests, L.E. 

cell tests and blood urea estimations then being 

performed. In addition, the urine was examined 

microscopically, as well as being tested for albumin and 

sugar and the pH recorded. 

Third steroid dosage schedule 

The plan was to have 17 pairs of the animals 

and to treat one of the pair with oral beta~ethasone 

phosphate. The dosage of this was increased over 4 days 

to one 0.5 mg. tablet per 50 ml. of drinking water. 

With an average fluid intake of 3 ml./mouse, this was 

equivalent to 30 flg• of betamethasone/mouse and 

approximately equivalent to 25 mg./kilogram of cortisone 

per mouse per day. This is some ten times the amount of 

originally predicted suitable dosage. It is twice the 

dosage attained after months of gradual increment in the 
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first steroid dosage schedules already described. 

It is also twice the dosage shown in a subsequent 

experiment (PT) which profoundly modifies the autoimmune 

haemolytic anaemia of the NZB/BL mice (Chapter 12). 

Division of mice into pairs 

Of these 34 animals 10 showed definite 

abnormalities in their original tests, sometimes more 

than one in the same animal. Nine of these animals were 

placed in the steroid treated gro~ps and one in the 

untreated group. It bad been intended to place all of 

the definitely abnormal animals in this group but one 

positive L.E.cell test was found when an unsatisfactory 

test was repeated in an animal that was in the untreated 

group, but by the time the test was read the animal 

was already in the untreated group. Several equivocal 

abnormaltities were noted, such as suspicious material 

in the L.E.tests, doubtful Coombs and latex tests and 

most of these were in the treated group tooo Of the 

remaining animals pairs with no detectable abnormality 

were matched as closely as possible for age and weight 

and likewise the "affected" animals for the treatment 

group were given pairs matched for age and weight but 

with negative serological and urinary findings. 

The animals were rebled after 3.5 weeks i.e. 

292 .. 



293. 

after 3 weeks of full therapy and after 7.5, 10.5 

and 12.5 weeks of therapy. They were killed in the 13th 

or 14th week of observation when their ages ranged 

from 33-40 weeks (mean 35 weeks). 

Results of third steroid dosage schedule 

Tables of the grouped pairs of these animals 

are shown with their initial ages, weights and weight 

changes in the BT BW Tables 58-68, Appendix No.8, 

p.l23, which include repeated L.E.cell tests, latex 

tests, Coombs tests, haematocrit tests, as, well as 

urinary albumin, urinary pH and urinary sugar findings. 

Some blood sugar estimations at the time of death 

are charted with these urinary sugar findings. A further 

table of total leucocyte counts and organ weights 

shows heart, splenic, thymic and renal weights. In 

addition, the opportunity was taken to compare total 

leucocyte counts obtained from the tail immediately prior 

to death with those obtained from the heart. Most of the 

tables have been statistically analysed, the results 

of the analyses being Stat. Tables 40-45 in Appendix No.9, 

p.203. The results and inferences to be drawn from these 

tables are discussed below, after which a detailed 

histological assessment of the renal findings is given, 

as abstracted from Tables 67-68, Appendix No.8, p.l35 • 

. " 
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Points arising from the histology of other organs 

such as spleen, lungs, adrenals and thymus are mentioned. 

Some general results will be indicated and then 

the steroid effects obtained with the large doses of 

betamethasone given. The haemetological and chemical 

pathological results are then considered and the non

renal morbid anatomical findings. The renal features 

will then be presented. 

NON-RENAL RESULTS WITH THIRD DOSAGE SCHEDULE IN NZB/BL X NZW 
.HYBRIDS. 

GENERAL 

1. Age 

The closeness of initial matching for age 

is shown by the mean age of the m1treated group 

being 21 .. 7 ± 0.4 weeks, that of the treated group being 

21.8 ± 0.5 weeks, there being no statistical difference 

between the pairs (P = 0.9-1.~ (Table 58i Appendix No.8, 

p.l24; Stat. Table 40, Appendix No.9, p.204~ 

2. Mort ali t;z 

One untreated animal was found dead with 

oedema, serous effusions and swollen kidneys after 3 

weeks when it was 24 weeks old. A further pair of animals 

had to be killed just before the end of the experimBnt 

because the untreated member of the pair had become uraemic. 



Thus 2/17 of the untreated animals died with renal 

failure and none of the treated animals. 

STEROID EFFECTS 

1. Body weight 
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Initially the mean body weight.of the untreated 

group was 29.7 ± 0.6 g., that of the treated group 

28.5 ± 0.6 g. and there.wrn no significant difference 

between the pairs. The untreated group remained about the 

same weight throughout the experiment with the notable 

exception of the mouse that became uraemic whose weight 

fell from 29.5 to 20 g. in the last 2 weeks of life. 

In the treated group there was a striking fall in weight 

during the first few weeks of steroid therapy so that by 

3.5 weeks this group bad fallen to a mean weight 26.4 ± 0.8 g. 

Although this was not a marked fall, it was a very 

consistent one, with all but 2 of the treated animals 

weighing less than their untreated counterparts. This 

type of difference between the pairs is highly significant 

(P = 0.0001- 0.001). By 7.5 weeks of therapy the 

difference had disappeared and was not present at 10.5 or 

12.5 weeks. This pattern of weight change appears to be 

the same as that seen in the NZB/BL animals treated in the 

PT experiment and shown in graph form in Chapter 12 .. 

Granted initial close matching for weights in the pairs it 



should prove a useful simple guide to effective 

betamethasone dosage levels, (Table 58, Appendix No.8, 

p.l24 and Stat. Table 40, Appendix No.9, p.204). 

2. Spleen weights 

The mean spleen weight in the untreated group 

was 192 ± 21.5 mg., while that of the treated .. group was 

less than one sixth of this weight at 28 ± 3.5 mg. In 

every pair the spleen was heavier in the untreated 

animal, this difference between the pairs being highly 

significant (P 0.001). It will be recalled that the 

body weights by the end of the experiment showed no 

significant differences. This difference in weight was 

due to striking lymphoid depletion in the spleens of 

treated animals, as already illustrated in Fig.42, 
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(Table 59, Appendix No.8, p.l25; 

No.9, p.206). 

Stat. Table 41, Appendix 

3. Thymus 

This organ had a mean weight of 53 ± 4.8 mg. 

in the untreated animals, compared to 20 ± 2.3 mg. in 

the treated animals, in both cases, but especially 

the treated animals, the weight includes a certain amount 

of fatty tissue. Again in every pa.ir the treated animal 

had a lighter thymus, usually weighing well under one half 

that of the untreated animal. This pattern of difference 



between the pairs is very significant (P 0.001). 

Histologically the main difference was in the striking 

cortical atrophy associated with the therapy and the 

usual lack of proliferation of medulla discussed and 

illustrated in Chapter 15 on the thymus (Table 59, 

Appendix No.8, Pol25 and Stat. Table 41, Appendix No.9, 

p. 206. 

4. Total leucocyte counts 

Bled directly from the tail the total W.B.C. 

was 8160 ± 966 per cu.mm. in the untreated animals and 

3873 :!: 648 per cu.mm. in the treated animals. This 

considerable difference is significant (0.001 P 0.01) 

when the pair differences are considered. The heart 

total leucocyte count was significantly less than the 

tail in both groups, but the levels seen in the treated 

group were still significantly less than the untreated, 

whether heart or tail blood was used. One or the other 

should be used for all pairs and not varied within the 

groups. It is shown in the PT experiment that the fall 

in total white blood count in the steroid treated 

is due to a marked fall in circulatory lymphocytes 
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(Table 59, Appendix No.8, p.l25 and Stat. Table 42, Appendix 

No.9, :p.207). 



5. Corticosteroid effects 

It is considered that the differences described 

above with spleen, thymus and total circulating 

leucocytes, coupled with the transitory lowering of 

body weight, are good evidence of immediate and 

sustained effects of corticosteroid therapy. 

HAEI~TOLOGICAL RESULTS 

1. Haematocrit 

Initially this was similar in the 2 groups, 

44.1 ±. 0.5% in the untreated, and 43.7 ±. 0.57h in the 

treated animals. At the end of the experiment the 

untreated animal which had become uraemic showed a 

drop to a P.C.V. of 24%, whereas its treated counterpart 

had a P.C.V. of 48%. If this pair are included the mean 

of the untreated group is 39.6 :!: 1.4 and of the treated 

group 43.0 :!:: 0.5 at the end of the experiment. If the 

differences between the pairs are considered there is 

no significant statistical difference. However the 

level in the untreated group is significantly less 
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(0.01 P 0.02) than it was at the commencement of the 

experiment. The difference remains significant (0.02 P 0.05), 

even if tested by excluding the markedly anaemic mouse 

from the calculation. In contrast there is no significant 

fall in P.C.V. in the treated animals. 
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While some cases of definite anaemia like 

the one mentioned here have been observed before in the 

NZBW animals when uraemic, this is the first demonstration 

that there is a statistically significant fall in 

haematocrit in mice with developing renal lesions. It 

is to be noted that t];le drug betamethasone phosphate 

protected the recipients from the fall in P.C.V. shown 

over the same time in the control animals (Table 60, 

Appendix No.8, p.l27; Stat. Table 43, Appendix No.9, 

p. 208). 

2. L.E.cell tests 

At the commencement of the experiment there was 

one positive test in the untreated 17 animals and 2 

in the group to be treated. Subsequently at some stage 

on the 4 test occasions a further 7 became positive in 

the untreated animals and none in the treated. Analysing 

this situation from the point of view of mice not 

positive before therapy, and considering the number 

positive and not positive after the trial, this is a 

significant difference (P = 0.00435). In addition, 

the 2 initially positive animals in the"treated group 

subsequently had repeatedly negative tests, while the 

initially positive test in the untreated animals was 

subsequently strongly positive. 

This shows that NZB/BL X NZW hybrid mice were 
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prevented from developing positive L.E.cell tests 

by the administration of betamethasone phosphate in 

adequate dosage. If already positive, the test may remain 

negative over 3 months of therapy (Table 61, Appendix 

No.8, p.l28; Stat. Table 44A, Appendix No.9, p.209). 

3. Latex antinuclear test 

Before therapy none of the 17 untreated animals 

had positive latex tests, whereas at some stage 

subsequently 14 were positive. On the other hand, 6 of 

the 17 treated animals had positive tests initially. 

Of these 2 remained positive and 3 further ones became 

positive. Analysing the strikingly different behaviour 

of the mice without positive tests before therapy, 

the difference between the 2 groups is significant 

( p = 0 • 00 56 ) • 

By treatment with betamethasone phosphate 

a highly significant number of NZB/BL X NZW hybrids 

were prevented from developing positive latex antinuclear 

fa.ctor tests.. The tables show that even in those animals 

in which positive tests develop, the strength is 

definitely less than in untreated animals. Also in 

untreated animals the test once it had become positive, 

with one exception, remained so, usually increasing in 

strength, whereas in the treated animals initially positive 

tests tended to fluctuate and even to become negative (Table 
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62, Appendix No.8, p.l29; Stat. Table 44B, Appendix 
, 

No • 9 , p • 20 9 ) • 

4. Coombs test 

Initially 4 of the 17 treated animals had 

moderately positive tests, whereas none of the untreated 

was positive. All of these positive treated animals 

subsequently had negative tests but this cannot be 

regarded as significant, because as shown earlier 

in the CT experiment, the test fluctuates considerably 

in this strain. Also in the negative untreated animals 

only one positive and one equivocal result were 

obtained over the trial period, a similar one positive 

and 2 equivocal results developing in the treated animals 

(Table 63, Appendix No.8, p.l30). 

CHEMICAL PATHOLOGICAL RESULTS 

1. Albuminuria 

An abnormal level is taken at repeated 

levels of 100 mg. or levels of 100+, 300, or 1000+ mg./100 ml. 

of urine, as suggested earlier in this thesis. At 

first testing 2 out of 17 showed these levels (100 and 

300 mg./100 ml.) in the treated animals and they persisted 

with minor fluctuations throughout the 3 months of 

treatment, but uraemia did not develop The one untreated 

animal with an initial urine albumin level of 100 mg./100 ml. 
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had a persistently abnormal urine and was the one which 

developed uraemia. Concerning the albuminuria itself, 

there is no significant difference in the small number 

abnormal before therapy with betamethasone compared to 

the controls. 

Considering the subseg_uent behaviour of animals 

normal for urinary albumin at the commencement of therapy 

a very real difference (P = 0.004) is seen in the fact 

that 9 out of 16 untreated animals developed the above 

mentioned levels of albuminuria but only one out of 15 

in the treated animals. 

Betamethe.sone trea,ted animals were almost entirely 

12revented from developing albuminuria over the experimental 

period but if ;present prior to therapy, albuminuria did 

not disappear. However, its persistence did not denote 

the usual ;progression of renal lesions seen in the ;previous 

experiments once this level of albuminuria was attained. 

This progression in untreated animals was confirmed in 

the current experiment by the development of a uraemic 

state in the one untreated animal entering the experiment 

wj_ th such a level of albuminuria (Table 64, Appendix 

No.8, ;p.l31; Stat. Table 45A, Appendix No.9, ;p.210). 

2. Glycosuria and blood sugar levels 

Towards the end of the experiment 10 animals 
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showed definite, sometimes intermittent glycosuria and 

all of these were in the treated group. Three of these 

were shown to have eleve .. ted blood sugar levels at the 

time of a positive urine test, out of 5 whose blood 

was tested at the same time as a urine test was 

positive. Others who had had glycosuria on occasions 

were tested prior to postmortem but had normal blood 

sugar levels at the time of testing. The other 2 

animals who actually had glycosuria at the same time 

as their blood sugar was tested had levels of 128 and 

142 mg./100 ml. of blood respectively. There is 

insufficient evidence to say whether this reflects a low 

renal threshold for sugar or that the blood sugar 

had been higher when the urine was formed. 

Betamethasone. phosphate caused glucosuria in 

over half of the animals treated and there was evidence 

of mild hyperglycaemia in some of these mice. This 

diabetogenic effect may be the unmasking of a latent type 

of diabetes in this strain as some of the untreated 

e,nimals showed faint traces but no definite sugar. 

It has the further effect of increasing fluid intake to 

a variable degree and results in larger doses of the 

drug being consumed (Table 65, Appendix No.8, p.l32). 

>( 
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3. Urinary pH 

This was retested at intervals over.the 

3 month period using narrow range papers and ranged from · 

pH 5.5 to 7.1. No consistent pattern was found in 

individual animals over the course of time or between 

untreated and treated groups, but mostly the pH lay 

between 6.0 and 6.4 (Table 66, Appendix No.8, p.l34). 

NON-RENAL MORBID ANATOMICAL RESULTS 

1. Heart weight 

The mean heart weight in the untreated group 

was 163 :!: 4.8 mg. and that in the treated group 149 :!: 4.6 mg. 

It will be recalled that there was no significant 

difference in body weight. When the differences between 

the pairs are considered,there is no significant 

difference (0.05 P 0.10) between the 2 groups. This 

lack of statistical difference does not favour the idea 

that there was hypertension in the treated group due to· 

a side effect of the corticosteroid. The direction 

of the difference that is present being the same as 

in the CT experiment rather suggests that the untreated 

group was developing hypertension, associated with the 

hypercellular glomerular endothelial proliferation which 

they showed (Table 59, Appendix No.8, p.l25; Stat. Table 

41, Appendix No.9, p.206). 
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2. The lungs 

The large peribronchial and perivasculer 

collections of lymphoid tissue noted in the untreated group 

were markedl;y reduced or prevented by steroid therapy 

so that the lung sections looked like those from mice 

of about 20 weeks, that is before these lymphoid 

collections are at all obvious (Fig.54). The broncho

pneumonia processes noted commonly in untreated female 

mice of mean age 35 weeks (Fig.55) vvere not seen 

in the steroid treated animals. This probably favours 

an interpretation of the masses of lymphoid tissue having 

some adverse e.g. mechanical effect, on the natural 

defences of the lung. 

3. Stmdry 

Approximately half the liver, pancreatic and 

salivary _gland sections were examined and collections 

of lymphoid cells were inconspicuous in treated anima~s 

compared to controls. Likewise the lymph nodes V\ere small 

and tended to be homogeneous in the treated animals, 

whereas they were sometimes large, sho·wed germinal 

centres and had sinuses distended with lymphocytes in 

untreated animals. 
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FIG.53. Lung shows little peribronchial and 
perivascular lym~hoid tissue in betamethasone trea-ted 
hybrid. (HE X67). 

FIG.54. Lung shows extensive lymphoid accumulations 
and cellular inflammatory exudate. Untreated hybrid 
female aame age as in Fig • 53. (HE X 54·). 



RENAL RESULTS IN NZB/BL X NZW h~BRID MICE WITH THIRD 

DOSAGE SCHEDULE. 

1. EVALUATION 

The original tables proved too unwieldy and 

their extensiveness was reduced to the form shown 

in the BT BW tables, where the pairs can be easily 

compared. Because of the high dose of steroids and the 

diabetogenic effect noted above, particular attention was 

paid to any evidence of diabetic glomerulosclerosis of 

Kimmelstiel-Wilson type or of pyelonephritis. In the 

preliminary inspection of the kidneys it was noted that 

there was a considerable variation between the amount of 

P.A.S. positive material in the cytoplasm of the 

glomerular tuft and ihe amount of fibrinoid shown by the 

special stains. Consequently a note was also made of 

the amount of the P.A.S. positive material in the tufts. 
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All kidneys were examined with H.E., P.A.S.-Alcian blu(\M.S.B. 

and Masson's Trichrome stains. 

The sections were all examined a second time 

as pairs, the results tabulated and compared with the 

preliminary assessment. The grading for a given pa.rameter 

might vary by one + but the final overall ca.tegory 

was reliable and predictable, it being remembered that 

each animal had sections from both kidneys examined with 
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the 4 different stains so that results tabulated 

BT BW Kidney Tables 67 and 68, Appendix No.8, p.l35, 

are based on 2 examinations of 8 kidney sections from 

each animal in each pair. They show a range of results 

that could be expected from those in the CT experiment 

in the untreated animals and then a comparison of each 

untreated animal with its pair. 

It might at first be thought that the kidneys 

should have been examined "blindly" but this is(Figs.55 and 56) 

not practicable. The striking effect of the corticosteroid 

in reducing almost to zero or preventing the collection 

of I.C.C's meant that the treated kidneys could be 

recognised at a glance under the low power of the 

microscope. Examined histologically and compared as 

pairs observer variations from day to day was avoided 

and more validity is given to a difference of grading 

within a pair when parameters have been specifically 

compared from c:mimal to animal, as well as in the whole 

group. 

2. GENERAL 

( i ), Mortality and renal findings 

Of the 17 untreated animals, one was found 

dead at the age of 22.5 weeks and as it had serous cavity 

effusions, as well as pale kidneys, must be regarded as 



~ 
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' FIGS.55 and 56. Show less hilar and parenchymal 
lymphoid tissue, and no hypercellularity of glomeruli 
in betamethasone treated compared with untreated 
NZB/ BL X NZW female hybrid, each animal aged 35 weeks. 
( HE X2l ). 
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a death due to renal causes. Renal involvement had not 

been predicted by one urine microscopic and albustix 

test, a blood urea examination (42 mg. per 100 ml.), L.E. 

cell and latex test all carried out 2.5 weeks before 

death. This does illustrate the difficulty in 

detecting the odd mouse with early onset and rapidly 

progressive disease. The treated mouse of this pair was 

carried through the 3 months of the experiment and when 

examined had only minor renal changes graded + for 

severity and activity. 

One other untreated mouse had to be killed a 

few days before the end of the experiment because of 

uraemia and this mouse histologically showed severe 

renal lesions. These were graded as 4+ for severity and 

activity. By contrast, the treated animal of the same 

age (32 weeks) from this pair showed no unequivocal renal 

lesions (fibrinoid±). It can then be said that in the 

17 pairs of animals 2/17 untreated animals died from 

renal failure in the observation period and 0/17 in 

the betamethasone treated group. In the further assessment, 

the pair from which the untreated animal died early 

and from which no histological material is available,is 

excluded. 

(ii) Macroscopic findings 

On macroscopic examination several of the untreated 



animals had pale kidneys; none of the treated showed 

this change. The kidneys of the untreated animals were 

significantly larger with a mean of 355 ± 12.2 mg. 

(0.01 P 0.02) than of the treated animals were the 

mean weight of the 2 kidneys was 320 ± 7.7 mg. This is 

a real difference because there was no body weight 

difference to account for it. 
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3. RENAL HISTOLOGICAL RESULTS WITH THIRD DOSAGE SCHEDULE 

These are tabulated BT NZBW Renal Tables 

67 and 68, Appendix No.8, p.l35 and Stat. Table 45B, 

Appendix No.9, p.210. They show a marked benefit in the 

betamethasone treated animal of the pairs. 

Severity 

The untreated animals showed severity of 

lesions ranging from + to 4+ but with most animals 

showed 2+ or 3+ lesions, as predicted from the first CT 

experiment. 

In contrast, 11/17 treated animals had no or 

equiYocal renal lesions, 4/16 had + renal lesions and 

only 2/16 had 2+ renal lesions. One of these animals had 

heavy albuminuria prior to therapy. The other animal 

developed a positive Coombs test and a:positive Latex 

test while under steroid treatment and it is of some 

interest in retrospective analysis that it had a definite 



+ for hilar and + for parenchymal peri vascula.r 

collections of lymphoid tissue and, in addition, had, 

at 78 mg., by far the heaviest spleen of the treated 

animals, whose mean spleen weight was only 28 ::!: 3.6 mg. 

There is then good evidence that the corticosteroid was 

not effectively completely suppressing I.C.C's in 

this animal, although, as this was one of the animals 

which developed diabetes with glycosuria and a blood 

sugar of 204 mg. per 100 ml., there was also evidence 

that near maximal practicable steroid dosage had been 

achieved. The glomerular lesions present in this 

animal were proliferative with little or no fibrinoid 

change. This is more likely to represent a recently 

progressive lesion than an old lesion suppressed by 

the corticosteroids, a point of view which is further 

considered below. 
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Stated in another way, the untreated group 

included 6/16 severely affected animals i.e. 3-4+ 

severity and the treated group showed 0/16 severely 

affected. To arrive at the significance of the findings 

it is best to consider them at the level of individual 

pairs. When this is done, 12/16 pairs showed greater 

severity in the untreated group and the other 4/16 showed 

no difference between the pairs. In no case was the 

treated animal worse off than its control. Applying the 



hypothesis that observations "less than" are as likely 

as observations "greater than 11
, the chance that 

variation would occur in the same direction in this many 

pairs is slight. It will be remembered that the 
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origina.l grouping, if anything, favoured the untreated 

group so the probability is that betamethasone has caused 

the benefit (P 0.001). It should also be noted that this 

analysis excludes the untreated animal that died with 

severe renal disease. 

The 4 pairs in which there was no difference 

are of further interest because they were just + or 2+ 

severity. It seems likely that. they were equal because 

the untreated rp.embers of these pairs had not progressed 

and represented most of the milder lesions seen in the 

untreated group. The overall pattern of results in 

the treated group was what one might have expected in 

a group of untreated NZBW animals some 10-12 weeks younger. 

Activity 

A similar effect was seen on activity of the 

renal lesions with 2/16 untreated animals having +, and 

14/16 between 2+ and 4+, whereas this degree of activity 

was not seen in the treated animals of which 6/16 had + 

or equivocal activity, while the remaining 10/16 showed 

no active renal lesions. This difference in activity 



also applied between the animals of a pair; in only 

1/16 pairs the activity was equal at +, in 15/16 the 

untreated animals had more active renal lesions than 
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the treated ones, the difference often being considerable 

and obviously very significant (P 0.001). Activity is 

judged on cellularity and necrosis in glomeruli, fibrinoid 

in glomeruli, nuclear pyknosis and wire looping, as 

well as vascular fibrinoid, and all of these show 

a similar pattern of differences, particularly striking 

with hypercellularity and fibrinoid and least definite 

with pyknosis. 

Hypercellularit~ 

This was present· in all and marked (i.e. 3-4+) 

in 8/16 of the untreated animals. It was 2+ in one 

treated animal, 1+ or equivocal in 6/16 and absent in 

the remainder. 

In 15/16, if pairs are considered, the untreated 

member of the pair showed more, usually much more, 

cellularity of glomerular tufts than the treated mouse. 

The difference is again statistically significant at the 

level of P 0.001. 

Pyknosis 

Pyknosis was much c;ommoner in untreated animals. 

It is not easy to evaluate in a hypercellular glomerulus 
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because many more nuclei are cut near their ends and 

may appear as small fragments of nuclear material. No 

haemato:x:yphyl bodies were seen in the 32 animals in 

this series. 

Fibrinoid 

All of the untreated animals had fibrinoid 

deposits in the glomerular tufts with both ~l[asson' s 

Trichrome and M.S.B. stain. In 1/16 this was of +; 

in 9/16 2+ and 6/16 3+ in severity. 

In assessing the treated animals a major 

difficulty in interpretation arose. If the Masson's 

Trichrome stain was used, as in the original CT 

experiments, only 1/16 had + and 1/16 a 2+ result, and 

the remaining 13/16 were negative. When the 1\II. S .B. 

stain was used 10/13 of these showed minimal orange-red 

deposits in the glomerular cytoplasm, which were 

presumably small amounts of fibrinoid material (recorded 

as= for fibrinoid). The significance of this amount 

of material is not known, or whether it is seen in mice 

of other strains. The evidence here was very convincing 

of the ability of betamethasone phosphate in 15/16 cases 

to prevent or reduce the amount of fibrinoid material 

deposited in the glomerular loops of mice with this type 

of nephritis. In as much as this fibrinoid material 
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represents an exudate in which the fibrin· is densely 

packed without its fibrillary structure being evident 

(Lendrum et al~ 1962),then the almost complete lack of it 

in the treated animals compared to the consistent 

extensive presence of it in the controls, must represent 

a profound modification of the exudative process by 

the corticosteroid drug. 

Of the 2 treated animals showing definite 

fibrinoid, one has already been mentioned as showing 

the least overall response to betamethasone, although 

rendered diabetic by it. The other animal showing 2+ of 

fibrinoid is of considerable interest. It was the one 

which at age 22.5 weeks, before therapy, was already 

showing 300 mg. of albuminuria, a level which in an 

untreated animal of this age and sex would be invariably 

associated with severe renal lesions and death within 

a short time. The animal, however, remained well, 

although its heayy albuminuria persisted unabated throughout 

the 3 months of the experiment. The fibrinoid deposits 

in this animal were quite large, acellular and unusual 

in their distribution, being local within a given 

glomerulus, the rest of the glomerulus often looking quite 

normal, occa.sionally tufted, and the fibrinoid lesions only 

focally distributed throughout the section. Deposits such 

as these in the ~ntreated cases were only seen in more 
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severely affected animals. This fact, the 

urinary findings, the type and distribution of the 

fibrinoid lesions all suggest that the betamethasone may 

have allowed reversal of some aspects of previously 

more advanced renal lesion:il. This animal was the only 

1/16 treated animal with any fibrinoid vascular lesions, 

these being seen in 4/16 untreated animals. 

Although the fibrinoid material was P.A.S. 

positive, one saw P.A.S. positive material in the cytoplasm of 

the glomerular tufts more in the treated and almost 

fibrinoid free animals than the untreated ones, so 

the extent of fibrinoid change cannot be judged from 

the P.A.S.-Alcian Blue stain. 

Basement membrane thickening and the presence 

of wire loops can be seen from the tables to have been 

more marked in the untreated animals. They are features 

which are hard to grade. Marked increase in size 

with many large glomeruli was more marked in the untreated 

group and tended to reflect the degree of hypercellularity 

of the tuft. 

Lobulation of the glomerulus w~s also much 

commoner and. more extensive in the untreated compared 

to the treated group. These last 4 headings from the 

tables are considered in the overall assessment of 

severity of lesions and are not analysed. in detail. 

""--



The same applies to the tubular damage, 

assessment of which is also necessary to decide 

whether lesions constituted glomerulitis or 

glomerulonephritis. 7/16 untreated anirp.als were classed 

as having glomerulonephritis and these were in general 

the more severely affected animals, while the other 

9/16 were classed as having glomerulitis. Throughout 
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the 16 this was regarded as a predominantly proliferative, 

sometimes proliferative with membranous process, but 

never a solely membranous lesion. It was found that 

2/16 treated animals had glomerulonephritic lesions 

and 2/16 had pyelonephritic lesionse One of these latter 

and one other treated animal showed lesions which 

bore some like.ness to Kimtnelstiel-Wilson glomerulosclerotic 

lesions. The lesions seen in these 5 treated animals 

warrant further comment. 

One treated animal, C234 in Tables 67 and 68, 

Appendix No.8, p.l35, is one of the 2 treated animals 

with glomerulonephritis and has already been mentioned 

in discussing the occurrence of large, but no small, 

Cl.eposi ts of fibrinoid in a treated animal. There was 

also moderate tubular dilatation and cast formation in 

this animal. As already noted, the very heavy 

albuminuria would suggest it should have died during the 

experimental period. It has already been noted that 



FIG.57. Renal cortices, one showing broad saddle shaped 
pyelonephritic scar with crowding of glomeruli, loss of 
some tubules, many casts in remaining tubules, as well 
as focal perivascular aggregates o£ round cells. In 
contrast other cortex is normal. Betamethasone treated 
hybrid female aged 35 weeks. ( MSB X66). 

FIG.58. Glomerulus 
showing focal hyaline, 
markedly PAS positive 
material, associated 
with patchy basement 
membrane thickening. 
Bears some features 
seen in diabetic 
glomerulosclerosis. 
Betamethasone treated 
NZEWf female aged 35 
weeks. (PAS Xl044). 



tubular dilatation and cast formation are late phenomena 

but, considering the whole picture in this animal, 

they could have been present for some time and represent 

residua of damage present before the therapy. A second 

treated animal, C228, also had moderate tubular damage 

and was noted to have several hyaline thrombi in 

glomeruli. As these have only previously been seen in 

fairly advanced cases, their presence in this animal 

could indicate that other reversible positive findings 

had disappeared on corticosteroid therapy. However, it 

could equally indicate that the disease process was 

escaping from the suppressive effects of the drug. 

Two treated animals showed scarred areas that 

were interpreted as pyelonephritico This was clearly 

so in one of these where there was one broad scar 

(Fig.57), and several smaller ones. There was an 

increase in interstitial tisBue (Fig.60), considerable 

tubular dilatation and cast formation in the scarred 

areas (Fig.57), sometimes a few acute inflammatory 

cells being present in the tubular lumen (Fig.59). 
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An interesting feature was the striking focal collections 

of round cells and plasma cells in relation to the 

pyelonephritic areas (Fig.60) but absent from the 

uninvolved areas of the kidney as in other treated animals. 

This particular animal had.glycosuriaJ and with an increase in 



FIG.59. Renal cortex in pyelonephritis showing 
moderately dilated tubules, the cast in the centra l 
tubule containing cellular elements in addition to 
the polymorphonuclear leucocy te. Treated NZBW female 
aged 35 weeks. ( HE Xl044). 

FIG.60. Renal cortex at edge of pyelonephritic scar 
with intact g lomeruli, increased interstitial tissue with 
early pericapsular fi brosis, loss of tubules and striking 
collections of lymphocytes and plasma cells in rel a tion 
to small a rtery at edge of lesion. Steroid treated 
NZBW female aged 35 weeks. (HE X444). 



non-fibrinoid eosinophilic material in the glomerular 

tufts could be considered to have had a mild diabetic 

glomerulosclerosis (Fig.58). A similar change was 

noted in one other treated animal and did not look the 

same as hyaline thrombi. 
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Hilar and parenchymal groups of lymphoid tissue 

There was a striking diminution in the amount 

of these in both the hilum and in perivascular parenchymal 

situations in the treated animals compared to their 

controls, as can be seen from Table 68, Appendix No.8, 

p.l38 and as illustrated in Figs. 55 and 56. This change 

in these NZ:SW female mice is similar to that already 

reported in treated male NZBW mice in the CT experiment 

and also in treated NZB/BL male mice. To what extent 

thdse groups of cells are involved in autoantibody 

production is not clear but there is no doubt from the 

notes made above in the pyelonephritic cases that 

morphologically similar lymphocytes and plasma cells can 

accumulate or persist in a pyelonephritic process even 

when there is other good evidence of lymphoid depletion 

due to intensive corticosteroid therapy. 

CONCLUSION WITH THIRD AND. LARGE BETAMETHASONE DOSAGE 

SCHEDULE IN NZB/:SL X NZW HYBRID MICE. 

The renal lesions seen in female NZBW mice can 
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be profoundly modified,both in their severity and 

activity, by the corticosteroid drug betamethasone 

phosphate when given in large doses for 3 months, starting 

about the time or before these animals are first 

likely to develop renal lesions. 

As used here, this is probably largely a 

preventive or suppressive action, rather than a reversal 

of disease present, although there is some indication 

of this. 

In the treated group mortality is lessened, 

the kidneys are smaller and albuminuria is prevented, 

as also are the development of anaemia and of po~itive 

L.E.cell tests, while there is a considerable reduction 

in the number of positive Latex tests in the treated 

animals. 



320. 

"4 

EXPERilVIENTAIJ SECTION B 

Chapter 12 

BETAMETHASONE PHOSPHATE THERAPY IN NZB/BL MICE 
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E. RESULTS OF FURTHER l'ITANIPULATIONS OF EETAMETH.ASONE 
PHOSPHATE DOSAGE AT DIFFERENT AGES IN NZE/EL MICE 

1. Effects of stopping corticosteroid therapy 
in an animal whose Coombs test had become 
negative. 

2. Effects of stopping corticosteroid therapy 
in an animal whose pretreatment Coombs 
test was equivocal. 

3. Effect of betamethasone phosphate treatment 
continued from 8-14 months and then stopped. 

4. Effects of late treatment compared to early 
and prolonged treatment. 

5. Effects of treatment of NZB/EL mice aged 
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established. 

6. 
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F. SUThWARY OF EFFECTS OF BETAMETHASONE PHOSPHATE THERAPY 
IN NZE/BL MICE 



BETAMETHASONE PHOSPHATE THERAPY IN NZB/BL MICE 

A. GENERAL 

As has already been discussed, one of the 

common features of diseases in which autoimmune 

mechanisms play.a part is a response to corticosteroid 

therapy. Such a response gives supporting evidence of 

the presence of an autoimmune component and, indeed, 

corticosteroids are the mainstay of treatment of 
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autoimmune haemolytic anaemia in man (Ed. Lancet, 1962a). 

A good response to corticosteroid therapy in the NZB/BL 

mice would indicate a further similarity between haemolytic 

anaemia as seen in these mice and in man. Such a 

response would also support the idea that autoimmunity 

contributes to the pathogenesis. In fact, Helyer and 

Howie (1963b) showed that subcutaneous injection of 2.0 mg. 

of depot porcine A.C.T.H. given over 25 days did modify 

the disease and this was put forward as supporting 

evidence of the autoimmune nature of the disorder. A.C.T.H. 

is, however, seldom used in the long term treatment of 

haemolytic anaemia, and Schwartz and Dameshek (1962) 

have pointed out that corticosteroids are the standard 

therapeutic agents. It therefore seemed desirable and 

of interest to study theeffect of a corticosteroid drug on 



the haemolytic anaemia of the NZB/BL mice. 

B. .:METHOD 

1. Presentation of results 

The first purpose of this experiment is to 

present as a controlled therapeutic trial an assessment 

of the effects of the corticosteroid drug, betamethasone 

phosphate, on the NZB/BL mice. Haematological findings 

reported are direct Coombs tests, free circulating 

antibody titres, haematocrit, total and differential 

leucocyte counts, platelet counts and L.E.cell tests in 

the periphera.l blood. All of these tests were performed 

prior to treatment and after 2,5 and 8 weeks of therapy. 

It is shown that the autoimmune haemolytic anaemia 
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of the NZB/BL mice is improved by corticosteroid therapy, 

that the positive direct Coombs tests revert to normal 

or diminish in strength and that a. marked fall in 

circulatory antibody levels ~~ induced. 

Following this section the results of postmortem 

examinations of some of these treated animals are reported. 

Subsequently various therapeutic manipulations of 

stopping and starting betamethasone and using different 

dosage levels show some of the powers and limitations 

of the drug in the autoimmune haemolytic anaemia of older 

NZB/BL mice. 



Finally, the results of the whole of this 

experiment are summarised. 

2. Dosage 

A fresh sblution of 500 micrograms of 

betamethasone phosphate/100 ml. of drinking water was 

supplied 3 times a week. Average fluid intake of 

over 3 ml./day meant that these 36 g. mice were 

receiving over 15 micrograms of betamethasone phosphate 

per day. Allowing an anti-inflammatory effect of 25 

times the weight of cortisone this means that the 

<'losage was approximately equivalent to 10 mg. of 
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cortisone per kilo body weight per mouse per day. It will 

be recalled that this is the dosage to which the hybrid 

animals on the first and second dosage schedules were 

increased, with benefit to males but not females. It 

is one half of the dosage that had a beneficial effect 

on the lupus nephritis of the female NZB/BL X NZW 

hybrids on the third dosage schedule. 

3. Selection 

Sixteen animals, males 8 months of age which 

had never been bled in any way 'before were used. As 

already discussed in the preliminary chapters, NZB/BL 

mice all develop haemolytic anaemia between the ages of 

3-15 months. Males commonly develop it between 6-9 months, 



-~ 

b;;r which time many will have hepatosplenomegaly, 

moderately lowered haematocrit, circulating auto-

antibodies and positive direct Coombs tests. It was 

considered that males of 8 months would be sufficiently 

affected by the disease to see benefit from the drug. 

They were matched as closely as possible for age and 

weight, all being born within a week of each other and 

all 16 weighing within 5 g. of each other. All chosen 

animals were bled. The 16 were then divided into 8 
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matched pairs on the basis of their Coombs tests, 

haematocrit values and weights, each pair weighing within 

2 g. of each other. To limit risk of cross infection 

with the large dose used, the mice, both treated and 

controls, were individually housed throughout this 

experiment. 

C. HAElVIATOJJOGICAL AND SEROLOGICAL RESULTS OF BETAMETHASONE 

PHOSPHATE TR;EATMEJ.'TT_ .. OF NZB/BL MICE AGED 8 MONTHS. 

The steroid treated group is designated by 

capital letters and the untreated group by small letters.in 

the results given in detail in Tables 72-75, Appendix 

No.8, p.l46 and the statistical analyses in Stat. Tables 

46-49, Appendix No.9, p.212. 



1 • Weights 

At the beginning of the experiment the mean 

weight ± standard error (SE) of animals in the treated 

group WEts 36 g.± 0,6, the mean of the untreated being 

36.4 g.± 0.6. The difference was not significant 
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(0.60 P 0.70). In addition, no pair of animals differed 

by more than 2.0 g. This establishes the identity 6f 

the groups for initial weight prior to therapy. A 

definite trend in weight differences over the whole 

8 week period iS satisfactorily (0.01 P 0.05) represented 

by the quadratic equation illustrated in Fig.61. It 

can be seen that the treated group tended to lose weight 

initially, the absolute sum of the differences 

between the pairs being greatest at the 5th week, 

~lthough at the end of the 8 week period the mean weight 

in the steroid group 35.9 g.± 1.20 did not differ 

significantly (0.40 P 0.50) from tha,t of the untreated 

group of 37.25 g.± 1.1 (Table 72, Appendix No.8, p.l46 

and Stat. Table 46, .Appendix No.9, p.212.) 

2. Haematocrit 

The initial haemat.ocri t readings of all the 

animals ranged from 33 to 45%. As a result of the 

closeness of matching of the pairs the mean of the steroid 

group was 41.7 g.± 1.5, and the mean of the untreated group 
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FIG.61. Trend of weight change in 8 betamethasone 
treated NZB/BL mice ( "N') compared with 8 untreated 
control~ ("a"). There is a divergence from the initial 
similarity but a later return towards it. 

PRETREATMENT I POST TREATMENT 

I 
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5362±437 
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2900 ± 361 
} 0-0I< P<0-02 
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untreated 4787:!: 205 I 4887 ± 579 

I 
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P/M RATIO treated 36/64 P<O,OOI 78/22 
} P<O·OOI 

untreated 48/52 I 33/67 
I 
I 
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AVERAGE SPLEEN treated 
I 

67,g. <41-130) I 
WEIGHTS 5/8 untreated I 12D«j. (102 - 152) 
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FIG.62. Changes in lymphocytes and lymphoid tissue of 
NZB/BL mice due to betamethasone phosphate. ( P/M ratio 
= ratio of polymorphonuclear leucocytes to mononuclear 
leucocytes). . 



was also 41.7 g.± 0.8. Applying the "t" test the 

groups were identical. Eight weeks later the HT of 

32.8" 

the steroid group had improved to a mean of 43.6 g.± 0.7, 

while the untreated group had decreaf?ed to 40.0 g.± o.Bo .. 
Again, applying the 11 ttt test the difference is 

significant 0.001 P 0.01. 

The trend of the change over the time of the 

experiment is of interest. Mathematically it can be 

represented as a straight line, as shown in Fig.63 

(0.01 P 0.05). However if the points are joined 

directly there is an improvement over the first 5 weeks, 

which is maintained at 8 weeks, and this probably 

represents the actual state of affairs more correctly 

(Table 73, Appendix No.8, p.l47 and Stat. Table 47, 

Appendix No.9, p.213). 

3. Platelets 

The rEmge of the platelet counts in the 

animals when first bled was 495,000 to 960,000 platelets/cmm. 

with a mean of 680,429 ± 37,683. The treated group had 

a mean of 660,857:!:. 66,034 and the untreated group a 

mean of 700,000 ± 40,810. At the end of the experiment 

the counts in both groups had increased a little but 

without significant difference (Stat. Table 47, Appendix 

No.9, p.213). 
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betamethasone treated NZ:B/BL mice ( "A 11 ) compared with 
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FIG.64. Changes in strength of Coombs tests in 8 matched 
pairs of NZB/BL mice. Capital letters represent betametha_ 
sone treated mice and small letters the paired untreated 
control animals. The Coombs strength increases in the 
control series but decreases in the treated animals. 
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4. Total leucocyte counts 

The initial leucocyte counts ranged from 3,600 -

7,100 per cmm. In the treated group the mean was 

5,362 ± 437 and in the untreated group 4,787 ± 205, the 

difference being not significant (0.20 P 0.30). However 

at 2 weeks a leucopenia was present in the treated 

group and persisted throughout the 8 weeks of the 

experiment by which time the mean of the t,reated group 

was 2,900 ± 361 while the mean of the untreated group 

was 4,887 ± 579 W.B.C./cmm. (Fig.62). This was a 

significant difference (0.01 P 0.02) (Tc;_ble 74, 

Appendix No.8, p.l48 and Stat. Table 48, Appendix No.9, 

p. 214.) 

5. Differential leucocyte counts 

At the onset these showed the usual predominance 

of mononuclear over polymorphonuclear leucocytes seen 

in mice. The two groups, which had not been matched for 

this parameter, were not identical at onset in that the 

steroid group showed a mean of 36% polymorphonuclears 

and 64% mononuclears and the untreated group 48% 

polymorphs and 52% mononuclears (0.01 P 0.02). Analysed 
' 

again by the nt" test at the end of the 8 week period 

there was a reversal of the polymorphonuclear/mononuclear 

ratio in the treated group. Polymorphs 78%, mononuclears 22%, 
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FIG.65. Comparison of changes in strengths of 
Coombs antiglobulin reactions in the 8 pairs of 
NZB/BL animals from 8-10 months of age. The reactions 
shown in Fig.64 were graded and scored as follows:-

0 . +++, 6 
' + 1 . ++++, 8 - ' 

+ 2 . +++++, 10 • ' ' 
++ • 4 

There is a divergence from the initial similarity, 
the untreated animals deteriorating at the same time 
as the treated ones improve. 
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S.E. 6, while the untreated group had the more 

usual ratio of polymorphs 33%, mononuclears 67%, S.E. 4 

The difference between the groups was then striking 

(P 0.001) as was the difference between the pre- and 

post-treatment counts (P 0.001) in the steroid group. 

The main features of these results are summarised in 

Fig.62 (Table 75, Appendix No.8, p.l49 and Stat. Table 

49, Appendix No.9, p.215l 

6. L.E. Qhenomenon 

No positive L.E. tests were noted in this 

series of 16 NZB/BL male animals. 

These effects on lymphoid tissue,, which 

represent known results of corticosteroid action, are 

summarised in Fig.62 in which it is also noted that the 

average spleen weight of the treated mice (67 mg.) was 

one half (122 mg.) that of the untreated group. 

7. Antibodies 

330. 

The results of the Coombs tests in the 8 pairs 

of animals are shown indi viClually in Fig.64 and the 

trends deduced from this Table in the treated and 

untreated groups are shown in Fig.65. The closeness of the 

initial matching of the pairs according to the strengths 

of the tests is apparent. After 2 weeks there was no 
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consistent difference between the treated and the 

untreated members of the pairs or between the groups 

as a whole. At 5 weeks,and more clearly at 8 weeks, 

the tests of the untreated animals were either unchanged 

or had gained in strength of reaction, whereas the 

treated animals had shown a consistent diminution in 

strength and 4 of the 8 animals had developed negative 

tests. In all 8 pairs there was a divergence from 

331. 

the initial matching and the difference between the treated 

and untrea~ed groups is clearly shown in Fig.65. 

On a hypothesis of random direction of divergence, the 

observation that all 8 pairs diverge in a particular 

direction is a significant finding (P = 1/256). 

The initial titres of circulating antibod¥ 

were most variable within the matched pairs. In 4 pairs 

it was either absent or barely detectable, as shown 

with the corresponding strengths of Coombs tests in 

Fig.66. Four pairs of animals showed significant levels 

of antibodies and these are grouped in Fig.67. There 

it can be seen that in all untreated animals the titres 

of circulating antibodies increased as much as fourfold 

over the 8 week period, whereas in the treated animals 

the titres either diminished or remained unchanged. 

Some features of the relationship between bound 

antibod;r as evidenced by the strength of the Coombs test 
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antibody correlated with strength of Coombs tests 
in the four matched pairs of NZB/BL mice which 
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fall or remain the same in the betamethasone treated 
animals (capital letters) but rise in the control 
animals (small letters). 
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and free antibody, as evidenced by the titre of 

circulating antibody, are apparent in these 2 figures 

(Figs. 66 and 67). In some animals positive direct 

Coombs tests were present without circulating antibody 

being detectable. Where both tests were positive they 

showed very little correlation in strength of reaction, 

but when during the course of the experiment the Coombs 

test increased in strength in the untreated group or 

decreased in the treated group, then the titres of 

circulating antibody showed a similar trend. 

8. Conclusion 

Betamethasone phosphate has a marked effect 

on the levels of free circulating antibody and 

erythrocyte- fixed antibody, which levels fall in NZB/BL 

mice with autoimmune haemolytic anaemia at the same time 

as anaemia is improved. 

D. MORBID ANATOMICAL ASSESSMENT OF A SAMPLE OF THE 
BETAnmTHASONE PHOSPHATE TREATED NZB/BL MICE 

Five pairs of animals were killed at the end 

of the 8th week period, when aged 10 months. 

1. Spleens 

332. 

The smallness of the spleens of the treated group 

already mentioned was due to a marked diminution in the 
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FIG.68. Spleen weighing 128 mg. of untreated moderately 
affected NZB/BL male mouse aged 10 months showing 
subcapsular and diffuse erythropoietic tissue and 
moderate proliferation of lymphoid tissue with two 
reaction centres. (HE X56). 

FIG.69. Spleen from untreated NZB/BL male aged 10 months 
showing mass of perivascular lymphoid tissue shading into 
red pulp which contains some erythroblasts and 
megakaryocytes. ( HE X318 ). 
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FIG.70. Spleen weighing 76 mg. from 10 month old 
NZB/BL male animal whose haemolytic anaemia had be~n 
suppressed by two months betamethasone therapy. Shows 
a notable reduction in lymphoid tissue compared with 
untreated control :m Fig.68. (HE X56 ). 

FIG. 71. Spleen from 10 months old NZB/BL male mouse 
treated for 2 months with betamethasone. Shows les 8 
dense lymphoid tissue wi th fewer small lYmphocytes 
than in untreated control animal in Fig.69. ( HE X3l8) • 



.l 

'-

amount of lymphoid tissue present compared with the 

controls (Figs. 68-71). The erythropoietic activity 

was much the same. Reactive centres seen in the 

controls and also in ordinary mice were infrequent in 

the treated group but not absent .. 

2.. Lymph nodes 

333o 

Lymph nodes tended to be rather homogeneous in 

the treated group without the various stages of 

development of I.C.C's sean in untreated cases. Plasma 

cells were still abundant in mediastinal lymph nodes. 

3. The thymus 

Sections of the thymus were satisfactory in 

4/5 of the untreated group. No germinal centres were 

noted. Only 1/5 of the treated thymuses was satisfactorily 

sectioned. It was atrophic and this suggests that this 

was so of the other 4 glands, as would be expected from 

the known thymolytic effects of steroids. 

4. Adrenals 

In the treated group the adrenal cortices were 

thinned, with some jumbling of the zona fasciculata 

and vacuolation. Male mice have little zona reticularis 

(Figs. 72 and 73). 



t 

l 

I, 

I 

r 

~ 

FIG.72. Adrenal gland of untreated NZB/BL male 
an i mal aged 10 months, pra ctic ally no zona reticularis 
be ing present in the male. (HE Xl68). 

FIG.73. Adrenal gl a nd showing narrow zona f ascicula ta 
with s ome jumbling of cells a n d va cuolation in its 
inner l ayers in 10 month old NZB/BL male animal treated 
for 2 months with betamethasone phospha te. Cf. control 
Fig.72. (HE Xl68). 



5. Kidneys 

The blood urea levels at the beginning of the 

experiment averaged 46 mg./100 ml. with a range of 

32~56 in the 16 animals. The upper normal for mice 

is variously given as 60-80 mg. %. 
Histologically there was a striking absence of 

hilar and parenchymal perivascular groups of lymphoid 

tissue in the treated groups compared to that seen in 

untreated animals. 

Nevertheless the most severe case of 

glomerulonephritis was in the treated group. This mouse 

had a persistent 300 mg .. /100 ml.of album±nuria, a blood 

urea of 82 mg./100 ml. at the end of the experiment, 

pale granular kidneys which showed extensive P.A.S. 

positive deposits in thickened glomerular capillary 

loops, some of which were obliterated, as well as a 

similar deposit in the B.M. of Bowman 1 s capsule and 

marked tubular dilatation and cast formation. Otherwise 

3/5 of both groups showed moderate glomerulonephritic 

changes. 

6. Conclusion 

It seems probable that the degree of 

glomerulonephritis seen in the corticosteroid treated 

NZB/BL mouse does not parallel the amount of lymphoid 

334. 



tissue present in the kidney, the degree of anaemia, 

or the amount of circulating antibody to mouse red blood 

cells. Also,corticosteroids in this dosage used 

from the age of 8 months, while strikingly effective 

against anaemia, do not protect from the development of 

glomerulonephritis, although the numbers are too small 

for this to be a firm conclusion. 

E. RESULTS OF FURTHER MANIPULATIONS OF BET.Al\ffiTHASONE 
PHOSPHATE DOSAGE AT DIFFERENT AGES IN NZB/BL MICE 

To see the effects of variation of the 8 week 

course of corticosteroid therapy in NZB/BL mice. 

The 3 pairs of animals not killed from the 

previous experiment were chosen to include those of 

different severity before therapy. Coombs test and 

haematocrit results in these animals, A, a, D, d, C, d 

are shown in Figs. 74 and 75. 

335. 

1. Effects of stopping corticosteroid therapy in 

an animal whose Coombs test had become negative 

Animal ucu initially showed a 3+ Coombs test 

at 8 months but this had become negative at 10 months 

when the animal had a P.C.V. of 45%. Within 4 weeks 

of stopping the drug the Coombs test had increased to 

the pretreatment strength of 3+ and the P.C.V. fallen 

to 39%. Over the following 3 months the P.C.V. fell to 



'. 
I. ,, 

: 
Week of Experiment 

' 
1yr 

0 2 5 8 12 17 20 23 24 26 28 30 32 36 41 

D~ NO~ 

A +' + + +' + - + -ttt- -It- -It- -It- -It-- -

a + + + * -tttt- -ttt- ~ -ttt- -It- -It- -It- + -

D~ o:. 2Dr. ~~Dr 

D *. + + + + + - - + - - I• -- - -

d * + -It- -ttttt- -ttttt- -tttt- -ttttl; -tttt- -ttt- * .. + -

07 N.DI o:. 07 o/ 4DJ 

c -ttt-• -It- + 
_. 

-ttt- -ttttt- -ttt- -ttt- * -ttt- -It- -tt-' -

c -ttt -ttt- -It- -ttt- -ttt- -It- -ttt-_. -It- -tttt- -It- -It- * .. 
i D~ 2 Dr. 3D~ 

J -It- * -It- -It- -ttt- -It-

! 
j -ttH; -tttt- -ttt * .. -It- * .. 

o:. 20:. 3 0~. 

Week of Experiment 
1 yr 

1 2 5 8 12 17 20 23 24 26 28 30 

07 N.DI 

A 40+ 45 45 43, 42 39 43 40 38 41 39 38 

a 40 41 42 43 37 33 33 .. 37 37 34_. 34 38 

D? 0~. 2 D~ N.D~. 

D 40, 45 49 45 45 41 44 44 43 43 43, 39 

d 45 39 37 37 38 35 36 .. 44 41 4\ 43 41 

OJ NDI Dr. 2 OJ 2Dr. 4 OJ 

c 44, 45 50 45. 39 39 35 35 28+ 35 34 36. 

c 43 41 42 38 35 32 35_. 41 36 43 .. 41 41 .. 

o:. 2 o:. 3 o:. 

J 39 38 36 38 39 38 

j 33 .. 39 39 39 .. 39 41_. 

o/ 2 D~ 3D~ 
-- -

FIGS. 74 and 75. Charts showing 
haematocrit values of 4 pairs of 
observed up to a maximum time of 
8-20 months. 

K 

K 

2DJ 

- - -ttt-• 

+ - +_. -

2DJ N.D~ 

+ *. + 
+ + - .. -

N.D~ 

-tttt- K 

FD 

32 36 41 

-

K 

K 

2 07 

36 36 30
1 

45 43 43~ 

2 07 N.Dr. 

37 38' 40 

43 36 41 .. 

N.Dr. 

38 K 

FD 

Coombs 
NZB/BL 
1 year 

20th 
mth 

43 45 47 49 

1 
-It- -It- - +' -

- - - +_. 
~ 

- - FD 

- -It- - * .. 
~ 

i 

20th 
mth 

43 45 47 49 

1 
34 33 33 35, 

38 35 35 3~ 

F~ K 

33 30' 

37 35 28 20~ 

~ 

- - -----

tests and 
male animals 
from age 

Dr = 15 microgrammes of betamethasone phosphate per 
day with multiples thereof as indicated. 

K =killed; FD = found dead; NDr. = drug stopped. 



-,, 

'~ 

~ 

I 

F _, 

' '( 
r 

·"'.> 

336. 

28% with a 4+ Coombs. At this stage betamethasone 

was recommenced in twice the initial dosagee The P.C.V. 

rose within 2 weeks to 35% but it did not rise to 40% 

until the dose had been increased to four times the original 

dose. Likewise the Coombs test fell but not to + until 

the very high dose was given. 

This showed that if an 8 month old animal is 

definitely affected by the autoimmune process the cortico-

steroid can reverse the Coombs test after 2 months of 

therapy but the autoimmune process rapidly returned with 

progressive anaemia within 4 weeks of stopping therapy. 

Subsequently much larger doses (producing diabetes) 

were needed to achieve a similar benefit to the anaemia 

and the Coombs test. This illustrated the variability of 

degree of response using the Coombs test as a guide 

because, as discussed later, lesser doses could reverse 

an equally strong or stronger Coombs test in some other 

animals of the same age. 

2. ~ffects of stopping corticosteroid therapy 

in an animal whose pretreatmeNt Coombs test 

had been equivocal. 

Animal "A" at 8 months had a P.c.v. of 40 and a 

~ Coombs test. Afte~ 2 months therapy the P.C.V. was 43 

and the Coombs test the same. It was almost 4 months 

later before this animal had a 3+ Coombs test (stibsequently 
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2+} and the P.C.V. did not fall below 38 before it was 

killed 2 months later. 

The behaviour of the control animal "a" is 

significant in evaluating nAt•. The control animal also 

had a. P.C.V. of 40 and::!:: Coombs at the age of 8 months 

but by the time it was a year old the P.C.V. was 33 

and Coombs 4+. This suggests that the fact that nAtsn 

disease remained quite mild after the, cort~costeroid 

therapy wa.s partly related to that therapy. 

The control animal "a" was then treated with 

corticosteroids for the last 2 months of its life, 

P.C.V. rising from 33 to 38 and Coombs falling from 4+ 

to 2+ and then to +with a higher steroid dosage. Both 

337o 

animals were then killed to see if there were histological 

differences between a long since treated animal with 

P.C.V. 38 and Coombs 2+ and a currently treated animal 

with the same P.C.V. and a similar Coombs test. 

The main histological difference lay in the 

marked depletion of lymphoid tissue in spleen and lymph 

nodes in the currently treated animal, germinal centres 

being absent from spleen and the lymph nodes examined. 

They were present in the previously treated but now 

untreated animal. 
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3. Effect of betamethasone treatment continued 

from 8-14 months and then stopped 

Animal 11 Du was kept on the initial dose of 

betamethasone from the age of 8 months to 14 months. 

This is a considerable portion of any mouse's life span. 

The Coombs test was 2+ at 8 months and after 2 months 

it was ± and was usually negative when tested over the 

succeeding 4 months. Thus at age 14 months this was an 

NZB/BL male mouse with a P.C.V. of 43% and a negative 

Coombs test, which had been on intensive corticosteroid 

therapy for 6 months. This was stopped over the course 

of a week without any withdrawal side effects. However 

within 2 weeks the P.C.V. had fallen to 39~ and over 

the succeedin~ 6 weeks it was 36%. At this time. 2 
~ . , 

months after therapy had stopped, the Coombs test was 

still negative. However one month later the P.C.V. 

had dropped further to 30~ and the Coombs had become 3+. 

It we"s again possible to benefit, but only partially, 

the anaemia by reinstituting the steroid therapy. 

The behaviour of its control "d" which developed 

a 5+ Coombs and a P.C.V. of 36 by the age of one year, 

as well as its own behaviour after cessation of therapy, 

indicate the "Du was destined to develop a severe degree 

of autoimmune haemolytic anaemia. 

The haematological and serological pattern seen 
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in this animal give the clearest example in this 

experiment of the purely suppressive and not curative action 

of the corticosteroid drug, even after prolonged dosage. 

4. Effects of later treatment compared to early 
and prolonged treatment. 

To test whether "d" was at any disadvantage 

if treated late, when compared with the earlier long treated 

animal, nnu, betamethasone was given to 11 d" from the age 

of one year. P.C.V. improved from 36 to 43 and the Coombs 

test fell from 5+ to 2+ in 6 weeks and was intermittently 

negative after the steroid dosage was doubled. The 

animal was therefore at no obvious disadvantage to its 

much earlier treated paired mouse as far as the anaemia 

is concerned • 

5. Effects of treatment of NZB/BL mice aged one 
year when haemolytic anaemia is well established. 

The ability of the betamethasone to reverse 

the Coombs tests demonstrated in the early major part 

of this series of experiments could be because the 

autoimmune disorder was neither severe nor prolonged in 

the 8 month old animals used. 

To test whether betamethasone had a similar 

effect on older animals with more severe anaemia the drug 

was given to 4 previously untreated one year old animals 
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(a, d, c and a 4th animal, j) from the same colony 

(Figs. 74 and 75). The effects recorded in these 2 tables 

are represented in the graph in Fig.76 which shows the 

steady fall in haematocrit and rise in Coombs strengths 

in these animals up to the age of one year and its 

reversal by betamethasone phosphate. At one year they 

bad baematocrits ranging from 33-36, average 34% • 

This improved rapidly to 40%, the improvement being 

sustained but not increased. The Coombs test-fell, but 

less impressively, so the steroid dosage was doubled • 

In another 4 weeks, animal "d" bad developed a negative 

Coombs, animal "a" +, and the 2 others, "en and "j", 

still showed 2+ Coombs tests. The dosage for "c" and 

"j" was trebled. 

One week later "j" was found dead and it is 

likely that this was due to the steroid, rather than 

the autoimmune disorder, as with a P.C.V. of 41 in a 

15 months old NZB/BIJ mouse, the anaemia was not significant • 

A urine test for albumin had shown only 30 mg. %. 
Subsequent testing of positive urine tests for sugar in 

ttcn on this steroid dosage showed the diabetogenic affect 

may have contributed to the death of uju. When maintained 

on this high dosage for a further 10 weeks i.e. after 

5 months of intensive steroid therapy, "c",now aged 

17 months, had a negative Coombs and a P.C.V. of 41%. 
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At this stage the drug was withdrawn over a period of 

a week. The effect can be seen in Figs. 64 and 65. 

Within 4 weeks the Coombs test had become 2+ again and 

the haematocrit, already falling at 2 weeks, had 

dropped steadily from 41 to 20% over a period of 9 

341. 

weeks, by which time it was considered desirable to kill 

the animal. It is of some interest that, although 

its thymic cortex was markedly atrophic, the medulla 

contained dense sheets of plasma cells. The conclusion 

is that, given a large enough dosage of betamethasone 

for long enough, the Coombs test can usually be reversed 

and anaemia markedly improved. 

6. Ran&e of variation in relapse and in response 
of animals the same age. 

The range of variation from animal to animal 

is shown by comparing,for example,the last mentioned 

one "c" with "d" treated in the same way. The latter's 

haematocrit dropped from 43 to 35 in 4 weeks but then 

remained steady at this level with a + Coombs test 

and no free circulating antibody, a most unusual event in 

a 20 month old NZB/BL mouse. It may be of significance 

that here again the thymus was atrophic and, although 

there were a moderate number of large pyronin positive 

cells in the medulla, plasma cells were not seen. 
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It can be seen from the tables that 

although the trend of strength of Coombs tests in these 

late treated animals was always lessening, one could 

not predict the outcome from the strengths at commencement 

of therapy e.g. with "d" a 5+ Coombs became negative 

with less corticosteroid and more quickly than the 

3+ of 11 c 11 became negative. 

7. Inability to completely relieve anaemia in 
older animals after relapse 

Animal "D" has already been mentioned as 

relapsing from 43% to a haematocrit level of 30% and 

a 4+ Coombs soon after stopping 6 months of therapy. 

Although the Coombs test fell again to ± with a further 

8 weeks therapy, the haematocrit only rose to 35% 

at the age of 20 months so in this animal at this age 

it was easier to maintain the haematocrit at a high 

level than to get it to return to such a level from a 

low one. 

Animal "C" in Figs. 74 and 75 illustrates 

that anaemia may escape from the control of betamethasone 

if the dose of this is reduced in elderly animals. 

Again the anaemia of this animal had been difficult to 

improve, taking 16 weeks for the P.C.V. to rise from 28 to 

40% - four times the usual dosage of steroid being used 

to attain this. Vfuen reduced, but still at 30 micrograms 



per day, the anaemia relapsed to 30% and the mouse 

was found dead. Although it had glycosuria its blood 

sugar was only raised to +20 mg.%. It was not uraemic 

in repeated testing. 
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8. Effect of betamethasone on free circulating 
antibody in older mice 

(i) Method 

To test whether in the older age groups fixed 

antibody as shown in the Coombs test was more or less 

reflecting the behaviour of free circulating antibody, 

ficin tests were performed contemporaneously, using 

sera from different dates in the life of "D" and nd" to 

reflect the effects of steroid therapy. 

(ii) Results 

The results are tabulated below -

PT Ficin chart on selected pair"of NZB/BL mice 

Experimental week 20 23 27 30 36 41 

"D" 123 On Dr. + No Dr. 2+ v 2 Dr. - - - -
ftdfl 126 No Dr. v Dr. v 2 Dr. 2+ + + No Dr. 

47 

+ 

-
Age 1 year 20 mtl 

' ~ -- ---------- ---------------- -------------- ~~------------------

Dr..= betamethasone v = visual agglutination 
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They show that 11 Du was maintained past the 

age of one year without free circulating antibody until 

the drug was stopped, that it reappeared after 

stopping the drug and lessened again when the drug 

was reintroduced. The control animal "d", untreated 
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until one year old, had strong visual agglutination (v). 

It was over 5 months before this was lost and only after 

a higher dosage of drug was used. 

(iii) Conclusion 

These results, although titres have not been 

performed, show that animals treated at about 18 months 

of age may show the same benefit to circulating 

antibody levels as reported earlier in this experiment 

in 8 months old animals treated with betamethasone. 

9. Further investigations on 4 intermittently 

steroid treated animals a~ed 20 month~ 

(i) Latex antinuclear tests were negative 

on several occasions in the 4 longest surviving animals 

"0 11 , "c", "D", "d". L.E.cell tests were not performed. 

(ii) Spleen weights in these 4 animals of 

70, 220, 180 and 130 mg. respectively are all low for 

NZB/BL animals of age 20 months. Whereas the lwest 

weight is in the animal which had been on a high steroid 

level for 8 months, the other 3 weights represent 

spleens intermittently under and not under the effects of 
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steroid therapy. 

(iii) Renal findings. One of these 4 animals 

developed albuminuria of more than 100 mg. per 100 ml. 

of urine in repeated tests over one year. Blood urea 

levels were regularly under 40 mg./100 ml., rather 

lower than one would expect in NZB/BL mice of this 

age. It is not surprising then that in all 4 animals 

the kidneys histologically showed little evidence of 

nephritis, occasional fibrinoid and some hypercellularity 

with much less evidence of lymphoid cells in the hilum 

and parenchyma than expected at this age. In all 4 

animals the renal abnormalities were slight, being less 
~ 

marked than in some of the 10 killed at 10 months in 

the earliest pa.rt of this experiment. One expects 

more severity and a higher incidence of renal lesions 

at this age. Indeed it is unusual to have 4 NZB/BL animals 

alive at 20 months from an initially small group. 

( i v) Ooncl us ion. It seems likely that 

high doses of the corticosteroid betamethasone protect 

considerably against the development of the glomerulo

nephri t·is seen in the NZB/BL mice. 
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F. SUThWURY OF EFF~QTS OF _BE~fonlliTHASONE PHOSPHA~E 
~HERAPY ON NZB/BL MICE 

A controlled therapeutic trial of the 
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corticosteroid drug betamethasone phosphate in the 

autoimmune haemolytic anaemia of the NZB/BL inbred strain 

of mice has been described. In the treated group, 

in contrast to the controls, anaemia was improved, 

positive Coombs tests became weaker or negative and there 

was a fall in titre of circulating antibody. The 

implications of these changes will be considered in the 

discussion. 

The effects observed were accompanied by a 

marked reduction in spleen weight, a leucopenia and an 

absolute lymphopenia with reversal of the usual preponderance 

of lymphocytes in the polymorphonuclear/mononuclear 

leucocyte ratio. In the main experimentthis lympholytic 

effect and the therapeutic improvement were shown in 

mice aged 8-10 months. 

Similar but less complete remissions were obtained 

with older mice. A variety of manipulations of the drug 

dosage at different ages gave predictable results. 

The impression was formed that very large doses 

of corticosteroids. lessened the development of the 

chronic glomerulonephritis seen in NZB/BL mice. 
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The similarity of the effect of corticosteroids 

in this disease in the NZB/BL mouse and in man is 

apparent. It is concluded that NZB/BL mice will prove 

useful in investigating the effectiveness and mode of 

action of therapeutic agents in autoimmune haemolytic 

anaemia. 
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EXPERIMENTAL SECTION 0 

Chapter 13 

6-!V.JERCAPTOPURINE TREATMENT OF NZB/BL MICE 
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CHAPTER 13 

.6-1ffiRCAPTOPURINE (6~~) TREAT1lliNT OF NZB/BL MICE 

G~ENERAL 

A. RATIONALE OF USE OF 6-MERCAPTOPURINE IN NZB/BL 
MICE 

B •. 

I. 
II. 

III. 

Effects of 6~ill? on immune responses 
Effects of 6II/IP in autoimmune diseases 
Experimental aims 

ASSESSM:Er-.TT OF SUIT ABLE DOSAGE AND PRELIMINARY 
TESTING OF 6-MERCAPTOPURINE IN NZB/BL MICE 

I. Assessment of suitable dosage of 
6-mercaptopurine 

1. Dosages used by other authors. 
2. Properties of 61~ influencing route 

of administration. 
3. Dosage and route initially selected. 

II. Preliminary experiment, oral 6M:P treatment 
of NZB/BL mice aged one year. 

1. Method 
2. Results 
3. Conclusion in preliminary experiment 

III. Reassessment of dosage 
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INVESTIGATION OF THE EFFECT OF 6MP ON ESTABLISHED 
AUTOIMMUNE HAEMOLYTIC ANAEMIA IN NZB/BL MICE 

1. Method 
2. Results 
3. Rationale of further dosage 
4. Further results 
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5. Effect of 6MP on free circulating antibody levels 
6. Summary of results in anaemic NZB/BL animals 

treated with 6MP 

6-MERCAPTOPURINE PLUS BETAMETHASONE PHOSPHATE 
TREATMENT OF NZB/BL MICE WITH ESTABLISHED AUTOI~~NE 
HAEMOLYTIC ANAEMIA 

I. Study of the combined effects of 6n~ and 
betamethasone phosphate on the autoimmune 
haemolytic anaemia seen in NZB/BL m±ce. 

1. Method 
2. Results 

II. Consideration of whether betamethasone gives 
any protective effect against the toxicity of 
6ThW. 

III. Consideration of whether the combination 
of 6ThW and betamethasone has any therapeutic 
advantage or disadvantage over betamethasone 
itself. 

IV. Postmortem observations on 6MP and 6I11!P plus 
betamethasone phosphate treated NZB/BL 
animals. 
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E. EARLY USE OF 6-IY!ERCAPTOPURINE IN AUTOD/IIVIUNE 
DISORDERS 

Ie Aim 

II. lVIethod 

1. Selection 
2., Dosage 
3. Experimental plan 

III. Results 

1. Ages 
2. General results 
3. Weights 
4. Latex antinuclear tests 
5. Coombs tests 
6. Free circulating antibody levels 
7. Haematocrit 
8. Spleens 
9. Thymus 

10. Histology 

IV. Conclusion 

F. GENERAL SU]~~RY OF RESULTS USING 6-I~RCAPTOPURINE 
IN NZB/BL ANIMALS 
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6-NrERCAPTOPURINE TREATTviENT OF NZB/BL MICE 

GENERAL 

This chapter concerns the use of the 

antimetabolite drug 6-mercaptopurine (6~1P) in 

attempts to modify the autoimmune haemolytic anaemia 

seen in the NZB/BL mice. The rationale of doing 

this is first described and then the experimental 

design is outlined. This is followed by an estimate, 

involving some preliminary experiments, of a 
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suitable dosage for therapy. Then follows a description 

of the use of the drug in NZB/BL mice with established 

anaemia. Subsequent to this an assessment is made 

of the effects of 6-mercaptopurine + the corticosteroid 

drug betamethasone phosphate on a similar group of mice. 

Then reports of an experiment aimed at preventing 

the development of the autoimmune haemolytic anaemia in 

young miceex.e given. After each of these experimental 

sections a summary of the resultsare given with a 

general summary of the effects observed with 6~ 

in the NZB/BL mice at the end of the chapter. 
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Historical 

The purine antagonist 6 MP ('Puri-nethol' B.W. 

or 6MP) has been extensively used for some 10 years 

in the trea~ment of leukaemia• Clarke et al. (1953) 

reported its effect on some human tumours and 

established its effectiveness in the treatment of mouse 

sarcoma giving extensive information on the toxic doses 

and effects of the drug. 

A. RATIONALE OF USE OF 6-IVIERCAPTOPURINE IN NZB/BL MICE 

I. EFFECTS OF 6MP ON IMlVJUNE RESPONSES 

Schwartz and Dameshek (1959), following 

their own observations (Schwartz et al. 1958) injected 

rabbits with 6 mg./kg. of 61'/IP for 2 weeks and drew 

attention to drug induced immunological tolerance 

in adult animals. Schwartz et al. (1959) showed that 

below this dosage there was a linear relationship 

between the effect on primary immune responses and the 

dosage. This primary response was blocked by 6 mg,/kg. 

but this dose was only partially effective in suppressing 

a secondary response. These results were confirmed 

by Goh et al. (1961) with some reservations as these 

authors were puzzled by a 40% mortality in their rabbits 

on this dosage for 14 days, which they compared with the 4% 
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in Schwartz et al. series. These deaths tended to 

occur 1-2 weeks after the 6MP was stopped and they 
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could not predict it from weight loss or low white blood 

cell counts. Schwartz and Dameshek (1963) take the 

point further when using 10 mg./kg./rabbit/day. At 

this constant dosage level they could induce 

immunological tolerance in adult rabbits, provided a 

large enough dose of antigen was used. These authors 

consider that (a) acquired immunological tolerance 

(from administration of large amount of antigen to a 

small i.e. newborn animal); (b) immunological 

unresponsiveness (from infusion of large amounts of 

protein antigen to x-radiated adult animals); 

(c) immunologic paralysis (from administration of large 

amounts of slowly metabolised polysaccharide antigens 

to adult mice) and (d) drug induced immunologic 

tolerance (from administration of large amounts of 

antigen to adult animals treated with cytotoxic drugs) 

are probably varying aspects of identical phenomena. 

Schwartz and Dameshek (1963) state that their minimal 

mortalities are due to great precautions to avoid 

cross infections. 

II. EFFECTS OF 6Th~ IN AUTOIMMUNE DISEASES 

Autoimmune haemolytic anaemia (AIHA) in humans 
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has been treated with 6NlP by Schwartz and Dameshek ( 196 2) 

and they also refer to treatment of resistant cases 

of systemic lupus erythematosus (S.L.E.) with the drug. 

The use of this type of drug in otherwise resistant 

cases of autoimmune disease is a logical sequel 

to a series of experimental observations, including 

many of their own, some of which are referred to above, 

which show that a variety of immune responses :Ln 

different animals can be inhibited or modified by 

this purine analogue. 

In discussing their human cases of AIHA 

Schwartz and Dameshek (1962) say that all agents that 

have a beneficial effect, including corticosteroids 

and 6l\iJP,have the common property of cytotoxicity, the 

presumption being that the mode of action is destruction 

of antibody forming cells. Noting unexpectedly prolonged 

remissions in some 6Th~ treated cases, and allowing 

that the patient with AIHA has acquired abnormal 

immunologically competent cells (I.c.c.), they 

speculate that the antimetabolite therapy had induced 

a state of immunological tolerance to the patients own 

tissues, analogous to the situation seen in their 

experimental animalso In a few cases these authors formed 

the impression that a remission of AIHA could be more 

permanent with antimetabolites than with corticosteroids~ 
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(Schwar-tz and Dameshek, :1962), and J\l[ackay and Burnet 

(1963) also review the use of -these drugs in autoimmune 

condi-tions. They feel there is little place for them 

compared to corticosteroids. 

A recent extensive article by Page et al. 

(1964) discusses the beneficial effect of 6MP in 

cases of plasma cell hepatitis but concludes in 

favour of steroids for any other chronic inflammatory 

suppressive therapy. These authors show that in the 

maximal tolerated doses in their cases no real benefit 

could be shown on antibody responses or delayed 

hypersensitivity reactions in their patients.· They 

attribute the improvement obtained to an an-ti-

viral effect of the 6~~. 

III. EXPERitlliNTAL AIMS 

The existence of the inbred strain of black 
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mice NZB/BL which develop autoimmune haemolytic anaemia, 

as first described by Bielschowsky, Helyer and Howie 

in 1959, and more extensively by Helyer and Howie (1963), 

provides a useful experimental model to assess the 

immediate and long term effec-ts of drugs on AIHA. 

The immediate effects of ACTH on the condition have been 

described (Helyer and Howie, 1963) and of cortico-

steroids, in the previous chapter. 

It is'proposed in this chapter to establish a 
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suitable dosage of the drug; to investigate the 

effects of 61~ on established AIHA, as seen in the 

NZB/BL mice; to see if the drug will induce a remission 

in this disorder; to study the continued effects of 

61\IJP and the corticosteroid drug betamethasone; and 

finally,to see if early use of 6MP prevents NZB/BL 

animals from developing AIHA. 

B. ASSESSlVlliNT OF SU~TABLE DOSAGE A~ID PRELIMINARY TESTTNG 
OF 6-MERCAPTOPURINE IN NZB/BL MICE .. 

I. ASSESSIIIJENT OF SUITABLE DOSAGE OF 6MP. 

1. Dosages used by other authors 

Apart from the work already referred to which 

has mainly been in rabbits, the mode of action and 

effects of 6MP have been explored in a variety of ways, 

in different species and strains at a wide dosage level. 

Stergyl (1960) showed that it particularly interfered 

with the inductive phase of antibody formation and 

Nathan et al. (1961) showed that 75 mg./day/mouse for 

4 days by I.P. injection gave complete inhibition of 

antibody response in mice for the 12 days over which 

they were observed. A single dose of 300 mg. caused 

2/10 deaths from drug toxicity. Berenbaurp. (1960) 

had shown that a single dose of 150 mg. of 6M:P would 



reduce antibody level at 10 days. This dose caused 

1/5 deaths. Clarke et al. (1953) had already shown 

that the LD50 for single doses, in mice, whether given 

orally in alkaline solution or intraperitoneally 

in methyl cellulose or saline suspension was in the 

range 199-350 mge/kg .. /mouse with some variation 

according to the strain of mouse tested. With 5 

consecutive daily intraperitoneal injection of saline 

suspension it was 82-117 mg/kg./day with a mean of 

98 mg./kg./day. Vendetti et al. (1960) using a 

dilute alkaline solution by subcutaneous injection in 

the axillary region gave 65-180 mg./kg./mouse/day for 
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5 days starting 4 days after transplantation of a 

tumour into their mice. They state that 20/30 61~ 

treated mice died of tumour with survival of 44-51 days, 

which was longer than the control tumour inoculated 

but not 6.MP treated animals. At 70 days the surviving 

10/30 of their treated animals were apparently tumour 

free and drug toxicity free. 

Induction of tolerance to skin homografts was 

achieved by McLaren (1961) in 6.MP treated adult mice 

who were given a large dose of donor antigen in the 

form of spleen cells immediately after the cessation of 

the 6MP treatment. She refers to the near lethal doses 

that she used, 14 daily I.M. injections of 0.03 ml. 
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saline suspensions of 6JVJP, 5 mg./ml. for C57BL mice 

and 20 mg./ml. for C3H mice. This is equivalent to ,_ 

0.15 and 0.60 mg./mouse/day in the 2 strains for 14 days. 

A number of workers have shown that dngs 

will show toxic effects with relatively small doses 

but also effects on their immune mechanisms, whereas 

guinea pigs will tolerate 6MP in doses of 9 mg./kg./day 

for 14 days I.M. or 40 mg./kg. I.P. with no signs 

of toxicity or effect on their immune processes 

(Genghoff and Battista, 1961). In 1958, Schwartz et al. 

noted toxicity in m.bbits given 3 mg./kg./day for 21 

days, signs of toxicity being present after 14 dayso 

Schwartz et al. (1959) used 6 mg./kg./day/rabbit by 

injection with no toxic effects noted and 10 mg./kg./day/ 

rabbit for 14 days in their (Schwartz and Dameshek, 

1963) paper. In this they comment that strict attention 

to hygiene in the colony is the main factor in preventing 

death due to infection when the animal ±s under the 

effects of 61'v'!Po They find that in the variety of 

experiment work reported with 6rKP the choice of species, 

the nature and dose of the antigen and the dose and 

method of preparation of the drug are very important 

variables. The species differences noted with 6W~ 

effects also carries the implication that results obtained 

~, 
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in the NZB/BL mice may not apply to man. 

2. Properties of 6~~ influencing route of 

administration 

6-Mercaptopurine itself is for practical 

purposes insoluble in water, acetone or ether, but is 

soluble in hot alcohol or warm dilute aqueous alkali 

solutions (Martin, 1961). A variety of vehicles and 

routes, some of them cumbersome, have been used, e.g. 

Clarke et al. (1953) and IVIcLaren (1961). The easiest 

method found is the latter's recommendation to use a 

saline suspension, mixed at the beginning of the 14 

day experiment, kept in the refrigerator and shaken 

freshly before jnjection. However Duvall (1961) 

has pointed out that aqueous preparations,and,to a 

lesser extent, dilute alkaline preparations are quite 

unstable, 6MP in 0.01 N NaOH losing 37% of its optical 

density in 24 hours at 23°C. The most convenient 
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and yet sure method of preparation is that recently 

detailed by Schwartz and Dameshek (1963) where they 

prepare aliquots of the drug in tightly stoppered glass 

containers and dissolve with 0.1 N NaOH immediately 

before use, injecting the resultant clear yellow solution 

into the nape of the neck. 

Oral dosage of mice by incorporating the 6IV1P 

into the feed was used in one experiment of Clarke et al. 
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(1953) at a dosage level of 62.5 mg./kg. for almost 2 months 

with 40% survivors. 

3. Dosage and route initially selecteq 

It was decided to use theoral route by intubation 

in a dosage of 75 mg./kg./mouse/day. This is approximately 

l/3rd of a single LD50 dose, the proportion recommended for 

daily dosage with anticancer therapy testing by Cancer 

Chemothera:py Reports (1962). 

IIo PRELIMINARY EXPERir~NT : ORAL 6-nmRCAPTOPURINE 

TREATMENT OF NZB/BL NITCE AGED ONE YEAR 

1. Method 

Selection. Sixteen NZB/BL male mice aged about one 

year were bled and matched for age, weight, P. C. V. ano. 

Coombs test and divided into drug treated and control groups 

(Table 76, Appendix No.8). 

Dosage. A tablet of 50 mg. of 6MP was gpound into a 

suspension in N/100 NaOH to give a final concentration of 

2.5 mg./0.5 ml. This dose was measured with an automatically 

filling syringe carrying a 17 gauge needle, the point of which 

had been filed off and the end rounded. The needle was 

greased with water soluble KY jelly and inserted into the 

stomach of the mouse, a suitable mark having been made on the 

needle to be opposite the teeth when the tip was in the 

stomach. This point was established by direct inspection in 

other mice at postmortem. This gastric intubation was usually 

easy to perform with an assistant holding the mouse on its 
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back with neck well extended. The control mice were given 

0.5 ml. of N/100 NaOH at the same time. 

2. Results 
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General. Four to five days after commencing therapy 

it was apparent that all treated mice were lethargic and 

listless, losing weight, not eating, sometimes too weak to 

reach up to their drinking bottles and often constipatedo 

One mouse was found dead on the 6th day and all of the others 

treated died at- ;various stages up to the 14th day from the 

commencement of treatment, which was stopped on the 7th day 

after 5 doses (4 of 2.5 mg./mouse and one of 3.75 mg./mouse 

with a gap of 2 days). These toxic effects were well 

described by Clarke et al.(l953) who note that even after a 

very large single dose of 500 mg./kg. the average time taken 

for the mouse to die is 4-7 days after intoxication. 

Weights. The weight of these adult male animals 

lay in the range 32-39.5 g. immediately before therapy 

and 3 weight recordings in the week prior to therapy 

show they were reasonably stationary (Table 77, Appendix 

No.8, p.l52). The first 3/8 treated animals to die, one 

on the 6th and the other 2 on the 8th day, showed no 

significant weight change. One further animal lost no 

weight, although it survived till the 13th day. The 

other 4/8 animals averaged 8.5 g. weight loss (range 

5. 5-11 g.). This is probably less than their true weight 
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loss as weights were not recorded right up to the 

day of death in some of the mice dying later. Neither 

of the 2 control animals which died (at 9th and 13th days) 

had lost weight. Thus, although weight loss may be 

striking, animals dan die from the ill effect of 6IVIP 

without showing significant weight loss. 

Haematocrit. The haematocrit ranged from 

38-47% with an average of 42%, 14/16 lying in the range 

39-45% (Table 76',Appendix No.8, p.l51). The first 3 mice 

to die had haematocrits in the lower part of the 

range 40,40 and 41%. The one moribund mouse in which 

the haematocrit was repeated just before it died had 

fallen from 39% to 6% in 15 days, the mouse being killed 

6 days after its last dose of 6Th~. This was the longest 

surviving mouse. Although moderately anaemic (P.C.V. 39%) 

at the beginning of the experiment, it was the only 

animal in the 16 which had a negative Coombs test. 

Ranging from this negative test up to 4+ most of the 

animals (aged 47-54 weeks) had 3+ or 2+ Coombs tests 

before therapy so in this respect they were an ordinary 

group of NZB/BL mice. 

Controls. There were 2/8 deaths in the control 

animals given 0.5 ml. N/100 NaOH by ga_stric intubation 

for 6 doses. These deaths occurred on the 9th and 13th 
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FIG.77. Section of med i as tinum from NZ B/BL mouse dying 
with P. c. v. of 6% after 6 MP oral therapy by intuoation. 
Shows hyperkeratotic plug in oesophagus, tracheitis 
a nd mediastinitis. The exudate cont a ins scanty nLlmbers 
of inflammatory cells. Marked sinus catarrh is p::resent 
in the mediastinal lymph node which still contain S 
many small lymphocytes and plasma cells. ( HE X55 ). 

F IG. 78. Edge of mediastinal lymph node in 6MP tr-€ ated 
animal still contains many lymphocytes and plasma. 
cells. (HEX5l0). 



364. 

days in animels with initial P.C.V's of 47 and 45, so 

were unlikely to be due to the ha.emolytic Emeemia itself. 

This amount of NaOH seems unlikely to have a fatal 

adverse metabolic effect. However, it was noted 

that these mice, as with several of the OIP group, had 

marked gastric dilatation. This may have been relc:tted 

to a considerable degree of oesophageal hyperkeratosis, 

as seen in Fig.77, from a 6M:P treated animal showing the 

oesophagus almost blocked. 

:Postmortem findings in toxic 6lrP oral treE1ted 

animals. There was generally marked pallor of orge.ns, 

especially of the liver, which was pale fawn. The 

lungs usually appeared diffusely haemorrhagic. ~rhe 

spleens were smaller than usual for NZB/BL mice 

of this age, the weights ranging from 54-109 mg. with an 

average of 79 mg. in the treated anirnals, compared to 

l ,r a11~ ,.Lr8 nna i e J_ ? __ o .0 • - • • average 141 mg. in the 2 e.nimals 

just given sodium hydroxide. 

Histologically only the sections from the 

moribund mouse were reported, not those from other 

animals found de The reduction in spleen weight was 

due to reduction in haemopoietic and red pulp tissue 

rather than in white pulp tissue, the vvhile pulp being 

very striking against the pale relatively ecellular red 
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- FIG.79. Spleen from 6 MP treated moribund 
NZB/BL animal showing prominent lymphoid tissue 
but considerable loss of erythropoietic and red 
pulp tissue. (HE X56 ). 

· FIG.80. Spleen showing prominent lymphoid tissue 
and degenerative changes in red pulp with scanty 
erythropoiesis in oral 6 1W tre a ted severely anaemic 
moribund NZB/BL animal. 



pulp, toxylin eosin stain (Figs. 79 and 80). 

This serv2tion of lymphoid struc e vvas 

noted also in lymph nodes (Figs. 77 and 78). 

The lungs showed an acute inflammetory exudcte, 

very poor in cells in the bronchi End. alveoli, which 

is indirect evidence of a neutropenia (Fig.??). 

In the liver there was diffuse fatty change 

and patchy areas of necrosis (Fig.8l). Factors such 

as anaemis, drug toxicity, perhaps vehicle toxicity, 

ketosis from starvation due to anorexia and oesophageal 

hyperkeratosis may he.ve veriously contri butecl to this 

change. 

Diarrhoea was not a feature in the 8/8 treated 

animals that died Emd this corresponds with e normal 

e.ppearine; intestinal mucosa, seen at postmortem, still 

containing many round cells (Fig.82). 

Kidneys shovved the usual diffuse and focal 

groups of lymphoid tissue seen in NZB/BL kidneys 2t this 

age and a moderate degree of glomerulonephritis. 

3. Conclv.sion in preliminary .experiment 

It is possible that many of the I.C.C 1 s in 

the lymphoid tissue had been destroyed by the drug e,s 

Fagraeus (l948a) has shown that it is mainly the 

trB.nsi ti onel cells at the edge of white and reel pulp of 
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FIG.81. Liver showing degenerative changes in 6 MP 
treated moribund NZB/BL animal which was anaemic, 
starved, toxic and infected. (HE X318). 

FIG . 82. Jejunum in ·NZB/BL animal dying with P.C. V- 6% 
after oral 6 MP therapy. Abundant lymphocytes in r.nucosa. 
Also shows villi with no enteritis or membranous rE3action 
cp. oesophagus of same animal. ( HE Xl80). 
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the spleen that respond to antigenic stj_muletion by 

producing enti body forming cells. It is likely thet, 

as used in this experiment, 6I\JP in 1et1wl doses he.d 

e profound effect on erythropoiesis E:nd grs.nulo:poiesis 

out of proportion to its effect on lymphopoiesiso One 

of the reasons for this could be that in these originslly 

snaemic mice the erythropoietic end myelopoietic series a.re 

already very hyperple.stic E~nd drugs such as have 

their maximal effects on rapidly dividing tissues. 

It therefore seemed desirable (1) to try the 

effects of a lesser dosage over a longer period on mice 

of a similar age; (2) having decided on e satisfactory 

lesser dosege, to try tts effects on younger 2nimals 

before their h8emopoietic tissues became very hyperplastic. 

If used before and during the time thet the Coombs test 

became positive in the NZB/BJJ animal it should be possible 

to test whether 6JiilJ? hes any striking effect on I. C. C 1 s by 

seeing if the production of autoantibodies is inhibited 

or postponed. 

III. SES OF DOSAGE 

Faced with 100% mortality due to drug toxicity 

in the group tre2ted with 75 mg./kg./day the recommendation 

of Cancer Chemotherapy Reports (1962) is that 20 to 25% 

of the original dosage be triecL This ·would be equivalent 
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to 1:)-18 mg./kg .. jmouse/day. The preliminary trial we.s 

vvith orcol drug, no pure 6 being at first evailable. 

It seemed reasonable to use the somewhat lesser dosage of 

10 mg./kg./mouse/day by subcutaneous injection when the 

pure drug became availfble by courtesy of Dr.:S. . therspoon, 

Assistant Medical Director of Burroughs 'Nellcome & Co., 

Sydney. It was more likely, too, that a lower dose would 

not confuse any beneficial effect on the anaemia by 

severe marrow toxic effects. This dose corresponds to 

that selected for rabbits by Schwertz c:md Dameshek ( l96 3) 

to induce prolonged immv.nologicel tolerance and 8lso 

to that used by MacLaren (1961) to induce tolerence to 

skin grEJfts in mice. Her dosage was 0.15--0.6 mg./mouse, 

depending on the strain, whereas the dosage of 10 mg./kg./ 

mouse selected for this experiment corresponds to 0.35 mg. 

for a 35 gm. mouse - which is about the a.verage weight of 

an e.dult NZB/BL male mouse. 
> 

The drug was weighed in 5 mg. aliquots into 

sterile, stoppered glass containers and dissolved in 

N/10 I:lecOH immediately prior to use. It was planned to 

give subcutaneous injections of 0.35 mg. 61VIP in 0.1 ml. 

of N/10 NaOH into the nape of the neck, using alternate 

sides on 5 days a week for 15 doses. A similar volume 

of N/10 NaOH was to be injected into the control animals. 

All animals were individually housed throughout the 



experiment to avoid risk of cross infection. The mice 

fm.md this strength of NeOH painful often squeaking 

and running around the cage for 15-30 seconds and so, 

after dissolving the 6IVJP in 0.3 ml. N/10 NaOH it was 
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diluted with 1.2 ml. of normal saline to give a strength 

of N/50 NBOH in both the treated £nd control groups, 

the dose and volume remE,ining 10 mg./kg. and 0.1 ml. 

respectively. This proved less irritant. 

C. INVESTIGATION OF THE EFFECTS OF 6Ii1P ON ESTABLISHED ______ .,.,., _ _. .. ,...._~-----"'~-,. ........ -. 

AUTOIMIVllU~~-~!~9 ANAEJ,UA :pJ NZB/BI1 IVIICE .. 

1. Niethod 

A group of 16 ms.le NZB/BL mice aged 12-14 

months were bled and matched for Coombs, "D ,rt iT 
.L:oVoVo and weight, 

with any difference in the match between 2 of a pair 

the animal with the greater P.C.V. was put in the treated 

group (Tables 78-80, Appendix No.8, p.l53). It was 

anticipE,ted that the P.C.V. would fell profoundly end the 

main indication of a beneficial effect of the drug would 

be what happened to the circulating antibody levels as 

judged by the Coombs test. In the first instance the 2 

groups were injected dai l;y, as described above, for 9 out 

of 12 days, 2 Sundays being excepted. 
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2. Results 

Deaths. It he.d been planned to inject for 15 

days but on the 12th dey- one mouse was found dead o A 

further mouse died 2 days later, Several others of the 

tree-ted mice were listless Emd unwell for about 7 days 

and one for 14 days when it too died. None of the control 

mice died. 

There was a profound effect on the haematocrit 

which fell from_ an average of 38~& to ,,- 5r/ 
C:O • ;o immediately 

after the first course of 61\'IP (Fig.83) o .A week later 

the average had risen to 36.5% but the 2nd animal had 

died. The 3rd animal died about the ti~e that a 2nd 

course of 6Iv'O? was started on the 5 survivors to whom it 

was decided to give 5 more injections over a period of one 

week. 

3. Rationale of further 61'0? dosage 

Intensive therapy with 6Iv1P with an interval 

before the next course seemed advisable for two reasons. 

If one of the modes of action of these cytotoxic drugs is 

to induce a state of immunologic paralysis it presumably 

does this by a sudden swt:,mping of immunologically competent 

cells, with an excess of self antigen from nuclear 

disintegration, just at a time vvhen the a,ctual mass of I.C.C 1 s 

is also being reduced by the direct action of the drug on 
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FIG.83. Graph showing change of haematocrit in 
eight 6 IviP treated NZB/BL male animals aged c .1 year 
compared with a similar group untreated until the 
fourth week and then given the same dose of 6 MP 
but with the addition of betamethasone. Number of 
surviving animals indicated in circles. The 6 MP 
treated animals have a profound fall in haematocrit, 
a higher mortality and a much lower final haematocrit 
than the other group. 
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antibody forming tissue. If this is so, it is unlikely 

that very real benefit from such a drug vvoulc1 occur in 

doses below those which did have a haematocrit lowering 

effect. In this context repeated courses of drug causing 

cellular destruction at a time when the marrow is recovering 

and containing many young proliferating erythroblasts 

would a1;pear more likely to swamp with antigen those 

clones of I.C.C's that had escaped the primary course of 

cytotoxic therapy. 

4. Further results 

Haematocrit after further 6MP. At the end 

of the second course the Ht of the 5 survivors was 351;, which 

it remained one week later. One of these mice also died 

10 days after the second course of injections. As referred 

to in the introduction to this section, deaths of this 

delayed type must be regarded as due to side effects of 

the 61'/IP treatment. Fig.83 shows this trend of haem.atocrit 

change compared with the slow but steady decline usually 

seen in a group of NZB/BL mice of this Bge, as represented 

by the control mice. 

It could be thought from J!,ig.83 that prior 

to their third and last course of 61'~ the 4 survivors were 

at 8. modest sdvantage with regB,rds to their average P .. C.Vo 

However this point has been reached only by loss of the 
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animals with the lower P.C.V 1 s. The pretreatment 

average P.C.V. of 39.5 in the surviving animals compared 

with a post-treatment average of 36 shows no benefit. 

It can also be seen from Table 79, Appendix No.8, 

p.l54, that the average pretree.tment P.C.V. of 36% in the 

4 animels who died on the 61VIP therapy was rather lovver 

than that of the treeted survivors with a pretreatment 

Bverage of 39. 55'S, so that the origina.lly more anaemic 

mj_ce tended to be the ones who did not survive therc:~py. 

Third course of 6 

In the 8th-9th week the 4 survivors were given 

a further course of 6 injections of 61VIP and then killed 

to exBmine the histologies~ ev""idence of the effects of this 

drug. Fig.83 shows that again with therapy there was a 

fall in he.ematocri t, this time from 36% to 30.550. 

Coombs test results 

These showed a slight, probably not significant 

fall (Fig.84) in the 4/8 survivors of the 3 courses of 6Iv1P, 

with a rise during the last dose of drug, while the Ht was 

falling. Fig.84 also implies that any moderate lessening 

of the Coombs strength was only an average as the score 

for the one mouse with e. doubtful(±) Coombs test at the 

beginning had a steadily increasing test, despite 6]:IP 

treatment. In one mouse the test fell from 3+ to + but 
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FIG .. 84. Shows average of sum of Coombs scores 
in 4/8 animals surviving whole course of 6 j\;JP. A 
slight fall after first course is followed by a 
rise which corresponds to final course of 6 MP, 
causing also haematocrit fall a.s in Fig.83. One 
6 MP treated animal shows steady increase despite 
therapy. By contrast 6 IVTP + betamethasone therapy 
shows steady fall and more survivors. Scores as 
in Fig.65 were averaged. 
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so did the haeme.tocrit fall in this mouse from 35-32 

(Table 78, Appendix No.8, p.l53.) 

Vvej_ghts. Table 80, Appendix No.8, p.l55, shovvs 

the initial weights, the matching of these and subsequent 

changes in the first 5 weeks of the experiment, when these 

were closely followed. The first two deeths in the 61~ 

treated group showed no significant weight loss, the 3rd 

animal to die lost 11.5 g. in the last 14 days of 

observEJtion. This mouse had held its weight through the 

first and longest course of injections. This inability to 

predict fatBl outcome from weight change, particulBrly 

in the eerlier deaths, is a similar finding to that noted 

in the orally treated group. 

5. Effect of 6-1\lercaptopurine on free circuletory 

antibody levels. 

~J:he sLn}Jlest expl:::metion of the Coombs test stre 

sometimes rising is the_t the drag 'NBS hcoving no, or <:m 

e.dverse effect. However, vvi th the known arrest of 

erythropoiesis Bnd the observed. fc:1ll in h8er.'latocri t while 

6 therapy is being undertaken, a rise in Coombs may be 

more apparent than real. There is a reduction in young 

circulating erythrocytes c.s yet uncoated with erythrocyte 

antibody. Also the rate of destruction of the older 

circulating and. coated erythrocytes in the R.E. system is 



presumgbly reduced by the cytotoxic effect of the drugo 

This finding makes it necessary to estimate the effect 

of the 6Tv'IP on free circulating anti body levels as the 

Coombs test by itself may be an unsuitable yardstick 

of the actual current status of antibody production in 

the animBl. It may be more releted to previous status, 

vvhereas free circulating entibody might better reflect 

the balance between anti body production and ordi1'1ary 

gamma globulin protein turnovero 

If the unchanged Coombs sta vvas masking a 

real lessening antibody production one would at least 

expect that an animal with El. lovv or negative Coombs 

test vvoulc. not sh01N e:m in.crease in this while on 6EO?. 

This was not so with the one animal vvith a negative 

Coombs test in this treated group. The question is 

further explored in a later experiment. 

Ficin tests (tabulated in a later section of 
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this chapter) showed that of the 4 surviving 6];JP treated 

anlrnals, the 2 less affected ones had no free circulating 

antibody at the commencement of the experiment but 

developed it over the 9 weeks of the experiment by the end 

of which time one had 2+ and the other visual agglutinEtion. 

The 2 other animals had levels similar to this both 

before and after. The first 2 animals illustrate strikingly 

in the table a detrimenta.l effect of 6MP on haemetocri t 



374. 

at the same time as bound and free circulating antibody 

are increasing. 

6. Summary of results in an2emic NZB/BL animals 

treated with 6-mercaptoEurine 

(i) Of 8 one year old NZB/BL male mice 

treated with 2" total of 14 injections of 6NQ? j_n a 

4 week period, there were only 4 survivors at the end 

of 7 weeks (the first 2 courses of 6JV1P). 

(ii) These survivors showed, for a near lethal 

dose of 6NlP, no lessening of free circulating antibody, 

variable and unimpressive effects on Coombs strengths 

and a harmful effect on their enaemia. 

(iii) I':Tice that were more anaemic initially 

were the more likely to succumb to the adverse effects 

of the drug. 
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D. 6-I:fiERCliPrrOPURIKE PLUS BETAJi!lliTHASONE PHOSPHATE 
~-~--~~---------- "' 

TRENI.'Iv~NT_Q;!f_JfZ~B~_JIII.~.;Q:l:H .AUTOIMJVIUNE 

HAEMOLYTIC iiNAEriiiA. 

I. STUDY OF THE COMBINED EFFECTS O:B' 61/LP AND 

BET.AN!ETH.ASONE PHOSPHATE ON THE AUTOIJ\10.'£tUNE B .... AEiviOLYTIC 

AN2-\El\:IIA SEEN IN ~[1HE NZB/BL lii:IOE o 

·1 • :Method 

The 8 previously untreated male NZB/BL mice, 

aged 12-14 months, from the above experiment using 6IVIP were 

used (Tables 78-80, .Appendix No.8, p.l53). 

Their Coombs tests and haematocrits were retested 

after an interval of 3 weeks and it can be seen 

from Fig.83 that the average haematocrj_ t of 38'% showed the 

l J · 1 t ~ ll ..~... -L.T • -'- -,r usua s .lgn IEL au uillS age uO _;o. The Coombs score 

v1as steady. They were then treated in the same vvay as 

previously described for 6J'viP therapy. Nine injections 

of 10 mg./kg./mouse (= 0.35 mg./mouse) with subsequent 

courses of 5 injections and then 6 injections, the total 

treatment time being 9 weeks (Figs.83 and 84). Throughout 

this time they were also given the corticosteroid 

drug betamethasone in the dose of 15 pg. per animal 
I 

which had been shown by itself to have a significant 

beneficial effect on both the anaemia and the Coombs test 

in NZB/BIJ animals (Expt. PT., described in previous 

chapter). 



2. Results 

Mortality. It can be seen from Graph 83 that 

1/8 animals of the 6IVTI? + betamethe_sone group died, 2 
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days after the first course of injections, compared to 

3/8 in the 6IiiP treated group and another one died 2 vveeks 

after the 2nd course, compared to another one in the 

6Iv1J? treated group, leaving 6/8 survivors in the 6MP + 

betamethasone and 4/8 in the 6I•tTI? group at the end of 9 

weeks in each group. 

Haematocri t. The 6/8 survivors in the 61\'IP + 

betamethasone group were at a considerc::ble adva.ntage re 

P. C. V. compETed to the 4/8 lV:iP survivors (Fig. 83). Any 

pretreatment advantages lay with the 6]10? group so the 

improvement can be considered due to the effect of the 

betamethasoneo 

Coombs tests. ·rhe Coombs tests also showed 

a definite lessening in the 6IviP + betamethasone group 

compared to the 6MP group and compared to the pre

treatment stationary but raised level. The 3/6 tests 

that became negative were in the Enimals with the lowest 

Coombs strengths to begin with. The P.C.V. rise 

and Coombs fall were by no means reciprocal in Emy one 

animal. 



377. 

IL CONSIDERATION OF ;;IHETHER BETAI\IETHASONE GIVES ANY 

PROTECTIVE EFFECT .AGJ~IHST THE TOXICITY OF 6-

l1/IER C .c1PT OPUR INE • 

The 2/8 6Tv:lP + betamethasone treated animals that 

died ·were the most anaemic (P.C.V. 33 and 30) when first 

bled, the same tendency noted in the :purely 6IVJP treated 

group. Nevertheless, reference to Table 79, Appendix 

No.8, :p.l54 and :B,ig.83 shows that the :profound falls 

in haematocri t of the6I,/JP treated group were not seen in 

the6MP + betamethasone group, even in the 2 c:mime~ls that 

died. The betamethasone :protects against one of the 

side effects of 6JVJP but this is :partial protection. An 

initially low haematocrit, say near 30, indicated the 

animal would do be.dly on 61\'JP even when :protected from 

marked increase in anaemia by the lise of be tame the sene. 

Other toxic effects of 6IvJP may be responsible in an anaemic 

animal. It should be noted that the 2/8 betamethasone 

+ 6IvJP animals that died had already lost their mctched 

pairs from 6MP therapy alone, vvhich confirms the 

appropriateness of the initial method of pairing in 

designing this type of experiment. 

III. CONSIDERATION O:B, \VHETH.r:;R THE COHIBINATION OF 6-

lviERC.APTOPUHINE AND BETAWl:ETH.ASONE HAS 1-~.NY THERAPEUTIC 

.ADVANTAGE OR DISADVANTAGE OVER BETAJiilETHASON:S ITSEIJF. 

? .Advantageous combination. Similar levels 

of raised haematocri t and lowered Coombs test were reEwhed 



as in the previolJ.sly described PT betamethasone 

experiments c:md over much the same interval of time • 

.As used in this ex}Jeriment, 6IvJP in near lethal doses 
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had little or no beneficial effect on the survivorso 

Indications for its use would lie in a possible long term 

benefit in lower dosage of steroids, particularly where 

it is necessary to avoid corticosteroid side effects, 

or if 6MP has effects on immunological mechanisms over 

and obove those of corticosteroidso It has been shown 

here that it is unlikely to be indicated solely 

because of initial severity of the haemolytic anaemia. 

Indeed in these circumstances it is contraindicated 

because of the inability of the animal to withstand the 

further prolonged fall in P.C.V. that it causes. 

? disadvantageous combinetion. The further 

proposition that 6iVlP combined with betamethe:tsone phosphate 

has disadvantages over the use of adequate doses of 

betamethasone itself receives some support from the 

following Tabie of ficin strengths. It has already 

been noted that free circulating antibody levels rose 

appreciably in 2 of the 4 surviving 6WlP treated animals. 

They also rose in one of the paired 6T'i1P + betamethasone 

anime.ls ( M6 in the Table that follows). This was not 

seen in any similarly affected betamethasone mice in 

other experiments and may represent an adverse a:ffect of 
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the 6 IVIP. 

r-·1F1 Ficin, Coombs and Haeme.tocri t Te,ble 

6 IvTI? Prior to therapy At time of postmortem 

6I!lP + B Ht Ficin Coombs Ficin Coombs Ht~ 

Ml 42 - + 12+ 3+ I 31 
M6 41 + 35 - - I v -

T!Tl24 43 - 2+ iV 2+ 34 
'VT?8 43 + 2+ i NS 40 L- - -

Td25 38 - 3+ 4+ 33 v v 
:M23 36 v 3+ v 4+ LL' ,0 

IVI12 5 35 v 3+ 2+ 3+ 24 
Ivi19 35 v 4+ - + 42 

'--· 

v = Visual agglutination. NS = No specimen 

IV. POSTMORTEM OBSERVATIONS ON 6 CAPTOPURINE AND 

6-l\lliRCAPTOPURil\fE + BETAWIETHASONE PHOSPHATE TREATED 

l'TZB/BL ANIMALS. 

Postmortem examination was carried out on the 

4 surviving pairs of animals and the 2 extra surviving 

6MP + betamethasone tree.ted animals G The animals vvere 

killed on the 6th day of their 3rd course of 61\TI?. 

Results 

In each of the 4 pairs the spleen was lighter 

in the 6J\1J? + betamethasone 8nimals ( 68 mg.),, averaging 

only half that of the 6JVIP treated animals ( 132 mg.). 

Both these vveights are considerably less than in 

I 
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untreated animals of 15 months of age. Histologically 

there was a mE,rked redlJ.ction in the lymphoid Etnd 

erythroblastic cells of the red :pulp but the Malpighian 

corpuscles were still :prominent. In both groups reaction 

centres could still be seen but were less frequent and 

less clear-cut than usual in this strain~ The cortex 

of the thymus WEJS still intact and contained meny 

small lymphocytes in the 6J\'lJ? treated group, 2"s well as 

foci of lymphocytes in the medulla, but was atrophic 

in the 61\IP + betamethasone group., In both grov.ps 

the lyrrmh nodes showed a reduction in small lymphocytes, 

particularly in the cortex, lymphoid cells tending to 

be concentrated in the more central areas of the node. 

In both groups sheets of plasma cells, sometimes with 

Il.ussell bodies, could ec:wily be identified in the 

lymph nodes. Reaction centres were sometimes present 

end occasional totic figures noted. It was elso noted 

that this stage of the 6!ilP therc-,py in both groups 

that myeloid precursors were still plentiful in the marrow. 

Groups of round cells were still present in lungs, liver 

and kidneys, more striking in the 6ELP group, but still 

very definitely present in the 61'0? + steroid group. 

ther these groups of cells were still immunologically 

competent is not known. In this connection 3/4- of the 

6IV1P + steroid treated animels had in fact become Coombs 
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negative and these were the 3 with the lowest spleen 

weights, vvhereas the 4 6I/[P treecte d anime,ls were strongly 

Coombs positive (Table 81, Appendix No.8, p.l56). 

The livers of both groups of these 8 animals 

showed varying degrees of grenulari t;y of cytoplasm vri th 

some focal areas of necrosis in one 6WO? treated animal, 

which ms.y represent a toxic effect of 611P. 

The kidneys of both groups showed varying 

moderate to marked fibrinoid changes in the glomeruli 

with no advantage to the 6MP + steroid group treB.ted 

at age c.l5 months but little proliferative activity 

was seen in the glomeruli. Three of the 6HiP + 

betaElethasone and 2/4 of the 6I,JP trested animals showed 

100 mg. of al burnin/1 00 ml. of urine and the worst 

affected animal wes a 6IvTI? + betamethasone treated vvi th 

B. blood urea ofllO mg./1 00 ml. No animE1ls showed glycoslJ.ria. 

V. CONCLUSION 

It is concluded that as tested in this 

experiment 611:'0? can cause some depletion of lymphoid 

tissue in NZB/BL mice bu.t toxic doses were necessary to 

achieve this. Much further depletion c::m be attained by 

the simultaneous use of the corticosteroid betamethssone 

with less toxic effects end with convincing evidence of 

accompanying decrease in circulating antibodies. 
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E., EARLY USE OF 6-IvillRCJ1.PTOPURINE IN AUTODIIMlTNE DTSORDERS 

As indicated in the previous section of this 

chapter, it might be possible to induce a state of 

immunological paralysis in which NZB/BL mice did not 

become reactive to self. As it had not been possible 

in the previous experiments to obtain such an effect 

using 6~~ when they had already developed circulating 

antibodies, it was decided to see if this could be done 

before overt signs of the autoimmune haemolytic anaemia 

occurred. 

I.. AIM 

To test the effects of 6-mercaEtopurine given before 

and at the time of onset of the autoimmune haemolytic 

anaemia of the NZB/BL mice. 

II. lVIETHOD 

1. Selection 

Twenty male mice aged 12.5-15 weeks i.e. just 

before one would expect them to have permanently positive 

Coombs tests, were paired on the basis of their ages 

and weights. They were bled for the first time and 4 

vvho had :!: Coombs tests were included in the treated group. 

Latex antinuclear factor tests were negative in the 20 

animals. The hc.ematocrit was recorded on each anime.l. 



Results from this and subsequent bleeds are tabulated 

in Tables 83-86, Appendix No.8, p.l58. 

2. Dosage 

The treated group wes given 6MP in the same 

daily dose as the previous experiments 10 mg./kg. 

= 0.35 mg./mouse dissolved in 0.1 ml. of N/50 NaOH. 

Eleven injections were given over 12 days, none for a 

week and then a further 6 injections when the animals 

were rebled on the 25th day. At this stage (Fig.78) 

they showed a striking fall in heemc-0tocri t, compared 

to the controls, but as none had a value below 35/b 

it was felt in view of the previous experiment that 

they would tolerate a further 4 injections. Thus in 

30 days they had 21 injections of 6JV1J?. This spacing 
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of injections has previously been explained as c=;n attempt 

to produce drug induced immunological paralysis. It is 

also noted thst these animals had a dose that was more 

than an IJD50 for the heavier one year old mice treated 

in the earlier 61\'IJ? experiments but none of these younger 

ones died from it. Compared with the mice in the previous 

experiments their a.bili ty to tolerate the higher dosage 

of 6M:P is probably related to their initially higher 

haematocrit levels and their longer red cell survival at 

this age. 
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3. Experimental plan 

These animals were rebled 3 weeks after 

cessation of therapy, e:;gain 2 months later when they 

were a.pproximately 5 months old, then at 7 months, 8 

months and 9 months when they were killed. Haematocrit 

was measured, Coombs and Latex antinuclear tests performed 

on each occasion and ficin antibody tests on blood 

from the last bleed. In addition blood v..rea levels 

were measured at 8 and 9 months. The spleen and thymic 

weights were noted at postmortem, as well as the kidney 

weights. Comments on the urinary findings and the 

histolog-y- of the kidney are made in the chapter on the 

NZB/BL animal, on the blood urea in the appropriate 

chapter and on the thymus in the chapter on the thymus, 

these particular animals being kept until they were 

c.280 days old (Holmes & Burnet, 1963) to study thymic 

abnormalities and their incidence at this age. 

III. RESULTS 

The results relevant to 6J\IJP therapy are given 

in Tables 83-86, Appendix No.8, p.l58, and discussed 

below. 

1. Ages 

Animals were all 12.5-15 weeks old. They were 

matched so thct 7/10 pairs were the same e.ge and in the 



other 3/10 pairs the paired animals were within a 

week of each other in age. 

2. General results 
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One control animal died. While receiving its 

7th injection of the NaOH vehicle it struggled, had a 

convulsive attack and died suddenly, the heart continuing 

to beat. It may have had a broken neck or have received 

an intrsvascular injection of N/50 NaOH. 

One treated animal found dead 2 weeks before the 

end of the experiment had a thymic tumour weighing 532 mg. 

compared to a 33 mg. thymus in the m::,tched control. 

Unfortunately, autolytic changes preclude further assessment 

of this tumour. 

Thus of the initial 10 pairs, 9 pairs of animals 

survived most of the experiment and 8 pairs the whole 

experiment. 

3. Weights 

Two pretreatment weights are given in the Tables 

and show the slight upward trend one would expect at this 

age, ranging from 25.5-33.5 g. on the date the pairs were 

matched. The closeness of matching c<:m be seen from 

the fact that no matched pairs differ by more than 2.5 g. 

The differences were arranged so that some heavier animals 

were in both groups and the sum of the differences between 
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the whole 10 pe.irs was only l. 5 g. end this favours the 

untreeted group. ights were recorded after one, 2 

and 3 weeks of 6rv1P there.py, without 2ny obvious difference 

between the groups 2nd, likewise, 3 weeks after therapy 

at the age of 5, 7, 8 and 9 months. There were no real 

differences between treated and untreated groups, the 

vveights then ranging betvveen 30 and 39 g. The sum of the 

differences betvveen the surviving pairs was 9 g., 

everaging l g./mouse heavier in the untreated group, a 

difference th<:1.t is unlikely to have significance. 

4. Latex antinuclear test 

This wes performed on each animal in the 6 

periodical blec-::!ds. Only one positive VJE:cs found, +, in 

an untreated male aged 8 months, negative when repeated 

a month later. The other tests (approximately 100) were 

all negative up to 9 months in the 18 NZB/BL animals 

surviving. 

5. Coombs tests 

Ini tielly there v'Jere 4 doubtful tests in the 

treated group (Table 84, Appendix No.8, p.l59). Although 

only one of these was positive ,3.5 weeks later after thera.py 

one further positive and an equivocBl result were also 

seen. This is the type cr fluctuation ~so seen in the 

untrec:,te d group where there were none positive at the 

first bleed, 4 and an equivocal one positive at the 2nd 
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bleed and only 2 and another eq_ui vocB.l one positive B.t the 

3rd bleed, Ett cJ.ge 5 months. By this time in the 

treated group there were 3 positive and 2 eq_uivocal results. 

That these tests fluctuated is also shown by the fact 

that by this age of 5 months, during the course of the 

first 3 bleeds, 7/9 animals had positive or doubtful 

positive tests in both groups. Of the initial doubtful 

positives, only one we.s defirritely positive at the Bge of 

5 months, which does not suggest that the treated group 

was unduly likely to develop positive tests, thereby 

masking a possible sma.ll but real benefit from the 6r:IP. 

At age 7 months, 8/9 treated and 7/9 untreated 

had positive tests; at 8 months, 8/9 in both groups, 

and at 9 months the proportions were similar. To check 

that these results are q_ualitatively similar the Coombs 

tests can be scored as in the graphs of the PT 

experiments Bnd Bt 9 months the total Coombs score is 31 

for the untreB.ted and 32 far the treBted animals. Thus 

it is concluded that there was no early or perme.nent 

beneficic:tl effect on Coombs tests in these aniwc:.ls eBrly 

treated with 6J'.TI? in large doses. 

Eq_uB.lly there is no evidence at this or earlier 

e.ges thc::.t the 6WD? treated Bnimals were worse off as 

regards Coombs tests than the trea.ted ones. One could 

envisE:ge this happening if after B. temporary suppressive 
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effect on I.C.C's, but without immunological paralysis 

developing while on 6MP, there W8.s E rebound proliferative 

effect after the clrug was stoppec1 ::,s appe2trs to he,ve 

hccppened with the erytbrobla stic tissue, or if erythroblastic 

tissue wes perm8nently depressed morefuEJn lymphoid tissue. 

6. 'Pree circulating anti bod;y levels 

When tested by the ficin technique c't age 

9 months there was free circulating antibody in each 

of the 9 treated animals strrvi ving (Table 84, Appendix 

No.8, p.l59). Furthermore, thj.s was plentiful in that 

7/9 had visual s.gglutinates rmd the other 2/9 2+. 

There is no evidence that the 61~ had interfered 

in any lasting vvr:w with the production of free circulating 

antibody. 

7. Haematocrit 

·while on treatment the hc-~ematocri t fell (Fig. 85) 

drame.tically in much the same way as in the previous 

experiment (IV1P1) but not so profoundly as in Fig.83. 

There were no deaths in this series due to 6MP toxici t_y 

a.l though more was given tha.n in the ~~D?1 experiment. 

The main reason for this must lie in the higher initial 

haematocri t values because of the younger age of thesE: 

animals and in the longer red cell survival time. Also 

the erythroblastic tissue, not being so hyperplastic 

as it is in the already anEJemic mice, would be less 
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vulnerable. The results are tabulated in Table 83, 

Appendix No.8, p.l58. 

The statistical analyses of these results 

are given below as they show very clearly the course of 

the anaemia in a group of NZB/BL male animals followed 

regv.larly from 3 to 9 months. Modifications resulting 

from the 6Ivil? therapy in a treated group of the sa.me 
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age are also shown and the differences between the pairs 

of animals. Initially and during the 6I11JJ? therapy these 

favour the untreated animal of the pair, but for the 

remaining months the difference consistently fa.vours 

the treated member of the pair. At any one point, 

except at 3i weeks, the difference between the pairs is 

not statistically significant. However there is a pattern 

in the differences, as can be seen in Fig.86,and p.391. 

Form of change in haematocrit test over 6 months 

of observation (i.e. age 3-9 months) in NZB/BL male animals 

Control group. This group (Fig.85) shows a 

definite variation with time, fitting the hypothesis 

of a quadratic form - that is an increasing rate of drop 

in the test value -initially slow (in fact up to 2 

months i.e. age 5 months, almost zero) but changing 

rapidly after that time. 

Treatment group. This group (Fig.85) shows 



evidence of a response of a very different form. There 

is an initial drop, a subsequent recovery and then a 

decrease as for the control group. There are no 

mathematical grounds for the rejection of the hypothesis 
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of a cubic form of this response. Although it fits 

statistically it seems rather unlikely that this would be 

the true form. The course of events is better represented 

by the straight lines joining the means of the 6JV:lP treated 

group. This is more in conformity with the clinical effect 

of the 6WIP and is represented in Fig.85. 

Difference between pairs of animals. The variation 

in these differences is again in conformity with a 

hypothesis of a cubic change - in this case an initial rise 

to a peak at 3i weeks, a steady fall to a minimum at 

5 months and then indications of a subsequent increase. 

This last upturn may well be a. statistical artefact but 

could equally well be interpreted that the slight post

treatment advantage to the treated group has been real 

but is being lost altogether by about the end of the 

observation period. Such a curve tends to iron out the 

magnitude of the peaks and a truer representation of 

the differences between the pairs of animals showing 

the marked initial divergence is better indicated by 

joining the means, as is done in Fig.86. 



Summary of means and standard errors of l\f!P2 

haematocrit tests 

Control animals 

Time : No. Mean S.Eo --
Pretreatment 10 44.3 0.72 

3! weeks 9 42.6 1.18 
2 months 9 43.8 o. 36 
4 months 9 41.2 0.32 
5 months 9 38.2 0.62 
6 months 9 36.7 1.21 

Treatment animals 

Time . No. Mean S.E • . --
Pretreatment 10 44.0 0.67 

3! weeks 10 36.8 0.90 
2 months 10 4-4.1 0.31 
4 months 10 42.7 0.93 
5 months 10 40.2 0.84 
6 months 9 37.3 0.93 

Differences between £airs of animals 

Time . No • Mean S.E. . 
Pretreatment 10 0.30 0.68 

3! weeks 9 6.00 1.13 
2 months 9 - 0.33 0.44 
4 months 9 - 1.11 1.02 
5 months 9 - 1.88 o. 96 
6 months 8 - 0.75 1.64 
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8. Spleens 

If 6.MJ? used in this way was going to have any 

permanent effect on the autoimmune haemolytic anaemia of 

the NZB/BL mice then it might be expected to result in 

some smaller spleens. In fact there was no statistically 

significant difference between the weights of spleens 

in treated and untreated animals, as can be seen 

from the following Table. 

I~2 : SEleen~ ~~~n weights in mg. 

Control 6MJ? Pair 
differences 

n 9 10 9 
Mean 208.9 189.3 56.3 
s. E. 36.39 40.48 28.53 

(Diffs : t = l. 973; 8d.f; 0.05 p 0 .. 10) 

It must be remembered that these weights are 

taken months after the 6MJ? therapy finished. The drug 

definitely causes reduction in size of spleens in older 

animals. 
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9. Thymus 

Simila.rly, there was no significant difference 

between the thymus weights in the 2 groups, excluding 

one animal in the treated group vvi th a thymic tumour 

weighing 532 mg., some 17 times the mean weight of the 

gland in the other treated animals. 

Ti!P2 . Thymust mean weight~ in mg. • 

Control 6 Iifl? Pair 
clifferences 

n 9 9 8 
Mean 26.1 31.3 5.0 
s T;' o.uo 1.45 2.25 2.52 

(Diffs : t = 1.98; 7d.f; 0.05 p 0.10) 

10. Histologically these organs and the kidneys 

are more conveniently considered in the chapter on the 

NZB/BL animal and in the thymus. No morbid anatomical 

differences were detected between the treated and 

untreated groups. 

IV. CONCLUSION 

In a group of NZB/BL male animals aged 3 months, 

using large parenteral doses of 6W!P for one month, it 

was not possible to influence the subsequent development 

of antierythrocyte antibody. After a temporary severe drop 
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in haematocrit during therapy there was a rise to a 

slightly higher, not really significantly higher, level 

than the controls. Vvhether due to slightly decreased 

haemolysis or to increased :production of red blood cells, 

the difference was marginal, and represented no advantage 

that outweighed the severe disadvantages of this form 

of treatment. 



F. ,.GENERAL SUJYmlf.ARY OF RESULTS USING 6 -WIERC.APTOPURINE 

TN NZB/BL ANDlfALS. 

In the LD100 oral dosage given in the first 
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6IVIP experiment 6l\llP caused a profound depression of 

erythropoietic, granulopoietic and probably lymphoblastic 

tissue in NZB/BL animals. 

Using an JJD50 parenteral dosage in the next 6MJ? 

experiment a marked worsening of anaemia was produced 

with no benefit in the way of reduced circulating antibodies, 

although some reduction in spleen size was achieved. 

It was clearly shown that initially more 

severely anaemic animals ·were the more likely to die 

from the therapy. 

Some protection from these toxic effects was 

achieved in another group of simil2r age and severity 

with betamethasone phosphatee 

Finally, it did not prove possible to arrest 

or postpone the development of the autoimmune haemolytic 

anaemia of NZB/BL animB.l s when large doses of 6r~IP were 

given over one month at about the time that positive 

serological evidence of the disease develops. 
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CHAPTEH 14 

ASSESSIIJL.iijNT OF THE SIDE EFFECTS OF SYSTEMIC 

BETAiVIETHASOI'TE PHOSPFT-ATE THERAPY IN MICE. 

A. SIDE EFFECTS OF SYSTEMIC CORTICOSTEROID THERAPY 

IN MAN. 

Bo SIDE EFFECTS OF SYSTEM..LC BETAI\fETHASOiill PHOSPilATE 

THERAPY IN MICE. 

C. SUlViivJARY OF SIDE EFFECTS OF SYSTEMIC BETAIVJETHASONE 

PHOSPHATE THERAPY IN MICE. 
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ASSESSMENT OF SIDE EFFECTS O:B"' SYSTEMIC BETAWIETHASONE 

PHOSPHATE Th~~RAPY IN CE 

General side effects ma.y be grouped in various 

ways, although there is obviously some overlap. At 

first they are summarised here for convenience as 

seen in man (slightly modified from Spence, 1958). Then 

an estimate is made of their occurrence in the 

experimental mice. 

A. SIDE EFFEcrrs OF SYSTEMIC CORTICOSTEROID TflHERAPY IN EfAN 

I 

II 

III 

IV 

v 

Due to altere.tions in 
tissue reactions : 

Gluconeogenesis 

Catabolic or anti
anabolic effect : 

Increased fat 

General effects 

Occurrence, perforation or 
bleeding of peptic ulcers. 

Increased susceptibility 
to infections. 

Masking of symptoms of 
infections. 

Delayed healing of vvounds. 

Hyperglycaemia. 
Glycosuria. 

Abdominal striae. 
Spontaneous brui~ing. 
Osteoporosis. 

Rounding of the face. 
Fat at nape of neck. 

ight gaino 

Sleeplessness. 
Aggravation of any pre-existin1 

personality change e.g. 
aggression, euphoria. 



VI 

VII 

VIII 

. Electrolyte disturbances 

Slight e.ndrogenic effect: 

Suppression of 
corticotrophin 

Sodium retention • 
Oedema. 
Potassium loss. 
Cerebral oedema with 
convu.lsi ons. 
Hypertension. 
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Congestive heart failure. 

Acne. 
Hirsuitism. 
Amenorrhoeao 

Adrenocortical atrophy. 
Poor response to stress. 
Risk in abrupt withdrawal. 

B. SIDE EFFEC'l1S OF SYS'l1EMIC BET.AIVIETHASONE PHOSPHATE 

_THERAPY IN MICE. 

Side effects of steroid therapy in mice are 

assessed mainly uncler the same general headings as 

described above in humans. 

I. ASSESSI1if.'ENT OF SIDE EWFEC'l1S OF SYSTEMIC CORTICOSTEROID 

THERAPY DUE TO ALTERATIONS TN TISSUE REACTIONS 

1. Pe£~ic ulcers 

Peptic ulcers were rare to naked eye examination 

in the NZBW animals examined and did not seem commoner in 

tre&ted animals. Bleeding or perforation did not occur. 

Histologically the appearances in one ulcer examined were 

those of chronic peptic v.lceration. 
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2. Infection 

Observations were made on an infection causing 

enteritis that was seen in the experimental mice in the 

first experiment. 

i. General features of intestinal infection 

observed. A few weeks after they were received from the 

breeding station 3 C'N female mice aged 6 weeks died with 

diarrhoea, listlessness and dehydration. These m~ce 

were in a tin with 8 others and the infectious nature of 

this infection was further illustre.ted 2 weeks la~ter by 

3 out of 4 NZB/BL female mice in one tin dying at 

9 weeks of age, again within 24 hours of each other. Mice 

of the NZB/BL and NZW strains and NZB/BL X NZV'I hybrids 

were all susceptible. 

During the rest of the experiment diarrhoea was 

present or suspected in tins of mice on at least 10 

different occasions, usually involving male mice. On one 

occasion 10 hybrid male mice suffered from, or were in 

tins with mice with, diarrhoea, without deaths. Three 

more mice died from diarrhoea, however, these being 

all males and all on the steroid drug (see Table following). 

This may not be significant as the male steroid treated 

group contained the largest mxmber of animals. However 

it is noted that no non-steroid treated males died in the 
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Table showing all CT mice dLing without elective postmortem examination 

Steroid Age 
Name group Date wks. 

Retrospective clinical 
comment 

CBW male 34 

aw male 49 

aw male 16 

CW male 2 

CW female 3 

CBW female 3 

CW female 

NZB/BL 
female 

2 
8 
5 
6 
7 
4 

II 

II 

I 

I 

Nil 

Nil 

Nil 
Nil 
Nil 

Nil 
Nil 
Nil 

4.12.62 

4.12.62 

1.11.62 

1.7.63 

11.12.6 3 

lo7o62 

3.7.62 
3 .. 7.62 
3.7.62 

17.7.62 
17.7.62 
18.7.62 

21 Weight had fallen steadily 6 g. 
in 6 weeks since commenced 
steroid drug. Enteritis 
prevalent at the time. 

21 Isol'a.ted with diarrhoea.. 
Treated with sulphonamide for 
2 days. 

21 Had failed to thrive after 
starting steroid 11 weeks 
previously. Diarrhoea. 

59 Recent raised blood urea and 
weight loss. 

29 Recent weight loss, lethargy 
300+ mg. and albuminuria. 

5 Just received into colony. Urine 
30 mg. protein only. Overweight 
for age 23 g. cfd. to 15 g. 
average of litter mates. Found 
dead. 

6 
6 
6 

9 
9 
9 

(3/8 mice in one tin died with 
(diarrhoea and prostration. 

(3/4 mice in one tin died with 
(diarrhoea. and prostration. 

Any Presumptive 
abnormal cause of 
tests death 

Enteritis 
(+ steroids) 

Enteritis 
(+ steroids) 

Enteritis 
(+ steroids) 

Rennl failure 

Renal failure 

Not known 

Enteritis 

Enteritis 

..p,. 
0 
1-' 
• 
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original epidemic when the young females died. Adult 

age probably favoured the general resistance of the later 

infected animals too. 

ii. Use Qf sul:£honamide therapy. A further factor 

which may have been beneficial was the use of oral 

sulphonamides after the first epidemic. All mice 

.subse~uently affected and their contacts were given 

sulphamezathine in their drinking water for 4-5 dayso This 

was conveniently prepared by using the B.P. solution for 

intravenous use in a strength of 1 g./100 ml., giving an 

approximate dose per mouse of 1 g./kg. body weight/day. 

No attempt was made to conduct a controlled experiment 

on the use of this drug. The strong impression was formed 

tl1B~t mice prost;rGtted v.ri th Cliarrhoet:1 end deh:;rdra~~tion 

could recover with the aid of the sulphonamide drug. 

iii. Attempts to isolate pathogenic organisms. Faec~ 

swabs were obtained on a number of occasionse A growth of 

serotypable Escherichia Coli 0.26 was obtained from one 

of the fatal cases during the first epidemice This was 

sensitive to sulphonamides, streptomycin, chloromycetin 

and tetracycline. Swabs taken from diarrhoea specimens 

on 6 further occasions scattered over the succeeding 6 

months showed no pathogenic organisms, even if the swab 

was taken before the sulphonamide was commenced.. It is 
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noted in passing that mice do not vomit, hence it seems 

correct to call this epidemic one of enteritis or 

dysentery, not gastroenteritis. The relationship of the 

E.coli type 0.26 to aetiology remains uncertain. The 

epidemic could well have been due to a virus infection. 

iv. Preventive measures. Postmortem examinations 

were not performed on mice dying of obvious infections 

because of the risk offurther cross infections. Vfhen it 

became available a special room was used for isolation 

and "barrier nursing" of infected mice. 

The infection remained endemic in this experimental 

colony for at least 6 months. It recurred in 4 steroid 

.treated hybrid male animals 4.5 months after their initial 

attack. A few scattered cases were noted in other 

animals in the same animal room. 

v. Conclusion. A highly contagious form of 

intestinal infection, particularly lethal to young 

female mice, was observed. Adult mice, with the aid of 

sulphonamide seemed to be able to cope with this infection, 

although 3 deaths in the corticosteroid treated male 

group were noted. 

It is not clear from the observations made 

whether there is any real masking of infection by 

corticosteroids. 



3o Wound healing 

As noted, all CT mice were bled about once a 

month. No difficulty in wound he2ling occurred in 

either the corticosteroid group or untreated group. 

II. DETECTION OF ANY ABNORiv'lALITY OF CARBOHYDRATE 

Iv1ETABOLI SM. 

1. Tests for urinaEl_sU~~in __ ~JfJ2.erimentel mice 

Mice of all 3 strains being examined had their 

urine tested with Clinistix for glycosuria. Different 

batches of Clinistix were used at different stages of 

the experiment. No sugar was detected in the urine 
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of any NZB/BL, NZW or NZB?•l mice in the first C~~ project 1 

but as noted previously, routine testing was not commenced 

until about 6 months of age. This test was performed in 

90% prior to postmortem and usually on at least one 

occasion during lifeo Approximately 300 of these tests 

were done covering different ages, sexes, strains, 

steroid and non-steroid groups, as well as mice with 

gross albuminuria and azotaemia. 

Nevertheless occasional faintly positive tests 

and rarely definite positive tests were noted in untreated 

female NZHN animals at varying ages in later experiments. 

_ ____!_hus in _-jJh~T __J3~pE;ri_Il1f3D_"'t _the urine and blood sugar 

iddda24p
Rectangle
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table (Table 65, Appendix No.8, p.132) shows that 

with repeated testing mice, including 6 of the untreated 

ones, had faint tra-c·es of glucose in the urine towards 

the end of the experiment. The range of blood sugars 

in the untreated animals was 102-168 mg./100 ml., 

including 5 with levels between 155 and 168 mg./100 ml. 

(AutoAnalyser). Bielschowsky and Bielschowsky (1956) 

state that normal mice fasted for 3 hours have blood 

sugar levels of 80-125 mg./100 ml. and, whether fasted 

or not, very rarely over 160 mg./100 ml. (Hagedorn-Jensen). 

In view of the faint traces of sugar noted in some of 

these animals and the relatively high causal blood sugar 

levels, the possibility is worth exploring that these 

NZBW mice have a latent form of diabetes mellitus. 

2. Tests for urinary sugar in treated mice in 

first major experiment 

As stated, glycosuria was not detected on any 

occasion in any mouse in the first part of the study. 

With the first and second schedule dosage used in the 

first experiment betamethasone did not cause or unmask 

a diabetic state in these mice. It is therefore unlikely 

that any renal lesions seen in untreated mice of the NZB/BL, 

NZW or the hybrids would be diabetic in aetiology. 

3. Diabetogenic tendency with higher doses of 

betamethasone in male NZB/BL mice 

Further experiments, however, showed that there 
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was a dosage effect of corticosteroids in th~ir 

diabetogenic tendency. Eight months old NZB/BIJ male 
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mice were given the full dose of betamethasone phosphate 

finally attained in the CT experiment, 500 micrograms 

per 100 ml. of drinking water, equivalent to at least 

15 micrograms per IIDuse per day. None of 8 developed 

glycosuria after 2 months therapy and one mouse continued 

on this therapy for 6 months had no glycosuria on 

repeated testing. Some NZB/BL male mice aged 18 months 

were given twice this dosage of steroid and 2/3 mice 

showed glycosuria. This was persistent until the drug 

was stopped and disappeared a few de_ys after cessation 

of therapy. One treated animal, continued on the drug, 

had a blood sugar reading (Auto.Analyser) of 163 and 

170 mg./100 ml. taken a month apart, when untreated, but 

otherwise similar, controls lay in the range 110-140 

when tested at the same time of the day. Another 

similar mouse given half as much steroid again did not 

develop glycosuria so there were variations from 

mouse to mouse. That these were not necessarily related 

to age or sex was suggested by observations in the BT 

experiment. 

4. Diabetogenic tendency with high (Third 

Steroid Schedule) dosage of betamethasone in 

NZB/BL X NZW female hybrids 

Seventeen female mice were treated from 5-8 months 
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with twice the steroid dosage attained in the original 

CT experiments. That is, they were treated with at 

l:ast 30 micrograms of betamethasone a day. At some time 

over the 3 months of therapy 10/17 showed definite 

glycosuria and none of the controls, although a few 

of these did Ehow very faint traces, as shown in 

the BT BW Charts, which also shows that some of the mice 

had associated hyperglycaemia, as discussed in that 

experiment. 

5. Effects of &lycosuria 

407. 

An effect of the glycosuria due to betamethasone 

is diuresis and presumably some thirst, as the consumption 

of fluid increases variably but often well above the 

3 ml./mouse estimated early in the experiments. This has 

the effect of further raising the betamethasone dosage 

above the predicted intake. 

6. Conclusion re effects of betamethasone 

phosphate on carbohydrate metabolism 

Large doses of betamethasone induce glycosuria 

and sometimes hyperglycaemia in some mice of both the 

NZB/BL and NZBW strains. This can occur in either sex 

and at varying ages. 
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III.. ASSESSMENT OF ANY CATABOLIC OR ANTIANABOLIC EFFECT 

O.F BET:AivTETHASONE PHOSPHATE THERAPY IN IVIICE 

1. Bruising 

No spontaneous bruising was noted. It would 

be difficult to detect in a furred animal unless gross. 

2. Osteoporosis 

i. Subjective findings. The femur which had 

to be transacted with scissors in two places to obtain 

bone marroWWt1S judged softer in some of the long treated 

than untreated groupo This was a subjective impression 

only. 

ii. Objective findings. 'J::wo male NZB/BL 

mice of the same age were x-rayed together on the same 

x-ray plate when 14 months old, the one after the long 

period of 6 months on a full dose of betamethasone, the 

other untreated. Fig.87 shows that, in fact, there is no 

x-ray evidence of osteoporosis at this stage~ although 

it is realised that this can be present without x-ray 

evidence. 

3. Effect on collagen 

i. Abdominal striae were not seen but a.gain 

would be difficult to detect. 

II. Bre.aking ~t.rength of collagen was tested 

by Dr.T.C.Highton in most animals in the experiment 

and the results are being reported separately. 
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FIG.87. X-ray negative plate of two NZB/BL male mice 
aged 14 months. Mouse 123 "D" had been treated for 6 
months with a large dose of betamethasone phosphate. 
No evidence of osteoporosis when compared with untreated 
control animal Mouse 27. 

Note however the large splenic shadow in the 
untreated animal, not present in the treated animal. 
This offers a further way of assessing drug effects 
in these mice. 
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IV. ~ETECTION OF ANY CHANGES TN FAT NLETABOLISH IN 

BETAlviETHASONE TREATF:]) MICE 

1. Weight 

As has already been discussed, the steroid 

treated mice, where the dose was gradually increased 

in the fir:::;t and second dosage schedules, tended to be 

lighter than similar untreated mice. The difference 

was statistically significant for males but not females. 

This effect is of interest, being similar to the effect 

of the corticosteroid triamcinolone in humans, but 

unlike the usual effect of weight gain seen with other 

drugs such as cortisone and prednisone. Whether it 

occurs may be dependent on starting the drug before the 

full adult weight is reached, as was the case in these mice. 

In the later experiments using larger doses 

from the beginning, and in adults, treated NZB/BL male 

and NZB/BL X NZW female mice tended to lose weight 

initially over the first 3-5 weeks but to regain that of 

the controls by about 8 weeks. This could prove a 

reliable guide to a definite steroid effect in these mice. 

2. Fat 

To observe any increase in fat due to cortico-

steroids conspicuous rounding of the face or fat at the 

nape of the neck were sought but not seen in any treated 

group. The subjective impression was formed that in 
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long treated animals there was an increase in subcutaneous 

fat even though the body weight was not raised. 

V. OBSERVATIONS ON GENERAL SIDE EFFECTS OF BETA~lliTHASONE 
PHOSPHATE THERAPY IN MICE 

The treated animals showed no behavioural 

difficulties. They did not become aggressive or 

vicious, nor did they become more passive when being bled 

or handled., 

VI. OBSERVATIONS ON A1TY ELECTROLYTE DISTURBANCES DUE TO 
USE OF BETAIII!ETHASONE PHOSPHATE THERAPY IN MICE 

1. Fluid retention 

No oedema, convulsions and cerebral 'Oedema 

or congestive heart failure (as judged by chronic 

venous congestion) were seen, suggesting with the 

absence of undue weight gain, that there was no significant 

sodium retention. No paralyses or weakness suggesting 

hypokalaemia was noted. Dne might expect that the renal 

failure seen terminally would be associated with 

hyperkalaemia, but this point has not been specifically 

examined due to difficulties with micro estimations 

of potassium. 

2. Hypertension 

Hypertension, if present, should be reflected 

in cardiac hypertrophy. An assessment of heart weights 



in the first CT experiment in both the steroid treated 

and untree.ted mice should then give an indication of the 

presence or absence of hypertension. 

i. Hypertension and heart weight. Heart weights 

in the first experiment are shown in Tables 8-ll, 

Appendix No.8, p. 58 e"nd the statistical analyses 

are summarised in Sta.t. Table 24, Appendix No.9, p .187. 

The analysis was aimed at determining whether there was 

any significant difference between steroid treated 
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Groups I a:nd II and untreated Group III in the relationship 

of heart weight and body weight; also whether there 

was any significant difference between heart weights 

allowing for postmortem bod;y- weights. 

MALES 

CBW and CW males and their combination as 

mB~ es showed no significant difference between Group 

III and the treated group I + II in the relationship 

of heart weight to bod;}f weight. Neither was there any 

significant difference between heart weights for these 

groups when corrected for postmortem body weight. 

FETvlt!.LES 

The same applied to CBW females if these were 

regarded separately. However for both the 

and the combined females i.e. all NZB/BL X 

females 

hybrids, 
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although the rate at which heart weight increased 

with increased body weight did not differ in the treated 

and untreated groups, the heart weight for a given body 

weight was significantly greater in the untreated than 

in the treated group (0.001 P 0.01). 

ii. Conclusion r~.h~pertension. In as much as 

hypertension would be reflected in increased heart weight, 

there is no evidence of this in the steroid treated 

groups. On the contrary, if hypertension was present 

it was in some of the untreated female animals, as 

reflected in their greater heart weights. The untreated 

males in this experiment were not as severely affected 

with renal disease as the females and this would explain 

why there was, as yet, no difference in heart weights 

in the males. It supports the idea that the treated 

female animals were at an advantage re lack of hypertension. 

This opinion has already received support in considering 

the results of the Third Dosage Scheme. On the other 

hand, this difference may reflect an antianabolic effect 

of this corticosteroid with relative loss of muscle mass. 

This seems much less likely, in a constantly working 

muscle, than that the untreated females were,indeed, 

hypertensive compared with the treated animals. If 

this conclusion is accepted it must be remembered that the 

treated animals in the CT experiment also showed renal 



lesions so any benefit to hypertension might be only 

partial, or alternatively, a non-renal mechanism of 

hypertension may have been modified. 

VII. DETECTIO:N: OF Al\TY ANTIROGENIC SIDE EFFECT 0]' THE 

OORTTCOSTEROID USED 

1. Dermatoses 

No dermatoses'were noted in the treated group 

not seen in the untreated group. 

2. Effects ~n bodl hair 

413. 

A slight tendency to baldness of body and facial 

hair was noted in the corticosteroid treated group, 

more obvious in the black NZE/EL mouse than the 

As older untreated mice tend to lose hair also, the 

degree of baldness is difficult to assess. Helyer and 

Howie (1963b) found an improvement in hair in AOTH 

treated animals. This may be related to general improvement 

or to AOTH stimulating other hormone production apart 

from cortisol. 

3. Fertility 

No females on betamethasone phosphate have yet 

been used for breeding purposes so no comments can be 

made on their fertility. 



VIII. ASSESS1lliNT OF SUPPRESSIVE EFFECTS ON CORTICO
TROPHIN PRODUC'T'ION IN BETAM:E:'T'HASO~TE PHOSPHATE 
TREATED MICE 

1. Clinical assessment 

414. 

The treated mice were not subjected to any great 

stresses apart from the enteric infection. They withstood 

mild stress such as bleeding and handling equally as 

well as did their controls. Mice could be withdravm 

from the drug over 3-4 days without subsequent clinical 

evidence of adrenocortical failure. 

2. Indirect morbid anatomical assessment 

i. Adrenal glands examined from 5 NZB/BL mice 

treated with the full dose of betamethasone from age 8-10 

months shovved that in the cortex there was vacuolation 

of the inner layer of the zona fasciculata and reticularis 

and some thinning of the cortex. 

ii. Pituitary. A moderate number of pituit 

sections were examined from animals on the lower dosage 

schedules end no Crooke's hyaline change in the basophils 

was seen. Sections from animals receiving the later high 

dosage schedules have not been examined. 



IX. OBSERVATIONS ON SUNDRY SIDE EFFECTS REPORTED IN 

MAN F~OM L)BG~ DOSES OF CORTICOSTEROIDS 

Leukaemoid reactions 

In view of a point raised in the Introductory 

chapter on corticosteroids it should be noted that no 

leukaemoid or leukaemic process followed the prolonged 
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and heavy use of betamethasone phosphate, as judged from 

peripheral circulating or bone marrow leucocyte examinations. 

Eosinophil precursors were not absent from the bone marrow. 

C. SUA~~RY OF SIDE EFFECTS OF SYSTEMIC BETAn~~HASONE 

PHOSPHATE THERAPY IN MICE 

Some betamethasone treated mice suffered from a 

serious enteric infection; this was also seen in untreated 

animals, but less commonly. 

If the dose is large enough betamethasone phosphate 

can induce or unmask a mild diabetic state in many treated 

animals, either NZB/BL or NZB/BL X NZW hybrids. This can 

occur iil either sex and at varying ages. 

Otherwise betamethasone phosphate in therapeutically 

effective doses over long periods of time proved remarkably 

free of detected adverse side effects. 
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CHAPTER 15 

THE THYI,,IDS 

A. GENERAL 

B. EXPERI~ffiNTAL RESULTS 

I The thymus in NZB/BL B.nimals 

II The thymus in NZB/BL X hybrid mice 

C. SUIVIMARY OF THYMIC CHANGES 



THE THYIVlUS 

In this chapter it is proposed to make some 

general observations on the structural and functional 

aspects of the thymus gland. There has been recent 

widespread interest in the results of Burnet (l962a,b 

and c) and Holmes and Burnet (1963) who have described 

abnormal changes in the medulla in the NZB/BL mice. 

Glands from animals of this strain were therefore 

exa.mined and the results are reported. Following this 

the results of studies carried out on this gland· 

in NZB/BL X hybrid mice arc presented. Finally, 

the findings in the chapter will be briefly summarised. 

417. 
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A. GENERAL 

.Anatomical 

The structure of this organ is basically the 

same in the mouse (Fig.88) and man with a core of medulla 

covered with darker cortex forming lobules which in 

most microscopic fields comprise about two thirds cortex 

and one third medulla (Burnet, 1962a and b). The origins 

of the gland are partly, but mainly, epithelial from 

branchial cleft endoderm (Miller, 196 3) with signifj_cant 

mesenchymal contributions (Bloom and Fawcett, 1962). 

Histological 

The cortex is tightly packed with small,medium 

and large lymphocytes which obscure the larger pale 

reticular cells but these become more prominent as age 

increases. The cytoplasm of many of these pale 

reticulum cells contains PAS positive granules and these 

cells have been studied intensively by Metcalf and Ishidate 

(1962) who showed that they increase with age, being 

prominent after the age of 6 months. These authors 

showed that mitoses were much commoner in lymphocytes 

around these cells than elsewhere in the gland, especially 

in mice of high leukaemia incidence strains. They found 

that the cytoplasm (not the granules) of these ~rge 

cells stained well with pyronin. In their studies they 
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also noted that PAS positive material was sometimes 

seen lying free between the lymphoid cells of the cortex. 

Because of the fewer lymphocytes, large pale 

reticular cells are much more obvious in the medulla 

where they can be seen to form a network (Bloom and 

Fawcett, 1962). These ceJls mevy show varying degrees of 

nuclear degeneration (Sainte-Marie and Leblond, 1964). 

419. 

~~ere rows of epithelial cells converge into groups, 

sometimes concentrically arranged, Hassall's bodies are 

formed. These corpuscles are not striking like those seen 

in man. Burnet and Mackay ( 1962) in fcwt state tha.t 

occasionally in mouse thymuses they have seen accumulations 

of epithelial cells and rarely what could pass for Hassa.ll' s 

corpuscles. Bloom and Fawcett (1962) would confine this 

term to the fully formed concentrically laminated 

eosinophilic structures. However JVIiller (1963) applies 

the term to single hypertrophic reticular cells, or groups 

of reticular cells, which may appear active, polygonal 

or flattened, hyalinised and concentricaliy arranged about 

a central core of debris which can be nuclear in origin, 

(Sainte-Marie and Leblond, 1964). It may also be 

cytoplasmic in origin, PAS positive m.Etterial heving been 

noted in epithelial cells and Hassall 1 s corpuscles by 

Metcalf and Ishidate ( 1962) (See Fig. 89). 
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FIG.88. Thymus from NZ B/BL X NZW female hybrid 
showing preponderance of cortex at age 8 weeks. 
(HE X54 ). 

FIG.89. Shows "Hassall's corpuscles" in thymic 
medulla of NZB/BL X NZW female hybrid aged 8 weeks. 
( HE X720 ). 
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Immunological 

Sainte-l\/.[arie and Leblond ( 1964) studied mit otic 

frequency and cell destruction rates to find the relationship 

of cell types to one another in the rat thymuseso They 

conclude that in the cortex reticular cells can and do 

change into large ly~phocytes and these into lesser and 

lesser sized lymphocytes, the small ones migrating to 

the medulla. Here they may enter into perivascular channels, 

lymphatics being scarce in the thymus, and thence into 

vascular channels. This is important evidence, beca.use 

as Miller pointed out in 1963, there was no unequivocal 

evidence the"t lymphocytes from the thymus do enter the 

circulation. Osoba and Miller (1964) have stressed the 

humoral effect on developing lymphoid tissue of the reticule

epithelial thymic elements in their millipore diffusion 

chamber thymic grafting experiments. In terms of clonal 

theories it may not matter whether the main thymic 

influences on immunological mechanisms is by a cellular, 

a humoral or a combined mechanism. The current interest 

(Ed. Brit. Med.J., 1962) in the thymus in this context 

wE,rrants the inclusion of a.ny observations that can be made 

on the organ in a thesis such as this dealing with mice 

showing disturbances in their immune mechanisms. 

Burnet (l962a a11d b) and r.Tiller (1963) are very 

definite that the normal mammalian thymus does not show 



reaction centres in the medulla and hence the reporting 

of such.centres in the thymus of NZB/BL animals by 

4-21. 

Burnet and his colleagues has been taken to represent some 

profound disturbance in immunological mechanisms. 

Experiment a] 

The following observa.tions have been made 

(a) to see if the reports by Holmes and Burnet (1963) 

of germinal centres in the thymuses of the UZB/BL mice 

can be confirmed; (b) to see if any thymic changes can be 

detected in the NZB/BL X 

been previously reported. 

B. EXPERIMENTAL RESULTS 

hybrids, such changes not having 

I. 1I:HE THYJi.mS IN NZB/BL ANIJ\T.ALS 

1. P:r:eliminary observa,;tions 

In the original CT experiment satisfactory 

thymic sections 'ivere obtained from NZB/BL animals of 

8, 8, 23, 25, 25, 27, 37.5 and 4-3 weeks of age. There 

were more PAS positive cells in the cortex in the older 

animals. 11 Hassall 1 s corpuscles 11 were plentiful in the 

first 6 animals but they were infreq_uent in the 2 older 

a.nimals (one male, one female) where there \Vas a diffuse 

increaBe in large lymphoid cells in the medulla with 

several focal areas bearing a. resemblance to germinal centres 
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with incomplete rims of smell lymphocytes, as shown in 

Figs. 90 and 91. Some vessels in the medulla, presuma..bly 

lymphatic, were stuffed vvith lymphocytes in these thyEmses • 

.A further 4 thymuses were available from the 10 month old 

NZB/BL a.nimals from the PT experiment. Sections were 

taken at 2 depths but no germinal centres were seen, 

although there was the impression of e. relatively larger 

medulla with an increase in lymphoid cells. Clearly 

recognised lesions in the thymic medulla were seen in 2/6 

thymuses examined from animals about 10 months of age 

combining these 2 small groups. 

2. ~h:tmic lesions in~BL ma.le animals aged 

9 months 

To test the incidence of lesions more exactly 

the mice from the second 61/Q? experiment were killed vvhen 

they were 9 months old. Sixteen thymuses were studied, 

all from NZB/BL male animals ranging in age from 269-289 

days and averaging 9 months. c~. ~ 

>.JlX OI these 16 showed no 

changes, 2 showed a moderate increase of pyronin positive 

cells in the medulla and 8 showed definite proliferated 

masses of lymphoid tissue in the medulla varying in 

number from one, detected by multiple sections, to 2 

animals showing multiple masses (3 and 5) in the first 

sections examined. 



FIG.90. Thymus showing incomplete "reaction centres" 
in medulla, with normal cortex in NZB/BL female 
animal aged 37 weeks and 3 days. (HE X52 ). 

FIG.91. Thymic medulla showing mass of lymphocytes 
and indefinite "reaction centre" in NZB/BL female animal 
aged 37 weeks and 3 days.' (HE X396 ). 
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3. Irregular distribution of thymic lesions 

A practical difficulty arises in this irregular 

distribution of the focal collection of lymphocytes in 

the medulla if sections from one depth of the thymic 

blocks are examined. Review of the above material shows 
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that 6/16, not 8/16, would have been classed as positive 

in the original sections. To illustrate this point further 

the blocks of the whole thymus of 7 of these NZ:B/:BL 

animals were cut out and sections stained from 5 different 

depths. This increased the yield from 2/7 to 4/7 positives 

in the last 7 thymuses examined. Applying this to the 

whole 16 it can be said tha.t at least half, and probably 

more, of the thymuses in these 9 month old NZB/:BL male 

animals had focal collections of lymphoid tissue in the 

medull~which corresponds closely with the figures given 

by Holmes and :Burnet (1963). 

4. Nature of lesions seen in thymic medulla 

of NZ:B/BL mice 

Although there is a general resemblance to the 

reaction centres seen in lymph nodes, this did not strike 

the author as a very close one. The impression was more 

of a lymphoid mass; sometimes indeed this seemed perivascular 

and more akin to the lymphoid masses already noted in 

kidney, lung, salivary glands, liver and spleen. Nevertheless, 
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as noted above, they do sometimes have pale active 

centres with a surrounding rim of lymphocytes (Fig.91). 

Sometimes the masses are contiguous, sometimes they fuse. 

Many of them contain practically.no pyronin positive cells. 

In this age group they seldom contained any plasma 

cells, although large pyronin positive cells were 

present and some small groups of plasma cells could be 

present in adjacent medulla. Plasma cells were much 

commoner in the medullas of the thymuses of a few 

NZB/BL animals examined at 12-18 months from the PT 

experiment. The cortices of such older thymuses 

were quite atrophic. 

5. Correlation of thymic changes with evidence 

of A.I.H.A. 

This has been superficially explored and there 

was no close correlation in these 16 animals. Thus the 

2 animals with the lowest haematocrits (32 and 357;) 

and the highest Coombs tests (3+, 4+) had no histological 

thymic abnormality. Likewise, 2 animals, one with a 

negative and the other an equivocal Coombs test (but 

P.C.V. 35% in each case) had apparently normal thymuses. 

On the other hand, the animal with the most striking 

thymic changes had a P.C.V. of 42% and Coombs test only +. 
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6. Thymic changes and splenic weights in 

NZB/BL animals 

The spleen weights of the animals with normal 

thymuses averagEd 212 mg. and those with abnormal thymuses 

had spleens much the same weight, averaging 193 mg. 

II. THE THYliDS IN NZB/BL X NZW HYBRID MICE 

425. 

In the first (CT) experiment all thymuses were re-

sectioned and restained with H.E. and Unna-Pappenhein 

stains. These sections were examined andthen re-examined 

some months later. The following observations are thus 

based on 3 microscopic examinations of each slide. 

1. Thymic changes in hybrid animals in first 

experiment 

Glands from 30 males ranging in age from the 

4th to the 63rd week were examined spread fairly evenly 

over that age range, except that 6 were in the 21-24 week 

age group and 6 in the 25-28 week group. One animal had a 

proliferated focus of lymphoid tissue in the medulla at 

the age of 28 weeks and this medulla also contained many 

pyronin positive cells. Otherwise, however, plasma cells 

were uncommon until the older ages studied. Three older 

animals had equivocal changes of indistinct proliferated 

areas in the medulla but for the most part the thymuses of 



FIG.92. Thymus showing marked atrophy of cortex and 
proliferated groups of lymphoid cells and many plasma 
cells in the greatly expanded medulla, with vessels 
distended with lymphocytes. NZB/BL X NZW female 
hybrid aged 37 weeks. ( HE X63). 

FIG. 93. Thymus showing thin cortex and in underlying 
medulla a "reaction centre" of pale epithelioid cellS 
with a surrounding incomplete ring of lymphocytes. 
NZB/BL X NZ\V female hybrid aged 26 weeks with minima.J
renal lesions. (HE X70). 



FIG.94. Thymus, shows medium and small sized 
lymphocytes at edge of "reaction centre" in 
NZB7BL X NZW female hybrid aged 26 weeks . 
(HE X396). 

" - - -- - --- - -- .... -
FIG.95. Shows "reacti on centre" of lesion depicted in 
previous photomicrograph. Note several mitotic figures 
and large pale lympho-epithelial cells. NZB/BL X NZW 
female hybrid animal aged 26 weeks. ( HE X396 ) . 
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the males were within normal histological limits. As 

already dis cussed, many of these males had definite rena.l 

lesions so these occur before thymic lesions. 

Glands from 23 females were examined, the 

mice ranging in age from 4 to 40 weeks. Focal masses of 

lymphoid tissue and/or plasma cells were seen in the 

medulla in 2/6 animals in the 21-24 week age group; 2/4 

in the 25-28 week group and 3/7 of the animals between 30 

and 40 weeks. They were frequent and conspicuous in 2 

of the cases. The cortex was usually atrophic and 

vessels were sometimes distended with lymphocytes (Figs. 

92-95 incl.). 

2. Thymic changes in female hybrid mice at an 

~e when their kidneys are affected 

In the third steroid dosage experiment thymuses 

from 7 untreated NZBW female animals between the age of 32-40 

weeks were examined and 4 of these showed definite focal 

lymphoid masses, often multiple (Figs.98 and 101) .. 

The cortex was often markedly atrophic. Marked distention 

of vessels in the medulla with lymphocytes was frequent .. 

All 7 showed expanded and cellular medullas in which it 

was difficult to see the background epithelial-reticular 

cells and Hassall's corpuscles because of a diffuse 

increase in lymphoid tissue. Many of the focal collections 
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FIG.96. Shows variations seen between 4 thymus glands 
from NZB/BL X NZW female hybrids aged 26 weeks. Two 
show expanded medullas and lymphoid masses. (HE Xll.5) 

FIG.97. Thymus shows earliest proliferated mass of 
lymphoid tissue seen in medulla in NZB/BL X NZW 
female hybrid aged 14 weeks. (HE Xl87). 
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of lymphoid tissue contained large pyronin positive cells, 

sometimes centrally, sometimes forming most of the focus. 

Pyronin positive cells were frequent in the medulla of all 

7 animals this age. Mast cells were infrequent in the 

medulla, somewhat commoner in the cortex. 

Combining the information from the 2 experiments, 

and allowing the fact that sections have not been taken 

throughout the gland, we can say definitely that nearly 

all NZBW animals aged 32-40 weeks have very cellular 

thymic medullas, atrophic cortices and often show lymphatics 

distended with lymphocytes (Fig.82). In addition in 

over half of them focal, often multiple, proliferated 

areas of lymphoid tissue can be clearly identified in the 

medu_lla. Plasma cells and larger pyronin positive cells 

are frequent at this age., A range of abnormalities is 

present at any given age, as can be seen in a further 4 

thymuses from animals exactly 26 weeks of age, all having 

affected kidne;y-s (Fig .. 96). 

3. Th~mic changes and other changes in female 

hybrid animals. 

In the 3 youngest females in the 32-40 week age 

group above with definite thymic changes the L.E.test and 

Coombs test were negative; renal lesions were present 

but not severe and the amount of I.C.C's noted in the 
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'FIG.98. Thymus showing expanded medulla, thin cortex, 
distended lymphatics and proliferated lymphoid masses 
in NZB/BL X NZW female hybrid aged 35 weeks. (HE X54). 

FIG.99. Shows atrophic thymus fpom betamethasone 
treated animal same age as previous figure. (BE X54). 

FIG.100. Shows mast cells in atrophic thymic medulla 
from Fig.99. (PAS/Alcian Blue Xll04). 
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kidney varied from up to 3+. ~-'hus in these cc:'ses, 

as in the 4 from the 26 week age group, there was no close 

correlation of thymic with severity of other lesions. 

Perhaps thymic lesions cBn antedate other lesions. 

4 0 rrhymic changes in young female hybrid anim<::tl s 

The youngest animal noted above in the 

preliminc_ry observa.tions with positive thymic ch<:mges vms 

23 weeks of age. In a further series of thymuses from 

animals aged exactly 14 weeks, 17 weeks, 20 and 23 weeks 

one out of 4 in each B_ge group showed proliferated focal 

masses of lymphoid tissue in the thymic medulla (Fig.97). 

~Chese foci and the rest of the medulla showed little 

or no evidence of plc:Lsrna cell formstion in any of the 12 

thymuses from animals up to 20 weeks of age in which pyronin 

stains were performed. The kidneys of the animal aged 14 

weeks with thymic changes were normal. Equivocal changes 

-were noted independently in the kidneys of the a.nimals 

vvith affected thymuses &.ged 17 and 20 weeks; the other 

kidneys at this age showed no definite abnormality. This 

is suggestive evidence that thymic chamges CB.n and do 

occur before renal ones in the NZB\Y mice but the overall 

impression is that they occur Ecbout the Se.me time and 

are only florid when the rena.l lesions are Etlso well 

established. 
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5. Incidence of thymic abnorm&li ty in NZB[BL X NZVl 

1 vb · d .. ,-" · · "" l -\, rl . C:-.-ll ffiev s 

Combining the inform<:=1tion reported above, l/4 

thymuses at 14, 17 and 20 weeks showed ebnormalities and 

3/10 in the 21-24 week age group and 2/4 in the 25-28 

·week age group a.nd most of the females of me;:m age 35 weeks. 

This suggests there is a steady :progression of incidence 

of abnormality, rB.ther than a sudden abrupt change in f' 

large~ percentage of animals over 2. short time interv2l. 

6. The effect of large doses of steroids on 

t~ymus glands in NZBjBL X NZ'N animels 

'I'he effect of lBrge doses of betamethasone 

phosphate on these thyrnuses vvas usually striking. As 

lJreviously indicated, vveights were about h2lf of triose 

of the untreated c:nimals, although histological examin2.tion 

shows that much of what ma.croscopically appeared to be 

thymus gland wss fat 2nd ls~rge blood vessels (Fig.99), 

sometimes with a lymph node. The cortices were thinned 

and the corticomedullary junction often not clearly 

recognised (Figs.99 and 101 ). PAS positive cells could 

still be recognised and, indeed, these rather granular 

cells could novv often be identified in the prepBrcltions 

due to the reduction of the thymocytes. Hassall's 

corpuscles and pale reticulum cells could be recognised 

in the medulla and mast cells were still present, although 



FIG.101. Thymus showing narrow cortex, expanded 
cellular medulla with vascular spaces distended with 
lymphocytes. Untreated NZB/BL X NZW female with severe 
renal lesions, aged 53 weeks. (HE X228). 

FIG .1 02. Partly 
atrophic thymus 
from a 
betamethasone 
treated 
NZB/BL X NZW 
female hybrid 
aged 35 weeks. 
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reduced in numbers (Fig.100). The older mice still 

showed some pyronin positive cells in the medulla. Two 

of 10 treated thymuses examined showed the typical 

expanded medullas described above, without definite 

proliferated centres. Perhaps thymic changes were present 

in these 2 mice before the drug was started and continued 

to develop,even though renal lesions were suppressed by 

betamethasone. The fact that renal lesions were minimal 

at 35 weeks suggests an effective dose of drug was 

being taken. It appears, then, that thymic medullary 

changes can progress, and perhaps appear, while large 

doses of corticosteroid are being taken, although the 

incidence of such changes is markedly reduced. 

C. SUivllVIARY OF THYMIC CHANGES 

It has been shown that the thymus glands of 

NZB/BL X NZW hybrid animals show extensive lymphoid 

hyperplasia, both diffuse and focal, in the medulla, 

occasionally with reaction centres and often, later, with 

:plasma cell production. Vascular spaces in the medulla 

may be distended with lymphocytes. The cortices are often 

atrophic. 

These changes occur much earlier and more 

regularly in the female than the male hybrids, with the 
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results that in female animals over 8 months of age 

few had completely normal thymic medullas. 

The earliest lesion noted was in a 14 week old 

animal with apparently normal kidneys, but for the 

most part animals with abnormal thymuses also had 

abnormal kidneys. 

These findings are very similar and even more 

severe than those reported in the thymuses of NZB/BL 

mice by Holmes and Burnet (1963). 

In addition the findings of these authors 

of lymphoid proliferation in the thymuses of the 

NZB/BL animal are confirmed, with the reservation that 

frank germinal centres were seldom seen. 
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THE NZB/BL STRAIN OF INBRED MICE 

Small numbers of these animals were used as 

described in the original experiment (CT) and groups were 

also used as controls for the treated groups in experiments 

with betamethasone (PT, Chapter 12) and 6-mercaptopurine 

(1~1 and 1~2, Chapter 13). It is convenient to collate 

and elaborate on some of the results here. 

A. RESULTS 

I. CLINICAL AND HAN~ATOLOGICAL RESULTS IN NZB/BL MICE 

1. Body weights 

NZB/BL mice tend to be heavier than NZW mice 

or than NZB/BL X NZW pybrids. When individually housed, 

occasional males attain weight in the 45-50 g. range 

and females 40-45 g. without any serous effusions being 

present. 

2. Haematocrit 

Levels in the older mice in the CT experiment 

were falling steadily (Table 37, Appendix No.8, p.87). 

This fall seemed similar to the exponential fall that 

followed a steady state to the age of 5 months in young 

NZB/BL mice (Fig.85). The fall continued past one year 

of age in elderly untreated mice, as noted in the PT 

experiment (Fig. 76). The range of haematocri t at any 
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given age after 5 ·months was wide. 

3. Coombs tests 

These fluctuated if tested every few weeks 
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when initially developing between 3-5 months, as noted in 

the MP2 experiment (Table 84, Appendix No.8, p.l59) 

but tended to steadily and slowly increase in intensity 

(Tables 31, p.81 and 8J, Appendix No.8, p.l59; Figs. 64, 

74 and 75). An occasional mouse was seen with P.C.V. 

down to about 36% with a negative Coombs test but 

positive ficin tests and the reverse held. The general 

relationship of Coombs to ficin tests that emerges will 

be considered in the Discussion Section. 

4. L.E.cell tests 

No positive tests were seen in the 16 male 

animals tested at 8 and 10 months in the PT experiment, 

this including one mouse with severe renal lesions. 

Likewise none were seen in the 13 CT NZB/BL animals killed 

at ages ranging from 8-55 weeks, some having been tested 

repeatedly (L.E. Test tables and CT NZB/BL Composite 

table) and Hgain including some animals with moderate 

to severe renal lesions but in no case including moribund 

uraemic NZB/BL animals (Table 25, p.75 and Table 49, p.ll3, 

Appendix No.8). 



5. Latex antinuclear factor test 

In the most recent experiment in the group of 

16 male animals tested repeatedly up to the age of 9 

months, only one transitory + positive result was seen. 

Older mice from the earlier experiment were not tested 

(Table 85, Appendix No.8, p.l60). 

6. Total leucocyte counts 

In the CT experiment the impression was gained 

that the total leucocyte count tended to fall with age 

in some NZB/BL mice. In the larger groups of male mice 
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the following were the white counts found, abstracted from 

Table 19, p.69; Table 74, p.l48 and Table 82, p.l57 in 

Appendix No.8 .• 

Ex:eeriment Ag_e No. W.B.C. S.E. 

CT 10 weeks 7 8,357 652 
PT 8 months 16 4,788 205 
PT 10 months 8 4,888 580 
MP1 12 months 16 6,350 550 

This did not confirm the initial impression of a total 

leucocyte count that fell with age. With the exact 

range at 12 months varying from 2,500 - 11,300/cmm. 

(Table 82, Appendix No.8, p.l57) comparisons between 

individual mice are unlikely to be revealing. 

It has also been shown that counts taken from 
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the heart prior to :postmortem are consistently but 

variably lower than from the tail vein so that information 

from heart total leucocyte counts is unreliable. 

The usual mononuclear (lymphocyte and monocyte) 

preponderance over polymorphonuclear leucocytes has 

been used in the PT experiment to assess the effect of 

betamethasone therapy in its ability to reverse this ratio, 

due to lymphoid depletion. 

7. Blood platelets 

Levels of these showed a definite rise with age. 

Experiment Age No. Platelets ± S .. Ee 

PT 8 months 16 680,500 ! 38,000 

PT 10 months 16 764,000! 46,500 
lvTI? 12 months 16 + 1,030,500 - 94,000 

This confirms an impression gained from examining blood 

films and L.E. preparations. It is not surprising that 

the platelets rose in view of the marked hyperplasia 

of erythroid elements in marrow and spleen, in both of 

which sites megakaryocytes were abundant. 

II. RENAL RESULTS IN NZB/BL MICE 

1. Blood urea 

The MP2 and PT animals were used to state the 

normal range as 20-66 mg./100 ml. A cross check on this 
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is that of the 6 CT animals, 3 male and 3 female, 

whose blood urea was tested at the time of postmortem; 

the urea lay in the range 25-48 mg./100 ml., corresponding 

renal lesions varying in severity from equivocal to 3+, 

but as it happens, the animal with the worst lesions had 
;"1 

L 
the lowest urea (Table 49, Appendix No.8, p. 1J.3). 

As with the hybrid animals, in the individual animal 

the urea method available is unlikely to be a sensitive 

guide to progression of disease. It is widely accepted 

in human renal diseases that the blood urea is no guide 

as a fine test of renal function, considerable impairment 

being present before the blood urea rises. The rate of 

rise in an elderly NZB/BL mouse in the pilot study is 

shown in Fig.10. 

2. Albuminuria 

Of the 7 CT, NZB/BL mice tested at approximately 

6 months of age (Table 42, Appendix No.8, p.99),6 showed 

30 mg. of albumin per 100 ml. of urine and the 7th 

showed 100 mg. These levels fluctuated over the succeeding 

months. The high levels of 300+ and 1000 mg./100 ml. seen 

in the NZBW mice were not seen, but this may just reflect 

the lack of uraemic NZB/BL mice in this small group. 

The test did not give a good indication of what was to be 

expected at postmortem in. as much as the severely affected 
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NZB/BL animals ( PlVI 116) never had more than 30 mg. 

of albuminuria when followed to the 38th week and 

another animal (PM 83) had repeated levels of 1 00+ but 

showed only + severity and activity of renal lesions. 

A further animal (PM 146), a female, followed until 
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55 weeks , had 100 mg. of albuminuria on several occasions, 

as well as many casts on a few occasions but nevertheless 

showed renal lesions which were distinctly less severe 

than in the 38 week old animal mentioned above; both 

had a. moderate degree of basement membrane thickening 

(Table 49, Appendix No.8, p.ll3) .. 

3. General observations on the kidneys in NZB/BL 
mice 

In the CT experiment NZB/BL kidneys showed no 

definite changes in 4 animals examined at 8, 8,23 and 

28 weeks, but definite changes, not severe, in animals 

of 25, 32 and 33 weeks. The author is unable to state 

whether the renal lesions begin definitely later than 

in the NZ:SW animals. That they started about the same 

time would be supported by the high incidence, in one 

case severe, of renal lesion mentioned in the 10 NZB/BL 

animals killed at 10 months and described in Chapter 12. 

This also illustrates the considerable variation from 

animal to animal at the same age, this applying to both 

sexes. Masses of lymphoid tissue, usually moderate in size, 
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both in the parenchymal and hilar regions, were seen 

in any mouse with definite renal lesions. Many of these 

cells, both at the hilum and in the parenchyma, are 

pyronin positive at 9 months of age. 

Good descriptions of the advanced renal lesions 

seen in these animals have been given by Helyer and 

Howie (1963a) and Holmes and Burnet (1963). Detailed 

descriptions of the earliest changes seen have hDt been 

reported. The following impressions are based on the 

above mentioned CT animals, including the 2 a.ged 8 months, 

11 NZB/BL male animals aged 9 months and 10 NZB/BL 

animals aged 10 months. It is stressed that this is 

experience mainly with male animals. Burnet (1962b) 

considers the females are more affected by renal disease 

than the males. 

4. Earliest NZB/BL renal lesions 

The initially recognisable renal lesions were 

quantitatively and probably qualitatively different 

from those already described in the NZB/BL X NZVT hybrids. 

In the NZB/BL animals the capillary loop was still 

widely patent when fibrinoid could be clearly recognised 

both adjacent to the capillary basement membrane and 

in the cytoplasm of the tuft. The basement membrane 

could· early be recognised as thickened but seldom before 
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fibrinoid appeared. It is stressed that to the author 

much of the fibrinoid is apparently intracytoplasmic, 

rather than closely related to the basement membrane, 

a point which has already been made with the hybrids. 

The exact localisation of the fibrinoid will require 

serial and electron microscopic assessment. 

In particular, the striking hypercellularity 

with narrowing of capillary lumens seen early in the 

hybrid animals was not seen early in the NZB/BL mouse. 

Although, the capillary lumens became narrowed ana_ 

obliterated and the tuft avascular, as the eosinophilic 

extra luminal material accumulated in the tuft, hyper-

cellularity was at any stage only moderate compared with 

the NZBVV animals. The typical local areas of hypercellularity 

and necrosis seen in the hybrids were not a feature of 

the NZB/BL animals. One is often struck in the NZB/BL 

animals by the poor cellularity of a markedly affected 

glomerulus. Using the Martius-Scarlet-Blue (JVISB) 

stain 7/11 animals aged 9 months had definite, but not 

severe, fibrinoid changes but only 3 of these showed 

moderate hypercellularity. An occasional much more 

severely affected glomerulus, giving the red-orange stain 

of young fibrinoid with the MSB stain, was noted. This 

was more commonly one of the large deeper cortico-

medullary glomeruli, as Holmes and Burnet (1963a) have 
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also reported. The lesions seemed to start in the 

glomeruli, tubules and interstitial tissue only being 

affected much later. 

5. Nature of the glomerular tuft material in 

NZB/BL mice 

Considerable interest attaches to the nature 

of the de-nse, acellular,avascular,eosinophilic,hyaline 

tuft material seen in the older lesions of NZB/BL 

mice and both Helyer and Howie (1963a) and Holmes and 

Burnet ( 196 3b) now agree that, although like am.yloid, 

this is not amyloid. This material does not stain red-

orange with NrSB, but blue; likewise with Masson's 

Trichrome stain it is blue, not the usual light red of 

fibrinoid, which, however, is definitely present in the 

glomeruli of less affected animals, as described here. 

Using the interpretation of the changing staining 

abilities of fibrin due to altered size of the fibrin 

network with age, offered by Len drum et al. ( 196 2) , then 

it seems likely to the author that the material seen in 

the glomerular tufts of the older animals represents 

altered fibrinoid, as discussed in the sections on tissue 

stains. It is appreciated that this is not saying just 

what it is chemically. However, it is shown that the 

earliest material recognisable is fibrinoid, and it does 
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introduce the concept that the striking end material 

seen, although not now having the classical staining 

properties of fibrinoid, is nevertheless, aged fibrinoid 

or uaged fibrin" as Lendrum et al. (1962) would call 

it, rather than collagen due to fibrosis. 

III. MORBID ANATOMICAL FINDINGS IN OTHER ORGANS IN 
NZB/BL MICE 

Comments have already been made on most of these 

and will not be covered here, except to repeat the points 

that have not previously been reported viz. that 

peri vascular groups, sometimes large, of ):lmphoid tissue 

may be seen in the salivary glands and the ;pancreas of 

some NZB/BL animals. Extramedullary erythropoiesis 

was occasionally seen in the pancreas. As already 

described, changes in the medulla of the thymus similar, 

but not as clear-cut as those described by Holmes and 

Burnet (1963), were seen in some thymuses examined, 

as discussed in the chapter on the thymus. 
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B. SU1v1MARY OF IVI.AIN FINDINGS IN NZB/BL MICE 

In the NZB/BL inbred mice the haematologica.l 

findings previously reported by Helyer and Howie (1963b) 

and Holmes and Burnet (1963) have also been found in 

this thesis. Further attention has been drawn to the 

variabilities in the correlation of Coombs test and 

circulating antibody tests. A tendency of platelet counts 

to rise with age has been sho¥m in this strain. 

A normal blood urea range of 20-66 mg./100 ml. 

is reportedo Some mice show albuminuria, but mice 

may have affected kidneys without much albuminuriao 

The early occurrence of fibrinoid material in the 

glomerular tuft is reported in the developing renal 

lesionso The glomerulonephritic lesions seen in the 

NZB/BL mice studied did not have the typical lupus 

nephritis features seen in NZB/BL X NZW hybrids. 

The finding by Holmes and Burnet (1963) of 

abnormalities in the medulla of the thymus in the 

NZB/BL strain has been confirmed .. 



CHAPTER 17 

THE NZW STR.AII~ OF INBRED MICE 

A. GENERAL 

B. RESULTS 

I. Clinical and haematological findings 

1. Weights 
2. L.E. cell tests 
3. Coombs and ficin tests 
4~ Total leucocyte counts 
5. Packed cell volume 

II. Renal findings in NZW mice 

.1. Urine tests 
2. Kidneys 
3. Blood urea levels 

III. Amyloidosis in NZW mice 

1. Liver 
2. Spleen 
3. Adrenals 
4. Amyloid material 

444-0 

IV. Further morbid anatomical findings in NZW mice 

1. Lungs 
2. Endocrine organs 
3. Salivery glands 
4. Heart 

0. SUJY.Il\lfARY OF MAIN FINDINGS IN NZW MICE AND CONCLUSIONS 



445. 

THE J:TZYf STRAIN OF INBRED MICE 

A. GENERAL 

Scattered references are made to this strain 

during the presentation of the main body of this thesis. 

This inbred strain, developed by Thrr Hall, is used in 

developing the NZB/BL X NZW hybrid. Mr Hall finds 

that the NZW strain is not a hardy one and litters 

may be difficult to produce and to rear. No report 

of the _strain has been made so it is convenient to 

summarise facts noted in this experiment. 

B. RESULTS 

The results are based on observations on 13 

males and 4 females killed between the ages of 23 and 63 

weeks to cover the period of maximum study of the NZBW 

animals. The results in the strain are outlined below 

anc1 a statistical analysis is given in summary form 

in Stat. Table 39, Appendix No.9, p.202. 

I. CLINICAL AND HAEiviATOLOGICAL FINDINGS 

1. Weights 

Adult male mice had a mean weight of 29.6±0.7 g. 

The 4 females are too few for separate comment but 

seemed to weighabout the same as their males. Several 

young mice were lost with the enteric infection already 



recorded but once well established all animals surviv~d 

until elective postmortem examination (Table 12, 

Appendix No.8, p.62). 

2. L.E.cell tests 

No positive tests were recorded (Table 24, 

Appendix No.8, p.74). 

3. Coombs and ficin tests 

There were no unequivocally positive tests. 
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Three different animals showed doubtful positive tests 

on a single occasion. In one female of these the Coombs 

test was equivocal on a later occasion and this animal 

had a doubtful positive ficin test on one occasion. 

It is therefore concluded that these animals did not 

show a significant free circulating or fixed erythrocyte 

autoantibody (Table 30, Appendix No.8, p.80). 

This same female animal, the longest lived of 

all, also had a doubtful positive Latex test on one 

occasion. In most of the others it was not tested. 

4. ::L'otal leucocyte counts 

ifuen initially tested at 10 weeks these were 

much higher than in the NZB/BL or NZB/BL X NZW hybrids. 

NZW male mice at this age had mean counts of 15,615±.1055 

W.B.C./cmm. and females of 18,875 ± 144 W.B.C./cmm. It 

can be seen from the Tables that these fell steadily 



so that the few mice kept until they were a year 

old had counts of 8,500 ~ 1000 in the males and 

6,500 in the one female. At all intervening ages the 
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counts were higher than in hybrid animals of the same age. 

This has no intrinsic significance, as Snell (1941) 

points out that counts vary considerably from strain to 

strain, although he does not refer to the fall with age 

seen in 2/3 strains studied here (Table 18, Appendix 

No.8, p.68). 

5. Packed cell volume 

The P.C.V. Table showed no general tendency to 

fall, up to age of one year, although there are some 

fluctuations and the one female mouse with the repeated 

doubtful positive Coombs test shovved a fall from 48 to 

41% (Table 36, Appendix No.8, p.86). 

II e RENAL FINDINGS Il'T NZW MICE 

1. Urine tests 

These were performed regularly in the 10 oldest 

animals and albuminuria of 100 mg. was recorded on 

more than one occasion in 3/10. Levels over 100 mg. 

were never seen in the NZW animals in the age group 

examined. Occasional casts were not uncommonly seen 

and in 3 of the animals numerous casts were seen on 

occasions but in none immediately prior to death.. As 
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these 3 animals showed little evidence of renal pathology 

it is concluded that their albuminuria and casts were 

associated with an intercurrent infection or a transient 

and healed renal lesion (Table 43, Appendix No.8, p.101). 

2. Kidneys 

JVIean weights : 328 :;!:: 18 mg. males; 307 ± 28.5 mg .. 

females (Table 12, Appendix No.8, p.62). 

Renal lesions were present in most of the older 

animals. When these comprised mild basement membrane 

thickening (Fig.104) or mild glomerular hypercellularity 

(Figs. 103 and 105), it was difficult to assess them. 

Definite rena.l abnormality was noted in 7/17 animals. 

These mainly comprised widespread hypercellularity with 

considerable pyknosis and fibrinoid. No areas of local 

necrosis were seen (Figs. 105 and 106). In only one 

mouse were there severe renal lesions, a 40 week old male 

with severity 3+, activity 2+; the animal being one 

of the ones noted as having amyloid-like deposits in 

spleen and kidneys, having hypercellular glomeruli, 

considerable capillary ba.sement membrane thickening with 

moderate fibrinoid change and nuclear karryorrhexis. 

This kidney also contained an ischaemic scarred area. 

This animal and several others with lesser but definite 

renal changes had more marked tubular dilatation and 

cast formation ( Fig.1 07 )than was usual in the NZBVi 



FIG.l03. Glomerulus 
showing mainly 
epithelial cells from 
63 weeks old NZW 
female animal with no 
albuminuria and no 
definite renal lesions. 
(HE X924). 

FIG.l04. Glomerulus 
showing patchy 
basement membrane 
change in NZW male 
animal aged 53 weeks. 
( PAS X912). 

FIG.l05. Glomeruli showing moderate hypercellularity, 
pyknosis and fibrinoid in 53 week old NZW male animal. 
( HE X816 ). 



l 

.. 

animals with this degree of glomerular change. The 

interstitial nuclei, mainly of capillaries, were~ 

considered more prominent in the NZW than in the NZB/BL 

and NZBW animals. 

The other renal lesions noted were the groups 

of perivascular round cells already noted in the NZBVV 

animals (Fig.106). These were marked in one or both 

sites in 4 animals and 3 of these were the oldest 
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NZW animals.. Holmes and Burnet (1963) point out that 

these groups of cells are seen increasingly witb age in 

different strains of.mice. The amount of such round cell 

infiltration was less in treated NZBW mice than in 

untreated NZW mice of the same age. The amount of 

this lymphoid tissue was considerably less than in 

untreated NZBW mice (NZW Composite Table 48, .Appendix 

No.8 , p. 112 ) • 

3. Blood ureas 

Blood ureas were estimated in 13/17 of these 

NZW animals and lay in the normal range of 37-72 mg./100 ml., 

except for one elderly male who had lost weight steadily 

before being killed but had only mild renal lesions 

with a figure of 92 mg. % and the animal mentioned later 

with the severely affected kidney whose blood urea was 

124 mg./100 ml. (Table 48, Appendix No.8, p.ll2). 
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FIG.106. Renal cortex in NZW male animal aged 
53 weeks showing mild glomerular hypercellularity 
and a group of parenchymal perivascular lymphoid 
cells. (HE Xl32) 

FIG.107. Kidney from NZW animal showing casts which 
are not homogeneous. They are clearly in dis:tal tubules, 
nowthe proximal ones containing PAS positive material 
in their luminal aspe cts. NZW male animal 53 weeks of 
age showing 
in Fig.106. 

moderate glomerular damage elsewhere, as 
(PAS X2 58). . 



III. AThiTLOIDOSIS IN NZW MICE 

:r. Liver 

In the liver a few perivascular or periductal 

groups of round cells were noted but never many. An 

extravascular homogeneous deposit resembling amyloid 
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was seen in 2 mice causing patchy widespread amyloid-like 

deposits between hepatic cells (Fig.108). 

2. S:eleens 

Mean weights 68.5 :!: 5.5 mg. (males); 98 .. 5 :!: 3.5 mg. 

(females) (Table 12, Appen~ix No.8, p.62). 

Histologically the change seen in the liver in 2 male 

animals was similar to that seen in spleens of the same 

2 animals and has already been described as an extra

sinusoidal deposit replacing the red pulp and part of the 

white pulp. A lesser degree of a similar splenic change 

was noted in one other animal (Figs.109-lll). 

3. Adrenal glands 

Similar amyloid material was seen with an 

extravascular distribution in the inner layers of the 

adrenal cortex. 

4. Amyloid material 

This material appeared homogeneous and was 

eosinophilic with the HE stain.. Special staining using 

standard methods showed a rwarm oranger colour with the 



FIG.l08. Shows amyloid deposits in the liver 
of NZW male animal aged 34 weeks. (HE X294). 

FIG.109. Shows extensive amyloid deposits in 
the spleen of the same NZW male animal aged 
34 weeks. (HE Xl87). 



FIG.llO. Shows spleen with extensive replacement 
of red and much of white pulp by amyloid tissue i n 
NZW male animal aged 40 weeks. (HE X54). 

FIG.lll. Normal spleen from NZW female an imal 
aged 54 weeks. (HE Xl60). 
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Congo Red stain and a varying degree of metachromatic 

staining with Methyl Violet. The material was pyronin 

negative, PAS nega tive and did not give any suggestion 

of a fibrinoid reaction with the Masson's Trichrome 

or Martius-Scarlet-Blue stains. With the trichrome 

stain it gave a dark and with the MSB stain a light 

blue colour. Finally, the material was a pale yellow 

with Van Gieson's stain. It is concluded that the 

substance is a type of amyloid material. 

IV. FURTHER MORBID ANATOMICAL FINDINGS IN NZW MICE 

1. Lungs 
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Occasionally before and commonly after the 40th 

week the lungs showed perivascular and peribronchial 

collections of round cells, apparently similar to, but 

much less pronounced than those seen in NZB/BL and NZBW 

mice from, an earlier age. It was noted that diffuse 

and a few focal collections of plasma cells are often 

seen in the tracheal mucosa in the mice examined, the 

impression being that this was commoner in NZW mice. 

Such pla sma cells could be seen even when the lungs 

were apparently free of focal collections of round cells. 

In the one NZW animal whose liver contained a large encysted 

worm there was an inflammatory exudate in the lungs. 

One other animal had a lung showing an area of collapse. 



2. Other endocrines 

The thvroids and pituitaries examined appeared 

normal. 

3. Sa.livery glands 

In the salivery glands of older animals small 

groups of round cells were sometimes seen but never to 

the extent of the NZBW mice. 

4. Heart 

Mean heart weights males, 160 ± 10 mg.; 

females 132.5 ± 8.0 mg. The mouse with the most severe 

splenic and hepatic amyloid-like deposits had a. heart 

weighing 265 mg. The heart did not contain these 

deposits and the significant weight increase indicates 

that the mouse was hypertensive. 

452. 
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C. SUMMARY OF MAIN FINDINGS IN NZW MICE AND CONCLUSIONS 

It has been shown for the first time that the 

NZW animals of the age group examined may show a form 

of glomerulonephritis with diffuse hypercellularity, 

pyknosis and fibrinoid. 

Of considerable further interest is the finding 

in 2 animals in this small series of systemic changes 

similar to amyloidosis . 

It will be necessary to examine material from 

largernumbers of mice of this strain, as has been 

collected by Drs. Howie and Helyer, over a longer 

time to see to what extent they develop pathological 

changes and how similar these are to those seen in 

the NZB/BL animal and the NZB/BL X NZW hybrid. The 

features seen were those of a. diffuse glomerulonephritis, 

rather than a lupus nephritis. It is perhaps not 

unexpected that the NZW an i mals would show abnormalities . 

No evidence is adduced as to whether the lesions have a n 

aut oimmune basis. The strain would repay further study. 
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DISCUSSION 

It is proposed in this chapter to discuss some 

of the main features shown in the experimental results, 

with particular reference to the nature of the renal 

lesions seen in the NZB/BL X NZW hybrids and whether 

these can be predicted or not by the special tests 

employed. Then aspects of the experimental use of 

drugs in the New Zealand inbred mice are discussed, 

with particular reference to the suitability of these 

animals as experimental models of autoimmune disorders, 

and, indeed, of immune disorders in general. The 

actual effects of treatment obtained in the hybrids 

and in the NZB/BL mice are then separately discussed. 

Next the thymic abnormalities noted are considered and, 

finally, a discussion is undertaken of aspects of 

autoimmunity in humans and mice. Throughout the 

Discussion some indications will be given of possible 

lines of further study of the mice. 

456. 
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A. DISCUSSION OF THE RENAL LESIONS DESCRIBED IN 
NZB/BL X NZW HYBRID MICE 

Lupus nephritis or not? 

457. 

The lesions described in the glomeruli of the 

NZB/BL X NZW hybrid mouse are hypercellularity, fibrinoid 

formation, pyknosis of nuclei, local areas of hypercellularity 

and necrosis, hyaline thrombi, as well as basement membrane 

thickening, wire loop formation and later, adhesions, 

lobulation and fibrosis of the tuft. The ultimate 

effect may be unrecognisable from other forms of chronic 

glomerulonephritis so it is important to decide whether 

the developing process does stamp the disease as 

lupus nephritis. These features are those reviewed 

and described in detail in the extensive report of 

Muehrcke et al. (1957) and in subsequent reports from 

this group by Pollak et al. (1959 and 196la) and 

Pollak et al. (1964), as well as by Muehrcke (1962). 

When these glomerular changes are added to the tubular, 

interstitial, vascular and lymphoid changes that have been 

described in the mice, the histological picture is acceptable 

as similar to human lupus glomerulonephritis, as described 

by the above and other authors such as Smith (1955); 

Larson (1961); Boyd (1961}, Wilson et al. (1963)and 

Mackay and Burnet (1963). A study of the criteria for 

lupus nephritis adopted by all of these authors makes 
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clear the correctness of the claim of Helyer and Howie 

(1963a) that they were describing in the NZB/BL X NZW 

hybrid mice an experimental model of systemic lupus 

erythematosus. It has already been indicated that 

Drs. Pollak, Kark and Pirani accept the mouse lesions 

as lupus nephritis. 

Smith (1955) describes at length the haematoxyphil 

bodies which are seen in kidneys in S.L.E. and points out 

that their numbers vary. Muehrcke (1962) considers 

them quite common, but, in contrast, in 35 affected 

kidneys in the series of Wilson et al. (1963) only 

one had haematoxyphil bodies and Rothfield et al. (1963) 

saw none in 29 cases with lupus nephritis. Helyer and 

Howie (1963a) have noted them occasionally in the 

hybrid mice but the author has not identified them in 

his material, mainly from partly developed lesions. If 

the haemtoxyphil body does reflect an in vivo effect 

of.the L.E. or some similar antinuclear factor a possible 

explanation of these differences lies in the fact that 

many of the mice were killed before L.E.tests had 

become positive, whereas in nearly all of the clinical 

cases reported the L.E.test was positive, just as it 

was in the animals examined by Helyer and Howie (1963a) 

when in renal failure. Mackay and Tait (1961) also 

noted few haematoxyphil bodies.in their biopsy material. 
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The author is led to speculate whether the haematoxyphil 

body is, in fact, an in vitro antinuclear phenomenon, 

noted especially in postmortem material but seldom seen 

in renal biopsy material or mouse histology where the 

tissues are fixed immediately. 

Wilson et al. (1963) and Pollak et al. (1964) 

point out that lesions within a given glomerulus may 

have a local distribution and that some glomeruli,but 

not others, may be affected, the change .then being 

"local and focal". Vilhile this is so in the early 

stages of the mouse lesions, it soon appears that most 

glomeruli at least show hypercellularity, although 

variations from glomerulus to glomerulus can be striking, 

and within a glomerulus. 

Attention has been drawn to the distribution of 

fibrinoid material noted in the mice and to the usefulness 

of the Martius-Scarlet-Blue stain for detecting it. 

Fibrinoid often seemed intracellular and not always 

clearly related to basement membrane. Studies on the 

localisation of material in the glomerular tuft in human 

cases of lupus nephritis have been summarised by Raitt 

and Holman (1962) and most authors agree with their 

description of endothelial changes and of deposits in 

and on the basement membrane, with obliteration of 

epithelial foot processes. A. recent electron microscope 
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study by Browne et al. (1963) is of considerable 

interest as these workers show evidence of accumulations 

on the luminal aspect of the intact basement membrane 

and also in the cytoplasm of the endothelium. This 

is interpreted as due to phagocytosis of an intravascular 

deposit. The hybrid mice offer an excellent tool to 

elucidate the mechanism of the fibrinoid deposition. 

This may have pathogenetic,as well as anatomic 

significance, in view of recent demonstrations that 

fibrin (and so ?fibrinoid) can be antigenic and even 

autoantigenic (Glynn, 1963). 

All authors are agreed that there is a high 

incidence of renal lesions in patients with S.L.E. and 

Pollak et al. (1964), quoting incidences ranging from 

62-89%, give an average figure of at least 75%, which 

corresponds with the 70% quoted by Mackay and Burnet 

(1963). These last authors refer to the great 

variability in renal lesions, which, as with the other 

features of S.L.E., may have a wide range of outcomes. 

Rothfield (1963) report an incidence of 57% in 52 cases 

of S.L.E. and the Ed. New Engl. J.Med. (1963a) considers 

estimates of renal involvement have been too high. 

Pollak and his co-workers, by several times 

reviewing and extending their renal biopsy material in 

the papers quoted over the last 10 years, have recently 
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concluded (Pollak et al. 1964) that there are 3 distinct 

categories of renal involvement. Of 87 patients with 

S.L.E., 10 had normal kidneys. A further 23 had mild 
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local and focal changes in the tuft, mainly local 

hypercellularity and irregular basement membrane thickening 

at the periphery of the glomerular tufts. They placed 

a further 7 patients in the category of a pure membranous 

glomerulonephritis with some tubular and interstitial 

damage. However, the largest number, 47 cases, had active 

lupus glomerulonephritis with a proliferative and membranous 

process severely involving the glomeruli, but to a 

varying degree, with fibrinoid, karyorrhexis, local 

necrosis and wire loops. They saw haematoxyphil bodies 

in some instances, hyaline thrombi more rarely and 

occasionally polymorphonuclear leucocytes in the local necrosis 

areas. Reactive proliferation of visceral epithelial 

cells, and later of parietal cells, occurred and sometimes 

led to fibroepi thelial crescent format'ion and adhesions 

in some areas. Definite tubular and interstitial changes 

were present. It will be appreciated that this last 

category corresponds with remarkable closeness to the 

condition seen in the hybrid mice. The opinion of the author 

is that the lesions seen in the mice do have the same 

features as those accepted as lupus glomerulonephritis. 
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Renal lesions and prognosis 

The striking thing about this current subdivision 

of renal changes in lupus nephritis put forward by 

Pollak et al. (1964) is that it is quite unusual for 

cases in the first three categories at the time they 

have their initial renal biopsy to proceed to an active 

lupus glomerulonephritis, whereas untreated or inadequately 

treated cases of active lupus glomerulonephritis almost 

invariably go on to a renal failure death. They consider 

that it is the activity of the lesion when first seen that 

determines the prognosis, more even than the severity does. 

In their original and major contribution (Muehrcke et al. 

1957) they had concluded that the glomerulitis seen in 

lupus patients often went on to lupus glomerulonephritis. 

Now (Pollak et al. 1964) they wonder if the glomerulitis, 

without active lupus lesions, is specific for the S.L.E. 

at all or just a feature of severe systemic disorders. 

However they do not clarify the therapeutic situation 

for their S.L.E. patients with normal or purely glomerulitic 

lesions. If these patients, as seem likely, did have 

ordinary steroid dosage, this may be capable of preventing 

the development of active lupus glomerulonephritis, even 

though such doses, as the authors clearly demonstrate, 

are ineffective in treating florid lupus glomerulonephritis. 
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DeveloEment of renal lesions 

The implication in the most recent results of 

Pollak et al. (1964) is that in over 50% of their 

patients with S.L.E. the active lupus glomerulonephritis 

starts as such, or that, if it starts as a glomerulitis 

it becomes a glomerulonephritis almost invariably~fore 

the patient has her first renal biopsy, which would be 

soon after clinical diagnosis in their clinic. 

In this thesis it has been shown that in the 

hybrid mice a proliferative glomerulitis occurs first 

which appears to involve mainly the endothelial cells 

and is followed by evidence of "activity" of lesions 

and that tubular, interstitial and vascular changes occur 

later. A more detailed study with larger numbers of 

animals, examining particularly the time relationships 

of the developing signs of the all important "activity", 

could throw considerable light on the pathogenesis of the 

active lupus glomerulonephritis lesions seen in the human. 

It is of some interest that Mackay and Burnet (1963) 

disagreed with the conclusion of Muehrcke et al. (1957) 

that the kidney could be involved any time in the course 

of S.L.E., considering themselves that the renal lesion 

usually appeared near to the onset of the disease and, 

indeed, the longer the disease continued without renal 



involvement,the less likely such involvement was to 

develop. This is now, by inference, the view of Pollak 

et al. (1964), but in arriving at it they have greatly 

clarified the interpretation of the renal lesions seen, 

with particular reference to the differences and relative 

importance of severity and activity. .Again it is 

relevant to ask whether those patients of Mackay and 

Burnet (1963) who had no renal lesions when first seen 

and did not develop them were protected from doing so 
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by moderate doses of steroids for their non-renal systemic 

disease • 

.As with several other fundamental questions 

concerning lupus nephritis there still seems to be 

considerable difference of opinion as to whether serious 

renal disease develops later in the course of S.L.E. 

Thus Rothfield et al. (1963) consider that it does not, 

whereas the Ed. New Engl.J.Med. (1963a),while accepting 

most of the other points made by Rothfield and her co

workers, stress that there are numerous exceptions to the 

idea that serious renal disease does not develop after 

diagnosis of S.L.E. 

It has been shown in the :me sis that for the 

NZB/BL X NZW hybrid mice the renal lesinns are usually 

present before any other manifestation of the disease. 

In a small number of mice the renal lesions progress very 
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rapidly and the mouse may die by the age of 6 months with 

florid renal lesions and no ]Ositive L.E.cell tests, 

or Latex tests. That renal lesions may be the sole 

manifestation of lupus is accepted by Wilson et al. 

(1963) under the heading of "Lupus sine lupo". The 

author has not examined enough mice in this acute 

category to state what happens in all of the body systems. 

Attention has already been drawn to the fact that the 

spleen size in such an animal may be little more than 

normal, which perhaps supports the idea that a severe 

and predominantly renal form of lupus can occur in the 

mice; also that it occurs before there are other 

presently detectable widespread disturbances in antigen 

antibody mechanisms. 

It has been shown in the mice that the more usual 

picture is that by about the time the initial glomerulitis 

is advancing to a glomerulonephritis some positive L.E. 

cell tests, Latex tests and Coombs tests are found, as 

well as albuminuria. In the human this stage, or later, 

would be the first occasion on which positive clinical 

findings and laboratory tests would be present and lead 

to a diagnosis of S.L.E. in the human. By analogy with 

the mouse; by the time diagnosis is made the renal 

lesions, if they are going to be present, could well have 

already developed to the glomerulonephri tie: stage. The 
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problem really is twofold : that the active lupus 

glomerulonephritis lesions really are usually rapidly 

progressive, also that no antibody or other tests are 

available to make the diagnosis of' lupus nephritis before 

a diagnosis of' S.L.E. can be established. Intensive 

serological study of' the mice when they have active lupus 

glomerulitis, before they have active lupus glomerulo

nephritis, might enable such a diagnosis to be made. 

Techniques already reviewed to detect autoantibody could 

be adapted and used, including some modification of' the 

complement consumption tests to determine antibodies to 

kidney tissue (Chudomel and Jezkova, 1961). Study of' 

specific nuclear reaction patterns of' antibodies to 

desoxyribonucleic acid (Casals et al. 1963) could be 

correlated with renal lesions in the mice. Also a study 

of' the exact pattern of' proteinuria, correlated with renal 

lesions, might produce a means of' predicting when 

an irreversible, or only steroid reversible, lesion had 

developed. This approach would be in keeping with 

suggestions made by Harvey (1963) that activity of' lupus 

lesions in humans may be reflected in a greater amount of' 

gamma globulin in the urine. He also mentions attempts 

to quantitate antinuclear B;ntibody in the serum, as well 

as complement determinations. 



Genetic and familial factors 

It was shown by Helyer and Howie (1963a) that 

all of the NZB/BL X NZW hybrid mice will develop lupus 

nephritis and this is confirmed in this thesis where, 

in addition, it has been shown that the disease is 

recognisably present from about the age of 6 months. 

This high ±ncidence of renal disease is different from 

the incidence in human cases of S.L.E. where the usual 

figure is about 75%. The difference is not a striking 

one, allowing for the inbred nature of the animals. 

Just as in humans, it has been shown that there is 

considerable variation from mouse to mouse - except in 
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the ultimate universally fatal outcome. This variation 

is such, particularly re rate of progress of the disease, 

that the mice could be used to determine whether there 

are any inherent differences in ability to produce antibody 

by a large group of the mice and then correlating any 

differences with subsequent behaviour of the lupus lesions. 

Such differences seem likely to Pollak et al. (1964) 
-:----

to explain differences between human cases and to Raitt 
.- '" ~ ~-.........~-.. 

and Holman ( 1962). ')Both of these papers, applying the 

observations of Dixon et al. (1961), suggest that it 

is in people with an intermediate type of antibody response, 

just adequate to permit circulation of antigen-antibody 
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responses, but not sufficient to clear antigen from the 

circulation, that glomerular lesions may develop -

irrespective of whether the antigen is related to renal 

tissue or not. 

Influence of sex 

The initially much more active and more rapidly 

fatal lesions in fue females have been established 

during the course of this project. When this thesis 

was planned it was not appreciated how different the 

behaviour was in the two sexes and this explains an 

undue number of postmortems in male animals about the 

same time as the females. These show that, although the 

lesions begin about the same time in both sexes, the 

males have much less severe lesions for many months and 

considerably less active lesions. This is reflected both 

in histological assessment and in clinicopathological 

tests. This sex difference seems to reflect the marked 
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female sex preponderance in human cases noted by all authors 

e.g. only 9 males in 200 cases of S.L.E. described by 

Larson (1961). The hybrid mice may provide a method of 

determining the reason for this sex difference, whether 

it has a humoral or genetic basis. 
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It should also be noted, as shown in the thesis, 

that the time of onset of the lupus nephritis is in the 

active reproductive age group of the females, as is, 

unfortunately, so often the case in human cases of S.L.E. 

Any variation in prognosis related to pregnancy could 

be conveniently evaluated in the mice, including the 

effects of single or repeated pr(3gnancies and of the 

puerperium. If such had an effect, trials with 

relevant hormones might elucidate the mechanism. The 

early stages of pregnancy and the 4th-8th week of the 

puerperium are the times at which flare-up in humans 

is prone to occur (Kark and Pollak, 1962). 

468. 
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B. DISCUSSION OF THE RESULTS OF SO~m OF THE SPECIAL TESTS. 

Haematological, serological and biochemical tes~ 

These tests, carried out during life in the 

NZB/BL X NZW hybrids, give more background information 

on these mice. The mice develop a moderate leucopenia, 

an anaemia, have fluctuating L.E.cell tests, Coombs 

tests and ficin tests for free circulating antibody and 

often develop positive Latex antinuclear test~. It has 

been shown for the first time that positive tests tend 

to occur after there is histological evidence of renal 

disease. From a comparison with human cases of S.L.E. 

' it is likely that many other antibodies will be 

detected in the hybrid mice and perhaps thrombocytopenia. 

It is noted in passing that the author and Mr. H.Shott 

of the Microbiology Department of the University of Otago 

have been unable to detect the equivalent of 1biological 

false positive tests for syphilis'in these mice using 

as antigen normal mouse heart, kidney or I±ver extracts. 

In particular the L.E.cell test has been 

extensively explored during life. It has been shown to 

become positive much earlier in females than in males, 

and seldom to be positive before renal lesions are well 

established. It fluctuates after first being noticed 

and could be prevented from developing in either sex by 
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efficient corticosteroid therapy. No definite correlation 

occurred with the Coombs test. All of these features 

are similar to those discussed in the introductory chapters 

as occurring in man, with the exception of the definite 

renal involvement. As already indicated, renal 

involvement is not sought in human cases before the L.E. 

test is positive but from analogy with the mouse and, a priori, 

considering the results of Pollak et al. (1964) 

may be there. The difference in incidence of positive 

tests between this series and that of Helyer and Howie 

(1963a) has already been partly attributed to their 

testing older more severely affected animals and partly 

to their different technique using a large volume of 

defibrinated blood. A further explanation could be that 

in taking blood from the heart with its admixture 

of thoracic duct lymph and lymphocytes for their tests 

they are obtaining an extra amount of L.E.factor, if 

this is produced predominantly by some antibody forming 

tissues, rather than others. 

From its limited use in these experiments the 

Latex a.ntinucleoprotein test emerges as a more commonly 

positive test and an earlier one than the L.E.cell 

test, as well as one which tends to remain positive and 

to increase in titre. Pollak et al. (196la) suggest 

that the titre of circulating antinuclear factors may 



bear some correlation with severity o~ renal lesions. 

This same group (Mandema. et a.l., 1961), using an 

immunofluorescent technique to determine antinuclear 

antibody, show a. good correlation between,the titre of 

such antibodies and the activity of S.L.E., with a 

diminution in titres in steroid treated cases. However 

the titre of antinuclear factors could not be used to 

predict whether lupus nephritis was present in an 

individual case. 
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It has also been established that the heavy and 

persistent albuminuria may occur in the mice, that this 

tends to correlate well with basement membrane thickening 

and even more so with severity and activity of renal 

lesions. These relationships hold in humans too 

(Muehrcke et al.,l~57; Wilson et al.,l963). 

Prediction of aisease state 

It is evident from the work in this thesis that 

in the individual mouse the degree of renal involvement 

cannot be _predicted with certainty from any one or 

any combination of these parameters, although distinct 

probabilities as to amount of involvement have been 

formulated. In humans the probability is that if all 

relevant tests are normal, the kidneys also will be normal, 



but this is not completely reliable and led Pollak, 

]{ark and Pirani (196la) to state that until simple and 

reliable measures of renal activity and damage were 

found then the renal status "will have to be assessed 

accurately by serial renal biopsy, or crudely, by 

clinical judgement". 

The author has shown the fairly rapid pre

terminal rise in blood urea levels that occur in the 

hybrid mice and this is similar, although more rapid, 

to that seen in humans. Considerable emphasis is placed 

by all authors on the grave prognostic value of a 

raised blood urea (urea nitrogen usually quoted~ levels 

of blood urea over 60 mg./100 ml. usually being serious 

unless due to prerenal azotaemia. 

Observations have been made on urinary casts 

and the correlation of large numbers of these with 

grossly affected kidneys containing many casts. 

Considerable interest and little knowledge has always 

attached to the structure of urinary casts and their 

possible aetiological role in disease. Recent studies 
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by McQueen (1962) and McKenzie et al. (1963) have thrown 

some light on the importance of the Tamm-Horsfall urinary 

mucoprotein in the structure of such casts. The varied 

staining reactions noted in the casts in the NZB/BL X NZW 

hybrids suggest that the casts seen in these animals do 



not have a uniform structure. The certainty and 

severity with which the animals develop casts in kidney 

and urine could provide a useful tool for the further 

examination of the general nature and effects of urinary 

casts. 

The complete lack of heavy or persistent 

glycosuria established in the hybrid animals is good 
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evidence against the renal lesions being diabetic in nature. 

However the repeated finding of faint traces of sugar 

in the urine of the hybrid mice (and also the NZB/BL 

mice) with an unmasking of diabetes by large doses of 

the corti.costeroids used, warrants further investigation. 

It has bean noted in young mice before they enter the 

age group where they have nephritis. The suggestion has 

already been made that this urinary finding is worthy of 

~urther investigation. 



C. DISCUSSION OF THE EXPERIF~NTAL USE OF DRUGS IN 

1~W ZEALAND INBRED AND HYBRID 1ITCE 

4 74. 

Models for testing therapeutic agents in autoimmune 

disorders 

In the hybrid mice with lupus nephritis a method 

of assessing the lesions has been applied which allowed 

the evaluation of the effects of therapeutic agents. 

Such an effect can be estimated taking numbers of mice 

in different age groups and seeing if the overall 

pattern of development of the disease is modified, as 

was achieved with the first steroid dosage schedule in 

males. A more clear-cut assessment of a drug can be 

obtained by the use of initially matched pairs, as was 

done withthe large third dosage schedule in the hybrid 

female animals and the same paired method was used in 

the NZB/BL male animals. These experiments are discussed 

later. Enough information is already available in the 

NZB/BL strain and has been provided in this thesis 

for the hybrids to plan therapeutic trials in such a way 

that any real therapeutic benefit can be clearly seen 

against the background of definitely affected paired 

untreated animals. Drugs alleged to be of use in S.L.E. 

are listed by Cook et al. (1960) and Dubois (1956 and 

1960). Those worth testing-would include for example 



the antimalarial drugs and nitrogen mustards. 

Within this framework, then, there is a 

very convenient experimental model to test other 

therapeutic agents, with or without steroids, in both 

lupus nephritis and autoimmune haemolytic anaemia. 

Models for general testing of agents which 
interfere with antibody formation 

In view of the current interest in antimitotic 

drugs as inhibitors of antibody production, it is 

proposed to test other drugs in the NZB/BL X NZW 
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hybrid and the NZB/BL mice, apart from the 6-mercaptopurine. 

Azathioprine or I~uran, which, being 6-(l-methyl-4-nitro-5-

imidazolyl thiopurine),is regarded as a more prolonged 

and more evenly acting form of 6-mercaptopurine (Rundles 

et al.l961~ is of considerable interest. Like 6n1P, 

6-thioguanine has been used in the treatment of s.L.E. 

(Goodman, 1963). Likewise other antimetabolites such as 

methotrexate and alkylating agents such as chlorambucil, 

cyclophosphamide, busulphan, melphalan, nitrogen and uracil 

mustards, as well as other cytotoxic drugs like actinomycin-a, 

offer a-fascinating range of chemotherapeutic agents which 

have recently been extensively used in attempts to suppress 



the host responses to organ transplanation (MacPhee and 

Wright, 1964; Porter et al., 1963; Calne et al., 1963; 

Ed.Brit.Med.J., 1963b; Ed. Lancet, 1963, 1964a and b). 

In addition, a study of the effects of ionising radiation 

and other methods outlined in the introduction for the 

induction of immunological tolerance will be of interest. 

Some of the drugs and procedures mentioned have a 

place in occasional steroid refractory cases of A.I.H.A., 

such as that reported by Richmond et al., 1963. 

It seems to the author that the mice studied 

here, quite apart from their own intrinsic interest 

and the possibilities of unravelling aetiological and 

therapeutic problems in autoimmune disorders, provide 

an appropriate test mechanism for any drug claimed 

to have a definite effect on antibody forming tissues. 

In view of the consid·e:B,ble current interest in 

tissue transplantation,this is a timely model, due 

allowance being made for species differences. 

4 76. 
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The treatment of NZB/BL mice with 6-mercapto~urine 

Despite theoretical considerations which 

suggested the contrary, the antimitotic drug 6MP 

had no beneficial effect when used in NZB/BL mice with 

autoimmune haemolytic anaemia (A.I.H.A.).· These 

considerations and the reasons for using the drug have 

already been discussed in the appropriate chapter. 

It was found that a severe anaemia and a mortality of 50% 

in the animals occurred with dosage levels that did not 

cause a fall in Coombs strengths. It was established 

that the more anaemic mice tended to do poorly. This 

is probably due to a more severe effect on their 

hyperplastic bone marrows and to their short red cell 

survival, anaemia falling below a level which the 

animals can tolerate. It was also found impossible to 

prevent the development of A.I.H.A. by antibody tissue 

suppression with this drug at the age of 3-4 months. 

However, a useful sequel to this experiment would 

be to test the drug in the hybrid mice which develop 

lupus nephritis. These mice are not anaemic initially 

and do not have marked erythroblastic hyperplasia like 

the NZB/BL animals so they should tolerate the drug better. 

Also, probably more clinical interest attaches to the use 

of the drug in S.L.E. than in A.I.H.A. 
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Establishment of a long term method of steroid 
administration orally to animals for any purpose. 

The prolonged use of betamethasone phosphate 

undertaken in this thesis offers a method of long term 

corticosteroid dosage that could be used for other 

purposes. The extensive review .undertaken of the use 

of corticosteroid drugs in mice revealed no really 

convenient long term method of administering large 

doses of corticosteroids to these animals. This impression 

was confirmed by correspondence (Appendix No.10) with 

appropriate personnel from Glaxo Research Limited, the 

Merck Institutefor Therapeutic Research, Ciba Laboratories 

and Roussel Laboratories, which include some of the largest 

and original manufacturers, as well as investigators, 

of the drugs discussed. It is therefore considered that 

the successful convenient oral use of the potent water 

soluble corticosteroid drug betamethasone pho:sphate 

for periods up to 6 months without much trouble with side 

effects provides a useful tool for long term experimental 

trials of a corticosteroid in animals with any disorder 

or investigation requiring such large doses. 



Betamethasone phosphate as a proposed immuno

suppressant agent 

479. 

This drug also should prove an effective immuno-

suppressant in transplantation work where prednisone has 

usually been used to varying advantage. Mitchell et al. 

(1963) have, indeed, recently used another potent 

corticosteroid, triamcinolone, in sheep,and coupled with 

radiation, have found a marked prolongation of kidney 

homograft survival compared to any of their previous 

efforts with other corticosteroids, antimetabolites or 

desensitisation procedures. It has been shown in 

this thesisthat the higher dosage levels of betamethasone 

phosphate achieved have a profound effect on the lymphoid 

system in all sites studieQ. This lymphoid suppression 

is presumably what needs to be achieved in attaining 

drug induced :immunological tolerance. As the drug can be 

continued for a long time, it could affect the host 

graft reaction but also should suppress the lymphoid 

tissue of a graft and stop it reacting against the host. 
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Animal models for elucidation of adverse effects 
in autoimmune disorders 

Used in another context, pairs of mice could 

throw some light on factors which are detrimental and 

considered to encourage the development of lesions in 

humans e.g. with S.L.E. Worthy of testing would be 

the effect of female sex hormones, of drugs such as 

sulphonamides and antibiotics or of anticonvulsants 

in their ability to unmask or precipitate S.L.E. 

Ultraviolet light and hair dyes such as para-phepylenediamine 

and some household and garden chemicals have been cast 

in a similar adverse role (Kark and Pollak, 1962). 

Earlier development of the disease in animals would 

support clinical impressions of the above factors 

being significant in unmasking or precipitating S.L.E. 

Deleterious factors such as drugs and infections would 

also be studied to see if these induce A.I.H.A. in the 

NZ::S/BL mice sooner than it appears spontaneously. 
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D. DISCUSSION OF THE TREATMENT OF NZE/BL X NZW HYBRID 
MICE WITH BETAMETHASONE PHOSPHATE 

481. 

Problems of dosage and effects of corticosteroids 

in mice and humans with lupus nephritis 

It has been shown that moderate doses of 

betamethasone phosphate damp down the disease process 

in the kidneys of the male hybrids. In terms of human 

disease the male mice at -fjhe ages examined showed less 

severe and less active lesions than did females. 

The females, although showing some steroid effects 

on the lymphoid tissue, did not show any lessening of 

the severity or activity of their lupus nephritis. This 

lack of response of active lesions to corticosteroids seems 

comparable to the lack of effect on renal lesions stressed 

by all the authors quoted in the Introductory Chapters 

and related by Pollak et al. (1959, 196la,b and 1964), 

to low steroid dosage. 

The convincing effect shown in female hybrids 

on the large third dosage schedule, with the suppression 

of renal lesions, including the important features 

indicating activity, seems to correspond well to the 

beneficial reports of Pollak et al. (1964) from their 

high steroid dosage given for at least 6 months. As 

indicated elsewhere, this dosage method introduces a new 
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concept into steroid therapy, all other non-replacement 

therapy in humans being aimed at suppression o:f activity 

and rapid reduction o:f dosage. rt-_is important to :find 

supporting evidence :for this beneficial e:f:fect claimed 

by Pollak et al. (1964) a:fter a decade in which nearly 

all authors stated that steroids had no beneficial e:f:fect 

in lupus nephritis. Wilson et al. (1963) support the 

claim, as does Holman (1960a and b) but the :former 

authors criticise the work o:f Holman on the lack o:f 

renal biopsies. The same criticism would apply to the 

supporting evidence o:f ~ubois (1956 and 1960) and Cook 

et al. (1960). Mackay and Ta:ft (1961) also produce 

evidence that large doses o:f corticosteroids can arrest 

the progressing histological changes in the renal lesions 

but this applied to early cases o:f lupus nephritis. 

Nevertheless Mackay and Burnet (1963) in their chapter 

on the treatment o:f autoimmune disease do not accent this 

new concept o:f Pollak et al. on the li:fe saving nature o:f 

lexge doses of steroids over a long period of time. 

As the author sees the present clinical situation, 

i:f the work o:f Pollak et al. is aecepted, then all cases 

of S.L.E. should have a renal biopsy on :first diagnosis 

and i:f there is histologic evidence o:f active lupus 

glomerulonephritis then these patients must have this 

intensive steroid therapy. No undoubted guide to response 
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can be obtained. Therefore the treatment must be very 

prolonged at the high level. 

In the Introductory Chapters it was indicated 

that most workers believed that the renal lesions were 

uninfluenced by corticosteroids. While there has been 

a swing away from this opinion, not all agree that the 

high dosage levels advocated by Pollak et al. (196la) 

are indicated. The Ed. New Engl.J. of Med.(l963a) 

considers that the implications of renal involvement 

have been overstated and that there is some evidence 

483. 

of spontaneous improvement, or at least improvement with 

ordinary steroid disease. The Editorial writer 

relies heavily on the work of Rothfield et al. (1963) in 

reaching this conclusion but it seems to this author 

that by finding remission in only one out of their 7 

cases with severe glomerulonephritis, Rothfield et al. 

(1963) do illustrate the need for very high doses. These 

workers reach the conclusion that if systemic signs of 

involvement are suppressed, so will the renal lesions be. 

This is at variance with Pollak et al. (196la and 1964). 

Rothfield et al. also reach the conclusion that it is 

the cases with severe diffuse glomeruli tis (and -nephritic), 

rather than those with severe local and focal lesions, 

who do poorly from the renal point of view. The 

author has shown that in the mice there appears to be a 



dift:use glomerulitis plus local end focal lesions. 

It can thus be seen that there is still 

considerable difference of opinion as to the nature of 

-;the lesions, theirrelative importance, prognosis and 

response to therapy in human cases of lupus nephritis. 

In view of the above considerations the Ed. New Engl. 

J. of Med. ( 1963a) states that ''the question of the 

484. 

role of steroids in treatment of renal involvement remains 

unansweredu and makes a plea for controlled trie.ls. 

Pollak's group consider these unethical in the light 

of their experience. It seems reasonable to hope that 

by intensive study of these differing opinions an 

important practical clinical matter may be resolved. 

The hybrid mice can be used to throw more light 

on the reversibility or otherwise of glomerulonephritic 

lesions and advantageous variations in dosage schemes. 

It has been shown in the thesis that the glomerulonephritic 

lesions can be prevented :from developing in many of the 

female mice and that activity of the lesions is suppressed. 

There is some evidence, too, that glomerulonephritic 

lesions can be arrested, the most striking examples 

of this being in the mice with prolonged albuminuria 

kept alive much longer than usual without uraemia developing. 

The inability of the steroid to reverse basement membrane 

thickening and severe albuminuria is similar to the usual 
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situation in humans, where the level of albuminuria may, 

however, decrease. Too small a number of mice with heavy 

albuminuria were examined to elucidate differences in 

degree of albuminuria. 

Some further experiments indicated on effects 
of betamethasone on renal lesions. 

485. 

Using the background information obtained in the 

thesis 2 further major points could be explored. The 

first is to what extent definite glomerulonephritis can 

be altered and to this purpose groups of female mice 8-10 

months of age could profitably be studied and the 

difference in severity and activity of lesions noted after 

therapy. Such an experiment could also simultaneously 

test the effects of betamethasone on longevity because, 

using females, most of the untreated mice which had 

attained this age would certainly die over the succeeding 

few months. In this connection more detailed attention 

to blood urea levels with a more reproducible blood 

urea technique, and perhaps using creatinine levels, a 

finer guide as to the exact renal function status 

of mice with glomerulonephritis could be obtained. Pollak 

et al. in all of their publications have stressed the 

grave prognostic omen of blood urea levels over 60 mg. and 



ra.ised creatinine levels, even with high steroid doses, 

although in their later publicationseven some of these 

patients show markedly increased survival times. It is 

appreciated that no evidence of a beneficial effect of 

corticosteroids in the hybrid mice has been offered 

when they are in this category, but it would be of 

considerable interest to test this aspect of the problem .. 

A further point which could be explored is 

whether starting large steroid dosage in the hybrid 

mice before they have any known lesions e.g. at 12 weeks 

of age or even earlier, the renal and other lesions 

could be prevented from developing, and the permanency 

or otherwise of such protection if it were sustained 

for a long time. There may be a crucial time, either 

of commencement or of duration, during which suppression 

of the immunological reactions of the host would result 

in permanent self tolerance. This aspect has been 

unsuccessfully explored in the NZB/BL mice by treating 

them with 6:MP but is worthy of further appraisal. 

486. 
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Mechanisms of beneficial effect of betamethasone 

;phosphate 

487. 

As to the mode of action of the beta.methasone, there 

is no doubt that its most impressive effect is on the known 

antibody forming tissues. That it did in large doses 

reduce antibody formation is shown by the failure of 

:production of positive L.E.cell tests and of Latex 

antinuclear tests and the reversal of some Latex tests 

in treated animals. White (1963) was impressed in 

the experiments of Berglund, some of which have already 

been quoted (Berglund, 1956a and b) by the ability of 

cortisone to reduce the spleen size to 30% of that of the 

control animals. In the experiments reported here the 

spleens were also impressively reduced in size and evidence 

of reduction in lymphoid tissue in lymph nodes, kidneys 

and lungs has been stressed, as well as the lymphopenia 

that accompanies them. 

The mechanism of benefit on the actual renal lesions 

remains obscure. Whether it is primarily an effect on 

delayed hypersensitivity mechanisms involving the 

lymphocytes themselves, an.effect on the humoral 

antibodies, or an anti-inflammatory effect, an effect of 

increased fibrinolysis (Chakrabarti, Fearnley and Hocking, 

1964), an effect on the thymus and thus on immunological 



homeostasis, a combination of these effects or some 

other effect is not apparent. 

Some of these mechanisms could be further 

evaluated in the mice, in particular the relationship 

of circulating antibodies and the amount of these 

to the presence or absence of renal lesions. This would 

be particularly applicable to the NZB/BL animals which 

develop such a high titre of circulating erythrocyte 

antibodies. Pollak et al. (1964) favour some recent 

evidence that renal damage is a result of the antigen 

antibody complexes damaging the kidney. It should be 

:possible to suppress the haemolytic anaemia of the 

NZB/BL mice with the corticosteroids at varying dosage 

levels to see if there is a critical dosage to prevent 

renal lesions in these animals or if it is just the 

same dosage as prevents production of the erythrocyte 

antibody. Apart from treatment, of course, the same 

point could be partly elucidated by studying the 

relationship of circulating antibody titres to renal 

lesi:ons in both the NZB/BL and the NZB/BL X NZW hybrids. 

488. 



E. DISCUSSION OF THE TREATMENT OF NZB/BL MICE WITH 
BETAMETHASONE PHOSPrllTE 

General effects of the drug 

It has been shown in the first and major part 

of the experiment involving the betamethasone treatment 

of NZB/BL mice that the betamethasone treated group of 

489. 

mice showed l;y-mphopenia with reversal of the polymorphonuclear/ 

.monocyte ratio consistent with the well-known,effects 

of cortisone-like drugs (Dougherty and White, 1944). 

Spleen weights were reduced. The adrenal cortices showed 

expected changes. These effects, already present at 

2 weeks and sustained at 8 weeks. in the treated group, 

when coupled with the tra.nsi tory but definite weight 

change., are taken as evidence that effective levels of 

corticosteroid administration had been achieved. 

The original mean haematocrit reading of 

41.7 ± 1.5% indicates that, as a group, these mice were 

already mildly anaemic. The improvement in the treated 

group to reach a mean l~vel of 43.6 ± 0.7% at 8 weeks, 

an increase in 3.6% over the untreated group, is evidence 

that the haemolytic process was diminishing in activity. 

This trend towards increase in haematocrit was present 

at 2 weeks and at that stage could possibly have been 

related to haemoconcentration associated with the accompanying 
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weight loss. However the improvement in haematocrit 

was sustained after the weight difference in the 2 groups 

had started to diminish. Thus the haematocrit improvement 

is believed to have been real and not due to haemo

concentration. 

The reversal of the Coombs tests to normal 

in half of the treated animals is ofespecial interest 

because, as is seen in the controls, the tendency at this 

age is rather for the test to become stronger. The 

time factor noted in this trend was for the change to be 

barely perceptable at 2 but very obvious at 5 weeks. 

Five weeks would probably cover the breakdown of gamma 

globulin antibody either free in the circulation or 

fixed to circulating erythrocytes. If the corticosteroid 

inhibited the production of more antibody by its effect 

on the lymphoid tissues (Dougherty, 1952) a steady fall 

in a gamma globulin antibody· due to ordinary protein 

turnover would be expected. The corticosteroid could also 

inhibit the reaction of antigen and antibody (Dacie, 1962). 

This would explain the rapid improvement in the haematocrit, 

even in the continued presence of a markedly positive 

Coombs tests at 2 weeks. However diminished phagocytic 

activity of the reticuloendothelial system might be 

responsible (Spain et al. 1950) for this increased red 
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cell survival, even though the Co·ombs test was still 

positive. By 5 weeks probably all the mouse erythrocytes 

originally present, gamma globulin coated or not, would 

be destroyed becausethe normal life span of mouse red 

blood cells is less than 29 days (Oliner et al. 1961). 

In successfully treated human cases of "warm" 

antibody autoimmune haemolytic anaemia it is accepted 

(Dacie, 1962 and Wintrobe, 1961) that there is generally 

an improvement in serological findings. The production 

of such antibodies usually persists at lower levels. 

The direct Coombs test seldom becomes negative (Wintrobe, 

1961) although it may do so. Dacie (1962) quotes three 

series, totalling 64 cases from the literature, with 

improvement in all when treated with steroids but the direct 

antiglobulin test became negative in only 5.:In many 

more of these there was disappearance of free antibody 

from the serum. He states that this disappearance 

and the development of a negative Coombs test occur 

relatively slowly but are usually well marked by the end 

of the second week. The time taken in the NZB/BL mouse 

was longer. Probably one of the reasons for the failure 

of Coombs tests to become negative more often,compared 

with the free circulating antibody levels in the human 

cases, is that the incomplete antibody fixed to the red 

cell surface survives as long as the red cells, sequestrated 
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from the phagocytic cells and metabolic pool. Once 

rapid haemolysis has stopped human red cell survival 

may be over four times as long as in the mouse. Also 

it may not pe possible with the doses of steroids used 

in humans to destroy as high a proportion of the 

immunologically competent cells as in the mice. In the 

present experiment the ability to reverse the Coombs 

tests could be because the anaemia was neither severe 

nor prolonged"in the first NZB/BL group tested. 

Lessening of the level of circulating antibody 

has previously been noted in NZB/BL mice treated with 

A.C.T.H. (Helyer and Howie, 1963) and was again noted 

in the group of animals tested here. !t can be seen 

that there was no close correlation between the presence 

or titre of circulating antibody and the strength of the 

positive Coombs test in these young NZB/BL animals. 

492. 

This possibly indicates a variation in the binding capacity 

of the antibody which develops in these animals. However 

the strength of the Coombs test and the titre of circulating 

free antibody showed the same trend over the experimental 

period. 
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E~fects on older NZB/BL animals 

It has also been shown that similar remissions 

result as regards haematocrit, Coombs test and ficin 

tests in older animals, although such remissions may not 

be so complete as in earlier treated animals. That 

they are remissions and not cures has been shown. It 

will re of interest to treat some NZB/BL mice with 

steroid before they develop any evidence of haemolytic 

anaemia. In view of the findings here it will almost 

certainly stop its development, the main interest will 

be whether this is permanent or not. 

Effect in kidneys and survival 

493. 

Some evidence is given that a dosage of 

betamethasone (15 micro.grams per mouse/day) sufficient to 

profoundly affect the haemolytic process did not stop the 

occurrence of glomerulonephritis. However twice or more 

than this dose appeared to hav,e a definite beneficial 

effect on 4 mice surviving to 20 months (600 days). Both 

Helyer· and Howie (1963h) and Holmes and Burnet (1963) 

stress the severe renal lesions that tend to develop in 

these mice. Indeed the survival to this age of 4 animals 

from a small series such as this is distinctly unusual, 
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median age given by Holmes and Burnet (1963) for male 

NZB/BL mice being 438 ± 65 days. 

CONCLUSION 

The serological features seen in these mice 

and the changes that can be induced by corticosteroid 

therapy are very similar to those of human cases of 

autoimmune haemolytic anaemia. NZB/BL ·mice provide 

a useful model for therapeutic trials in this condition. 

494. 

It will be possible to test the effects of individual 

drugs of interest to the clinician without concomitant 

use of corticosteroids. This would seldom be permissible 

in human cases. It should also be possible to test 

the relative potency of other agents such as antimitotic 

and antimetabolite drugs and to compare them with 

corticosteroids. 
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F. DISCUSSION OF THE THYMUS GLAND 

The occurrence of proliferated lymphoid masses 

in the thymuses of mice of the NZB/BL X NZW crossbreed 

495. 

suffering from lupus nephritis is reported in this thesis. 

The changes seen are similar to those described in the 

NZB/BL mice that suffer from autoimmune haemolytic anaemia 

by Burnet (l962b) and by Holmes and Burnet (1963) 

and the findings of these authors are confirmed. The 

changes are also similar to those seen in cases of 

myasthenia gravis and in an early case of human systemic 

lupus erythematosus recently reported by Mackay and De Gail 

(1993). The close similarity between the germinal centres 

and lymph follicles that are seen in the thymic medullas 

of patients with myasthenia gravis (V'lhite and Marshall, 

1962 and Burnet and Mackay, 1962) and those he described 

in the thymus of the NZB/BL mice with autoimmune haemolytic 

anaemia led Burnet (l962a) to predict that the thymus of 

an early typical case of systemic lupus would have similar 

features. Mackay and De Gail ( 196 3) report such a 

patient, an otherwise untreated 17 year old female with 

disseminated lupus erythematosus whose thymus showed germinal 

centres similar to those seen in patients with myasthenia 

gravis. It is of rome interest that, as shown in this 

thesis, they are also seen in mice with lupus nephritis. 



> 
J 

f 
} 

'! 
' ] 

11 

\ 

I 
I 
f;. 

\ 
\ 
" ' ? 

" 

\ 

The thymus in immune responses 

Bloom and.Fawcett ( 1962) state that the thymic 

medulla not infrequently contains plasma cells,apart 

from the reticuloepithelial cells and small lymphocytes. 

However those especially interested in the subject, such 

as Burnet (1962a and b) state that they are rarely 

seen and so does Miller (1963), who adds that plasma 

cells do not increase in the thymic medulla in response 

to antigenic stimulation, with which Ford and Micklem 

(1963) also agree. Burnet (1962a) states categorically 

that there are no lymphoid follicles or germinal centres 

seen in normal mammalian thymuses, including thymuses 

of other mouse strains (Burnet, 1962b). Miller (1961 

and 1963), Miller,Marshall and White (1962) also say 

496. 

that germinal centres are absent and Bloom and. Fawcett (1962) 

that lymphatic nodules are seen only exceptionally. 

Harris et al. (1948) had shown that the thymus played 

little or no part in the direct production of antibodies 

when compared with lymphoid tissue elsewhere. Marshall 

and White ( 1961), aware that thymic ce.lls are capable of 

initiating a graft versus host reaction, consider it unlikely 

that thymic lymphoid tissues are intrinsically incapable 

of reacting against antigens and they produce evidence 

of a blood/thymic barrier. They show that local injection 
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of antigen into the thymic medulla can indeed produce 

typical germinal centres which is in striking contrast 

to the complete lack of reaction following intravenous 

injection of antigen. They also show by fluorescent 

techniques that very little of such intravenous antigens 

actually reach the thymic medulla. The layers of the 

cortex may act as a 11 barrier" and some anatomic 

497. 

evidence of this is the larger numbers of pyronin positive 

cells noted there at all ages. 

The thymus in NZB/BL mice and NZB/BL X NZW hybrids 

Against the above background Burnet (1962a and b) 

and Holmes and Burnet (1963) have drawn attention to 

thymic changes seen in the NZB/BL mice. They have noted 

· germinal centres in the medulla which they consider 

are quite similar to those seen in spleen or lymph nodes 

of the same animals, and presented lymphoblastic cells 

with scanty pyroninophilic cytoplasm and surrounded by an 

asymmetric rim or crescent of small lymphocytes outside 

of which was an area of plasma cells and mast cells. 

Mitoses and macrophages containing pyknotic nuclear 

material were usually seen in the central region. 

Sometimes the complex went on to form a mass of proliferated 
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centres. Holmes and Burnet (1963) have seen recognisable 

thymic lesions in 50% of NZB/BL mice by age 240 days 

in males and 175 days in females. These findings of an 

immunological type of lymphoid hyperplasia have been 

confirmed by the author with the reservation that 

germinal centres seen were atypical and seldom as clear-cut 

as those frequently seen in spleen and lymph nodes from 

these animals. 

The fact that abnormalities were found in the 

thymic medulla of the crossbred NZB/BL X NZW mice with 

glomerulonephritis and positive L.E.cell tests in this 

thesis is not unexpected, as Burnet had already reported 

these changes in the genetically related NZB/BL mice. 

The hybrid and inbred mice both show variations in a 

pattern of autoimmune responses. Whether the thymic lesions 

noted are just a further sign of a self reactive process 

or whether they are structural evidence of a thymic 

abnormality which plays an actual causative role in 

autoimmune disease remains to be seen. Evidence that 

thymic abnormalities in the NZB/BL mice may precede their 

haemolytic anaemia comes from observations of Holmes and 

Burnet (1963) that such lesions are sometimes seen before 

the development of the positive Coombs test. They were 

usually seen in female NZ:B/BL X NZW mice with already 

affected kidneys but there were exceptions. Many mice had 
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abnormal kidneys but with no definite thymic abnormality 

in the single sections examined. The further detailed 

study of their time of occurrence, with more information 

in male hybrids, would be of interest. 

Alleged beneficial effects of thymectomy in 

autoimmune disorders 

Therapeutic removal of the gland in humans has 

already been reported by Wilmers and Russell (1963) 

in an infant with severe refractory autoimmune haemolytic 

anaemia with apparent benefit, although it is difficult 

to separate the benefit from that due to a further large 

dose of steroids given. These authors point out that 

the effects of removing the thymus in Em infant may 

be quite different from an adult. McKay et al. (1963) 

carried out thymectomy in a steroid treated patient 

with systemic lupus erythematosus with benefit:, as well 

as in the untreated case of the 17 year old female 

mentioned above (Mackay and De Gail, 1963) where the 

outcome is not yet available. In addition, the thymus 

has been irradiated by Richmond et al. (1963) in a 

patient with severe A.IeH.A. and thrombocytopenia, they 

thought with temporary benefit. The main justification 
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for this direct approach to the thymus lies in the 

benefit of thymectomy for some patients with myasthenia 

gravis reviewed by Harvey and Johns (1962) but most 

500. 

of the authors quote Burnet as of the view that thymectomy 

delays the manifestations of the haemolytic anaemia 

of the NZB/BL mouse. 

Alleged adverse effects of thymectomy in autoimmune 

disorders. 

On the other hand, Helyer and Howie (1963c) 

interpreting their observations on the results of neonatal 

thymectomy and transplantation of thymuses, state that 

the autoimmune haemolytic anaemia of the NZB/BL mice, 

as well as the lupus nephritis of the NZB/BL X NZW mice, 

are hastened by thymectomy. Perhaps the timing of 

thymectomy is crucial. Two human cases of systemic lupus 

erythematosus following thymectomy for myasthenia gravis, 

the glands showing convincing germinal centres, have 

been reported by Alarcon-Segovia et al. (1963). 

These cases also suggest that thymectomy, even at a very 

early stage in the process, may not be good therapy for 

S.L.E. 



1 
I 

~ 
} ,, 
~ 

"'t 
i 
~ 
¢ 
' 
j 
~ 
1 
t 
u ,, 

t 

I y 
I 

1 

' I 
I 

\ 
l 
I 
[ 
I, 

' 

\ 
I, 

I ; 

'I, 
r; 

l 
i' 
t 

501. 

CONCLUSION 

Further assessment of the usefulness, or otherwise, 

of thymectomy is likely to come from a study of these 

mice, rather than of human cases. Likewise the 

significance of thymic abnormalities reported in 

autoimmune disorders in man and mouse is likely to be 

elucidated from the study of these affected mice, 

rather than affected patients. Wider studies of the 

thymuses in different strains, especially of unrelated 

mice, and in human disorders, including sections at 

multiple levels, will help to decide whether the 

thymic findings in human autoimmune disorders, in the 

NZB/BL and the related NZB/BL X NZW mice are as unique 

as they at present appear. 
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G. DISCUSSION OF AUTOIWil\I!UNFrY IN HUJilrANS' AND IN MICE 

It is proposed in this section to discuss the 

criteria which suggest that the disorders under 

investigation are autoimmune in nature and then to 

enquire whether any further light can be shed on 

underlying mechanisms in autoimmunity. 

Factors suggesting an autoimmune component in 

diseases 

In a review of features which suggest an 

autoimmune component in human disease Heslop and 

Simons (1962) list 8 factors which they consider, 

and are generally acceptable, as noteworthy. It seems 

appropriate to apply these same factors to the 

NZB/BL and NZ:S/BI~ X NZW hybrids when posing the question 

of whether the diseases are au-toimmune in nature. 

1. Detection of autoantibodies with specific 

activity against self body components. The positive 

Coombs tests, positive ficin tests, positive L.E.cell 

tests and positive Latex antinucleoprotein tests all fit 

into this category. 

502e 
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2. The presence of abnormal serum globulins. 

Protein electrophoretic studies, some of which use 

sera from these experiments, are currently being 

investigated by Dr.A.Sharard of the Department of Pathology, 

University of Otago Medical School. 

3. Accumulations of cells believed to be immune-

logically competent in the vicinity of the lesions. 

These have been demonstrated, particularly in the hilum 

and parenchyma in the kidney. 

4. Fibrinoid necrosis is sometimes seen in 

lesions with an autoimmune basis. Fibrinoid is a 

feature of the renal lesions in the hybrid mice. It 

has been noted in this thesis in early lesions in the 

NZB/BL mice and in NZW mice. It is not, of course, 

a specific lesion~ 

5. Clinical response to steroids. This has 

been shown in the thesis in the mice with A.I.H.A. and 

those with lupus nephritis. 

6. Genetic background. The relationship 

of these mice and the fact that other hybrids (Helyer 

and Howie, 1961 and Howie, 1964) show autoimmune features 

seems significant. It has also been shown in this 

thesis that the parent NZW strain of the hybrid, not 
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previously described as developing an autoimmune disease, 

does develop lesions of amyloidosis. This condition 

is considered by some aut.hors e.,g. Mackay and Burnet 

(1963) to have an autoimmune basis. 

7. Presence of more than one supposedly autoinimune 

disease in the one patient. This is clearly so in the 

mice where one feature e.g. lupus nephritis or haemolytic 

anaemia, tends to predominate but other features are also 

seen. 

8. The resemblance of a human disease to animal 

experiments in which there is a known autoimmune component 

suggests an analogy between the two. It is :relevant 

in the context of the mice studied to consider the analogy 

in reverse. The fact that the mice show many features 

of an anaemia and/or a nephritis, considered in humans 

to be autoimmune in nature, suggests that the condition 

in the mice may also be autoimmune. 

It has been shown that there is extensive hyperplasia 

of lymphoid tissue in thymus, spleen, lymph nodes and 

many parenchymal organs such as kidney, lung, pancreas, 

liver, salivary glands. A task for the future is to decide 

whether these cells are of primary or secondary importance 

in the pathogenesis of self destructive lesions. It needs 

to be shown whether these cells produce delayed hyper-



sensitivity to self components or whether they produce 

humoral autoantibodies. These phenomena could be studied 

by tissue culture techniques. 

Possible viral aetiology 

Lymppoid hyperplasia, which must be very similar 

to that seen in the New Zealand mice, has been described 

in the Aleutian mink (Wagner, 1963) and in neonatally 

infected mice who late in life, after being tolerant 
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of L.C.M. virus infection, developed a delayed hypersensitivity 

process with many features suggesting autoimmune disorders 

(Hotchin, 1962). Interesting possibilities arise in 

following the method of Hotchin using the antifolic 

acid agent amethopterin to induce a tolerant immune state 

in his mice which,nevertheless, still had high viral titres. 

This could facilitate transfer to other mouse strains, 

both by giving the drug to the New Zealand and recipient 

strains. It remains at least possible that the diseases 

seen in the New Zealand mice have an intrinsic or viral 

aetiology and the genetic background determines the mode of 

presentation. Should this prove to be the case with the 

mice, then a similar aetiology must be resought in man. 
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Genetic factors, the thymus and the clonal theory 

It seems more probable in the mice that the genetic 

factors are all important and allow some pathological 

variation to occur from a normal homeostatic mechanism. 

Whether this is due to a thymic abnormality, as discussed 

earlier, is not proven, but .it has been shown for the first 

time in this thesis that the NZB/BL X NZW hybrid mice that 

develop lupus nephritis do have morphological thymic 

abnormalities of an immunological nature which were also 

seen in the NZB/BL mice, as previously described by Holmes 

and Burnet (1963). In terms of the theories of Burnet, 

some genetic abnormality allows the emergence of ttforbidden 

clones" in the mice which have the ability to react against 

self. In discussing S.L.E. with its antibodies to common 

nuclear constitutents 11 of any provenance from human 

thymus to bacteriophage", Burnet (1961) states that cells 

producing such an antibody may be looked on as the 

uarchetype of the forbidden clone. •• 

It seems no exaggeration to the author to consider 

that mankind's further:knowledge of how humans usually 

circumvent the emergence of such self destructive elements, 

or of how to eliminate therapeutically such elements if they 

do emerge, will receive significant contributions from 

future studies of the mice of the type investigated in 

this thesis. 
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CONCLUSION 

Judged against the current interest in 

disturbances in immune mechanisms, as reviewed in the 

opening chapters of this thesis, the NZB/BL mice and 

the NZB/BL X NZW hybrid mice that develop autoimmune 

disorders are considered to be important experimental 

models. 
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It is therefore submitted that the investigations 

reported in this thesis of the natural history of the 

lupus nephritis in the NZB/BL X NZW hybrid mice are 

of value. This is especially so with reference 

to the planning of trials of factors which might modify 

the disease process. An example of this is given 

in the thesis in the beneficial effect shown by use of the 

corticosteroid drug betamethasone phosphate, which will, 

to a large extent, prevent the development of severe, 

active renal lesions. It has been shown in the 

discussion that further investigations along these 

lines into the ability of the drug to reverse existing 

lesions could have considerable relevance to therapy 

in human cases of lupus nephritis. Quit·e apart 

from the modifying effects of corticosteroids, other 

alleged beneficial or harmful agents can be evaluated using 

as a baseline some of the information presented in the 



thesis. 

Similarly in the NZB/BL strain of mice 

beneficial or harmful effects on the autoimmune 

haemolytic anaemia seen in these mice can be 

evaluated in the manner used in the thesis. In this 

strain it has been demonstrated that betamethasone 

phosphate can reverse anaemia and markedly decrease 

circulating antibody levels, whereas 6-Mercaptopurine 

did not do this in the dBage used. Aspects of the 

therapy of the haemolytic a~aemia and of the 

glomerulonephritis seen in these mice warrant further 

study. In addition, it has been concluded that the 

NZB/BL mice offer a useful model for testing 

immunosuppressant drugs, which the author considers 
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will be of value in research in tissue transplantation. 

The finding, report~,'in the thesis, of morphological 

lesions of an immunological type in the thymus of the 

NZB/BL X NZW hybrid mice provides an opportunity for 

further studies on the exact relationship of thymic 

abnormalities to autoimmune disorders. 

It is considered that the observation reported 

of amyloid disease occurring in some mice of the NZW 

inbred strain suggests that this .strain also suffers 

from a disease, which may have autoimmune characteristics, 



) 

·y 

I 

f 
I 

'"I 
I 

>t' 

I 

l 
I 
~~ 

510. 

and may provide a useful model for the study of amyloid 

disease. 

In summB,ry it is concluded that the work 

embodied in this thesis contributes some basic 

information on the natural history of autoimmune 

disease in mice and of its modification by therapy, 

as well as giving an indication of aspects meriting 

further investigation. 
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