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A quantitative assessment of clofazimine in some of the organs obtained at 
autopsy is reporte d .  Although 40 days had elapsed since stopping treatment with 
the drug, significan t  quantities of the substance were found in the organs of the 
reticulo-endothelial syste m.  The intestinal mucosa ais o showed a heavy con­
centration of  the drug. Attention is drawn to the heavy accumulation of the drug 
during prolonged treatment .  

In troduction 

Clofazimine , a phenazine derivative ,  was synthesized in 1 9 54  and found to have 
anti-tuberculosis activity (Barry et al. , 1 9 5 7 ) .  It w as first used in the treatment 
of leprosy by Browne and Hogerzeil  ( 1 962) .  Subsequently , there have been 
several reports of its use in the treatment of leprosy , as well as lepra reaction .  
(For review see  Theophilus, 1 97 5 . )  A characteristic feature of  this compound i s  
that i t  i s  concentrated within the cells of the  reticulo-endothelial system , being 
taken up by macrophages throughout the body (Conalty et ai. , 1 97 1 ) . Con­
sequently the organs are coloured bright '  yellow-orange or brick-red .  These 
changes in the organs have been stu died in mice (Conalty and Jackson , 1 962) .  
The corresponding changes in human viscera have recently been described 
( Desikan et  ai. , 1 97 5 ) . The concentration of the drug in body fluids and tissues 
has been estimated in experimental animais by Barry et  aI. ( 1 960). M ansfield 
( 1 973 )  has studied the tissue concentration of clofazimine in leprosy patients at 
autopsy. 

Recently a quantitative assessment of clofazimine in various organs 
ob tained at autopsy has been carried out on a patient with lepromatous 
l eprosy. The autopsy findings in this case were similar to those reported earlier 
(Desikan et ai. , 1 97 5 ) .  The findings are presented in this communication. 

Materiais and Methods 

The material for the present study was collected during an autopsy on a patient 
of  lepromatous leprosy who was aged 16 years and weighed 2 1  kg at the time of 
the death. He had treatment with clofazimine continuously for an initial period of 
6 months on a dose of 3 00 mg a day. During the next 6 months, he did not 
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receive the drug. Subsequent1y he had a second course of treatment with 
c10fazimine for 2Y2 m onths on a d ose of 200 mg a day. The drug was stopped 40 
days before his  death. The patient a Is  o had severe diarrhoea and recurrent con­
vulsions for which he received symptomatic treatment.  

At autopsy , samples of  various organs were collected for estimation of 
c1ofazimine. The method employed for the estimation of  c10fazimine wàs 
essentially the same as described by Barry et aI. ( 1 960)  with minor m odifications. 
About 1 g of the tissue was weighed and minced thoroughly to a p aste with about 
3 ml  of 1 0% acetic acid. The minced tissue was ex tracted with 20  ml  instalments 
of  benzene till the benzene layer became colourless. The pooled benzene extracts 
were made up  to a known volume with benzene. Ten m l  of this benzene extract 
was treated with I ml of  concentrated hydrochloric acid and shaken vigorously . 
The layers were allowed to separate. The acid extract was rem oved to a graduated 
measuring cylinder. This acid extraction was repeated with I ml  instalments of 
concentrated acid,  t i l !  no more colour was extractable. The acid extracts were 
pooled and m ade up to 1 0  ml with distilled water. A stock standard solution of 
c10fazimine containing I mgjml was made with benzene as the solvent. 0 . 1 ml  of 
this stock standard was diluted to 1 0  ml with benzene. This was extracted with 
concentrated hydrochloric acid in 1 ml  instalments till the c10fazimine extraction 
was complete. The total volume of  the p ooled extract was made  up  to l O  ml with 
distilled water. The optical densities of  the standard and test solution were read in 
a photoelectric colorimeter using green filter (540 mM) and the concentration of 
c10fazimine per gram of the tissue was evaluated .  

Representative samples from the organs were also processed for histological 
examination. For detection of c10fazimine crystals, special care had to be taken in 
preparing the sections, since the crystals are readily dissolved in alcohol. The bits 
of organs were fixed in warm 1 0% formalin for 1 0  mino F rozen sec tions of l O to 
1 2  Mm thickness were prepared and mounted on slides. The sections were 
dehydrated in the incubator for a period of I to 2 h. After rapidly rinsing the 
sections with xylol they were mounted using Permount or any other mounting 
medium. The crystals could easily be recognized and the preparations made in this 
way were good for photography. Paraffin sections were also made for routine 
histological study and the sections were stained by haematoxylin eosin method 
and Fite-Faracco method.  

Results 

The colour changes in the skin were not obvious due to post-morten lividity. 
Subcutaneous fat and fat in the omentum were stained bright orange yellow. The 
loops of small intestine appeared reddish brown from the peritoneal surface. The 
mucosa of the intestines was stained intensely red with m arked oedema and 
several ulcerations. The Iiver and spleen were reddish brown in colour on the 
extern aI as well as on the cut surface. The liver was large for the size of the b ody 
and weighed 740 g. The spleen was of normal size.  The lymph nod es (both 
superficial and deep groups) were discrete and dark brown in colour. The 
mesenteric lymph nodes were stained intensely and had a bluish-brown hue. The 
bone marrow of  the lumbar vertebrae was examined and found to be  dark brown 
in colour. The lungs had a bright red coloration .  The skeletal musc1es showed a 
brick-red colour. 



TI SSUE LEVELS OF CLOFAZIMINE 1 09 

Apart from the colour changes ,  the other gross post-mortem findings were the 

extensive pleural adhesions, mul tip le sub-diaphragmatic abscesses and the occur­

rence of a circumscribed area of caseation in the brain measuring 

2 . 5  x 1 . 5 x 0 . 5  cm in the left cerebral hemisphere adj acent to falx cerebri .  

The  leveis of  clofazimine in various organs are given in Table 1 .  

Serial No . 

I 
2 
3 
4 

5 

6 
7 
8 

TABLE 

Organ (g)  Concentration ( mgjg) 

Liver ( 7 4 0 )  0 . 1 8  
Spleen ( 6 0 )  1 . 00  
Small I ntestine 2 . 1 0  
Lungs :  Right ( 3 3 0 )  0 . 1 7  

Left ( 2 6 0 )  
Kidney : Right (60)  0 .04  

Left (60)  
Omentum 0 . 3 5  
Lymph nodes ( mesenteric) 3 . 3 0  
B rain ( 1 1  00)  Not detected 

I t  could be  seen that clofazimine was found in ali organs studied except the 
brain .  High concentrations were noti ced in the mesénteric lymph nodes, small 
intestine and spleen. A relatively smaller concentration of the drug was found in 
the omentu m ,  liver and lungs. The kidney showed only traces. 

Histologi cal examination of the frozen secti on of the small intestine showed a 
heavy deposit  of the crystals in the mucosa (Fig. I ) . Large clumps of the crystals 
were seen in the liver ais o ( Fig. 2) bu t it was di fficult to define the exact location 
of  these crystals. I n  the lymph nodes, the crystals w ere densely pack ed in the 
macrophages ( Fig. 3 ) . A relatively smaller amount was found in the spleen and 
lungs and appeared to be  located in the m acrophages. Frozen unstained sections 
of kidney, adrenals, testes, heart , aorta,  pancreas and thyroid did not reveal any 
crystals. Histologi cal examinati on of the paraffin secti ons confirmed the lesion in  
the brain to be  a tuberculoma. The  subdiaphragmati c  abscesses were also tuber­
culous and the smears made from the pus showed acid-fast b acilli . There was 
massive fatty infiltration of the liver with scattered lepromatous leprosy lesions in 
the parenchyma. Y ellowish-brown pigments were seen in the tiver cells. The pig­
m ents were also seen in macrophages in the spleen, lungs and lymph nodes. These 
could p ossibly be due to clofazimine after partial dissolution during processing 
the tissues. Clumps of  dark brown materi al were also seen within the blood vessels 
of  several organs. The intestinal mucosa showed "ghosts" of clofazimine crystals. 
There w as ulceration and m arked infiltration of all the l ayers wi th m ononuclear 
cells. The inflammatory exu dation and ulceration i s  most likely due to accumula­
tion of clofazimine crystals in the intestinal m ucosa. 

D iscussion 

A gross examination of  the organs at  autopsy showed that in  additi on to fat in 
ali the locati ons, the liver, spleen, lymph nodes,  bone m arrow and lungs had taken 



1 1 0 K .  V. DESIKAN AND S. B ALAKRISHNAN 

Fig. 1 .  Frozen section of small intestine.  The arrows indicate a heavy deposit of cJofazimine 
in the mucosa. ( x 4 2) .  

up the colour of the drug. Frozen sections of liver, spleen, lymph nodes and lungs 
showed cJofazimine crystals mainly within the macrophages. The omentum 
showed the dye as droplets rather than as crystals , since cJofazimine is a fat 
soluble substance. On a quantitative estimation, the drug was found to be con­
centrated to a significantly high leveI in ali these organs. The lymph nodes from 
the mesentery contained the maximum concentration of 3 . 3  m g/g of the tissue . In  
other words, the drug had accumulated in  the lymph node, constituting a s  much 
as 0. 33% of the weight of the organ . Judging from the depth of the coloration, 
the concentration of the drug could not have been high in other groups of lymph 
nodes. Of  the other organs of the reticulo-endothelial system studied,  the spleen 
contained the nex t highest concentration,  the drug forming 0. 1 % of the weight of 
the organ . Liver and lungs were nex t in order, the concentration nearing 0 .02%. 
The concentration of the dye substance in the macrophages of these organs is  
consistent with the finding in rnice by Conalty and J ackson ( 1 962) ,  who have 
shown that cJofazimine is taken up by reticulo-endothelial cel ls .  The lungs, which 
contain a large number of macrophages ,  also contain the drug in these cells. The 
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Fig. 2 .  Photo micrograph showing clofazimine crystals in liver. ( x  1 20) .  

Fig. 3 .  Frozen section through a mesenteric Iymph node showing massive deposits of  
clofazimine. ( x 4 2) .  
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very low concentration of the drug in the kidney (0 .04 mg/g) indicates that the 
accumulation of the drug is proportionaI to the number of macrophages that the 
organ or tissue contains. This could be the reason for the drug becoming con­
centrated heavily at the sites of the leprosy lesions in the skin, which are com­
posed mainly of macrophages. 

The heavy concentration of the drug in the intestinal mucosa is of special note. 
The drug is absorbed through the intestines and therefore is accumulated in the 
mucosa. Such an accumulation in the intestinal mucosa would cause diarrhoea 
which is commonly associated with clofazimine therapy ( Desikan et ai. ,  1 97 5). 
The case presented here also had severe diarrhoea. 

Although the concentration of the drug per gram of tissue is less in liver com­
pared to Iymph nodes and spleen, it must be realized that the total quantity of 
the substance in the Iiver is quite high, in v iew of its size. In the case reported ,  the 
total amount of the drug in the liver works out to 1 3 3. 2  mg since the organ 
weighed 740 g. lt could be presumed that the drug was uniformly distributed in 
the organ because the cut surface showed uniform coloration. The corresponding 
total amount in spleen (which was also uniformly stained and weighed 60 g) was 
only 60 mg. Although the concentration of the drug in the mesenteric Iymph 
nodes was very high, the drug was not uniformly distributed in ali the Iymph 
nodes, so that the total amount of the dye in the Iymphoid tissues of the body 
taken as a whole would have been less than the amount in the Iiver. 

In the present study, the organs listed in the table were selected for quantita­
tive assessment of clofazimine, because these organs showed distinct coloration 
due to the d ru g. The quantities of clofazimine estimated chemically roughly 
corresponded with the intensity of coloration as judged by gross examination of 
the organ. The brain had not taken up any colour nor were any crystals seen in 
the frozen sections. Even so, the tissue was processed chemically to detect the 
presence of the drug and to check whether the dye could pass the blood-brain 
barrier. Such a possibility has been ruled out by the absence of the dye in the 

brain. The peripheraI nerves were not examined for the presence of the drug in 

this case. 
The present study provides some idea of the quantity of the drug that could 

accumulate in human tissues during regular treatment with clofazimine. It has 

been shown that in liver alone as much as 13 3 mg of the drug had accumulated in 

the course of 8% months of interrupted treatment with clofazimine. Taking into 

account that the patient weighed only 2 1  kg the amount of the drug in the liver 

appears substantiaL Further , it has been mentioned that the adipose tissue ali over 

the body also contained the drug. The drug was also present in the bone marrow 

and to a lesser extent in the skeletal muscles as j udged by the coloration of the 

organs. Since this was a case of lepromatous leprosy, the drug could presumably 

be distributed throughout the skin .  Ali this added up would constitute a sizeable 

amount of the dru g  in the body. The implications of such an accumulation of the 

drug, particularly in organs like liver and small intestine ,  are not clear at the 

moment, but this fact has to be bome in mind when a patient is subjected to 

prolonged treatment with clofazimine. 
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