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Abstract
Background  Cotton phenol is a yellowish-brown polyphenol hydroxybinaphthyl aldehyde compound mainly found 
in the roots, stems, leaves and seeds of cotton; a plant of the mallow family that has been widely used in the study of 
antifertility and antitumor drugs. However, there has been no report of serious renal injuries caused by cotton phenol. 
We report a case of granulomatous acute interstitial nephritis caused by exposure to large amounts of cotton phenol.

Case description  The patient was a 56-year-old male with nausea and a blood creatinine level of 4.95 mg/dL 2 
month prior to admission. He was admitted to the hospital with worsening nausea, blood creatinine level of 7.21 mg/
dL, and a renal puncture biopsy suggesting granulomatous acute interstitial nephritis. The patient had no specific 
past medical history. Laboratory tests (double-stranded DNA, antineutrophil cytoplasmic antibody, extractable 
nuclear antigen, rheumatoid subunit, serum and urine protein electrophoresis, complement levels, immunoglobulin 
subclasses, streptococcal serology, and hepatitis B and C serology were negative, normal or undetectable. Follow-up 
history revealed that the patient receives large quantities of cotton phenol at work. The diagnosis was granulomatous 
acute interstitial nephritis induced by exposure to cotton phenol. Treatment was volume management, maintenance 
of a stable internal environment, and glucocorticoid activation. Blood creatinine level gradually decreased to 1.86 mg/
dL after 3 month and his condition improved.

Conclusions  Physicians encountering patients with acute interstitial nephritis of uncertain etiology are obligated 
to conduct a prompt and comprehensive history review. Special attention should be given to cotton phenol and its 
derivatives as they may potentially act as nephrotoxic agents. The application of glucocorticoids in the treatment of 
acute interstitial nephritis remains a subject of debate. However, in this particular case, the patient exhibited a rapid 
restoration of renal function following the administration of glucocorticoids.
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Introduction
Acute interstitial nephritis (AIN) is a tubulointersti-
tial renal disease characterised by acute inflammation 
and oedema of the renal interstitium, accompanied by 
impairment of renal tubular function. It is also known 
as acute tubulo-interstitial nephritis. The term AIN was 
first proposed by Councilman in 1898 during the autopsy 
of a group of patients with diphtheria and scarlet fever. 
The incidence of AIN varies considerably between dif-
ferent countries and regions. A review of the literature 
on renal biopsy cases indicates that AIN accounts for 
1–2% of cases in many countries [1]. In patients who 
have had renal biopsies for acute kidney injury(AKI), 
AIN accounts for 15–27% of cases [1]. The most common 
causes of AIN can be categorised into four groups: exog-
enous compounds such as drugs, infections, autoimmune 
disorders, and idiopathic causes (Table  1), with drugs 
being the most prevalent [2]. All causes of AIN may pres-
ent with nonspecific signs and symptoms of acute renal 
insufficiency, including acute or subacute nausea, vomit-
ing, discomfort, oliguria and haematuria.

We present a case of severe AKI triggered by exposure 
to cotton phenol. Percutaneous nephron puncture biopsy 
confirmed that the patient’s renal failure was caused by 
AIN. The objective of this case report is to emphasise the 
role of cotton phenol as a rare cause of AIN. Through in-
depth analysis of this case, we aim to enhance the under-
standing of AIN and provide guidance for the diagnosis 
and management of similar cases in the future.

Case report
A 56-year-old male patient was admitted to hospital with 
recurrent nausea, accompanied by elevated blood cre-
atinine for 2 months. Two months ago, he was assessed 
in the local hospital for nausea and found to have renal 
insufficiency: urea 15.8 mmol/L, blood creatinine 
4.95 mg/dL, and uric acid 9.66 mg/dL. Routine urinaly-
sis revealed urinary protein 1+. Urological ultrasound 
revealed: right kidney size 9.1  cm × 4.9  cm, left kidney 
size 10.2 cm × 5.7 cm, and right kidney stone. After treat-
ment with uric acid control (sodium bicarbonate) and 

volume management in the local hospital, there was no 
relief of the above symptoms, and he was transferred to 
our hospital for further consultation.

He had no antecedent history of kidney-related dis-
orders. During annual routine physical examinations, 
no evidence of impaired renal function was identified. 
Additionally, the patient denied a history of other spe-
cific diseases, including hypertension, diabetes mellitus, 
hepatitis, and tuberculosis. His vital signs were all normal 
at the time of admission, with no positive findings. The 
blood routine examination results indicated the presence 
of mild anemia along with a potential inflammatory state. 
The serum creatinine level was elevated to 7.21  mg/dL. 
In the urinalysis, 2 + urinary occult blood was detected; 
the levels of urinary α1-microglobulin and urinary micro-
albumin were abnormally elevated; the result of the 
24-hour urinary protein quantification was normal. No 
abnormalities were found in either the liver function 
tests or the immunological assays. The chest computed 
tomography (CT) scan demonstrated scattered inflam-
matory foci in the lungs and multiple nodules, for which 
the probability of them being inflammatory nodules was 
considered to be high. The detailed examination results 
are presented in Table 2. 

Chest CT: (1) Nodules in the posterior segment of the 
upper lobe of the right lung with peripheral inflammatory 
changes, consider the possibility of infectious lesions, 
suggest follow-up after treatment; scattered inflamma-
tory changes in both lungs. (2) Multiple solid nodular 
shadows in both lungs, inflammatory nodules? (3)Mul-
tiple mediastinal lymph nodes showing partial calcifica-
tion; localised pleural calcification in the left lung apex.

Renal puncture biopsy: granulomatous interstitial 
nephritis (Figs. 1, 2, 3, 4 and 5).

A (×4.0, H&E stain) The renal tissue appears light pur-
ple. B (×40.0, H&E stain) Granular degeneration of renal 
tubular epithelial cells (blue arrow). The cells are swol-
len, with loose and pale - stained cytoplasm, and occa-
sional protein casts are seen (brown arrow). C (×40.0, 
H&E stain) Interstitial granulomas with formation of 
multinucleated giant cells are visible (black arrow). D 

Table 1  Causes of acute interstitial nephritis [2]
Cause of disease Instance
Exogenous compounds such as drugs Antibiotics (Penicillins, Cephalosporins, Quinolones, Sulfonamides, Macrolides),

anti-retrovirals (Abacavir, Acyclovir, Atazanavir, Azythromycin, Foscarnet, Indinavir, Interferon-alpha),
non-steroidal anti-inflammatory drugs (Celecoxib, Rofecoxib, Diclofenac),
diuretics (Chlorothiazide, Hydrochlorothiazide), anticonvulsants (Carbamazepine, Diazepam, 
Lamotrigine, Levetiracetam, Phenobarbital, Phenytoin, Valproic acid),
proton pump inhibitors (Esomeprazole, Lansoprazole, Omeprazole, Pantoprazole, Rabeprazole),
H2 receptor blockers (Cimetidine, Famotidine, Ranitidine),
herbs(traditional Chinese herbal medicines containing triptolide, ephedrine, aristolochic acid)

Infections Bacteria, viruses, leptospira, mycobacterium tuberculosis, mycoplasma, chlamydia.
Autoimmune disease Systemic lupus erythematosus, nodular disease, Sjögren’s syndrome.
Idiopathic Anti-renal tubular basement membrane disease, interstitial nephritis–uveitis syndrome.
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Index Results Normal Reference Range for Adult Males
Routine blood tests

red blood cell count (×1012/L) 3.89* 4.0 ~ 5.5
haemoglobin (g/L) 113* 120 ~ 160
white blood cell count (×10⁹/L) 4.77 4 ~ 10
neutrophil absolute count (×10⁹/L) 3.48 2 ~ 7
lymphocyte absolute count (×10⁹/L) 0.71* 0.8 ~ 4.0
high-sensitivity C-reactive protein (mg/L) 9.41† < 3
platelet count (×10⁹/L) 274 100 ~ 300
erythrocyte sedimentation rate (mm/h) 57† 0 ~ 20

Liver function
albumin (g/L) 38.6 35 ~ 55
globulin (g/L) 31.5 20 ~ 35
total bilirubin (µmol/L) 9 3.4 ~ 17.1
aspartate aminotransferase (U/L) 17 < 40
alanine aminotransferase (U/L) 13 < 40

Kidney function
blood urea nitrogen (mmol/L) 21.6† 2.9 ~ 7.2
blood creatinine (mg/dL) 7.21† 0.6 ~ 1.2
uric acid (mg/dL) 9.87† 3.5 ~ 7.2

Electrolytes
K (mmol/L) 4.18 3.5 ~ 5.5
Na (mmol/L) 140 135 ~ 145
Cl (mmol/L) 103 96 ~ 106
Ca (mmol/L) 2.29 2.25 ~ 2.58
Pi (mmol/L) 1.45 0.97 ~ 1.61
Mg (mmol/L) 0.9 0.7 ~ 1.10

Routine urinalysis
urine potein - -
leukocyturi - -
occult blood in urine 2+† -

Parathyroid hormone (pg/mL) 20.7 15 ~ 65
urine α1-microglobulin (mg/L) 227† 0 ~ 15
urine microalbumin (mg/L) 90.8† < 30
24-hour urine output (L) 1.8
24-hour urine protein quantification (mg/24H) 129.6 < 150
Autoantibody spectrum

nRNP/Sm antibody - -
Sm antibody - -
Ro-52 antibody - -
SS-B antibody - -
Scl-70 antibody - -
PM-Scl antibody - -
Jo-1 antibody - -
CENP-B antibody - -
PCNA antibody - -
dsDNA antibody - -
Nucleosome antibody - -
Histone - -
Ribosomal P protein - -
AMA M2 - -
anti-MPO antibody - -
anti-PR3 antibody - -
anti-GBM antibody - -

Table 2  Patient’s preliminary laboratory results
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Fig. 1  IF image of renal biopsy. IgG (-), IgA (-), IgM (+), C3 (-), C1q (-), Fib (-), ALB (-). No immune complex deposition was observed

 

Index Results Normal Reference Range for Adult Males
SS-A antibody - -
ANA - -

Antistreptolysin O (IU/ml) < 25 0 ~ 200
Rheumatoid Factor < 20 0 ~ 20
Complement

C3 (g/L) 1.09 0.7 ~ 1.5
C4 (g/L) 0.36 0.1 ~ 0.4

Hepatitis B Five-item Test
HBsAg (IU/ml) 0.01 0 ~ 0.5
Anti-HBs (mIU/ml) 0.89 0 ~ 10
HBeAg (IU/ml) 0.01 0 ~ 0.5
Anti-HBe (PEI U/ml) 0.02 0 ~ 0.2
Anti-HBc (PEI U/ml) 0.28 0 ~ 0.9

Hepatitis C Virus Antibody Test (S/CO) 0.01 < 1.0
HIV Antibody Test (S/CO) 0.02 < 1.0
TP Antibody Test (S/CO) 0.02 < 1.0
*: the corresponding value is below the lower limit of the normal reference range; †: the corresponding value is above the upper limit of the normal reference range

Table 2  (continued) 
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Fig. 4  PAS stain image of renal biopsy

 

Fig. 3  Masson stain image of renal biopsy

 

Fig. 2  H&E stain image of renal biopsy
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(×40.0, H&E stain) A relatively large - scale atrophy of 
renal tubules is observed (orange arrow), with narrowed 
lumens. A large number of renal tubules have necrosed 
and disappeared, replaced by proliferated connective tis-
sue (green arrow). Inflammatory cell infiltration mainly 
composed of lymphocytes is visible (purple arrow).

A (×4.0, Masson stain): Collagen fibers are stained blue, 
while other tissues are stained red. B (×40.0, Masson 
stain): Partial fibrosis in the renal tissue can be observed. 
The proliferation of collagen fibers is visible in the renal 
interstitium (yellow arrow), and the proliferated collagen 
fibers are distributed in a reticular pattern.

A (×4.0, PAS stain): The renal tissue as a whole appears 
light purple. B (×40.0, PAS stain): A small amount of 
brush - border shedding is visible in the renal tubules 
(black arrow). There is no obvious glycogen deposition 
in the epithelial cells, and the cell nuclei are light blue. 
Serous substances with a purplish - red color are occa-
sionally seen in the renal tubules (red arrow).

A (×4.0, Methenamine silver stain): The basement 
membrane of the glomerular capsule, the basement 
membrane of renal tubular epithelium, and the reticular 
fibers all appear black, with a red background. B (×40.0, 
Methenamine silver stain): Marked thickening (red 
arrow) and intensified staining of the renal tubular base-
ment membranes are observable.

Treatment and follow-up
Days 1–11 after admission
The patient was admitted with a clear AKI, and potential 
pulmonary infection, and was immediately treated with 
anti-infection (piperacillin sodium), volume manage-
ment, maintenance of a stable internal environment, and 
dietary guidance. We continued to test his vital signs, as 
well as any fluctuations of his high-sensitivity C-reactive 
protein (hs-CRP), electrolytes and renal function. The 
patient’s renal function showed a trend of continued pro-
gression, and renal puncture biopsy was perfected on day 
7 after admission, and the hs-CRP was reduced to normal 
(2.27 mg/L). Chest CT showed that the pulmonary nod-
ules were reduced.

From day 11 after admission to discharge
The pathology report of renal biopsy was returned on 
day 11 after admission. After integrating the patient’s 
auxiliary examination and medical history, we finally 
diagnosed the patient with cotton-phenol-induced AIN. 
At that time, the patient’s blood creatinine level was 
already as high as 7.88  mg/dL. He continued to follow 
the treatment plan for 3 days, and on day 14, blood cre-
atinine level was rechecked as 7.95 mg/dL. In accordance 
with the patient’s wishes, renal replacement therapy was 
not carried out at that time. So we decided to use glu-
cocorticoids, and after 14 days of intravenous glucocor-
ticoids (40 mg/day), the blood creatinine level gradually 
decreased to 3.30 mg/dL. Symptoms such as nausea grad-
ually disappeared and his appetite gradually improved. 
The patient was discharged from hospital when his con-
dition improved gradually (Fig. 6).

Post-discharge follow-up
The patient was discharged on regular glucocorticoste-
roids (40 mg po daily) and blood creatinine was 2.04 mg/
dL 1 month after discharge.

Discussion
The patient was admitted to the hospital with a definite 
diagnosis of AKI, but the primary etiology remained 
unclear. We conducted tests for anti-myeloperoxidase 
(MPO) antibody, anti-proteinase 3 (PR3) antibody, 
antinuclear antibody (ANA), double-stranded DNA 
(dsDNA), and complement levels, all of which showed 
no abnormalities. Therefore, we ruled out the diagnoses 
of antineutrophil cytoplasmic antibodies (ANCA)-asso-
ciated vasculitis, systemic lupus erythematosus nephri-
tis, IgG4-related diseases, and hypocomplementemic 
AIN. Tests for anti-Ro/SSA and anti-La/SSB antibodies 
and rheumatoid factor (RF) were also performed, and 
the results did not support the diagnosis of Sjögren’s 
syndrome. The results of streptococcal serology, as 
well as serology for hepatitis B and C, were all negative, 
which was inconsistent with virus-associated nephri-
tis. Although the chest CT scan and hs-CRP indicated 

Fig. 5  Methenamine silver stain image of renal biopsy

 



Page 7 of 10Zhao et al. BMC Urology          (2025) 25:126 

the presence of a pulmonary infection, the patient had 
no respiratory symptoms such as fever or chills, nor 
any systemic symptoms. The white blood cell count did 
not increase abnormally. Further improvement of spu-
tum culture did not detect any bacterial or fungal infec-
tions. Moreover, after 7 days of anti-infective treatment, 
a repeated chest CT scan showed that the pulmonary 
nodules had decreased in size compared with the pre-
vious one, and the hs-CRP had dropped to the normal 
level. In summary, the patient’s infection was under 
control, but the serum creatinine level did not decrease, 
and the renal function did not improve. Therefore, infec-
tious interstitial nephritis was not considered. All the 
above common infectious, autoimmune, and idiopathic 
etiologies were excluded. Further improvement of renal 
puncture biopsy confirmed that the patient had granu-
lomatous interstitial nephritis. We considered the pos-
sibility of AIN caused by sarcoidosis or Mycobacterium 
tuberculosis infection. We further improved the rel-
evant examinations. Although the patient’s T-Cell-based 
Interferon-Gamma Release Assay (TB-IGRA) result was 
positive and the chest CT scan also suggested infectious 
changes, the acid-fast staining of urine sediment and the 
test for Mycobacterium tuberculosis were both negative. 
The infectious changes in the lungs did not conform to 
the typical manifestations of pulmonary tuberculosis. 
At the same time, the patient had no previous history of 
tuberculosis, and there were no typical symptoms such 
as hemoptysis, chest pain, hectic fever, night sweats, or 

weight loss during hospitalization. In conclusion, the 
possibility of AIN caused by tuberculosis was extremely 
low. Although the chest CT scan of the patient suggested 
multiple nodules, they were considered to be infectious 
nodules. Meanwhile, the patient’s serum calcium level 
was normal, and no typical manifestations of sarcoidosis 
were found during physical examination. Therefore, AIN 
caused by sarcoidosis was also not considered. We care-
fully inquired about the patient’s medical history again. 
The patient recalled that he had changed his job 5 months 
ago. His new job mainly involved automotive repair and 
maintenance. In his daily work, the lubricating oil he 
used was crude cottonseed oil that he pressed from cot-
tonseeds by himself. This crude cottonseed oil contains a 
large amount of gossypol [3]. He came into bare-handed 
contact with the crude cottonseed oil every day. More-
over, his working environment had poor ventilation, and 
he worked about 6 h a day. During work, he neither wore 
a mask nor gloves. In a follow-up visit after the patient 
was discharged from the hospital, he stated that his col-
leagues in the same position as him also had the same 
impaired renal function. Finally, we diagnosed the patient 
as having a granulomatous AIN caused by large amounts 
of cotton phenol exposure. we clarified the final aetiology 
during a follow-up visit after the patient was discharged, 
when he stated that his workmates in the same position 
as him had the same impaired renal function. It has been 
shown experimentally that cotton phenol can cause renal 
damage in mice, as demonstrated by diffuse thylakoid cell 

Fig. 6  Fluctuation of creatinine throughout the course of disease
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hyperplasia, increased thylakoid stroma, adhesion to the 
wall layer of the renal capsule, marked reduction or even 
disappearance of the renal capsule lumen, disruption of 
the structural texture, and morphological abnormalities 
[4].

Cotton phenol is a polyphenolic compound, with 
the chemical formula C30H30O8, that occurs naturally 
in the cotton plant, which can enhance the plant resis-
tance to pests. In terms of medical applications, cotton 
phenol and its derivatives show a wide range of thera-
peutic potential. In addition to its properties against 
some viruses and bacteria [6–11], cotton phenol has 
been investigated as a potential drug for the treatment 
of a wide range of malignancies such as leukaemia, lym-
phoma, colon cancer, breast cancer, leiomyosarcoma and 
prostate cancer [12–25]. Its mechanism of action involves 
inhibition of tumour cell proliferation and induction of 
apoptosis, and these properties have made cotton phenol 
the subject of much attention in the field of anticancer 
therapy. In addition, cotton phenol has shown significant 
value in the treatment of gynaecological conditions, such 
as uterine fibroids, endometriosis and uterine bleeding. 
It was introduced into clinical practice in China in the 
1970s and continues to be explored for its potential appli-
cation in the treatment of gynaecological diseases [17]. 
Although the application of cotton phenol is promising, 
its reproductive toxicity has limited its widespread clini-
cal use. Therefore, researchers are endeavouring to find 
and develop safer and more effective derivatives to fur-
ther expand its applications.

Cotton phenol can also cause toxic effects in animals, 
mainly through the Browning or Meladic reaction with 
amino acids, which reduces the absorption and utilisa-
tion of amino acids, or by interfering with the activity of 
enzymes in the electron transport chain of mitochondria 
(especially dehydrogenases and oxidoreductases) or by 
directly damaging the mitochondrial membrane. It also 
affects the mitochondrial membrane potential, leading to 
mitochondrial dysfunction, thus affecting cellular energy 
metabolism and inducing toxicity [26–28]. Cotton phe-
nol can also lead to a decrease in the number of leuko-
cytes and major lymphocytes, thus affecting immunity 
[26]. Cotton phenol has been reported to cause toxicity in 
a variety of animals such as cattle, sheep, pigs, dogs and 
chickens, which may result in congestion and oedema of 
internal organs, liver and kidney damage, or cardiac dam-
age [29].

AIN is an AKI characterised by acute inflammation and 
oedema of the renal interstitium, accompanied by acute 
tubular dysfunction. Clinical diagnosis of AIN can usu-
ally be made on the basis of the typical history, clinical 
manifestations and laboratory tests, but renal puncture 
biopsy is the gold standard for the diagnosis. The usual 
treatments for AIN are: (1) removal of causative factors, 

such as, stopping related drugs, and treating primary 
infection; (2) systemic supportive therapy; and (3) immu-
nosuppressive therapy, including glucocorticoids and 
immunosuppressive drugs. Timely diagnosis and treat-
ment can avoid disease progression, and some patients 
can fully recover renal function, whereas others may 
progress to chronic kidney disease. In conclusion, the 
causative factors, disease duration, degree of renal func-
tion impairment, degree of interstitial fibrosis, and the 
timeliness and appropriateness of the treatment all affect 
the prognosis of AIN.

The use of glucocorticoids in the treatment of AIN 
has been controversial. The best evidence in support of 
glucocorticoid therapy comes from a retrospective mul-
ticentre study in Spain, which included 61 patients with 
biopsy-proven AIN; 52 of whom received glucocorti-
coid therapy. Despite the small sample size of the control 
group, with only nine patients who did not receive gluco-
corticoids, the results showed a positive impact of gluco-
corticoids on the recovery of renal function and shedding 
of dialysis at 18-months’ follow-up [30]. Although there 
have been several small studies with similar results to this 
study [31], not all of them have supported the efficacy 
of glucocorticoids. For example, a retrospective study in 
2004 in the USA found that glucocorticoids did not show 
any therapeutic advantage in 60 patients with biopsy-
confirmed drug-induced AIN [32]. Some negative studies 
have suggested that the ineffectiveness of glucocorticoid 
therapy may be related to the inclusion of patients with 
more severe disease and patients with AIN induced by 
nonsteroidal anti-inflammatory drugs (where glucocorti-
coids may be ineffective). However, in the present case, 
the patient’s renal function recovered rapidly after gluco-
corticoids were activated.

This case reminds physicians to consider the possibil-
ity of AIN in any diagnosis of unexplained AKI, and the 
need for timely medical history review and consider-
ation of the patient’s environmental exposures when the 
aetiological diagnosis is more difficult, in order to avoid 
missed or misdiagnosis, which may delay treatment and 
affect prognosis. At present, cotton phenol and its deriva-
tives find extensive applications. For instance, they are 
utilized in the manufacture of anti-fertility drugs, for 
the prevention and management of pests and diseases in 
crops [33], and serve as antioxidants in the rubber indus-
try, polyethylene industry, polypropylene industry, as 
well as in rocket fuel and so on [34]. This reminds phy-
sicians to consider it as a potential nephrotoxicant when 
they see patients engaged in the relevant industries.
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